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Abstract: This investigation was carried out to assess the heavy metal 
concentrations and health risks associated with automobile workshops in Owerri 
Metropolis. Using an Atomic Absorption Spectrophotometer, soil samples from 
Orji Mechanic Village (OMV), Naze Mechanic Village (NMV), New Market 
Automobile Workshops (NMAV), Matrix Mechanic Yard (MMY) and Alvan 
Mechanic Yard (AMY) were assayed for Silver (Ag), Cobalt (Co), Nickel (Ni), 
Mercury (Hg), Lead (Pb), Arsenic (As), Chromium (Cr) and Cadmium (Cd) 
concentrations. The result showed that at majority of the sites, the Ag, Pb, As, 
and Cd levels exceeded their baseline values, whereas the Ni and Co levels were 
equivalent to those of their baselines, at some sites. Soil samples at MMY were 
the most acidic while that of NMAV was the most alkaline. The pollution 
models indicated very high Ag contamination at OMV, NMV, and NMAV while 
all the sites showed very high contamination of Pb and Cd, and no Co, Ni, Hg, 
and Cr pollution was recorded for all the sites as shown by their Igeo values. The 
result for the enrichment factor showed anthropogenic sources of deposition of 
these heavy metals at all the sites. From the risk assessment models applied, 
none of the contaminated sites showed an estimated daily intake, hazard 
quotient, and total hazard index beyond the reference values, with Pb found to 
possess the greatest potentials of toxicity. This study has shown the necessity to 
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periodically monitor and apply measures that can halt the environmental decay, 
occurring at the automobile workshops.  

Keywords: Heavy metals; Geoaccumulation index; Risk assessment; Contamination; 
Pollution  

 Introduction  

Soil pollution with heavy metals is becoming one of the most severe 

environmental and human health hazards.1 Heavy metal pollution refers to 

cases where the contents of these elements in soils are higher than the 

maximum concentration, which has potential harmful effects on vegetation.2 

Some heavy metals are essential to maintain human metabolism although 

many, at higher concentrations, may be poisonous as they tend to 

bioaccumulate in human bodies making them dangerous, and posing 

massive health and environmental risks.2 Gazso3 reported that heavy metals 

come from diverse sources and some in very minute concentrations serve as 

components of enzymes, pigments as well as help to maintain the ionic 

balance of cells.4 These and other trace elements are essential for the proper 

functioning of biological systems and a number of disorders could emerge 

when they become deficient or in excess. However, environmental 

contamination by heavy metals has become a course for concern in recent 

years because of their potential accumulation in biosystems through 

contaminated air, soil and water.4 As observed by Begun et al.,5 large 

quantities of pollutants have continuously been introduced into ecosystems 

as a consequence of urbanization and industrial processes which could come 

in form of a low solubility compound, like pyrite,6 or sorbed on surface-

reactive phases like those of iron and manganese oxides.7,8 The largest small 

quantity generators of hazardous wastes are automotive service and repair 

shops. During their daily operations, they generate different kinds of wastes. 
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Some of these wastes include waste from solvents used for cleaning metallic 

parts, dirty shop rags, asbestos from brake pads, used motor parts and used 

oil and fluids. Solvents used to clean parts are the most dangerous wastes 

commonly generated in autorepair shops. The chemical components of these 

solvents are extremely toxic to humans and the environment9 and if these 

chemicals are not properly handled, they could contaminate the soil, water 

for domestic uses, lakes and streams and even the atmosphere.10 

In Owerri Metropolis with antecedents of huge environmental decay, 

automobile workshops lack waste management practices. There, wastes are 

discarded indiscriminately on the vicinity, and as envisaged, eventually the 

soil becomes a repository for metals released from activities performed in 

these auto-repair workshops, thus leading to pollution.11 Hence, it became a 

matter of essence to assess the present heavy metal contamination status of 

these activity laden workshops in the heart of the city, and to determine the 

health risks resulting from the deposition of these heavy metals. Therefore 

this study was carried out to determine the heavy metal concentrations of 

five popular automobile workshops in Owerri Capital City of Imo State 

Nigeria, and the health risks posed to the populace, considering the diverse 

activities performed in these automobile workshops.  

