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Abstract - Automobile repair workshops are major 
anthropological sources of polycyclic aromatic hydrocarbons 
(PAHs) and heavy metals in Nigerian cities. The extent of 
contamination of soil from workshops in Ibadan city was 
evaluated by contamination or pollution index (C/P index) 
assessment. The C/P index assessment indicated that the soils 
were categorized from moderately contaminated to severely 
polluted class with Pb, Cd, Cr, Zn and Mn. The concentration of 
16 PAHs in the soil samples ranging from 245±21 to 23400±25 
µg/kg were far above the levels in the control samples. Washing 
of soil from different automobile repair workshops using 
ethtylenediaminetetraacetic acid (EDTA), 
diethylenetriaminepentaacetic acid (DTPA) and ethanol was 
investigated. Since mixed contaminants are usually co-existing 
in the environment, additional experiments involving a 
combined solution were conducted to remove both PAHs and 
heavy metals. The results indicated that the removal efficiencies 
of the extractants were in the order 0.1M DTPA > 0.1M EDTA > 
0.01M DTPA > 0.01M EDTA for the heavy metals removal. 
However, the combined extractants of EDTA and ethanol had 
much higher PAHs removal efficiency than ethanol alone. The 
use of mixed extractants was more effective for PAHs and had 
very little effect for the removal of heavy metals, especially zinc.  
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1. Introduction 

Environmental pollution is a rampant 
phenomenon in developing countries where there are no 
strict regulations to guide anthropogenic activities, 
resulting in various health risks. Large quantities of 
pollutants are continuously been introduced into 
ecosystems as a result of urbanization and industrial 
processes [1].  Apart from the indiscriminate solid waste 
disposal on land, other forms of soil polluting activities 
around automobile repair workshops have been 
reported [2,3]. The activities occurring in these 
workshops, where vehicles are maintained and serviced, 
include the direct soil deposition of solids such as metal 
scraps and liquid wastes such as fuel and auto-
lubricants. Metal scraps containing heavy metals are 
discarded on bare soil where they could likely leach into 
underground shallow waters. Most auto-lubricants that 
spill on soil contain polycyclic aromatic hydrocarbons 
(PAHs) and have been categorized as probable 
carcinogens to humans [4]. For this reason, automobile 
repair workshops have been implicated as a potential 
source for heavy metals and PAHs’ enrichment of soils 
arising from auto-lubricant spillage and indiscriminate 
abandonment of automobile spare parts and tires. 
During rainfall, these contaminants are washed from 
soils into the storm-way system and leached into 
groundwater. Heavy metals and PAHs are of particular 
interest for study due to their prevalence, toxicity to 
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humans and persistence in the environment [5,6]. Thus 
soil contaminated with these elements may threaten 
ecosystem and human health if not decontaminated 
before reuse of such land. 

In Nigeria, various forms of heavy metal pollution 
have been studied in automobile repair workshops 
located in cities such as Iwo [7], Port Harcourt [8], Akure 
[9], Imo river basin [10] and Ibadan [11,12]. Previously 
in Ibadan, the distribution of the automobile repair 
workshops across the city was not regulated. As a 
general practice, automobile workshops were commonly 
located in residential areas. Recently, however, a new 
initiative has been put into effect which groups 
approximately 10 to 20 automobile repair workshops on 
one site – an arrangement known as an automobile 
repair workshop village [13].  As can be deducted, the 
aim of this initiative is to reduce the scattering of these 
workshops in residential areas. These villages inhabit a 
variety of auto-mechanics, auto-electricians, vulcanizers 
and panel beaters. Due to the growing urbanization, 
many of them are now becoming attractive as high value 
commercial areas and residential lands. Many land-
owners are succeeding in lobbying the state government 
to give up some of the villages for re-use as residential, 
recreation and event centers. The reclamation of these 
automobile repair workshop villages attests to the fact 
that health and environmental risks are associated with 
the future use of the villages. It is known that high 
concentrations of heavy metals and PAHs released into 
soils may lead to geo-accumulation, and the 
contaminants can be transported to deep soils, ground-
water and other environmental media [14]. This spurred 
our interest in studying soil contamination at automobile 
repair workshops in these villages and the extent to 
which chemical remediation strategy can decontaminate 
the soils.   

