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Abstract: The increasing number of malfunctioning automobiles withsubsequent increase in emission levels
and waste handling is an environmental concern in Nigeria. The spills from lubricants, gasoline, diesel and by-
products of used and spent engine oil constitute the major pollutants in auto mechanic villages in Nigeria. Its
environmental pollution has beenpredominant through soil and groundwater contamination andalso poses a
major anthropogenic threat. The studied heavy metals on contaminated soil showed that studies had focused on
common metals of Cu, Cd, Pband Zn in the east and west regions, while trace metals were studied in the south
and radioactive elements in the north. Statistical evaluation showed high occurrences of Cu, Cd, Pb and Zn in
the four geo-political zones of Nigeria. The detrimental effects of auto-mechanic village activities were on
humans and also disrupted growth and flowering of arable plants. The remediation application showed that soil
type and contaminant characteristics play a major role in determining the type of remediation procedure to be
applied.Hence,Nigeria should provide standard repairs and services to automobiles in-line with emerging
technology and best environmental practices.
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I.  Introduction

The damagesarising from heavy metal pollution in Nigerian auto mechanic villages have induced large
scale environmental degradation [1]. The predicted climatic change induced by such anthropogenic activity was
projected to be first experienced in Africa. Thus heavily polluted nations like Nigeria, should take adequate
measures to mitigate this change arising from anthropogenic activities [1, 2]. Our environment is composed of
several layers of the atmosphere that are continually active, hence, pollutant gases emitted from point sources
like automobile exhaust, forest fires and power plants would eventually get to other regionsby dispersion [3].
The drive behind this anthropogenic pollution includes urbanisation, over population and technological
improvements; however, the increasing number of automobilesand associated wastes, withsubsequent increase
in emission levels and waste handling is a serious environmental concern in Nigeria [2,3].

The wastes arising from automobiles are improperly handled in Nigeria by the system of vehicular
repairlocations known as "Auto Mechanic Villages" [4]. The auto-mechanic villages (AMVs) are frequently
cited in shanty neighbourhoods of cities and adjourning towns. The areas are usually characterised by poverty,
overpopulation, and low level of education. It has been reported that the literacy level contributes to pollution
and environmental deterioration in these areas due to information and knowledge gap [5]. Additionally, the
spills from lubricants, gasoline, diesel and by-products of used and spent engine oil constitute the major
pollutants in AMV [5, 6]. They environmental pollution scenario in Nigeria is compounded by the frequency of
oil spills. For e.g. in 2010, only about 3203 cases were reported and also about 8 million cubic feet of natural
gas are flared every day in the Niger delta region [6]. Again, about 50, 000 acres of mangrove vanished between
1986 and 2003 within Nigeria’s Niger-Delta region [6]. These environmental incidents are rarely reported in
other oil producing nations. Also Nigeria seem sluggish over matters of climatic change and its global warming
threat [6, 7]. For instance, the 1988 toxic KOKO waste dump should have triggered mitigation measures and
legislation on land use and waste handling, however, the post-practice of land use and waste handling afterwards
had beenunpromising [8,9,10] and AMVs are notorious land polluters. Moreover, the high cost of renting a
workshop in towns and cities had in its measure contributed to auto mechanic workshops been sighted in
existing as shanties and slums [10,11].

Further studies have revealed that AMVs are small scale industries usually existing in populated areas
were national electricity grid supply is marginal [12,13, 14].As small scale industries, AMVs exist as informal
enterprise to secure regular wages for the practitioners [4] and due to such, pollution is prevalent in AMVs [16],
child labour have been recorded in some countries [17] andAMVworkers are also at high risk of HIV/AIDS
infection [18]. Thus the scenario is made worse by the increase in the importation of malfunctioning
automobiles (Vehicles older than 10 years) in Nigeria. These have also led to corresponding increase in number
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of AMVs. The malfunctioning vehicles often experience frequent automobile repairs, discard and abandoning of
vehicular parts, which leads to increased soil contamination, groundwater pollution through leached heavy
metals, release of waste oil and greases[4, 16, 19, 20]. Hence, there is the need to review the state of soil and
water pollutionlevelsin AMVs based on heavy metal concentrations levels and to proffer solutions.

I1. Soil And Waterpollution

The Effluents discharged from anthropogenic activities often contain toxic heavy metals that cause
adverse effects in the environment [21]. They heavy metals when released, maybio-accumulate in plants or
become toxic to aquatic organism [22]. The micro-scale industrial activities of AMVs have thus been reported to
have induced soil and groundwater contaminations [10,22].Subsequently, when these contaminants are released,
the affect water habitat, natural soil flora and fauna, and may pose as a potential disease for humansif ingestion
[23, 24,25]. A study in Nigeria investigated the quality of irrigated water in clustered AMVsand observed that
the ongoing activities of AMVs have affected surrounding ground water quality [26]. Another study of water
quality in Minna, Nigeria, confirmed that effluents from AMVs had contaminated their local water quality [27].
Similarly, the physicochemical assessment of Ugborikoko/Okere stream in Nigeria also suggested that artisan
activities of AMVswere responsible for the recorded pollution levels [28]. Furthermore, assessment of River
Owo, in Nigeria showed high levels of heavy metals linked to the surrounding AMV industrial areas [29].
Whereas, Otamiri River in Owerri was assessed to be unfit for consumption due to activities of AMVs, landfill
and mining activities [30]. Hence there is regional peculiarity of AMVs and its associated contamination sources
and pollution threats due to topography, soil types, population and urbanization, awareness and waste disposal
practices.

2.1 POLLUTION IN GEOPOLITICAL ZONES OF NIGERIA

A modelled study on the flow pattern of groundwater and particle migration around two AMVS in
Eastern region showed that the pattern of stream divergent flows may encourage bioaccumulation [31]. Again
high levels of hydrocarbon have been reported in the AMVs in Ebonyi in the Eastern region and were found to
encourage growth of indigenous microbial degraders [32]. The determination of heavy metals (Pb, Cu, Ni and
Cr) in soils of AMVs around Onitsha Metropolis in Eastern Nigerianalso showed that the toxic levels of
pollutantscould induce health challenges [33].

Such high levels of heavy metals have also been found in Ile-1fe of western Nigeria as reported by a
study on bioaccumulation of heavy metals by maize in aged AMVs [10, 23]. These bioaccumulations of heavy
metals (Cr, Cd, Mn, Cu, Ni, Zn)in phytoplants have also been observed in Akoko Land in the West, while in
Ibadan a populated large city in the west, the AMVs were confirmed to have induced adverse effects on both
soil and water [36]. In OshodiLagos in the west, the levels of heavy metals were shown to be inhibiting
microbial respiration in the soil [37]. Hence correlating with previously published articleson effects of heavy
metals from AMVs to inhibit microbial growth and eventually contribute to deplete soil flora and soil fauna [10,
23, 34].

The North region had not been different in pollution threats from AMVSs. In Makurdi, water pollution
around AMVs was high and associated with abandoned metal scraps in AMVs [38]. In Kaduna, (populous and
commercial city) in the North, soil pollution was detected around AMVs [39]. Albeit, the lower concentration
levels of heavy metals determined around AMV dumpsites in Makurdi [40] may be uncharacteristic of the area
due to soil typeor some other unreported factors. However, AMVs were generally identified and reported as
pollution prone areas in the northern part of Nigeria.

The southern part of Nigeria is known for oil spillage and pipeline vandalism. However, the there is a
growing concern over activities of AMVs to further proliferate the problem. In Obiaruku Delta state,
physicochemical properties of some selected AMV study, detected and confirmed contamination of the soil in
such areas [41]. In Uyo, occupational health assessment showed that the trace metal level poses higher
occupational risk quotient for AMV workers [42]. The City of Benin had also experienced large scale pollution
from disposal of used engine oil in soils around AMVs [42].

Finally, AMV contamination and pollution threats are also a problem in other African nations. For e.g.
in Kumasi Ghana, assessment of Ashanti region showed that soil pollution around AMVs in the region [44] has
reached toxic levels. Similarly, Tamale metropolis in Ghana also recorded high concentration of heavy metals in
soils around AMVs [45] withcommon cases of leaching of heavy metals into soil and nearby streams [46]. In
AMVs around Shashemane Addis Ababa, Ethiopia, high levels of heavy metals were confirmed with potential
detrimental effects to the environment [47]. Thus AMV activities are indeed sources of pollution concern that
affect the environment.
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I11. Sources Of Pollution

The sources of AMV pollution largely depends on the mechanic personnel, work area and practice. The
engine oil of a running engine accumulates heavy metals [48] and when indiscriminately disposed on the soil
increases heavy metal load of the top soil [49]. The heavy metals can also escape the surface of abandoned
metal scrap via corrosion and leach into the surrounding soil [48]. AMVs near or within gas stations have also
been identifiedas major sources of heavy metal contaminations [45]. Likewise, improper disposal of lubricating
oil, used engine and motor oil by AMV workers is a majorcontributor of pollution [51].