 Results and Discussion   

Table 1 reveals the heavy metal concentrations of top soils of some 

automobile workshops in Owerri Metropolis. The silver contents of all the 

automobile workshops soils were above their baseline values except for 

AMY that was below detection level. After absorption into the circulatory 

system, high concentrations of silver can be deposited in the tissues of the 

body and this could result to a condition known as argyria.12 
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Table 1. Heavy metal contents (mg/kg) of top soils of automobile 

workshops in Owerri Metropolis. 

Metals Sites OMV NMV NMAV MMY AMY  

Ag 

Test 0.26±0.01a 0.31±0.01a 0.39±0.02a 0.08±0.00a BDL  

Control 0.05±0.01b 0.03±0.01b 0.09±0.01b BDL BDL 

Baseline 0.04±0.02b 0.04±0.02b 0.04±0.02b 0.04±0.02b 0.040±0.03 

Co 

Test 2.68±0.01a 1.04±0.05a 4.50±0.07a 2.11±0.04a 2.88±0.05a 

Control 0.37±0.09b 0.35±0.03b 0.55±0.02b BDL 0.31±0.01b 

Baseline 6.30±4.15c 6.30±4.15c 6.30±4.15a 6.30±4.15b 6.30±4.15c 

Ni 

Test 22.08±0.73a 14.77±1.13a 28.60±2.04a 19.07±0.85a 25.51±3.33a 

Control 2.81±0.14b 1.01±0.06b 3.72±0.1b 4.47±0.21b 1.96±0.07b 

Baseline 23.66±3.21a 23.66±3.21c 23.66±3.21a 23.66±3.21a 23.66±3.21a 

Hg 

Test 0.16±0.01a 0.17±0.01a 0.25±0.03a 0.07±0.00a 0.06±0.05a 

Control 0.12±0.00b 0.18±0.0a 0.09±0.0b BDL 0.04±0.00a 

Baseline 0.13±0.17ab 0.13±0.17a 0.13±0.17ab 0.13±0.17c 0.13±0.17b 

Pb 

Test 418.94±11.25a 364.61±9.84a 484.57±15.71a 210.30±5.78a 339.02±3.44a 

Control 2.40±0.07b 11.71±2.06b 17.83±2.29b 6.82±0.71b 7.73±1.19b 

Baseline 20.00±5.2c 20.00±5.2b 20.00±5.2b 20.00±5.29c 20.00±5.29c 

As 

Test 5.60±0.66a 0.79±0.31a 4.01±1.21a BDL 0.64±0.11a 

Control BDL 0.09±0.01b BDL 0.05±0.00a 0.57±0.20a 

Baseline 0.60±1.03b 0.60±1.03a 0.60±1.03b 0.60±1.03b 0.60±1.03a 

Cr 

Test 18.23±1.52a 6.77±0.42a 46.90±3.05a 11.58±2.15a 40.61±7.48a 

Control 1.34±0.07b 2.03±0.07b 4.81±0.59b 0.92±0.23b 11.05±0.40b 

Baseline 81.33±21.3c 81.33±21.3c 81.33±21.3c 81.33±21.38c 81.33±21.3c 

Cd 

Test 22.06±3.36a 28.93±2.57a 11.70±2.23a 9.11±1.03a 20.52±1.66a 

Control 0.14±0.01b 1.22±0.82b 0.85±0.08b 0.36±0.02b 0.23±0.05b 

Baseline 0.20±0.11b 0.20±0.11c 0.20±0.11c 0.20±0.11b 0.20±0.11b 

Values are means and standard deviations of triplicate determinations. 

For each metal, values bearing different superscript letter(s) (a, b, c) down the column 

denote that the mean difference is significant at p < 0.05. BDL means Below Detection 

Level. 
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This is a rare disfiguring condition with characteristic blue-grayish 