Remediation processes are expensive and 
dependent on the types and levels of contaminants 
which need to be removed [15,16]. Appropriate 
remediation of contaminated soil is a major challenge 
faced by environmental scientists, particularly in cases 
where soil contains hydrophobic organic compounds. 
The challenge arises when the organic contaminants are 
retained in the saturated zone underneath, which make 
them less bioavailable[17]. For this reason, the natural 
attenuation of such organic contaminants is very slow, 
and chemical flushing or washing is often required [18]. 
One in-situ decontamination technique showing promise 
over the last decade for organic and inorganic 
contaminants is phytoremediation because of its 

promising use of green technology [19,20]. 
Phytoremediation of heavy metals and PAHs as 
contaminants is not costly, but time consuming [21]. 
Further, remediation and bioremediation techniques for 
removing these contaminants are often very slow or 
inefficient [22,23]. Hence, an effective remediation 
technique is required for complex matrices such as soil 
[24,25]. It is particularly difficult to remediate 
contaminants possessing low water solubility [26]. New 
methods are being developed to mobilize these 
contaminants so as to enhance the performance for 
removal. Among several processes that have attracted 
considerable attention for remediation of heavy metals 
and PAHs contaminated soil is soil washing or flushing 
with solubilizing agents such as co-solvents [27,28]. Co-
solvents are water-miscible organic compounds as a 
result of their polar structure. Contaminants can be 
removed by these solvents in two ways, namely by 
improving the apparent solubility of the contaminant in 
water, which enhances the mass removal per pore 
volume, or by decreasing interfacial tension between the 
water and the contaminant, which may lead to direct 
mobilization of the contaminant [29]. Several studies on 
the use of surfactant and chelating compounds for soil 
remediation have been reported [30–32]. There is 
dearth of information on the use of mixed extractants 
such as diethylenetriaminepentaacetic acid (DTPA) and 
ethylenediaminetetraacetic acid (EDTA) with ethanol for 
remediation of contaminated soil in Nigeria. In light of 
this, the objectives of this study were (i) to assess the 
levels of heavy metals and PAHs in soils from automobile 
repair workshop villages in Ibadan city (ii) to assess the 
efficiency of EDTA, DTPA and EDTA with ethanol 
treatments to remove heavy metals and PAHs 
respectively from automobile repair workshops soils.   
 
2. Materials and Methods 
2.1. Description of Sampling Locations and Sample 
Collection 

Ibadan is the third largest city by population in 
Nigeria, and is located at 7o 23′ 16′ N latitude and 3o 53′ 
47′ E longitude. It has a population of over 3 million 
people owning personal automobiles and also a high 
number of public automobiles for commuters that do not 
own cars. Figure 1 is the map of Ibadan metropolis 
showing selected automobile repair workshop villages.  

Sampling of soil was carried out weekly between 
November and December, 2014. The samples were 
collected from nine major automobile repair workshop 
villages in the city, and the control sample was obtained 
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from the Botanical garden at the University of Ibadan 
(BGS). Top soil samples (0–15 cm deep) were collected 
with a hand trowel from each workshop into an 
aluminium foil for PAHs determination. Another set of 
samples was collected in the same manner into a set of 
polythene bag for heavy metal determination. In each 
case, ten discrete samples were purposefully collected at 
random from the automobile repair workshop villages 
and control site. These discrete samples were pooled 
together to form five composite samples. A total of 250 
composite (5 composite sample x 5 weeks x 10 locations) 
samples were collected for heavy metals and the samples 
were pooled together for PAHs determination.  

Figure 1: Map of Ibadan showing selected automobile repair 
workshops. 

 
2.2. Soil preparation and analysis  

The air dried soil samples were ground and passed 
through 2 mm mesh sieve. Soil pH was measured in 1:1 
soil/water suspension using a calibrated pH meter. 
Further, organic carbon content was determined by wet 
oxidation [33]. Particle size analysis was determined 
using the hydrometer method after digestion by organic 
matter with hydrogen peroxide [34]. For determining 
initial environmentally available heavy metals, portions 
of the samples were digested using a mixture of HNO3 
and HCl (1:3), and the initial metal concentrations (Pb, 
Cr, Cd, Ni, Mn, Zn and Cu) were subsequently determined 
in the digests by Atomic Absorption Spectrophotometry 
(AAS). 