The environmental pollution caused by AMVs, has been a concern to public environmental health and
safety [52]. The common practice of open dumps and uncovered surface landfills in AMVs [53]and adulterated
gasoline [54], largely contribute to higher pollution index of AMVs. The non-regularization of gasoline and
petroleum product standardsmay continue to hamper any clean up approach [55]. The reason is because higher
concentration levels of Cu, Zn, Mn, Si, V, Mo and Fe are present in regular gasoline and petroleum products
sold in Nigeria [56]. They situation continues to deteriorate. For instance; study has shown that about 1.4
million litres of spent oil are annually disposed in Nekede Mechanic village in Imo State, Nigeria [57] with the
devastating consequences. Additionally, spills and leakages, accidents and sabotage often compound the
problem [58]. The non implementation of environmental laws, bribery and corruption creates room for more
challenges [59, 60]. Again,the jammed traffic flows at AMVs can increase vehicular exhaust emissions [61].
Such vehicular emissions will eventually end up in soils or inhaled by humans [62]. In the soil, studies have
shown bioaccumulation of metals (Fe, Ni, Mn, Zn, Cu, Cd, Cr and Pb) at different concentrations in certain
medicinal plants [63]. Factors such as pH, organic matter, moisture content were at favourable conditions to
these pollutants [64, 65]. Similarly, oil effluents disrupt the physicochemical balance of the soil and affect soil
degrading bacteria in the soil [67] likewise soil invertebrates like earthworm and millipede [68]. Also the
abundance of oil tolerant plants such as metal excluders or detoxifiers (AmaranthusSpinosus and
Amaranthushybridus) in AMVs indicates that spent oil type of pollution is prevalent in AMVs [70]. Lichens are
also common in AMVs and often indicate high levels of heavy metals pollution from battery, oil leakage and
worn out tyre sources [70].

On the other hand, artisans’ activities in AMVs often contribute to indiscriminate disposal of wastes on
the top soil and will eventually cause groundwater contamination [71]. These unregulated activities reduce
bioavailability of essential nutrients to plants in the soil, while increasing bioaccumulation of non essential
elements [72]. Also,the absence of personal protective equipment endangers the AMV workers [73] especially
during servicing of malfunctioning vehicles and disposal of used engine oil [74, 75]. Thus the sources of
pollution in AMVs are numerous, prevalent and non-specific.

IVV. Methodology In Pollution Studies
Heavy metals in AMVs have continued to pose environmental challenges to Nigeria as a nation. The
table 1 below is an assessment of previous studies of heavy metals present in AMVs in Nigeria. From the table,
observation showed that, the major researched AMVs in the East were Orji and Owerri AMV both in Imo State.
Common analytes had been Cd, Cu and Cr and Pb using AAS.

Table 1: Assessment of heavy metal studies in the four rejionsof Nigeria

REGION | STUDY AREA METHOD ANALYTE REF
EAST Nekede/Orji AAS Cd, Cr, Cu, Fe, Pb 76
EAST Nekede/Orji AAS Cd, Cu, Mn, Ni, Pb, Zn 77
EAST Nekede/Orji AAS Cd, Cr, Cu, Fe, Mn, Ni, Pb 78
EAST Nekede/Orji AAS Cd, Cr, Cu, Fe, Mn, Ni, Pb 79
EAST Nekede/Orji AAS Cd, Cr, Cu, Fe, Mn, Ni, Pb 80
WEST Soil A/Soil B/Soil C AAS Cd, Cr, Cu, Fe, Mn, Ni, Zn 35
WEST Bodija/Oke Ado/ljokodo Unknown Cd, Fe, Pb 36
WEST Ap Bus stop/Ondo Road Junction/ AAS Cd, Cu, Fe, Pb, Zn 70
NNPC Along road/Olubuse Junction 1/Olubuse Junction
2/
Opposite NNPC Along road/OAU Botanical Garden
WEST Akungba/lkare/Akoko AAS As 71
WEST Capsite/Kobape AAS Cd, Cr, Cu, Fe, Ni, Zn 81
Obada/Sagamu
WEST Agbowo/Apete AAS Cd, Cr, Cu, Ni, Pb 82
Dugbe/ljokodo/Ojoo
Mokola/BodijaOjulrin
WEST IkareAkoko 1 AAS Cd, Cr, Cu, Fe, Ni, Zn, Pb 83
IkareAkoko 2
lkareAkoko 3
WEST Idiaba/Kotopo/Fajol AAS Cr, Co, Cu, Ni, Pb, Zn 84
WEST Oyemekun/Oke-ljebu AAS Ba, Cd, Cr, Co, Cu, Fe, Ni, Pb, | 85
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ljapo/llesha/Ondo Road Zn
WEST Iwo School/Odori Market/ Hospital Road/Fawibe Street/ | AAS Cr, Hg, Ni, Pb, Zn 86
Saint Anthony Primary School
NORTH North Bank AAS Cd, Cu, Mn, Ni, Pb, Zn 65
NORTH Apirr/ North Bank AAS Ag, As, Cd, Cr, Cu, Fe, Hg, | 87
Mn, Pb, Zn
NORTH Samaru/Kofardoka/SabonGari/ XRF Al, Ba, Ca, Cr, Cu, Fe, Ga, K, | 88
Tudun Wada. Mn, Mo, Ni, P, Pb, S, Si, Ti,
V, Zn
NORTH Apir/Gboko AAS Cd, Cu, Mn, Ni, Pb, Zn 89
NORTH Apir/Benue Industrial layout/ AAS Cd, Cu and Pb 90
Integrated waste Dump
NORTH Samaru/Kwagila/Wusasa/Kofan-Doka/Sun XRF As, Ba, Ca, Cu, Eu, Fe, K, | 91
Seed/Muchia/SabonGari Mn, Nb, Ni, Os, Pb, Rb, Re,
Ru, S, Sr, Ti, Th, V, Y, Yb, Zn
Zr
NORTH Otukpo/Gboko/Makurdi FAAS Cd, Co, Cu, Mn, Ni, Pb, Zn 92
NORTH Das Park AAS Cd, Cr, Cu, Mn, Pb, Zn 93
SOUTH Site 1/Site 2/Site 3 AAS Cd, Cu, Ni, Pb 42
SOUTH Uwelu/Warri-Effurun AAS Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn | 94
SOUTH Warri-Effurun AAS Cd, Cu, Ni, Pb 95
SOUTH Mile 3/Rumola/Trans-Amadi/ AAS Cd, Hg, Ni, Pb, V 96
Rumuokoro
SOUTH Point 1/Point 2/Point 3 AAS Cu, Fe, Mn, Zn 97
SOUTH Evbareke/lgun/Uwelu AAS Al, Ca, Cu, Fe, Mg, Mn, Na, | 98
K, P, Zn
SOUTH Mile 2/Mile 3 AAS Fe, Pb 99

The western region showed that other metals of interest such as Cr, Zn, Ni, and Fe had been conducted
over the years. Again, AAS was the most common sampling methodology. There were also more named
locations in the western region than in the eastern region. The North utilized other sampling methodology such
as FAAS, XRF and AAS. They instrumentsmay have contributed to many analytesstudied due to the speed and
robustness of the instrument. Moreover their locations were different when compared to the east. In the west,
observation shows that only AAS methodology was used, In addition the study areas were in different locations.
In contrast to east and west AMV studies that focused on heavy metals, the south analysed trace metals such as
V, Mn, Mg, P, K, Ca while the North determined some radioactive elements like Zr, Yb, Sr, RbEu, Ru, Re and
Th.

In order to statistically evaluate and review the different metals present in these four geo-political
regions, agraph was plotted showing the frequency of occurrence of the heavy metals as per the four regions.The
figure 1 below shows that in the east, Cd and Pb were the most studied and most abundant of all metals while
Zn recorded the lowest frequency. The western scale showed that Zn, Pb, Ni, Cd, Cr and Cu were the metals of
interest occurring in abundance whileAs, Ba, Hg and Mn recorded the least studied metal alsoshowing non
availability of these metals in the area. The North regionfrequency chart showed high abundance of Zn, Cd, Pb,
Cu and Mn metals. The other remaining 30 named metals in the chart were of low occurrence in the North.
Likewise, observation of the South frequency chart depicted the high availability of Cu, Fe, Pb and Cd in
studied area. While the other named metals in the chart showed average occurrence and availability.
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Figure 1: From L-R: Frequency chat on occurrence and availability of heavy metals in the East, West,
North and South regions of Nigeria.

