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Abstract

Edo State, Southern Nigeria.

remediation of the polluted soil.

Background: The present work assesses the concentration of some heavy metal, plant species composition, and
microbial diversity of spent crude oil-polluted soil from electric generator plant house, auto mechanic workshop,
bakery, and auto spare part shops in four local governments areas (Egor, lkpoba-Okha, Oredo, and Ovia North) in

Results: Hazard quotient (HQ) of heavy metals varied in all the spent crude oil-polluted soil evaluated in the study. The HQ
of heavy metals from auto mechanic workshop had the highest values for Cr (2.19), Mn (0.0965), Zn (4.1108), Fe (9.32015),
and Cd (0.0155). The most frequent bacterial and fungal species found in all 16 sites were Bacillus subtilis (93.75%) and
Aspergillus niger (100.0%) respectively. Auto spare part shops in Oredo had a bacterial count of 1.0 x 10° CFU/g while the
bacteria count around power generator plants in Egor had a bacteria count of 1.71 x 10° CFU/g. Some of the plant species
identified around all the sites include Acanthospermum hispidum, Alternanthera repens, Axonopus compressus, Cyperus
esculentus, Eleusine indica, Paspalum scrobiculatum, and Tridax procumbens.

Conclusion: Spent crude oil pollution of the soil led to high amounts of heavy metal in the soil. However, the presence of
higher plants and variable diversity and richness of microorganisms found in the soil are likely contributing to the

Keywords: Spent crude oil, Soil pollution, Microbial diversity, Hazard quotient, Heavy metals

1 Background

The reliance on fossil fuel to meet our energy need continue
to exacerbate among other issues oil pollution due to spill-
age, threat to environmental integrity, and biodiversity loss
[18, 20, 21, 25, 26]. Oil spills at auto mechanic workshops,
electric power-generating plants, and small- and large-scale
industries continued to receive insufficient research attention
despite the potential for accumulation and negative effects
on sustainable development. Improper disposal of spent
crude oil products increases the environmental
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concentrations of heavy metals, which can in turn seep into
the water table and contaminate groundwater [1, 14, 31].
Moreover, spent motor oil is a danger to the environment
and constitutes a potential threat to human well-being and
biodiversity [19]. Hydrocarbon in crude oil has the potential
to be immobilized in the soil because they spread horizon-
tally where they complicate abiotic and biotic interactions
and chemical properties of the soil [4, 5, 22].

Spent oil refers to used oils, e.g, waste oil removed from
combustion engines [19]. Prior to use, engine oil consists of
80-90% hydrocarbons while performance-enhancing addi-
tives make up the rest. However, the chemical composition
of engine oils are altered during use through the breakdown
of additives, contamination by foreign materials, combustion,
and the addition of metals from the wear and tear. The new
composition comprises of diverse hydrocarbons and heavy
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metals with high toxic potential to the different environment
components [30]. Spent crude oil find their way to the envir-
onment from broken-down automobiles engines, electric
power generators, and heavy-duty industrial machines where
they impact ecosystem process, functions, and systems [22,
32].

This work aims to assess the ecological hazard quotient of
heavy metals, plant species composition, and microbial diver-
sity of different spent crude oil-polluted soils from Benin
City, Southern Nigeria. The findings will contribute towards
understanding the ecological hazards and toxicity levels of
the heavy metals as well as the potential economic implica-
tions. The study will also document plant species found
growing on these contaminated soils, which can be further
investigated for their phytoremediation potentials.