Other soil samples were extracted for the analysis 
of initial PAHs concentration using standard analytical 
protocols described by the Association of Official 
Analytical Chemists [35]. A 5 g soil sample was extracted 
with 100 mL of double-distilled hexane and 
dichloromethane (3:1, v/v) in a sonicator. The extract 
was dried over anhydrous sodium sulphate and 
concentrated under a stream of nitrogen gas. The 
concentrated extract was fractionated into aliphatic and 
PAH fractions by column chromatography with an 
alumina column. The aliphatic fraction in the extract was 
eluted with double-distilled hexane, while the aromatic 
fraction was eluted with a mixture of hexane and 
dichloromethane (3:1, v/v). The most polar PAHs were 
eluted with dichloromethane into a pre-cleaned 
borosilicate beaker. This fraction was concentrated to 
0.1 mL under a stream of nitrogen gas before analysis by 
GC. The fractions were analyzed for PAHs using a GC (HP 
6890, Agilent Technologies, Santa Clara, CA) equipped 
with a flame ionization detector and ChemStation 
software (rev. A09.01(1206)). Sample separation was 
performed using a glass column (VF-5MS; 30 m, 0.25 
mm, 0.25 µm). The injector and detector temperatures 
were 250°C and 350°C respectively, and nitrogen gas 
was used as the carrier gas at 206.9 KPa. The hydrogen 
and compressed air pressures were 193.1 KPa and 220.6 
KPa respectively. The detection limit was 1.0 µg/g for all 
PAHs. For recovery study, an appropriate volume of a 
known concentration of a naphthalene standard (Sigma-
Aldrich, St. Louis, MO) was spiked into a contaminated 
soil sample which had previously been analyzed for 
PAHs. The procedural and chromatography efficiencies 
were determined by spiking a surrogate standard (2D 
chrysene, EPA-M-525-IS, 2.0 mg/mL) into the samples. 
Recoveries ranging from 83.4% to 94.6% were obtained 
for the surrogate standard. 
 
2.3. Soil washing with chelating agents for the 
removal of heavy metals  

The removal process was conducted according to 
the procedure described by Mahvi et al. [36]. Soil 
samples (1 g dry weight) from automobile workshops 
and control site were weighed into 50 mL polythene 
tubes and 10 mL each of 0.1 M EDTA or DTPA were 
added. The mixtures were agitated at 300 rpm at room 
temperature for 2 h as the optimum time for metal 
extraction specified by Mahvi et al. The suspensions 
were allowed to settle for 1 h and the supernatants were 
then filtered through 0.45 mm filter paper. The residues 
were washed with de-ionized water. The supernatants 
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were collected into separate 50 mL flasks and made up 
to mark with de-ionized water. The concentrations of 
metals were then measured by Atomic Absorption 
Spectrophotometry. The effect of concentration on 
removal efficiency was determined by repeating the 
procedure with 0.01 M of EDTA and DTPA. This allowed 
an overall comparison of the efficiency of different 
concentrations of EDTA and DTPA. 

 
2.4. Soil Washing With Mixed Extractant for 
Combined Heavy Metals and Pahs Removal 

Two sets of removal processes were conducted to 
assess the effects of different washing solutions. The first 
involved using a single chelating solution and a 
combined extractant solution of EDTA and ethanol to 
remove heavy metals. The second involved using only 
ethanol and a combined extractant of ethanol and EDTA 
to remove PAHs. The first soil washing for heavy metals 
was performed as described above. For PAHs, soil 
samples (1 g dry weight) were weighed into clean amber 
glass containers and 10 mL of the single (EDTA) and 
combined extractant solution (EDTA and ethanol) were 
separately added. The tubes were agitated using a 
mechanical shaker at a speed of 300 rpm at room 
temperature for 24 h. After the shaking process, the 
tubes were transferred to a centrifuge operated at 7000 
rpm for 30 min. The supernatants were filtered through 
0.45 mm filter to remove particulate in the solution and 
the residues were washed by de-ionized water. The 
supernatants were collected into a pre-cleaned glass vial. 
Further analysis was carried out using Gas 
Chromatography Flame Ionization Detector (GC-FID). 