The figure 2 below depicted the 3D plot of common occurring metals in AMVs of the four regions of
Nigeria.On the y-axis are the lists of sixteen common metals frequentlyanalysed in the four the four regional
chat. The x- axis showed the four geopolitical zones while the z-axis depicted their functional levels (frequency
of analyses). The frequency value of 2, 4 and 8 were the standard arbitrary value chosen to indicate analyte
occurrence. Analytes analysed twice appeared as flat bars while analytes analysed more than twice had an
extended bar. The 3D bar chart showed that the most common analysed metals in the east were Cd, Cr, Cu Fe,
and Pb, The West was Cr, Cu, Ni, Pb and Zn, the North was Cd, Cu, Mn and Zn while the South was Cu, Cd,
Fe, and Zn. Hence, Cu was identified as the most analysed metal in the following order: Cu > Cd > Cr > Pb >Zn.
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Figure 2: 3D plot of common metals in the four regions of Nigerian AMVs

V. Other Vehicular Pollutions
The reported widespread effects of activities of AMVs have remained detrimental to the human
environment. In Malaysia, AMVs are also located within residential homes due to enforcement of regulation
[100]. These roadside activities are a serious concern because itincreases lung malfunctioning and affects soil
and water bodies. [101, 102]. AMVs in Nigeria often consist of mini-markets. These mini-markets regularly
display their wares and consumables in the open, thereby increasing exposure to gaseous and particulate matter
[103]. Research have also shown that exhaust emissions can pollute the air during engine idling, servicing or
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repairs and can induce certain adverse health effects [104, 105]. Similarly,exposure of humans to gasoline
exhaust particles, disrupts the epithelia vital protection mechanism in the body, thus making the immune system
susceptible to toxins [106]. The global automotive industry has been conscious of gaseous and particulate
emissions from automobiles that would pose occupational health risk especially exhaust emissions, crankcase
blowby emissions and evaporative emissions [107, 108] by adoptive innovative researches to reduce these
emissions. Research has shown that a typical automobile battery contains Pb and HCI and both are dangerous to
humans. The Bumper of vehicles are cloned with Chromium and Cyanide; two poisonous potent metals. The
Engine raves up evaporative and non evaporative emissions. It is also a source of used up oil that would
eventually be discharged into the soil or water and contaminate the environment. The exhaust releases,
particulate matters, polycyclic aromatic hydrocarbons, volatile organic compounds, unburnt hydrocarbon and
other gaseous pollutants such as NO,, CO, CO,, SO,. These be inhaled or ingested at different exposure rates
and will eventually trigger health related diseases that affect cardiovascular regions other organs. More so,
Gasoline tank releases benzene and hydrocarbon emissions during refuelling. Toxic chemicals such as dyes,
greases and waxes, amines, nitrosamines, vinyl chloride, formaldehyde, phenols and other solvents are used in
production of car seat textiles, tyres and plastic components [108].

VI. Effects Of Pollution

Spent lubricating oil when discharged into the soil inhibits the growth of plants by reducing height and
leave formation [109, 110]. Reduced seedling length and root length have also been observed in certain plants
like Cassia Siemea when exposed to exhaust emissions [111]. Spent oil effluents discharged indiscriminately
have also terminated the growth of certain plant embryos like Cicer arietinum and Vignaradiata [112]. In Zea
Mays, leaf formation was disrupted, stunted growth and high mortality rate was experienced when it was
exposed to soils contaminated with used oil [113, 114]. In addition, there was the low yield and poor quality of
grains observed during harvest for ZeaMays [115] and ArachisHypogeai [116]. In another study, Pb levels were
higher than permissible limit in consumables sold around AMVs [117]. Thus indicating the possibility of
bioaccumulation of heavy metals (Cd and Pb)in plants that are prevalent in Nigerian AMVs [118]. The
microbial soil population have also been observedto be at risk at high concentration levels of heavy metals
[119]. For e.g. when exposed to used engine oil, Aspergillus nigervan Tiegh mycelia growth experienced growth
reduction in contrast to Staphylococcus aureus that found such environment as a new habitat. [120,121]. Thus
the survival of microbes in AMVs polluted area can either be disturbed or enhanced by presence of certain
contaminants [122]. The pollution level can sometimes cause a corresponding increase in soil organic carbon.
These bring about the reduction of soil nitrate and phosphatelevel needed for biogeochemical cycle [123] which
would eventual affect crop yield [124].

In humans, AMV workers are occupationally exposed to toxic metals arising from associated
operations and repairs [20,125]. The major element of concern for humans is Pb. This single metal, can disrupt
blood pressure, induce nephrotoxic effects, and affect the levels of Ca and P in metabolism of humans. It has
also been observed to be dangerous to renal tubules and cardiovascular systems [125, 126, 127, 128, 129]. Child
labours are frequently sighted in AMVs [130]. The Adult workers are often observed to be performing their
duties such as lifting and carrying, pulling and pushing, twisting and turning, at different posture stance without
any health and safety precautions. These activities constitute a major risk to the health and safety of the workers,
because it will eventually affect their muscoskeletal balance [131]. The vehicle spray sections perform their
activities in unenclosed platforms, releasing benzene and other toxic chemicals like phenol into the atmosphere
[132]. Incredibly, over 150 organic compounds such as Polybrominated diphenyl ethers, ethylbenzene, styrene,
toluene, formaldehyde are some of the air pollutants found in automobiles [133]. Moreover, working with brake
parts can cause mesothelioma, deposition of tremolite, asbestos in the lungs and higher risk of ischemia of
fingers [134, 135]. Thus AMVs activities poses greater risk of occupational health hazards.

VII.  Remediation And Control

The remediation of pollution in AMVs and implementation of controls will be of both economic and
environmental value to the Nigerian nation. Solidification and stabilization, flushing and Phytoextraction,
vitrification and electrokinetic are some of the technologies for remediation of soil with low to moderate Cd, Zn,
and Pb contamination [136, 137]. For high levels of toxic contaminants, excavation and removal, in-situ fixation
and rhizofiltration, bioremediation can be applied [137, 138] for e.g. Plants like sunflower have also been used
for bioremediation of contaminated soils [138]. The use of enhanced natural attenuation by periodically turning
heavily polluted soil and by natural land farming practice in contaminated sites are also viable [139,140]. Thus,
the genetic manipulation of biomass and metabolic pathways is a promising technology in phytoremediation
[141]. Granular activated carbon is another promising approach used for polluted soils [142]. However, findings
showed that soil type and contaminant characteristics play important role in determining the type of remediation
that should be applied [143]. Moreover toxicological assessment of the heavy metals and use of biological
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materials like surfactants are also important parameters to be determined before remediation [144, 145]. Other
biological materials for remediation of contaminated soil in AMVs include the use of aerobically fixed
bioreactors [146], use of earthworm as biocatalyst [147], use of poultry litter, and cow dung have all been
successfully used in AMV remediation [148, 149] and restoration of nutrient depleted soil recorded. On the
order hand, soil microbes like Aspergillus nigercan be used as biosensors in environmental biomonitoring of soil
polluted by heavy metal [150]. Bacteria like pseudomonas, Corynebacterium species, bacillus sp, Pseudomonas
aeruginosa, Serratia specie, and Alcaligenesfaecalis have shown great potential for waste engine oil
degradation [151, 152, 153] in contaminated soil environment. Similarly, Aeruginosa, Micrococcus spp, Proteus
mirabilis, Proteus vulgaris and Enterobacterspp have been applied in petrol motor spirit and engine oil
degradation [154]. Again microbial and fungi organisms like Aspergillus species, Penicillium species,
Moniliella species, Curvularia species and Mucor species are known to be spent engine oil biodegraders [155,
156, 157].

The development and implementation of occupational health and safety for AMVs, awareness and
implementation of personal protective equipment, and good waste disposal practices should be established and
implemented [158, 159]. Subsequently technical skills and technology needed to efficiently service or repair
vehicles using newer technologies should be acquired and utilized [160, 161].Such repairs and servicing should
be carried out in an environmentequipment with modern workshoptools for painting, scrapping, welding, lifting
and carryingetc[162]. Also, since the newer technologies used in automobiles are constantlyimproved with
processors and sensors [163, 164], therefore repairs should be done by trained technicians and technologist [165,
166]. Thus in this light, setting up technical training centres and skill acquisition for technicians and
technologist would be necessary to arrest ignorance and abuse [167, 168].

VIIl. Findings And Recommendation

The review studyconducted had elucidated some of the problems that plague the Nigerian AMVs. The
findings showed that 95% of the researched AMVs locations are located in the cities or nearby urban settlement.
This however, does not exonerate the noticeable pollution activities of AMVs in the villages andlocal
neighbourhoods. Few studies have been conducted on automobile pollution emitted from the cabinbut seldom
on malfunctioning automobiles that are 10 years and older. Hence if performed, would elucidate associated
health and environmental pollution from non-evaporativesources caused by malfunctioning automobiles. There
had been the absence of studies conducted on heavy metal ingestion, absorption and digestion by AMV workers
due to workplace environment. Such studies would provide more insight into the natureof heavy metal
poisoning in AMV workers. Similarly, toxic atmospheric air pollutants existing within AMVs had not been
reported as serious health concern by government agencies, nor had mainstream atmospheric research capture
such environment. Thus,AMV localitiesmay be having poor air quality index risk due to atmospheric
contamination.

Principally, the automobile industry occupies a niche in both production and consumption system [169]
that flourishes with access to global technology [170]. They continue tomerge together through acquisitions, and
thus share components and architecture. This leverages synergies with their partners locally and globally.
Therefore, it becomes pertinent for a nation like Nigeria to provide standard repair workshops and services with
global technology, implement favourable industry policies, and environmental pollution controls from
automobiles [168] or risk constant environmentalpollution from vehicular sources.

To this end, it is therefore proposed that abandoned AMVs should be remediated and reclaimed to
avoid further environmental degradation. Continuous assessment of pollutants around AMVs using
biomonitoring and phyto-monitoring should be routinely implemented. Toxicological assessment of AMV
workers exposed to pollution and contamination for data acquisition and utilization should be done regularly.
The establishment of institutional training schools for technical training and promotion of technological skills
acquisition and finally the implementation of anti-pollution initiative and occupational safety at work for AMV
workers.

References
[1]. Mwambazambi, K. (2010). Environmental Problems in Africa: A Theological Response. Ethiopian Journal of Environmental
Studies and Management, 3(2). doi:10.4314/ejesm.v3i2.59827.