2 Methods
This study area is four local government areas (Ikpoba
Okha, Ovia North East, Egor, and Oredo) within Benin
City, Southern Nigeria. The area is characterized by a hot
humid climate with two distinct seasons of wet and dry.
Biased sampling was adopted to select areas within the
study area where spent crude oil are commonly found on
the ground, due to activities of either auto mechanics, parked
vehicles, stationary industrial diesel engines, or oil dumpsites.
Included in this study are soil from auto mechanic work-
shops (MW), bakeries (BK), generating plant houses (GN),
and auto spare part dealer shops (SP). Prior to collecting soil
samples, field reconnaissance studies was carried out to esti-
mate the extent of pollution, level of soil contamination using
the presence and absence of some flora and fauna, and devel-
opmental defects on some flora. Based on field reconnais-
sance, soil samples were collected from the following
popular destinations:

1. Egor local government area—Benzito Fast Food electric
power generator plant house at Uwasota (Egor GN),
Obey God Bakery (Egor BK), auto mechanic workshop
at Uwasota (Egor MW), and auto spare parts shop at
Uwelu (Egor SP)

2. Ikpoba Okha local government area—electric power
generator plant house at Winner Chapel church, Sapele
Road (Ikpoba GN); bakery at Agbor park, Ikpoba Hill
(Ikpoba BK); auto mechanic workshop at Aduwawa
(Ikpoba MW); and auto spare parts dealer shop around
Alohan Filling Station, Sapele Road (Ikpoba SP)

3. Oredo local government area—electric power generator
plant house at Stella Obasanjo Hospital, Sapele Road
(Oredo GN); bakery near Oba Market, Ring Road
(Oredo BK); auto mechanic workshop along Country
Home Road, Sapele Road (Oredo MW); and auto spare
parts dealer shop along Country Home Road, Sapele
Road (Oredo SP)
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4. Ovia North East local government area—electric power
generator plant house at the Faculty of Life Sciences,
UNIBEN (Ovia GN); Efe Bakery, Isiohor (Ovia BK);
mechanic workshop at Oluku (Ovia MW); and auto
spare parts dealer shop at Oluku (Ovia SP)

Topsoil (0—10 cm) was randomly collected from the within
and around the spill sites and then pooled together to obtain
composite samples. Experimental works were done at Jawar
Environmental Research Laboratory Limited, Aba, and the
Microbiology Laboratory of the Benson Idahosa University,
Benin City. About 10 g of soil was weighed into a 250-ml
plastic bottle. One hundred milliliters of 0.1 m HCI was
added, stopped, and then shaken for 30 min. The mixture
was filtered through Whitman filter paper No.42. In addition,
iron (Fe), manganese (Mn), zinc (Zn), cadmium (Cd), and
chromium (Cr) were determined in the filtrate by atomic ab-
sorption spectrometry.

Calculation of HQ expresses the possibility of the contam-
inant being an ecological risk or a contaminant of potential
ecological concern [15, 16]. The HQ was done according to
screening benchmark available in Efroymson et al. [12] and
was calculated for both ecotoxicities of the various heavy
metal fractions in the soil and their toxicity to soil microbial
activities and processes. The soil samples were air-dried and
sieved through a 2-mm mesh to remove undesirable mater-
ial. The dilution series for the soil sample was done by trans-
ferring 1 g of the soil to 9ml of sterile distilled water in
sterile glass containers as blank. The glass containers were
shaken for 5 min and were taken as 10~ dilution factor, 10
ml were then transferred from the 107 dilution into another
9 ml blank to obtain a 107> dilution, and the same process of
transfer was repeated twice to obtain a dilution factor of
107