pigmentation of the skin, eyes and mucuous membranes. Cyanosis is often 

times mistaken for less severe forms of argyria. This infers that automobile 

workshop workers and their customers are environmentally predisposed to 

contracting argyria. The cobalt concentrations in the automobile workshop 

soils were significantly higher than their control values except in NMAV 

that their baseline values. A similar study by Olayiwola,16 revealed high 

cobalt content of the soil in the different automobile units; autowelding unit 

12.75 ± 6.20 mg/kg next to the automechanic unit. The range of cobalt 

concentration was 13.75±3.00 - 9.50±0.90 mg/kg. The study explained that 

the high concentration in some units might have been due to the presence of 

cobalt in the materials being used by the automechanics. As these materials 

are used, some of it get leached into the soil and contaminate it. The auto-

electrician unit had some cobalt in its soil (9.50 ± 0.90 mg/kg) and the least 

cobalt level.  Runoff water during rain or wind can wash or disperse soil 

particles from one place to the other and contaminate the soil 16. The nickel 

contents of OMV, NMV and MMY were below the baseline value whereas 

NMAV and AMY exceeded the baseline. From natural and anthropogenic 

sources, global input of nickel to the human environment is approximately 

150,000 and 180,000 metric tonnes respectively per year. These include 

emissions from fossil fuel consumption, and the industrial production, use, 

and disposal of nickel compounds and alloys. The automobile workshops 

soils in this present study do not contain abnormal concentrations of nickel 

when compared to other studies. For rural UK soils, with a mean value of 

21.1 mg/kg-1, the UK Soil and Herbage Survey found total nickel 

concentrations in the range 1.16 to 216 mg/kg-1. With a mean value of 

28.5mg/kg-1, urban UK soils were found to contain nickel concentrations in 
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the range 7.07 to 102 mg/kg-1.17 Berrow and Reaves,18 reported from a 

survey of soils in Scotland a geometric mean concentration of nickel in soil 

of 27 mg/kg-1. A study by Adelekani and Abegunde,19 showed that nickel 

manifested a range of 2.0 to 25.0 mg/kg-1 found on the study locations in 

the automobile mechanic villages while it was below detection limit in the 

control soil. Nickel content in soil can be as low as 0.2 mg/kg-1 or as high 

as 450 mg/kg-1 although the average is about 20 mg/kg-1.2 Exposures by 

inhalation, ingestion or skin contact occur in nickel and nickel alloy 

production plants as well as in welding, electroplating, grinding and cutting 

operations which are done in auto-mechanic workshops.20 Further, the 

mercury concentrations were below their baseline values in MMY and 

AMY but were above the baseline values in OMV, NMV and NMAV. Its 

concentrations were comparable to the control sites in all the workshops 

except in MMY that was below detection level. Olarenwaju et al.,21 revealed 

that the levels of mercury in the soil were within tolerable limits, however, 

with all the automobiles workshops around residential and commercial areas 

where access is not restricted, there was a risk that prolonged exposure as 

predicated by that scenario could have a considerable human health impact 

(for tradesmen and local communities). The study further showed that 

mercury was relatively lower across the site, and this could be attributed to 

its limited use compared to cadmium and lead. However, mercury sources 

in automobiles include relays (with mercury switches) to control airbags, 

relays to control power to pumps and heaters, some seat belt and suspension 

systems, anti-lock brakes and safety switches and relays in trunk/hood light 

switches. The lead contents in the soils of this present work exceeded their 

baseline values in all the workshops and there were significant differences 

when compared to their control values in NMV and NMAV. This present 
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finding is similar to a study by Olayiwole,15 where the soil lead level was 

highest in the auto-electrician unit (325±10 mg/kg) of the automobile 

workshop. The levels of lead obtained were higher than the values obtained 

by Ano and Nwoko22 and Egunjobi.23 The values obtained were above the 

permissible level for soil as recommended by USEPA24 and this is a serious 

environmental concern which needs urgent attention. Lead in the soils 

according to Chokor and Ekanem25 had an average top-soil value of  

36.61 mg/kg. This value was higher than the critical soil Pb limit for Canada 

(25 mg/kg), and Eastern Europe (32 mg/kg); but lower than those of Finland 

(38 mg/kg), Denmark (40 mg/kg), Czech Republic (70 mg/kg), Netherland 

(85 mg/kg), and Switzerland and Ireland (50 mg/kg). Heavy metals load in 

soils could be attributed to sources and activities taking place at most of the 

automobile workshops. Lead poisoning could result from the common usage 

of lead batteries, metal products, paint coatings, and pipes around the 

workshops. Battery specialists, “battery chargers” as they are popularly 

called across Nigeria, are usually present around automobile workshops, 

and they are a major source of lead. Other sources is gas exhaust of most 

automobiles under service at these automobile workshops (use of leaded 

petrol and additives are still common).21 The arsenic content in MMY was 

below detection level, the control sites of OMV and NMAV were below 

detection levels. Arsenic, an element that is found in several environmental 

matrices at low concentrations26 occur either in the organic form as 

methylated metabolites or in inorganic forms as pentavalent or trivalent 

arsenate. Tchounwu et al.,27 and Centeno et al.,28 have reported that arsenic 

compounds form part of the therapy used for the treatment of 

trypanosomiasis, syphilis, amoebic dysentery, and other parasitic diseases. 