[2]. Olusola, A. (2012). Climate Change and the Environment: Issues and Geoinformation Challenges, Global Warming and the
Environment: Issue and Geoinformation Challenges. TSO7F - Task Force on Surveyors and the Climate Change 1, 6098. Rome,
Italy, 6-10.

[3]. Maroto-Valer, M. M., Song, C., & Soong, Y. (Eds.). (2002). Environmental Challenges and Greenhouse Gas Control for Fossil Fuel
Utilization in the 21st Century. doi:10.1007/978-1-4615-0773-4

[4]. Omofonmwan, S.1&0sa-Edoh, G.I. (2008).The Challenges of Environmental Problems in Nigeria. Journal of Human and Ecology,
23(1): 53-57.

[5]. Adelana, S., & Adeosun, T. (2011). Environmental pollution and remediation: challenges and management of oil Spillage in the
Nigerian coastal areas. American Journal of Scientific and Industrial Research, 2(6), 834-845. doi:10.5251/ajsir.2011.2.6.834.845

DOI: 10.9790/2402-1207014354 www.iosrjournals.org 49 | Page



Pollution In Nigerian Auto-Mechanic Villages: A Review

[6].
[71.
[8].
[9].

[10].
[11].
[12].

[13].

[14].
[15].
[16].
[17].
[18].
[19].

[20].

[21].
[22].
[23].

[24].

[25].
[26].
[27].
[28].
[29].
[30].
[31].
[32].
[33].

[34].

[35].

[36].
[37].
[38].

[39].

Odoemene, A. (2011). Social Consequences of Environmental Change in the Niger Delta of Nigeria. Journal of Sustainable
Development, 4(2). doi:10.5539/jsd.v4n2p123

Elum, Z. A., Mopipi, K., & Henri-Ukoha, A. (2016). Oil exploitation and its socioeconomic effects on the Niger Delta region of
Nigeria. Environ Scienceand Pollution Research. 23(13), 12880-12889. doi:10.1007/s11356-016-6864-1

Batta, H. E., Ashong, A. C., & Bashir, A. S. (2013). Press Coverage of Climate Change Issues in Nigeria and Implications for
Public Participation Opportunities. Journal of Sustainable Development, 6(2). doi:10.5539/jsd.v6n2p56

Ityavyar, E.M., &Tyav, T.T (2013). Environmental pollution in Nigeria: the need for awareness creation for sustainable
development. Journal of Research in Forestry, Wildlife and Environment,(4)2.

Erdés, L, Magnes, M, &Batori, Z. (2015).The effects of Land-use History and Landscape Context on Habitat Naturalness: An
Assessment Using Relative Naturalness Indicator Values. Applied Ecology and Environmental Sciences, (3)5 146-150.

Olotuah, A.O. (2010). Housing Development and Environmental Degeneration in Nigeria. The Built & Human Environment
Review, 3.

Ige, J.O &Atanda, T.A. (2013). Urban Vacant Land and Spatial Chaos in Ogbomoso North Local Government, Oyo State, Nigeria.
Global Journal of Human Social Science Geography, Geo-Sciences & Environmental Science & Disaster Management, 13(2).
Fatusin, A. (2015). Spatial Characteristics: A Planners View of Locational Pattern and Underlying Factors among Small Scale
Industries in Ondo State of Nigeria. Ethiopian Journal of Environmental Studies and Management, 8(3), 252-263.
doi:10.4314/ejesm.v8i3.2.

Zabbey, N, &Uyi, H. (2014). Community responses of intertidal soft-bottom macrozoobenthos to oil pollution in a tropical
mangrove ecosystem, Niger Delta, Nigeria. Marine Pollution Bulletin, 82(1-2), 167-174. doi:10.1016/j.marpolbul.2014.03.002.
Lawanson, T., &Olanrewaju, D. (2012). The Home as Workplace: Investigating Home Based Enterprises in Low Income
Settlements of the Lagos Metropolis. Ethiopian Journal of Environmental Studies and Management, 5(4). doi:10.4314/ejesm.v5i4.9.
Izunwa, O. (2011). Impact of Science and Scientific Worldview on Man: A Critical Review in Ogirishi: A New Journal of African
Studies, 8(1), 142-150. doi:10.4314/09.v8i1.9

Rana, E& Ali, K. (2009). Socioeconomic Aspects of Child Labour- A Case Study of Children in Auto Workshops. The Lahore
Journal of Economics,6(1), 94-109.

Amiya, D, Saugat, B, Aparajita D, Nabarun K, Sulagna D, Mahul M. (2014). A Cross-Sectional Study on Knowledge and Attitude
of HIV/AIDS among Automobile Repair Workers in a Slum of Kolkata. International Journal of Health Sciences & Research, 4(7).
Barber, J. (2003). The informally trained mechanic: skill acquisition in the workplace. Journal of VVocational Education & Training,
55(2), 133-148. doi:10.1080/13636820300200222

Inam, E, Edet, J.B &Offiong, N.A.O. (2015). Levels and occupational health risk assessment of trace metals in soils from
automobile repair workshop village and environs in Uyo metropolis, Nigeria. African Journal of Environmental Science and
Technology. 9(7), 584-591.

Imtiazuddin. (2012). Pollutants of Wastewater Characteristics in Textile Industries. Journal of Basic and Applied Sciences.
doi:10.6000/1927-5129.2012.08.02.47

Vinay K.S, Zulfigar, A &Abhay, R. (2013). Modulatory Effect of Tannery Effluents on, Physicochemical Quality of River Water.
(2013). Chemical Science Transactions. doi:10.7598/cst2014.617

Shankar, B. S, & Sanjeev, L. (2008). Assessment of Water Quality Index for the Groundwaters of an Industrial Area in Bangalore,
India. Environmental Engineering Science, 25(6), 911-916. doi:10.1089/ees.2007.0231

Subba Raju, O. V., P.M.N. Prasad, P. M. N. P., & Reddy, Y. V. R. (2012). Determination of Heavy Metals in Ground Water by
ICP-MS in Selected Coastal Areas of Nellore District, Andhra Pradesh, India. International Journal of Scientific Research, 2(11),
78-81. doi:10.15373/22778179/nov2013/24

Swarnalatha, P., &Nageswara Rao, K. (2011). An integrated approach to assess the quality of groundwater in a coastal aquifer of
Andhra Pradesh, India. Environmental Earth Sciences, 66(8), 2143-2169. doi:10.1007/s12665-011-1438-5

Adjei,E.O, &Sadick, A. (2015). Assessment of Water Quality for Irrigated Rice Production As Affected By a Cluster of Auto
Mechanic Workshops Upstream. Annals. Food Science and Technology, (16)1.

Tsado, P.A, Lawal, B.A, Eze, C.E, Afolabi, S.G, &Saidu, O.l. (2014).Assessment of the Suitability of Water Quality for Irrigation
in Minna, Niger State. International Journal of Research in Agriculture and Forestry, 1(2), 13-17.

Peretiemo-Clarke, B. O, Balogun, M. A, &Akpojiyovwi, 0.(2009).A study of physico-chemical characteristics of
Ugborikoko/Okere stream as an index of pollution. African Journal of Biotechnology, 8(22), 6272-6276.

Kuforiji, T.S &Ayandiran T.A. (2013). Study of heavy metals pollution and physico-chemical assessment of water quality of River
Owo, Agbara, Nigeria. International Journal of Water Resources and Environmental Engineering. 5(7), 434-341.

Johnbosco, E. U., &Nnaji, A. O. (2011). Influence of Land use Patterns on Otamiri River, Owerri and Urban Quality of Life.
Pakistan Journal of Nutrition, 10(11), 1053-1057. d0i:10.3923/pjn.2011.1053.1057

Nwachukwu, M.A, Huan, & Duke, O. (2010). Groundwater Flow Model and Particle Track Analysis for Selecting Water Quality
Monitoring Well Sites, and Soil Sampling Profiles. Journal of Spatial Hydrology, 10(1).

Onuoha, S.C., Olugbue, V.U, Uraku, J.A &Uchendu, D.O. (2011). Biodegradation Potentials of Hydrocarbon Degraders from
Waste-lubricating Oil-spilled Soils in Ebonyi State, Nigeria. International Journal of Agriculture & Biology, 13, 586-59.

Ojiako, E.N & Okonkwo, M.N. (2013). Analysis of heavy metals in soil of mechanic workshop in Onitsha metropolis. Advances in
Applied Science Research, 4(1), 79-81

Adewole, M., &Uchegbu, L. (2011). Properties of Soils and Plants Uptake within the Vicinity of Selected Automobile Workshops
in lle-Ife  South-western, Nigeria. Ethiopian Journal of Environmental Studies and Management, 3(3).
doi:10.4314/ejesm.v3i3.63962

Ololade, I., Oloye, F., Adamu, H., Oluwole, O., Oluyede, O., Folasade, A., &Ololade, O. (2015). Distribution and Potential
Mobility Assessment of Some Hazardous Metals in Soil of Mechanic Workshops: A Case Study of Akoko Land in Nigeria.
International Research Journal of Pure and Applied Chemistry, 7(2), 54-68. doi:10.9734/irjpac/2015/16340

Adewoyin, O. A, Hassan, A. T. &Aladesida, A. A. (2015).The impacts of auto-mechanic workshops on soil and groundwater in
Ibadan metropolis. African Journal of Environmental Science and Technology, Vol. 7(9), 891-898.