The spread plate method was employed in taking the het-
erotrophic bacteria counts. One (1) milliliter of the serially
diluted portion of 10™* of each soil sample was inoculated
onto nutrient agar plates for bacteria and Potato dextrose
agar plates for fungal counts. The plates were inoculated at
room temperature for 24 h and 72 h respectively, for bacteria
and fungi growth. After incubation, colonies were then
counted and the colony-forming unit (CFU/g) of the soil
samples determined. Bushnell-Haas medium (Atlas, 1994)
was used as the enrichment medium with 8% (v/v) filter-
sterilized oil as the sole carbon source. The medium was dis-
pensed into in 100-ml Erlenmeyer flasks and autoclaved at
121°C for 15 min. Thereafter, 5 g of each soil sample was in-
oculated into each flask of the medium and incubated at
130rpm at room temperature in an HY-4 multifunctional
shaker (B. Bran Scientific and Instrument Company, Eng-
land). After 10 days, 1 ml of enriched media was transferred
into freshly prepared enrichment media and incubated under
the same conditions as described above. Serial dilutions from
the third enrichment process were inoculated onto nutrient
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agar plates and potato dextrose agar plates for oil-degrading
bacterial and fungal counts respectively. Distinct colonies
were counted and sub-cultured to obtain pure colonies
which were then stored on slants for further studies. The
bacterial isolates were identified using conventional micro-
biological and biochemical tests as described by Cowan [8]
and adopted by Ogwu and Osawaru [23]. The fungal isolates
were identified by colonial characteristic and microscopic
examination of hyphal morphology as well as by structure
and nature of the fruiting body.

The diversity and richness of microorganisms (bacteria
and fungi) were calculated using Margalef and Menhinick’s
indices (species richness), Shannon-Weiner and Simpsons
dominant indices (diversity), and species evenness.

3 Results

The ecological hazard quotient of the heavy metal compos-
ition of spent crude oil-polluted soil within Benin metropolis
is presented in Table 1. The HQ of Cr, Mn, and Fe were
highest in auto mechanic workshop from Egor while Zn was
highest in generator plant house from Ovia.

Table 1 Ecological hazard quotient of the heavy metal
composition of spent crude oil-polluted soil within Benin

metropolis

°Cr 1] Mn [100] Zn [50] Fe [200] Cd [4]
Soil around generator plant
Egor GN 1.08 0.0352 1.8524 82611 0.0015
lkpoba GN 1.02 0.0056 1.3044 8.0061 0.0075
Oredo GN 0.09 0.0069 0.06748 6.8121 > 10*
Ovia GN 132 0.0633 42216 8.16125 0.0015
Soil within auto mechanic workshop
Egor MW 2.19 0.0965 4.1108 9.32015 0.0155
lkpoba MW 1.82 0.0159 31172 8.2382 0.0055
Oredo MW 0.98 0.0109 11714 6.29095 > 10"
Ovia MW 2.10 0.0934 33114 6.82615 00135
Soil within auto spare parts stores
Egor SP 1.09 0.0698 3.7102 860325 0.005
lkpoba SP 0.98 0.0096 1.1964 781815 > 10*
Oredo SP 042 0.0038 0.539 6.52605 0.004775
Ovia SP 0.98 0.0098 1.2496 746625 > 10*
Soil around bakery
Egor BK 0.68 0.0105 0.125 8.152-5 > 10"
lkpoba BK 0.28 0.0019 0.079 79932 > 10*
Oredo BK 049 0.0033 0.03244 6.49105 > 10*
Ovia BK 0.39 0.0028 0.5934 741105 > 10*
Mean

Values in bracket are permissible limits [12]

GN electric power generator plant house, BK bakery, MW auto mechanic
workshop, SP auto spare parts shop

*Toxic level
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The bacterial composition, frequency, and counts from
the spent crude oil-polluted soil within Benin metropolis
are presented in Table 2 and Appendix. Bacillus substilis
and Micrococcus leteus had the highest count (Table 2).

Fungal species composition, count, and frequency recorded
from the spent crude oil-polluted soil are presented in Table
3 and Appendix. Highest fungal count was obtained from
Ovia MW, and the lowest was recorded from Egor SP. High-
est count was recorded from Aspergillus niger.

Bacterial and fungal diversity, richness, evenness, and
dominance indices in the different spent crude oil-
polluted soil are presented in Table 4. For bacteria, spe-
cies richness was highest in Egor GN while for fungi it
was highest in Oredo GN.