A lot of factors like genetic and nutritional factors, individual proneness, 
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gender, age, and biological species all influence arsenic toxicity. Chromium 

concentrations in all the workshops were below their baseline values and 

were comparable to their control values. Adelekani and Abegunde,19 

reported an increase in chromium content at a location in their study. 

Chromium is one of those heavy metals in the environment whose 

concentration is gradually increasing due to industrial growth, especially the 

development of metal, chemical and tanning industries. Air and water 

erosion of rocks, power plants, liquid fuels, brown and hard coal, and 

industrial and municipal waste are some other sources through which 

chromium permeate the environment. Local permeation of the chromium to 

soil, water or the atmosphere might result in excessive amounts in 

biogeochemical circulation although there is no risk of chromium 

contamination on a global scale. Ghosh and Singh,29 observed that 

persistence of chromium in the environment is because of its non-

biodegradability. Once chromium is mixed in the soil, it ends in the 

environmental sink after having undergone transformation into various 

mobile forms.30 The cadmium contents of all the automobile workshops 

soils exceeded their baseline values but the control values of OMV, MMY 

and AMY were comparable to their baseline values. This present finding did 

not corroborate the study by Adelekan and Abegunde,29 that reported that 

for 50% of the samples, the cadmium content was below the detection limit 

and this situation was found spread through all the locations and at various 

depths. It was also true for the control soil where cadmium was found to be 

< 0.002 mg/kg-1 at all the depths investigated according to their study. 

Cadmium tends to be more mobile in soil systems than many other heavy 

metals. Although the measured values in their study showed a range of  

0.41 to 17.23 mg/kg-1, the majority however are less than 1.0 mg/kg-1. 
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Kidney damage, band cardiovascular problems and bone deformities occur 

as a result of chronic cadmium exposures. 

The highest pH value was observed in NMAV while the lowest pH 

value was seen in MMY in Table 2. It is a fact that pH is an important soil 

property, having great effects on solute concentration and 

sorption/desportion of contaminant in soil.31 Availability of the heavy 

metals was minimal in NMAV but was profound in MMY.  Low pH 

increases mobility of metals.  Increasing the soil pH to 6.5 or higher is a 

measure in the remediation of heavy metal polluted soils.19 It reduces the 

mobility of some metal species down the soil strata while low pH values 

usually enhance metal distribution and transport in soil.32 

Table 2. pH and temperature levels of automobile workshops in Owerri 

Metropolis. 

Site Temp (0C) pH Inference 

OMV 33.8 7.7 Slightly alkaline 

NMV 32.5 6.8 Slightly acidic 

NMAV 34.1 8.2 Alkaline 

MMY 31.8 5.7 Acidic 

AMY 31.5 5.9 Acidic 

 

Table 3 shows the contamination status of the automobile workshops 

studied. All the automobile workshop soils revealed low cobalt and 

chromium contaminations. Low nickel contamination was observed in 

OMV, NMV and MMY. However there was moderate nickel contamination 

in NMAV and AMY, but lower than the reports of Ogunka-nnoka et al.33 

There was also moderate mercury in OMV, NMV, and NMAV whereas 

there was low contamination at MMY and AMY. There was moderate silver 
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contamination in MMY and with arsenic in NMV and AMY.  Further, very 

high cadmium and lead contaminations were observed in all the automobile 

sites. There was also very high silver contamination at OMV, NMV and 

NMAV and with arsenic at OMV and NMAV. Various toxicities to humans 

through uptake of crops which leads to unsafe foods that compromise food 

security can be caused by soils contaminated with substances like heavy 

metals.12 

Table 3. Contamination Factor (CF) for automobile workshop soils in 

Owerri Metropolis. 