Nwuche, C. O., &Ugoji, E. O. (2008). Effects of heavy metal pollution on the soil microbial activity. International Journal of
Environmental Science & Technology, 5(3), 409-414. doi:10.1007/bf03326036

Beetseh, C.1. and Num G. (2013). A survey of the presence and quantity of heavy metals in water sources at and around the Auto
Mechanic village at Lafia Junction, North Bank, Makurdi, Benue State.Civil and Environmental Research, 3(3).

Achi, M.M, Uzairu, A, Gimba, C.E & O. J. Okunola .(2011). Chemical fractionation of heavy metals in soils around the vicinity of
automobile mechanic workshops in Kaduna Metropolis, Nigeria. Journal of Environmental Chemistry and Ecotoxicology. 3(7),
184-194.

DOI: 10.9790/2402-1207014354 www.iosrjournals.org 50 | Page



Pollution In Nigerian Auto-Mechanic Villages: A Review

[40].

[41].

[42].

[43].

[44].

[45].

[46].
[47].

[48].

[49].
[50].
[51].

[52].
[53].
[54].

[55].

[56].

[57].
[58].
[59].

[60].

[61].
[62].
[63].
[64].

[65].

[66].

[67].

[68].

[69].

[70].

Luter, L., Terngu, A., &Attah, S. (2011). Heavy Metals in Soils of auto- mechanic shops and refuse dumpsites in Makurdi Nigeria.
Journal of Applied Sciences and Environmental Management, 15(1). doi:10.4314/jasem.v15i1.65698

Ozulu,,, G. U., Usiobaifo, O. B.,& Usman, A. A. (2013).Assessing the Impact of Waste Gasoline on the Physicochemical Properties
of Soils at Selected Automobile Workshops in Obiaruku, Southern Nigeria. Universal Journal of Environmental Research and
Technology, 3(4), 427-435.

Edu, 1., John, B. E., &Abasi, O. O. (2015). Levels and occupational health risk assessment of trace metals in soils from automobile
repair workshop village and environs in Uyo metropolis, Nigeria. African Journal of Environmental Science and Technology, 9(7),
584-591. doi:10.5897/ajest2015.1909

Ikhajiagbe B., Chijioke-osuji, C.C.,&0sazee J.O. (2014). Heavy metal contents and microbial diversity of waste engine oil-polluted
soil in some public and commercial centres in Benin City metropolis, Nigeria. The Bioscientist, 2(1): 41-53.

Sadick, A, Amfo-Otu, R, Acquah, S.J, Nketia, A.K, Asamoah, E, Adjei, O. (2015). Assessment of Heavy Metal Contamination in
Soils around Auto Mechanic Workshop Clusters in Central Agricultural Station, Kumasi-Ghana. Applied Research Journal, 1(2),
12-19.

Emmanuel, A., Cobbina, S. J., Adomako, D, Duwiejuah., A. B, &Asare, W. (2014). Assessment of heavy metals concentration in
soils around oil filling and service stations in the Tamale Metropolis, Ghana. African Journal of Environmental Science and
Technology, 8(4), 256-266. doi:10.5897/ajest2014.1664.

Adjei, O.W & Adams Sadick, A, (2015). Assessment of Water Quality for Irrigated Rice Production As Affected By a Cluster of
Auto Mechanic Workshops Upstream. Annals. Food Science and Technology, 16(1).

Demie, G. (2015). Analyzing soil contamination status in garage and auto mechanical workshops of Shashemane City: implication
for hazardous waste management. Environmental Systems Research, 4(1). doi:10.1186/s40068-015-0040-3.

Nwachukwu, M. A., Feng, H., &Achilike, K. (2010). Integrated studies for automobile wastes management in developing countries;
in the concept of environmentally friendly mechanic village. Environmental Monitoring and Assessment, 178(1-4), 581-593.
doi:10.1007/510661-010-1714-y.

Nwachukwu, A. (2012). Review and assessment of mechanic village potentials for small scale used engine oil recycling business.
African Journal of Environmental Science and Technology, 6(12), 464-475. doi:10.5897/ajest12.091.

Michael, A. (2015). Used Oil Storage and Disposal Practices in Automobile Repair Garages in Ghana. International Journal of
Science, Technology and Society, 3(4), 221. doi:10.11648/j.ijsts.20150304.23.

Akporido, S. O., &Asagba, S. O. (2013). Quality Characteristics of Soil Close to the Benin River in the Vicinity of a Lubricating
Oil Producing Factory, Koko, Nigeria. International Journal of Soil Science, 8(1), 1-16. doi:10.3923/ijss.2013.1.16.

TauTua, A., Bamidele, M. W., Onighinde, A. O., & Ere, D. (2014). Assessment of some heavy metals and physicochemical
properties in surface soils of municipal open waste dumpsite in Yenagoa, Nigeria. African Journal of Environmental Science and
Technology, 8(1), 41-47. doi:10.5897/ajest2013.1621.

Christopher, N. A., & Emmanuel, E. I. I. (2014). Assessment of environmental degradation of soil and groundwater: A case study of
waste disposal in Benin West Moat - Ekenwan gully Benin City, Edo State, Nigeria. African Journal of Environmental Science and
Technology, 8(6), 381-390. doi:10.5897/ajest2014.1685.

Grzegorz, Z.(2007). Laundering of “Illegal” Fuels : A Forensic Chemistry Perspective. ActaChimicaSlovania. 54, 110-113.

Falla, F. S, Araujo P.P, Lopez-Gejo, J, Le Roux, Quina, F.H, Nascimento, C.A.O. (2008). Application of Fluorescence
Spectroscopy For Spectral Discrimination Of Crude Oil Samples. Brazilian Journal of Petroleum and Gas. 2(2), 9-17.

Nworgu, O. D., &0sahon, O. D. (2011). Determination of the Distribution Patterns and Abundances of Trace Elements in Nigerian
Crude Oil Using the AAS Technique. International Journal of Engineering Research in Africa, 5, 64-73.
doi:10.4028/www.scientific.net/jera.5.64

Udebuani, A.C, Okoli, G.C, Okoli, I.C, Nwigwe, H.C &0zoh, P.T.E. (2011). Assessments of the volume and disposal methods of
spent engine oil generated in Nekede mechanic village, Owerri, Nigeria. Report and Opinion. 3(2).

David, E. O., & Joel, O. F. (2013). Environmental Remediation of Oil Spillage in Niger Delta Region. SPE Nigeria Annual
International Conference and Exhibition.13, 24-34. doi:10.2118/167585-ms.

Baghebo, M. (2012). Environmental Damage Caused By The Activities Of Multi National Oil Giants In The Niger Delta Region Of
Nigeria. IOSR Journal of Humanities and Social Science, 5(6), 9-13. d0i:10.9790/0837-0560913.

Hu, J., Wu, Y., Wang, Z., Li, Z., Zhou, Y., Wang, H., Hao, J. (2012). Real-world fuel efficiency and exhaust emissions of light-duty
diesel vehicles and their correlation with road conditions. Journal of Environmental Sciences, 24(5), 865-874. doi:10.1016/s1001-
0742(11)60878-4

Gokhale, S. (2012). Impacts of traffic-flows on vehicular-exhaust emissions at traffic junctions. Transportation Research Part D:
Transport and Environment, 17(1), 21-27. doi:10.1016/j.trd.2011.08.006

Alinnor, 1.J., Ogukwe,C.E, &Nwagbo, N. C. (2014).Characteristic Level of Total Petroleum Hydrocarbon in Soil and Groundwater
of Oil Impacted Area in the Niger Delta Region, Nigeria. Journal of Environment and Earth Science. 4(23).

Shah, A., Niaz, A., Ullah, N., Rehman, A., Akhlag, M., Zakir, M., &Suleman K.M. (2013). Comparative Study of Heavy Metals in
Soil and Selected Medicinal Plants. Journal of Chemistry, 2013, 1-5. doi:10.1155/2013/621265

Essien, O., & John, I. (2011). Impact of Crude-Oil Spillage Pollution and Chemical Remediation on Agricultural Soil Properties and
Crop Growth. Journal of Applied Sciences and Environmental Management, 14(4). doi:10.4314/jasem.v14i4.63304

Pam A.A, Sha-Ato, R, &Offem, J.0. (2013). Contributions of Automobile Mechanic Sites to Heavy Metals in Soil: A Case Study of
North Bank Mechanic Village Makurdi, Benue State, Central Nigeria. Journal of Chemical, Biological and Physical Sciences, 3(3),
2337-2347.

Tanee, FBG, & Albert, E. (2015). Post-Remediation Assessment of Crude Oil Polluted Site at Kegbara-Dere Community, Gokana
L.G.A. of Rivers State, Nigeria. Journal of Bioremediation & Biodegradation, 02(03). doi:10.4172/2155-6199.1000122.

Francis, T.K.A., Theresa, N.A., Felicitas, N.Y., Gerald, N., &Roi, N.N. (2008). Lubricating oil-degrading bacteria in soils from
filling stations and auto- mechanic workshops in Buea, Cameroon: occurrence and characteristics of isolates. African Journal of
Biotechnology, 7(11), 1700-1706. doi:10.5897/ajb08.734

Udousoro, I., Umoren, 1. U., lzuagie, J. M., Ikpo, C. U., Ngeri, S. F., &Shaibu, E. S. (2015). Soil Invertebrates As Bio-Monitors of
Toxic Metals Pollution in Impacted Soils. Current World Environment, 10(2), 367—385. doi:10.12944/cwe.10.2.02.