The plant species composition and their frequency
found in the spent crude oil oil-polluted soil within
Benin metropolis is presented in Table 5.th=tlb=

4 Discussion

The petroleum industry has created an economic boom for
many countries and at the same time led to environmental
and socio-economic problems. Oil-contaminated soils are of
environmental concern because they are unsuitable for agri-
cultural and recreational uses and are potential sources for
surface and groundwater contamination. Oil-polluted soil
could also become unsuitable due to a reduction in the level
of available plant nutrients or rise to a toxic level of elements
such as manganese [29].

The contamination of soils by heavy metals is a significant
problem, which potentially leads to a negative influence on
soil characteristics and limitation of productive and environ-
mental functions. Heavy metals affect the number, diversity,
and microbial activity of soil microorganisms [6]. They can
cause slow down speed of growth and reproduction of mi-
croorganisms, in the soil, then prevail slower-growing micro-
organisms with lower diversity and higher resistance to
heavy metals, but decreased biological activity [28].

The results from this study suggest that spent crude oil
pollution is reducing the ecological integrity of the city.
Heavy metals present in the soil samples include chromium,
manganese, zinc, iron, and cadmium. Some of the heavy
metals in this study were beyond the detectable limit. Edebiri
and Nwanokwale [10] reported that metals present in spent
oil are not necessarily the same as those present in the un-
used lubricants; Whisman et al. (1974) observed that most
heavy metals like V, Pb, Al, Ni, and Fe that are below detec-
tion in unused lubricants oil gave high concentration values
in used oil. This is similar to the findings of Osawaru et al.
[26].

According to Cataldo and Wildung [7], the major fac-
tor determining the availability of metal to plants in soils
is the solubility of the metal. Moreover, the mobility of
heavy metals depends on their chemical forms, which in
turn is related to the chemical properties of soil. For



Ikhajiagbe and Ogwu Beni-Suef University Journal of Basic and Applied Sciences

Table 2 Bacterial count in spent crude oil-polluted sites within
Benin metropolis

Ba.sb Sa.sp Clsp Clpe Mcsp Meclu Total count

(x 10° cfu/q)
Egor GN 0.23 0.58 0 025 0 0.65 171,000
lkpoba GN 0.14 0 013 0 0.19 051 97,000
Oredo GN 0.12 0 003 O 031 0 46,000
Ovia GN 0.25 0 009 012 026 0 72,000
Egor MW 0.1 0 0 028 O 0.26 65,000
lkpoba MW 0.23 043 014 0 042 0 122,000
Oredo MW 0.19 0 0 0 0.29 0.19 67,000
Ovia MW 036 0.29 029 0 0 022 116,000
Egor SP 0 0 018 029 043 0.18 108,000
lkpoba SP 0.22 0 023 0 033 0 78,000
Oredo SP 0.18 063 019 0 0 0 100,000
Ovia SP 0.20 051 0 036 0 042 149,000
Egor BK 0.69 0 0 053 O 0.68 190,000
lkpoba BK 052 0 023 0 0.29 0 104,000
Oredo BK 0.97 044 0 0 0 039 180,000
Ovia BK 1.02 0 0 016 0 048 166,000
Microorg. Total 543 2.88 151 199 252 3.98 1,650,000
Mean 034 0.18 009 012 0716 025
Freqg. occur. (%) 9375 3750 5625 4375 5000 6250

Ba.sb Bacillus substilis, Sa.sp Sarcina sp., Cl.sp Clostridium sp., Cl.pe C.
perfringens, Mc.sp Micrococcus sp., Mc.lu M. luteus, GN electric power
generator plant house, BK bakery, MW auto mechanic workshop, SP auto
spare parts shop

example in some types of soil, the presence of carbonate
effectively immobilized Cd and Cu by providing an
adsorbing surface or by buffering the pH [9]. Therefore,
plant roots can absorb heavy metals, which are in turn
transferred to other parts of the plant. Animals and
other members of the food chain can be contaminated
when they consume the plant.