Metals OMV NMV NMAV MMY AMY 

Ag 6.50 7.75 9.75 2.00 - 

Co 0.42 0.16 0.71 0.33 0.45 

Ni 0.93 0.62 1.20 0.80 1.07 

Hg  1.23 1.30 1.92 0.53      0.46 

Pb 20.94 18.23 24.22 10.51 16.95 

As 9.33 1.31 6.68 - 1.06 

Cr  0.22 0.08 0.57 0.14 0.49 

Cd 110.30 144.65 58.50 45.55 102.60 

      

The results obtained for the enrichment factor (Table 3, 4) shows 

that only the deposition of mercury at NMV was as a result of natural 

activities, while all other results showed depositions due to anthropogenic 

activities. In line with the observations of Bini and Bech,34 a point-like 

mode of contamination where the deposition of each metal is particular to a 

given site, and varies from site-to-site could be suggested. 
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Table 4. Enrichment Factor (EF) for automobile workshop soils in Owerri 

Metropolis. 

Metals OMV NMV NMAV MMY AMY 

Ag 5.2  10.33 4.33 - - 

Co 7.24 2.97 8.18 - 9.29 

Ni 7.85 14.62 7.68 4.27 13.01 

Hg 1.33 0.94 2.77 - 1.5 

Pb 174.55 31.13 27.17 30.83 43.85 

As - 8.77 - - 1.12 

Cr 13.60 3.33 9.75 12.58 3.67 

Cd 157.57 23.71 13.76 25.30 89.21 

 

The Igeo values are represented in Table 5. According to the 

classification above, the results revealed that there were no cobalt and 

chromium pollutions in all the sites. There was also no nickel pollution in 

all the sites except in AMY and no mercury pollution in all the sites except 

in NMAV. Also, no arsenic pollution was observed in NMV and AMY.  

The result however indicates that there were slight silver, nickel and 

mercury pollutions in MMY, AMY and NMAV respectively. There was 

moderately severe silver pollution in OMV, NMV and NMAV. Further, 

there was moderately severe arsenic pollution in OMV and NMAV and lead 

at MMY. There was severe lead pollution in OMV, NMV and AMY. 

However, a severely extreme lead pollution was observed in NMAV. All 

the automobile sites were extremely polluted with cadmium. The highest 

Igeo value was obtained for cadmium at NMV. Automobile workshops are 

found scattered all over most cities where all categories of wastes are 

indiscriminately dumped on every available space ranging from lubricating 

oil, junked cars, tyres, spare parts are always been found to litter all parts of 
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the workshop. Waste from automobile workshop activities can be 

categorized into maintenance and materials handling wastes. Some of the 

soluble metals may find their way to lakes, rivers, streams and soil resulting 

into pollution since heavy metals in soil are toxic.15 Brain damage and 

disorder as well as stunted growth in plants could occur as a result of high 

lead level.35 

Table 5. Index of geoaccumulation (Igeo) for automobile workshop soils in 

Owerri Metropolis. 

Metals OMV NMV NMAV MMY AMY 

Ag 2.11  2.36 2.70 0.41 - 

Co -1.81 -3.18 -1.07 -2.16 -1.71 

Ni -0.68 -1.26 -0.31 -0.89 -0.47 

Hg -0.28 -0.19 -0.35 -1.47 -1.70 

Pb 3.80 3.60 4.01 2.80 3.49 

As 2.63 -0.18 2.15 - -0.49 

Cr -2.74 -4.17 -1.37 -3.39 -1.58 

Cd 6.20 6.59 5.28 4.92 6.09 

 

The results of Table 6 show the daily intake levels of heavy metals 

from the automobile workshop soils. Average daily intake of lead and 

specifically at NMAV was highest among all other metals and automobile 

workshops investigated. The levels of these heavy metals were found within 

the reference dose provided by ATSDR.36 It is very vital to have a daily 

intake level of these heavy metals below their oral reference doses. 
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Table 6. Average Daily Intake (ADI) (Mg/kg/day) of heavy metals on 

automobile workshop soils in Owerri Metropolis. 

Metals OMV 

x10-6  

NMV  

x10-6 

NMAV 

x10-6 

MMY 

 x10-6 

AMY  

x10-6 

Reference 

Dose 

Ag 0.44 0.53 0.66 0.13     - 5 x10-3 

Co 4.59 1.78 7.71 3.61 4.94 3 x10-2 

Ni 37.83 25.33 49.06 32.71 43.86 2 x10-2 

Hg 0.27 0.29 0.42 0.21 0.10 4 x10-5 

Pb 718.64 625.44 831.22 360.74 581.85 3.5 x10-3 

As 9.60 1.35 6.98 - 1.09 3 x10-4 

Cr 31.27 11.61 80.45 19.86 69.66 3 x10-3 

Cd 37.84 49.62 20.07 15.62 35.19 1 x10-3 

 

Table 7. Non-Cancer Hazard Quotient of heavy metals on automobile 

workshops soils in Owerri Metropolis. 