Anoliefo, G. O, Ikhajiagbe, B, Okonofhua, B. O. &Diafe, F. V. (2006). Eco-taxonomic distribution of plant species around motor
mechanic workshops in Asaba and Benin City, Nigeria: ldentification of oil tolerant plant species. African Journal of
Biotechnology, 5(19), 1757-1762.

Odiwe, A. I., Adesanwo, A. T. J., Olowoyo, J. O., & Raimi, I. O. (2014). Assessment of trace metals using lichen transplant from
automobile mechanic workshop in lle-Ife metropolis, Nigeria. Environmental Monitoring and Assessment, 186(4), 2487-2494.
doi:10.1007/s10661-013-3555-y

DOI: 10.9790/2402-1207014354 www.iosrjournals.org 51 | Page



Pollution In Nigerian Auto-Mechanic Villages: A Review

[71.
[72l.
[731.

[74].

[75].
[76].

[771.

[78].
[79].
[80].
[81].
[82].
[83].
[84].
[85].
[86].
[87].
[88].
[89].
[90].
[91].
[92].
[93].
[94].

[95].

[96].
[97].

[98].

[99].

[100].
[101].

[102].

[103].

[104].

Oloye, F. F., Ololade, I. A., Oluwole, O. D., Bello, M. O., Oluyede, O. P., &Ololade, O. (2014). Fate and Potential Mobility of
Arsenic (As) in the Soil of Mechanic Workshops. Environment and Pollution, 3(4). doi:10.5539/ep.v3n4p70.

Coulson, S., Morgan-Smith, R., Mitchell, S., &McBriar, T. (2008). An investigation into the presence of petrol on the clothing and
shoes of members of the public. Forensic Science International, 175(1), 44-54. doi:10.1016/j.forsciint.2007.05.005.

Chengo, K, Murungi, J, Mbuvi H, (2013).Speciation of Chromium and Nickel in Open-Air Automobile Mechanic Workshop Soils
in Ngara, Nairobi, Kenya. World Environment, 3(5), 143-154.

Obini, U., Okafor, C., &Afiukwa, J. (2013). Determination of levels of polycyclic aromatic hydrocarbons in soil contaminated with
spent motor Engine oil in Abakaliki Auto-Mechanic Village. Journal of Applied Sciences and Environmental Management, 17(2).
doi:10.4314/jasem.v17i2.1

Ogungbuyi, P. I., Obasi, R.A., &AbimbolaA .F. (2013). Assessment of Polycyclic Aromatic Hydrocarbons (PAH) Concentration in
Sediments and Soils around Ibadan, South-western Nigeria. International Journal of Engineering and Technology, 3(6).

Okoro, A.C., Chukwuma, G.O.,Chukwuma, E. C., &Ugwu.l.E. (2015). Distribution Of Heavy Metals And Other Physico-chemical
Properties Of Soil At Automobile Mechanic villages, Imo State.International Journal of Scientific & Engineering Research, (6)2.
Okoro, A.C.,Chukwuma, G.O.,Chukwuma, E. C.,Nwachukwu , P.C., &Ezeh, K.A. (2013) Investigating The Effects Of Selected
Heavy Metals On Topsoil At The Vicinities Of Two Automobile Mechanic Villages, Owerri Municipal,Nigeria. The International
Journal Of Engineering And Science(2) 11, 19-26.

Nwachukwu, M. A., Feng, H., &Achilike, K. (2011).Integrated studies for automobile wastes management in developing countries;
in the concept of environmentally friendly mechanic village. Environmental Monitoring and Assessment.(178) 1, 581-593.
Nwachukwu, M.A., Feng, H., &Alinnor, J. (2010).Trace Metal Dispersion in Soil from Auto-Mechanic Village to Urban
Residential Areas in Owerri, Nigeria.Urban Environmental Pollution. Procedia Environmental Sciences.4, 310-322

Nwachukwu, M.A., Feng, H., &Alinnor, J. (2010). Assessment of heavy metal pollution in soil and their implications within and
around mechanic villages.International journal of environmental science technology.7 (2), 347-358.

Majolagbe, A.O., Alkali, I.I., &Onwordi, C.T. (2014).Ecological Risk Assessment of Soil Metallic Pollution in Mechanic Villages,
Abeokuta, Nigeria. Journal of Environment. (3)3, 38-46.

Adelekan, B.A., &Abegunde, K.D. (2011).Heavy metals contamination of soil and groundwater at automobile mechanic villages in
Ibadan, Nigeria. International Journal of the Physical Sciences.6(5), 1045-1058

Ololade, I.A. (2014).An Assessment of Heavy-Metal Contamination in Soils within Auto-Mechanic Workshops Using Enrichment
and Contamination Factors with Geoaccumulation Indexes.Journal of Environmental Protection. 5, 970-982.

Olayinka, 0.0., &Adedeji, O.H. (2014).Concentration of Heavy Metals in the Soils near Some Mechanic Villages in Abeokuta
Metropolis, Ogun State, Nigeria. Journal of Advances in Chemistry.(8) 3.

Oguntimehin, 1., and Ipinmoroti, A. (2008). Profile of heavy metals from Automobile workshops in Akure, Nigeria. Journal of
Environmental Science and Technology. 19-26.

Ayodele R.I., &Modupe, D. (2008). Heavy Metals Contamination Of Topsoil And Dispersion In The Vicinities Of Reclaimed Auto-
Repair Workshops In Iwo, Nigeria. Bulletin of Chemical Society of Ethiopia. 22(3), 339-348.

Usman, A. A, Odoma, A. N., &Ozulu,, G. U. (2013). Impact of Automobile Workshop Activities on Heavy Metals in Some
Ground Water of North Central Nigeria. International Journal of Water Research. 2(1), 1-4.

Garba, N.N., Yamusa, Y.A., Ismaila, A., Habiba, S.A., Garba, Z.N., Musa, Y., &Kasim, S.A. (2013). Heavy metal concentration in
soil of some mechanic workshops of Zaria-Nigeria. International Journal of Physical Sciences.8(44), 2029-2034.

Aloysius A. P., Rufus, S., & John 0.0. (2013). Evaluation of heavy metals in soils around auto mechanic workshop clusters in
Gboko and Makurdi, Central Nigeria. Journal of Environmental Chemistry and Ecotoxicology. 5(11), 298-306.

Wuana, R.A., Adie, A.P., &Asegh, I.N., (2012). Seasonal variation in bioavailability of some toxic metals in waste dump soils of
Makurdi, North-Central Nigeria. Journal of Biodiversity and Environmental Sciences.(2)11, 7-17.

Ameh, A.O., Mohammed-dabo, I.A., IBRAHIM, S., AMEH, B.J., &Odengle, O.J. (2011). Heavy metal contamination of soil in
mechanic workshops. International journal of biological and chemical science.5(5): 2103-2113.

Odoh, R., Agbaji, E.B.,&Kagbu, J.A. (2011). Assessment of Trace Metals Pollution in Auto-Mechanic Workshop in Some Selected
Local Government Area of Benue State, Nigeria. International Journal of Chemistry. (3)4.

Okeke, C.U., Ekanem, E.O., &Harami, M.A. (2014). Bioaccumulation of Heavy Metals in Mechanic Workshops. International
Journal of Mathematics and Physical Sciences Research.(2) 1, 58-65.

Idugboe, S.O, Tawari, F.,&Midonu, A.A. (2014).Soil pollution in two auto-mechanic villages in Benin City, Nigeria. Journal Of
Environmental Science, Toxicology And Food Technology.(8)1, 09-14.

Akporido, S.O., Emoyan, O.0., Agbaire, P.O.,&Imah, C.E. (2015). Fractionation of Selected Trace Metals In Soil Of An Auto-
Mechanic Village In Effurun, Delta State, Nigeria. Journal of Advanced Studies in Agricultural, Biological and Environmental
Sciences. (2)1, 2394-2606.

Okereke, O.C., &Victor. C. (2010).Heavy Metals Contamination in Relation to Microbial Counts in Soils of Automobile Mechanic
Workshops, Port Harcourt Metropolis, Rivers States, Nigeria.Journal of American Science. 6(9).

Anapuwa, 0.5.(2015). Heavy Metal Contamination and Physicochemical Characteristics Of Soils From Automobile Workshops In
Abraka, Delta State, Nigeria.International Journal of Natural Sciences Research. 2(4), 48-58.

Ekhaise, F.O&Nkwelle, 0.(2011). Microbiological And Physicochemical Analyses Of Oil Contaminated Soil From Major Motor
Mechanic Workshops In Benin City Metropolis, Edo State, Nigeria.Journal of applied science and environmental management.15
(4), 597 - 600.

Edori, O. S., &Edori, E. S. (2012).Effect of Auto-mechanic Works on Lead and Iron Content in Two Mechanic Villages in Port
Harcourt, Rivers State Nigeria. Journal of applied science environment and management.

Najib,A.Z.W., Mohammed, S.A., Ismail, H.S., Amneera, & W.A., Ahmad, W .(2012). Assessment of Heavy Metal in Soil due to
Human activities in Kangar, Malaysia. International journal of Civil and Environmental Engineering. (12)6.