Soil parameters, such as pH, organic carbon content,
iron and manganese content, and total metal content,
affect the distribution of copper and cadmium between
different soil fractions. The mobility of most heavy metals
in the soil and subsoil depends on the physicochemical
properties of the solid and liquid phases. We observed that
there were more heavy metals at the auto mechanic work-
shop compared to other locations used. This is likely due
to the frequent disposal of waste engine oil (WEO) and
other petroleum products by automobile engineers espe-
cially during repairs and servicing of automobiles. Edebiri
and Nwanokwale [10] and Wang et al. (2000) reported
that WEO contain toxic amounts of hydrocarbons such as
polycyclic aromatic hydrocarbon and heavy metals.

Six bacterial and nine fungal species were found in the
spent crude oil-polluted soil in the present study. Common
microorganisms found in crude oil-polluted soil around

(2020) 9:26 Page 4 of 9

electric power generator plant and auto mechanic workshop
are Bacillus subtilis and Aspergillus niger while the most
prevalent in auto spare parts stores are Clostridium sp. and
Aspergillus niger. Overall, A. niger was the most prevalent
microorganism present in all the soil samples. The few spe-
cies of microorganisms recorded from spent crude oil-
polluted soil from auto spare parts stores may be due to the
limited use of crude oil products around the stores compared
to auto mechanic workshop and electric power generator
plant house. Importantly, the microorganisms found in this
study may have been associated with remediation process,
considering the fact that their prevalence, even in higher con-
centrations of spent crude oil pollution, may signify tolerance
to these pollutants. Previously some of the microorganism re-
ported here have been identified as active members of the
bioremediation microbial consortia by Cerniglia (1992),
Ekundayo and Obuekwe [13], Romero et al [27], and April
et al. [2]. Moreover, Irwin [17] opined that microbial species
associated with contaminated site might be implicated in de-
grading target contaminants or performing important ecosys-
tem functions, which may be enhanced by the introduction
of microorganisms known for their bio-remediation capabil-
ities. Certain bacteria belonging to the Bacillus and Pseudo-
monas species have these desirable characteristics: they
consume organic waste thousands of times faster than the
types of bacteria that are naturally present in the waste; they
grow and reproduce easily, are non-pathogenic, and do not
produce foul odors or gas [11]. Fungi have been used in the
treatment of waste and wastewaters and the role of fungi in
the bioremediation of various hazardous and toxic com-
pounds in soils and sediments have been established. They
have also shown the removal of metals and degradation and
mineralization of phenols and other phenolic compound, pet-
roleum hydrocarbons, polycyclic aromatic hydrocarbons,
polychlorinated biphenyls, chlorinated insecticides and pesti-
cides, and other substances in various matrices. Saprophytic
fungi degrade organic matter to release carbon, nitrogen, and
other elements locked up in complexes [3]

A total of 22 plant species were recorded from all the spent
crude oil-polluted sites. This suggests that these species may
have the capacity to accumulate heavy metals in spent crude
oil-contaminated soil. However, pollution is likely to affect
the distribution and diversity of plants ([24]; Osawaru and
Ogwu, 2015). The most common plant species in the soil
samples is a known weed species—Eleusine indica. The pre-
dominance of Eleusine indica in soil samples in all the sites
may suggest that they are the most tolerant to spent engine
oil and its heavy metal contents. This phenomenon demon-
strates that the family has the highest genetic potential to
clean up spent engine oil-contaminated soil.