Metals OMV NMV NMAV MMY AMY  

Ag x10-3 0.08       0.10 0.13 0.02 - 

Co x10-4 1.53       0.59 2.57 1.20 1.64 

Ni x10-4 18.93 12.66 24.53 16.35 21.93 

Hg x10-1  0.06 0.07 0.10 0.03    0.025 

Pb x10-3 205.32 178.69 237.49 103.06 166.15 

As x10-2 3.4 0.11 2.32 - 0.36 

Cr x10-3  10.42 3.87 26.81 6.62 23.22 

Cd x10-3 37.84 49.62 20.07 15.62 35.19 

 

The non cancer hazard quotient shown in Table 7 indicates that no 

significant health hazard could result from the levels of metals deposited at 

the automobile workshops soils, as the levels did not exceed the reference 



34                                            E.N. Agomuo and P.U.Amadi 

 

level at 1.0. Also, THI (Fig. 1) indicates that all the depositions of the heavy 

metals in the automobile workshops cumulatively would not cause any 

significant long-term health hazards as their values were below the standard 

value of 1. The greater is the value of HQ and THI, the greater is the level 

of concern, thus indicating higher concerns at NMAV than other automobile 

workshops.37-38  

 
Figure 1. Total Hazard Index (THI) of heavy metals on top soils of automobile workshops 

in Owerri Metropolis. 
 

 Experimental 

Description of area of study 

The study comprised five automobile workshops within Owerri 

Metropolis in Imo State Nigeria. These workshops were chosen because 

they are located within the metropolis, as well as being the workshops with 

the highest level of activities and attendant infrastructural collapse.  

Two sampling points in each of the locations were applied, which 

represented the control and test samples. Soil samples collected from points 

where the major activities occur in the workshops represented the test 
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samples. Soil samples used as control were collected 100m farther than the 

test sites as recommended by Agomuo and Amadi.12 

The automobile workshops used for this study include: 

 OMV: Orji Mechanic Village by Orji Fly Over, Okigwe Road 

 NMV: Naze Mechanic Village, Off Aba Road, Owerri West  

 NMAV: New Market Automobile Workshop, along Douglas Road, 

Owerri Municipal 

 MMY: Matrix Mechanic Yard Umunwonyeali Owerri North 

 AMY: Alvan Mechanic Yard Akwakuma Owerri North 

Preparation of samples 

With the aid of an auger, soil samples (100 g) were randomly 

collected (in dry season) from the top soils (0-15 cm) in each of the study 

sites. The soil samples were put in a container and any debris contained 

were removed before being tightly covered with an aluminium foil and 

conveyed to the laboratory for further preparation. The soil samples were air 

dried at room temperature, checked again for any stones or pellets, and then 

ground using a mechanical electric grinder. The ground soil samples were 

further sieved through a mesh (2 mm). 

Sample analysis 

Determination of soil pH 

The pH analysis was carried out following the methods of Okereke 

and Amadi.13 Briefly, a suspension of soil and water (1:2) was obtained and 

analyzed for the pH using a calibrated pH meter. 

Heavy metal analysis 

The method of Agomuo and Amadi,12 was applied for the 

determination of Silver (Ag), Cobalt (Co), Nickel (Ni), Mercury (Hg), Lead 
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(Pb), Arsenic (As), Chromium (Cr), and Cadmium (Cd) contents of the 

collected soil samples. Briefly the soil samples were measured, and 1g 

collected and put in a beaker was mixed with 15ml mixture (ratio of 5:1:1) 

of Nitric acid (HNO3), Perchloric acid (HClO4), and Sulfuric acid (H2SO4). 

After gently stirring the mixture, it was heated at 800C to obtain a clear 

solution. The solution was allowed to cool, then, 2% nitric acid (30 ml) was 

added. Afterwards, this solution was subjected to spectophotometric 

analysis (Shimadzu AA-670, Japan) and interpreted in line with a prepared 

reference solution. 