Sam, R.A., Ofosu, F.G., Atiemo, S.M., Aboh, I.J.K., Gyampo, O., Ahiamadjie, H., Adeti, J.P., Arthur, J.K. (2015).Heavy Metal
Contamination Levels in Topsoil at Selected Auto Workshops in Accra. International Journal of Science and Technology. (4)5.
Baccarelli, A.A., Zheng, Y., Zhang, X., Chang, D., Liu, L., Wolf, R.W., Zhang, Z., McCracken, J.P., Diaz, A., Pier Bertazzi, P.A.,
Schwartz, J., Wang, S., Kang, C.M., Koutrakis, P., &Hou, L. (2014).Air pollution exposure and lung function in highly exposed
subjects in Beijing, China: a repeated-measure study. Particle and Fibre Toxicology.11.

Olayiwola O.A, Agbolade, J.O., &Oladapo, A.S. (2013).Daily Exposure of Roadside Topsoil to Lead at Olaiya Roundabout,
Osogbo, Nigeria. International Journal of Engineering Science Invention. (2) 5.55-60.

Tan, P.Q., Zhao, J.Y, Hu, Z.Y., Lou, D.m., DU, A.M. (2013). Effects of fuel properties on exhaust emissions from diesel engines.
Journal of Fuel Chemical Technology,41(3), 347-355.

DOl

: 10.9790/2402-1207014354 www.iosrjournals.org 52 | Page



Pollution In Nigerian Auto-Mechanic Villages: A Review

[105].
[106].
[107].
[108].
[109].
[110].
[111].
[112].
[113].
[114].
[115].
[116].
[117].
[118].
[119].
[120].
[121].
[122].
[123].
[124].
[125].

[126].

[127].

[128].

[129].

[130].

[131].

[132].

[133].
[134].

[135].
[136].
[137].

[138].

Veinblat, M., Tartakovsky, L., Gutman, M., Zvirin, Y., Hausberger, S., (2016). Fuel Effects on Emissions from Heavy-Duty Diesel
Engines—Results of Recent Research Programs. SAE Technical Paper 2001-24-0081. doi: 10.4271/2001-24-0081.

Kinzi, L., Krapf, M., Daher, N., Dommen, J., Jeannet, N., Schneider, S., Platt, S., Jay, G., Baumlin, N.S., Salathe, M., Prévot,
A.S.H., Kalberer, M., Strahl, C., Dimbgen, L., Sioutas, C., Balten, S.U., &Geiser, M. (2015).Toxicity of aged gasoline exhausts
particles to normal and diseased airway epithelia. Scientific Reports.5:11801.doi: 10.1038/srep11801.

Bielaczyc, P., Woodburn, J., Szczotka, A., Pajdowski, P. (2015).The Impact of Alternative Fuels on Fuel Consumption and
Exhaust Emissions of Greenhouse Gases from Vehicles Featuring SI Engines. The 12th International Conference on Combustion &
Energy Utilisation — 12ICCEU.Energy Procedia.66, 21-24.

Bhandarkar, S. (2013). Vehicular pollution, their effect on human health and mitigation measures. Vehicle Engineering (VE) (1) 2.
Lale, O. O., Ezekwe, I. C., Lale, N. E. S. (2014). Effect of Spent Lubricating Oil Pollution on Some Chemical Parameters and the
Growth of Cowpeas (VignaunguiculataWalpers). Resources and Environment. 4(3), 173-179. doi: 10.5923/j.re.20140403.06.
Nwoko, C.O., Okeke, P.N., Agwu, O.0., &IAkpan, I.E. (2007). Performance of Phaseolus vulgaris L. in a soil contaminated with
spent-engine oil. African Journal of Biotechnology. 6 (16), 1922-1925.

Muhammad, S., &Muhammad, Z.1. (2012).Effect of autoexhaust emission on germination and seedling growth of an important arid
tree Cassia siameaLamk. Journal of Food Agriculture.24 (3), 234-242.

Pratiti, C.H., Nibedita, S., Kshama, S., Vijai, K. (2012).Characterization of automobile workshop effluent and study of its effects
on germination and growth of Cicer arietinum and Vignaradiata. International journal of environmental sciences.(3)2.

Njoku, K.L., Akinola, M.O., &Busari, T.O. (2012).Effect of time of application of spent oil on the growth and performance of
maize (Zea mays).African Journal of Environmental Science and Technology.6(1), 67-71.

Ezeaku, P.l., &Egbemba, B.O. (2014). Yield of Maize (Manomaspp) affected by automobile oil waste and compost manure.
African Journal of Biotechnology.13(11), 1250-1256.

Adewole, B.M., &Aboyeji, O.A. (2013).Yield and quality of maize from spent engine oil contaminated soils amended with compost
under screen house conditions. Journal of Agrobiology. 30(1), 9-19. doi: 10.2478/agro-2013-0002.

Ogbuehi, H.C., Ezeibekwe, 1.0. &Ejiogu, M.C. (2011). The Effect Of Spent Engine Oil Pollution On Growth Performance Of
Groundnut (Arachis Hypogea), Grown In Owerri, Imo State. Global research journal of science. 1, 24 -27.

Usman, O. A.,Shuaib, 0.,&Dosumu, O. (2007). Analysis of Lead InSoil And Selected Food Samples at Kyaure Mechanic Village,
Bauch | State, Nigeria.Nigerian Journal of Pure& Applied Science. 22, 2059-2062.

Onweremadu, E.U., &Duruigbo, C.1.,(2007). Assessment of cadmium concentration of crude oil polluted arable soils. International
journal of environmental science and technology. 4 (3), 409-412.

Ekwenye , U.N., &Aneke, N. C. (2008).Effects of Oil Pollution on the Soil of UmuOkpara in Abia State. Nigerian Journal of
Microbiology, 22(1), 1746-1753.

Emoghene, A.O., &Eyong, M.M. (2008).Effects of Engine Oil on Mycelial Extension Growth of Aspergillus niger Van Tiegh.
Nigerian Journal of Microbiology. 22(1), 1648-1651.

Saxena, R., Kadam, S., Kazi, M.M., Bhosale, A., Sheeba, R. (2013).Study Of Microbiota Inside The Automobile Cars.NJIRIM.
4(2).

Anyanwu, C.U., &Nwachukwu, O.N. (2011).Heavy Metal Resistance in Bacteria Isolated from Contaminated and Uncontaminated
Soils.International journal of resources and chemical environment. 1(1) 173-178.

Umanu, G., & Dodo, S.D. (2013).Assessment of Oil-Eating Fungi Isolated from Spent Engine Oil Polluted Soil Environments. The
Pacific Journal of Science and Technology. 14(2).

Jaboro, A.G., Akortha, E.E., &Obayagbona, O.N., (2013). Suspectibility to heavy metals and hydrocarbonclastic attributes of soil
microbiota. International Journal of Agriculture and Bioscience. 2(5), 206-212.

Ademuyiwa, O., Ugbaja, N.R., Idumebor, F., &Adebawo, O. (2005).Plasma lipid profiles and risk of cardiovascular disease in
occupational lead exposure in Abeokuta, Nigeria. Lipids in Health and Disease. 4(19). doi:10.1186/1476-511X-4-19.
Pachathundikandi, S.K., &Varghese, T.E. (2006).Blood Zinc Protoporphyrin, Serum Total Protein, And Total Cholesterol levels In
Automobile Workshop Workers In Relation To Lead Toxicity: Our Experience. Indian Journal of Clinical Biochemistry.21 (2),
114-117.

Dongre, N., Suryakar, A., Patil, A., Devarnavadagi, B., Ambekar, J., DileepRathi, D. (2012).Effect Of Lead Exposure On
Biochemical Parameters In Automobile Workers From Bijapur, Karnataka.International journal of current research and review.4
(24).

Saliu, A, Adebayo, O., Kofoworola, O., Babatunde, O., & Ismail, A. (2015).Comparative Assessment of Blood Lead Levels of
Automobile Technicians in Organised and Roadside Garages in Lagos, Nigeria. Journal of Environmental and Public Health.
Article 1D 976563.

Amah, K.U., Madu, N.K., Ahaneku, J.E., Ahaneku, G.I., Onah, C.E., Onuegbu, A.J., Olisekodiaka, J.M., Okwara, J.E., Dioka, C.E.,
&Meludu, S.C. (2011).Evaluation of nephrotoxic effect of lead exposure among automobile repairers in Nnewi Metropolis.
International Journal of Research in Medical Sciences. 2(3), 1107-1111.

Tanveer, A., Asim, M., Dilshad A., & Rashid, N. (2009).Lead Exposure In Children Living Around The Automobile And Battery
Repair Workshops. Biomedica. (25)17. 128-132.

Ahmad, F., Ahmad, N., Shamsul, B., Tamrin, M., Karuppiah, K. (2014).The Prevalence of Musculoskeletal Disorder and the
Association with Risk Factors among Auto Repair Mechanics in Klang Valley, Malaysia. Iranian Journal of Public Health.(43)3,
34-41.

Atif, K., &Audil, R. (2014). Benzene Exposure Among Auto-Repair Workers From Workplace Ambience: A Pioneer Study From
Pakistan. International Journal of Occupational Medicine and Environmental Health.27(5), 830- 839.