5 Conclusion
In conclusion, the findings from the study suggest
the presence of high amounts of heavy metal in
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Table 3 Fungal counts in the spent crude oil-polluted soil within Benin metropolis

As.ng As.fv Rh.st Pe.sp Pe.no Ge.sp Mu.sp Tr.sp Fu.so Total count

(x 10° cfu/q)
Egor GN 0.22 0.29 0.11 0 025 0 0 0 021 108,000
lkpoba GN 0.10 0.62 0 0 0 0.25 0 051 0 148,000
Oredo GN 0.19 0 0.06 0.31 0 0.12 0.25 0 0 93,000
Ovia GN 0.12 0.54 0 0.25 0 0 0 0 0.14 105,000
Egor MW 0.13 0 0 041 0 0.06 0 0 0.51 111,000
lkpoba MW 0.09 0 0.03 0 0 0 0 0.06 0 180,000
Oredo MW 0.07 0 0.15 0.06 021 0 035 0 032 116,000
Ovia MW 0.19 049 0 0 0 0.04 0 0.51 0 123,000
Egor SP 0.32 0 0.06 0 0 0 0 0.16 0.09 63,000
lkpoba SP 0.28 032 0 0.08 0 0 0.32 0 0.15 115,000
Oredo SP 0.19 0.29 0.01 0.06 0 0.12 0 0 0 67,000
Ovia SP 0.24 0.31 0 0.16 0.14 0.52 0 0 0 137,000
Egor BK 0.24 0 0 0.14 0 021 0 0.06 0 65,000
lkpoba BK 0.16 0.29 0 0.09 0 0.21 0.15 0 0.21 111,000
Oredo BK 0.35 0 0 0.25 0.12 0 0.28 0.08 0 108,000
Ovia BK 0.29 0.34 0.02 0 0.56 0.06 0 0 035 162,000
Microrg. Total 3.18 349 044 181 1.28 1.59 135 1.38 1.98 183,000
Mean 0.20 0.22 0.03 0.1 0.08 0.10 0.08 0.09 0.12 -
Freq. occur. (%) 100.00 56.25 62.50 62.50 31.25 56.25 31.25 3750 50.00

As.ng Aspergillus niger, As.fv A. flavus, Rh.st Rhizopus stolonifer, Pe.sp Penicillium sp., Pe.no P. notatum, Ge.sp Geotrichum sp., Mu.sp Mucor sp., Tr.sp Trichoderma sp.,
Fu.so Fusarium solani, GN electric power generator plant house, BK bakery, MW auto mechanic workshop, SP auto spare parts shop

spent crude oil-polluted soil.

The presence of

spent engine oil-contaminated soils. However, fur-

higher plants and variable diversity and richness of
microorganisms found in the soil are likely con-
tributing to the remediation of the polluted soil.
This may, in turn, reduce the risks associated with

ther studies are required to confirm the effects on
and roles of the plant species that are reported in
this study as tolerant to spent crude oil-polluted
soils.

Table 4 Bacterial and fungal diversity, richness, evenness, and dominance indices in the different spent crude oil-polluted soil

Bacteria Fungi

Sources Richness® Shannon Evenness Dominance Margalef Richness® Shannon Evenness Dominance Margalef
Egor GN 03996 03414 0.028 0.002611 0244 026 0281 0.024 0.000924 0.029
lkpoba GN 02267 0218 0.019 0.002611 —-00103 03644 0325 0.027 0.02637 0171
Oredo GN 0.1075 0.054 0.005 0.0000499 —0.1857 0.589 0.246 0.022 0.000782 —0.025
Ovia GN 0.1683 0.178 0.016 0.000458 —0.0963 0.2585 0.253 0.022 0.001425 0018
Egor MW 0.1519 0.155 0.014 0.000472 —0.1204 02733 0.18 0.015 0.001036 0.039
lkpoba MW 0.2851 0.266 0.023 0.001293 0.0757 0443 0.06 0.006 0.00046 —-0.293
Oredo MW 0.1566 0.16 0014 0.00061 -0.1135 0.2856 0299 0.026 0.0011 0.057
Ovia MW 02711 0262 0.022 0.00103 0.0550 03028 0276 0.024 0.001975 0.082
Egor SP 0.2524 0.244 0.021 0.000994 0.0275 0.1551 017 0.015 0.000513 -0.132
lkpoba SP 0.1823 0.831 0.074 0.000627 —-0.0757 0.2831 0.29 0.025 0.001144 0.054
Oredo SP 02337 0.208 0.018 0.001459 0 0.1649 0.182 0.016 0.0005074 -0.118
Ovia SP 9.3482 0311 0.026 0.001809 0.1685 03373 0331 0.028 0.001721 0132
Egor BK 0440 0348 0.029 0.03632 03096 0.1600 0.177 0016 0.000457 —-0.125
Ikpoba BK 0.2430 0222 0.019 0.001216 0.0138 0.2733 0.362 0.031 0.00171 0.039
Oredo BK 04207 0326 0.027 0.003828 0.2752 0.2659 0277 0.024 0.001042 0.029
Ovia BK 03879 0.298 0.025 0.003864 02270 03988 0375 0.031 0.002788 0221