 
3. Results and Discussions 
3.1. Physicochemical Characteristics of Soil before 
Chemical Washing  

Soil pH, organic carbon content, soil particle size 
and initial heavy metal concentrations in soil from 
automobile workshops in Ibadan city are shown in Table 
1. The pH of the background soil was 6.02±0.02 and 
elevated pH values were obtained for soil from the 
mechanic workshops. Soil from Alalubosa (ALS) had the 
highest pH (7.82±0.01), while soil from Apata (APT) had 
the lowest (6.25±0.01). Contamination of soil with heavy 
metals can stimulate rising of soil pH level [37]. The pH 
is a key parameter that controls heavy metal transfer 
behavior in the soil. At a low soil pH, the competition 
between H+ and the dissolved metals for ligands 
becomes increasingly significant [38]. The pH of the soil 

samples varied from 6.45±0.01 to 7.21±0.01. The slightly 
acidic to neutral nature of the soils suggests that 
exchangeable acidity of the soils may be low, possibly 
since there are less H+ to compete with metal adsorption. 
Consequently, such neutral soils are expected to retain 
heavy metals and chemically washing them with 
extractants as means of remediation technique becomes 
necessary [39]. Generally, acid rain may influence the pH 
of the soil and hence alter the mobility heavy metals [40]. 
However, acid rain has been found not to significantly 
affect polluted soils due to deposits of metal ions and 
lower biological activity compared to control sites [41]. 
Nevertheless, depending on the pH of the acid rain, it is 
important to consider the influence of acid rain on the 
mobility of heavy metal pollutants for an adequate 
remediation strategy. 

Soil organic carbon is an important indicator of 
soil quality that also acts as a  storehouse of the plant 
nutrients [42] and contaminants [43], thereby reducing 
the amount of chemicals that may enter groundwater or 
waterways where contamination occurs. In this study, 
organic carbon contents in soil ranged from 5.99±0.14% 
to 9.74±0.31%. The range of organic matter was 10.4–
16.8%. The effect of the organic species is determined by 
the solubility of the organic matter. Heavy metals bound 
to more insoluble organic matter will be less mobile, 
whereas the formation of soluble metal complexes with 
soluble organic compounds would enhance their 
mobility [44]. 

Soil particle size has also been used in some 
studies to corroborate the efficiency of remediation in 
soils. Soils at the various locations investigated are 
predominantly sandy with contents ranging from 
70.5±2.4% to 82.5±4.0%. This predisposes the soils in 
the study area to mobility of heavy metals. The 
proportions of clay were in the range of 13.5±1.9 to 
21.5±0.5% (Table 1). Sandy soils have a higher inter-
particle distance because they lack sticky and plastic 
properties. High content of sandy soil particles suggests 
that the chelating washing solution can move freely 
within the inter-particle pores, thereby enhancing 
removal of metal from the soil surface [45]. Clay soils, on 
the other hand, tend to be sticky and easily molded. This 
observation suggests that soils from the studied areas 
have a smaller capacity to retain water. Thus the 
permeability of the soils is improved, leading to greater 
leaching of contaminants [46]. 

Soils from all the automobile repair workshops 
revealed elevated initial metal concentrations above the  
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Table 1: Physicochemical characteristics and initial metal concentrations of top-soils from automobile repair workshops 
in Ibadan city 

 

Note: Each column contains average values of twenty five results (n=25); *C/P index in parenthesis; SD= Standard deviation 
 
 
 

Location Sample 
code 

 pH Organic 
Carbon 

(%) 

Organic 
Matter 

(%) 

Particle Size (%)   Initial Metal Concentration , mg/kg (C/P index)* 

      Sand Clay Silt  Pb Cd Cr Zn Mn 
Ologuneru OLS Mean 7.21 9.18 15.9 79.3 14.3 6.5  45.0(0.53) 3.00(3.75) 132(1.32) 83.5(1.67) 371(0.84) 

  SD 0.01 0.12 0.2 4.1 2.3 1.1  5.4 0.12 1.2 3.2 24 

Samonda SAS Mean 7.25 9.44 16.3 73.8 18.3 8.0  67.5(0.79) 15.5(19.4) 53.0(0.53) 93.5(1.87) 271(0.62) 

  SD 0.01 0.11 0.2 5.1 3.2 1.3  3.4 0.14 1.5 2.1 12 

Bodija 

ojurin 

BOS Mean 6.52 9.14 15.8 82.0 14.5 3.5  246(2.89) 2.05(2.56) 78.0(0.78) 92.5(1.85) 347(0.79) 

  SD 0.02 0.21 0.3 3.1 1.3 1.1  11 0.11 2.5 1.4 10 

Apata APS Mean 6.25 9.66 16.7 70.5 19.5 10.0  64.0(0.75) 2.01(2.51) 47.0(0.47) 90.5(1.81) 966(2.21) 