Songil, A.V., Bekir, K., &Giller, C. (2010). The Automobiles as Indoors. TAF Preventive Medicine Bulletin,9(6), 665-672.
Rabcezynski, M., Kuznik, E., Guzinski, M., &Adamiec, R. (2015).Critical Ischemia Of The Fingers In An Auto Mechanic As A
Result Of Occupational Exposure.International Journal of Occupational Medicine and Environmental Health.28(1), 169-173.
Egilman, D., & Longo, W.E. (2012).Egilman’s assessment regarding exposures of auto mechanics to amphiboles is correct.
Inhalation Toxicology. (24)9, 614-618.

Todd, A. M., & Ruby, M.V. (2004). Review of In Situ Remediation Technologies for Lead, Zinc, and Cadmium in Soil.
RemediationWiley periodicals. doi: 10.1002/rem.20011.

Lambert, M., &Leven, B.A. (2000). GreenNew Methods of Cleaning Up Heavy Metal in Soils and Water:Innovative solutions to an
environmental problem. Environmental Science And Technology Briefs For Citizens. Hazardous Substance Research Centers.
Burlakovs, J., Vircavs, M. (2011).Possible Applications of Soil Remediation Technologies in Latvia.Scientific Journal of Riga
Technical University Environmental and Climate Technologies. doi: 10.2478/v10145-011-0027-X.

DOl

: 10.9790/2402-1207014354 www.iosrjournals.org 53 | Page



Pollution In Nigerian Auto-Mechanic Villages: A Review

[139].

[140].

[141].

[142].
[143].
[144].

[145].
[146].

[147].
[148].
[149].
[150].
[151].
[152].
[153].
[154].
[155].
[156].
[157].

[158].

[159].
[160].
[161].
[162].
[163].
[164].
[165].

[166].
[167].

[168].
[169].

[170].

Ebuehi, O.A.T., Abibo, | B., Shekwolo, P D., Sigismund, K I., Adoki, A; &Okoro, | C. (2005).Remediation of Crude Oil
Contaminated Soil by Enhanced Natural Attenuation Technique. Journal of Applied Science and environmental Management. 9(1),
103-106.

Mmom, P.C., &Deekor, T.(2010).Assessing the Effectiveness of Land farming in the Remediation of Hydrocarbon Polluted Soils in
the Niger Delta, Nigeria. Research Journal of Applied Sciences, Engineering and Technology.2(7), 654-660.

Ana P. G. C., Marques, A.N., Rangel, O.S.S., & Castro, P.M.L. (2009). Remediation of Heavy Metal Contaminated Soils:
Phytoremediation as a Potentially Promising Clean-Up Technology. Critical Reviews in Environmental Science and Technology,39,
622-654.

Ameh, C.U., Jimoh, A., Abdulkareem, A.S., &Otaru, A.J. (2013).Remediation of Petroleum Polluted Site in Nigeria Using
Granulated Activated Carbon (Gac).lOSR Journal of Environmental Science, Toxicology and Food Technology.(3) 5, 100-109.
Faisal, 1.K., Tahir, H., &Ramzi, H. (2004).An overview and analysis of site remediation technologies. Journal of Environmental
Management. 71,95-122.

Orish E.O., Jason, L.B., Sabina, S., &Zelikoff, J.T. (2014).Metal Pollution in Nigeria: A Biomonitoring Update. Journal of Health
& Pollution. (4) 6.

Yakubu, M.B. (2007).Biological approach to oil spills remediation in the soil. African Journal of Biotechnology6 (24), 2735-2739.
Abdulsalam, S.,Adefila, S.S., Bugaje, I.M, &lbrahim, S.(2012).Bioremediation of Soil Contaminated With Used Motor Oil in a
Closed System. Journal of Bioremediation and biodegradation. (3) 12.

Ameh, A.O., Mohammed-Dabo, I. A., lbrahim, S., &Ameh, J. B.(2013). Earthworm-assisted bioremediation of petroleum
hydrocarbon contaminated soil from mechanic workshop. African Journal of Environmental Science and Technology.7(6), 531-539.
Stephen, E., Okwute, L.O., &OKkai, A.l. (2015).Bioremediation of mechanic workshop polluted soil amended with poultry litter.
Biosciences Research in Today’s World.(1)1, 77-83.

Adams, G.O., Tawari-Fufeyin, P., &Ehinomen, |. (2014).Laboratory Scale Bioremediation of Soils from Automobile Mechanic
Workshops Using Cow Dung.Journal of Applied & Environmental Microbiology.(2) 4, 128-134.

Jaboro, A.G., Akortha, E.E., &Obayagbona, O.N. (2013). Suspectibility to heavy metals and hydrocarbonclastic attributes of soil
microbiota. International Journalof Agricultural Bioscience.2(5), 206-212.

Umanu, G., Akpe, A.R., &0moikhudu, A. R. (2013).0il Degradation Assessment Of Bacteria Isolated From Used Motor Oil
Contaminated Soils In Ota, Nigeria. International Journal of advanced Biological Research. 3(4) 506-513.

Onuoha, S.C., Olugbue, V.U., Uraku, J.A., &Uchendu, D.O. (2011). Biodegradation potentials of hydrocarbon degraders from
wastelubricating oil-spilled soils in Ebonyi State, Nigeria. International Journal of Agriculture and bioscience.13, 586-590.

Khan, AJ., &Kumari, A., (2011). In Vitro Evaluation Of Oil Degradation Potential Of Bacillus subtilis. International Journal of
Plant, Animal and Environmental Sciences.(1) 3.

Balogun S.A., Shofola T.C., Okedeji, A.O., &Ayangbenro, A.S. (2015). Screening of hydrocarbonoclastic bacteria using redox
indicator 2, 6-dichlorophenol indophenols.Global NEST Journal. 17(3), 565-573.

Obayagbona, N.O., &Enabulele, 1.0. (2013). Biodegradation Potentials of Automobile Workshop Soil Mycoflora on Flow Station
Petroleum Sludge With An Extra Carbon Source.Journal of Microbiology, Biotechnology and Food Sciences. 3 (1) 19-25.

Umanu, G., & Dodo, D.S(2013). “Assessment of Oil-Eating Fungi Isolated from Spent Engine Oil Polluted Soil Environments”.
Pacific Journal of Science and Technology. 14(2), 609-616.

Ekundayo, O, F., Olukunle, O.F., &Ekundayo, E.A. (2012). Biodegradation of Bonnylight crude oil by locally isolated fungi from
oil contaminated soils in Akure, Ondo state.Malaysian Journal of Microbiology. 8(1), 42-46.

Emem, G.A., Megbelayin, E.O., &Akpan, S.I (2015).Awareness and use of protective eye devices among auto mechanic
technicians and auto spare parts traders in Uyo, Nigeria. International Journal of Medical Science and Public Health. (4) 9, 1227-
1230.

Monney, I., Bismark, D.A., Owusu-Mensah, I., &Kuffour, R.A. (2014). Occupational health and safety practices among vehicle
repair artisans in an urban area in Ghana.Journal of Environmental and Occupational Science.3(3).

Srinivasan, P., &Palanichamy, P. (2010).Applications of topology in automobile engineering. Journal of Experimental
Sciences.(1)1, 21-24.

Olaitan, 0.0. &Ikeh, J.0. (2015).Employability and Technical Skill Required to Establish a Small Scale Automobile Workshop.
Journal of Education and Practice.(6)13.

Nwachukwu, M.A, Umunna, N.A, Ntesat, B., &Umunna, C.P. (2014). Concept and Design of Environmentally Friendly
Automobile Mechanic Village. Journal of Civil Environmental Engineering. 4(136). doi:10.4172/2165-784X.1000136

Debadutta, K.P. (2013).Efficiency, factor intensity and return to scale in Indian automobile workshops. Middle East Journal of
Management. 1(1).

Norton, P.D. (2008). Auto Mechanics: Technology and Expertise in Twentieth-Century America. Business History Review.(82), 2;
395-399.

Kersten, A.E., (2008).Auto Mechanics: Technology and Expertise in Twentieth-Century America. The Journal of American
History. (95)1, 232-235.

Fapetu, O.P., &Akinola, A.O. (2008).Optimizing Auto-Repair Practice: Akure Metropolis as Case Study. AU JT.11(4): 232-238.
Barber, J., (2003). The Informally trained Mechanic: skill acquisition in the workplace.Journal of Vocational education and
Training. (55)2.

Howell, L.J., & Hsu, J.C. (2002). Globalization within the auto industry. Research Technology Management. (45) 4, 43-48.

Borg, K.L. (2008).Auto Mechanics: Technology and Expertise in Twentieth-Century America.Technology and Culture. Baltimore:
Johns Hopkins University Press, Vol 49.

Joao,P.Silva. (1995). Trends in the Development of the Automobile Distribution and repair sector in Portugal. Working paper
presentation at 20th Conference Anual da EIBA, Varsovia, Dezembro de 1994. ESUDOS DE GESTAO-INVERNO-1995-39.

Nkwoada A.Ulalisa C.O"Pollution In Nigerian Auto-Mechanic Villages: A Review." IOSR
Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT) 12.7
(2018): 43-54.

o - - = = = e = e - - ]

DOI: 10.9790/2402-1207014354 www.iosrjournals.org 54 | Page