Determination of index of geoaccumulation (Igeo)  

To obtain the Igeo, the formula of Muller below was applied.14 

Igeo =  

Cn means the heavy metal concentration of the samples, Bn means the 

background/baseline value of the heavy metal. Specific for this study, the 

background/baseline values used were as described by Agomuo and 

Amadi.12 

I-geo was classified into seven grades as shown by Okereke and 

Amadi,13 I-geo ≤ 0 (grade 0), unpolluted; 0< I-geo ≤1 (grade 1), slightly 

polluted; 1 < I-geo ≤ 2 (grade 2), moderately polluted; 2< I-geo ≤3 (grade 

3), moderately severely polluted; 3< I-geo ≤4 (grade 4), severely polluted;  

4< I-geo ≤5 (grade 5), severely extremely polluted; I-geo > 5 (grade 6), 

extremely polluted. 

Contamination factor ( ) 

To calculate the contamination factor, the formula below was 

applied 

=  

Cn and Bn were as described for the Igeo.  
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Four grades are recognized for the contamination factor values as 

described by Agomuo and Amadi.22 

Cif < 1 represents low contamination factor indicating low 

contamination, 1 ≤ Cif < 3 represents moderate contamination factor, 

 3 ≤ Cif < 6 represents considerable contamination factor, and 6 ≤ Cif 

represents very high contamination factor. 

Estimation of enrichment factor (EF) 

The enrichment factor was computed using the following 

relationship: 

EF =  

When EF values < 1 the origin of the source of contamination is natural 

whereas an anthropogenic source is suggested when EF values ≥ 1.  

Health risk assessment 

 The risks associated with oral ingestion of the heavy metal at the 

automobile workshops were calculated as the daily intake of the metal, non 

cancer hazard quotient, and total chronic hazard index, shown below 

following the methods of Agomuo and Amadi.12 

  Daily oral intake (DI) (mg/kg/day) =  

C means the heavy metal concentration at the sampling points 

IR = Ingestion rate  

EF = Exposure frequency (day/year) 

ED = Exposure period (year) 

BW = Body weight (kg)  

AT = Average time for non-carcinogens  
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The IR, EF, ED, BW and AT were standard USEPA values adopted 

from the study of Qing et al.,15 while the mean bodyweight of occupants of 

the vicinity was 56.6 kg.  

To calculate the systemic toxicity or non-carcinogenic hazard for the 

heavy metal at the sites was according to the formula below:  

Non-cancer Hazard Quotient (HQ) =                                                  

DI = Daily oral intake of soil  

ORfd = Oral reference dose for the heavy metals.  

In some cases where ORfd is unavailable the substitute oral reference 

concentration was used ORfc. 

  Total chronic hazard index was calculated as: 

Total Chronic Hazard Index (THI) =  

When HQ and THI > 1, the level of concern is high since the acceptable 

standard is 1.0, and it is deemed that at this point there will be no significant 

health hazard.  

According to Agomuo and Amadi,12 the higher the THI value, the 

more the probability of experiencing long term health hazards. 

Statistical analysis 

Experimental data was presented as mean ± SD of triplicate 

determinations. Data was analyzed using the least standard deviations 

(LSD) of the one way analysis of variance, and deemed significant at 95 % 

confidence interval.  

 Conclusions 

According to this study, the concentration, ingestion and potential 

health hazard of lead were higher when compared to the other heavy metals 

investigated. The high levels obtained for lead could have been because 
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there are common usages of lead batteries, metal products, paint coatings, 

and pipes around the workshops. However, there was higher cadmium 

pollution and contamination when compared to the other metals. This could 

have been as a result of the immobility of cadmium at the automobile sites 

being known to possess high mobility through the soil layers. The Average 

Daily Intake (ADI) of the metals at all the study locations was below the 

reference doses. No significant health hazard could result from the levels of 

metals deposited at the automobile workshops soils, as the levels did not 

exceed the reference level at 1.0 as well as the Total Hazard Index (THI). 

Prevention of soil contamination is far better than any form of remediation 

process. In order to prevent heavy metals toxicity on soils, attempts should 

be made to regulate the heavy metals contents of sludge that can be directly 

released to the soil in automobile workshops. There is currently no enforced 

regulation in place at most automobile workshops. Although regulation of 

waste disposal at automobile workshops will not remove the heavy metal 

contaminants, it will enable their immobilization in the soil, reducing their 

potential for severe effects in the environment. This study has shown the 

necessity to periodically monitor and apply measures that can halt the 

environmental decay, occurring at the automobile workshops. 
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