GN electric generator plant house, BK bakery, MW auto mechanic workshop, SP auto spare parts shop

“Based on Menhinick’s index
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Table 6 Microbial species composition of waste oil-polluted soil collected from designated sites within Benin metropolis to micro-

bial activities and processes

Bacterial species

Fungal species

Basb  Sasp  Clsp Clpe  Mcsp  Mclu  Asng As.fv Rhst  Pesp  Peno  Gesp  Musp  Trsp Fu.so

Soil around generator plant

Egor GN + + - + - + + + + - + - - - +

lkpoba GN + - + - + + + + — - - + _ + _

Oredo GN + - + - + - + - + + - + + - -

Ovia GN + - + + + - + + - + - - - - +
Soil within auto mechanic workshop

Egor MW + - - + - + + - - + - + - - +

lkpoba MW + + + - + - + - + - - - — + _

Oredo MW + - - - + + + - + + + - + — +

Ovia MW + + + - - + + + - - - + - + -
Soil within auto spare parts stores

Egor SP - - + + + + + — + - — — — + n

lkpoba SP + - + - + - + - + - - + - +

Oredo SP + + + - - - + + + + - + - — _

Ovia SP + + - + - + + + - + + + - - -
Soil around bakery

Egor BK + — — + — + + _ _ + _ _ + _

lkpoba BK + - + - + - + + - + - + + - +

Oredo BK + + - - - + + — - + + - + + _

Ovia BK + - - + - + + + + - + + - - +
Freq. Occ. (%) 9375 3750 5625 4375 5000 6250 10000 5625 6250 6250 3125 5625 3125 3750 5000

Freq. Occ. (%), frequency of occurrence of microorganism; —, absent;+, present; Ba.sb, Bacillus substilis; Sa.sp, Sarcina sp.; Cl.sp, Clostridium sp.; Cl.pe, C. perfringens;
Mec.sp, Micrococcus sp.; Mc.lu, M. luteus; As.ng, Aspergillus niger; As.fv, A. flavus; Rh.st, Rhizopus stolonifer; Pe.sp, Penicillium sp.; Pe.no, P. notatum; Ge.sp, Geotrichum sp.;
Mu.sp, Mucor sp.; Tr.sp, Trichoderma sp.; Fu.so, Fusarium solani; GN, generator plant house; BK, bakery; MW, mechanic workshop; SP, spare parts shop

Abbreviations

LGA: Local government area; MW: Mechanic workshop; BK: Bakeries;

GN: Power generating house; SP: Auto spare part dealer shops; THC: Total
hydrocarbon content; Fe: Iron; Cu: Copper; Mn: Manganese; Zn: Zinc;

Cr: Chromium; Pb: Lead; Ni: Nickel; Cd: Cadmium; HQ: Hazard quotient;
pH: Hydroxyl ion; BH: Bushnell-Haas; CFU/g: Colony-forming unit per gram
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