  SD 0.01 0.19 0.2 2.4 1.1 1.4  5.9 0.12 1.4 1.7 14 

Alalubosa ALS Mean 7.82 5.99 10.4 70.8 21.5 7.8  711(8.36) 2.50(3.13) 31.5(0.32) 117(2.34) 438(1.00) 

  SD 0.01 0.14 0.2 2.1 0.5 0.9  12 0.11 2.3 11 13 

New-

garage 

NGS Mean 7.28 9.66 16.7 75.0 17.5 7.5  258(3.04) 2.50(3.13) 68.0(0.68) 31.0(0.62) 416(0.95) 

  SD 0.02 0.11 0.3 4.4 2.7 1.2  21 0.21 3.6 2.3 12 

Alakia AKS Mean 7.50 9.34 16.2 76.8 16.5 6.8  218(2.56) 5.50(6.88) 112(1.12) 122(2.44) 505(1.15) 

  SD 0.02 0.42 0.5 5.4 1.7 1.5  11 0.17 14 12 11 

Ojoo OJS Mean 6.93 9.74 16.8 78.3 13.5 8.3  122(1.43) 3.01(3.76) 64.5(0.65) 117(2.34) 971(2.22) 

  SD 0.02 0.31 0.4 4.2 1.9 1.5  10 0.21 1.2 11 12 

Ijokodo IJS Mean 6.90 9.60 16.6 84.0 14.8 1.3  5130(60.4) 3.50(4.38) 36.5(0.37) 115(2.30) 233(0.53) 

  SD 0.01 0.21 0.3 4.0 1.1 1.1  24 0.15 1.0 12 10 

Control site BGS Mean 6.02 1.91 3.30 82.5 13.3 4.3  0.50(0.01) 0.50(0.63) 3.01(0.03) 10.0(0.20) 14.2(0.03) 

  SD 0.02 0.12 0.2 2.1 1.3 14  0.17 0.16 0.21 1.2 1.5 
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background concentrations. In fact, it is evident 

that anthropogenic activities at the workshops 
contributed significant levels of heavy metals to the 
workshop soils. The occurrence of manganese in the 
soils is traceable to engine oil and diesel oil that contain 
the metal as an additive [47]. High levels of Pb in soils 
from the mechanic workshops may be attributed to 
gasoline and engine oil, which has regularly been spilled 
in the vicinity of the workshops. The contamination or 
pollution index (C/P index) proposed by Lacatusu [48] is 
widely used to assess the contamination or pollution 
degree of heavy metals in soil. The C/P index is 
calculated as the ratio of measured concentration of a 
metal to the country’s regulatory allowable limit for such 
metal in soil. The Nigeria regulatory allowable limits 
were 0.8 mg/kg, 85 mg/kg, 140 mg/kg, 437 mg/kg and 
100 mg/kg for Cd, Pb, Zn, Mn and Cr respectively [49]. 
The C/P value less than 1.0 depicts contamination 
categories, while an index value greater than 1.0 defines 
various classes of pollution (Table 2). The C/P indexes 
ranged from 0.01 to 60.4 for Pb, 0.63 to 19.4 for Cd, 0.03 
to 1.32 for Cr, 0.07 to 0.87 for Zn and 0.03 to 2.22 for Mn. 
Based on these indexes, soils from the workshops can be 
categorized as being moderately contaminated to very 
severely polluted. The soils from Ijokodo (IJS) and 
Samonda (SAS) locations were excessively polluted with 
Pb and severely polluted with Cd respectively. This may 
be due to the low water solubility and hence low mobility 
of Pb [12]. Additionally, collection of samples from a 
fresh deposit of Pb or Cd could result in higher 
concentration of these metals.   
 

Table 2: Contamination/Pollution (C/P) index values and their 
significances 

C/P index Significance 
< 0.1 Very slight contamination 

0.10-0.25 Slight contamination 
0.26-0.50 Moderate contamination 
0.51-0.75 Severe contamination 
0.76-1.0 Very severe contamination 
1.1-2.0 Slight pollution 
2.1-4.0 Moderate pollution 
4.1-8.0 Severe pollution 

8.1-16.0 Very severe pollution 
>16.0 Excessive pollution 

 
 
3.2. Effect of Chelating Agent Concentrations  

The ethylenediaminetetraacetic acid (EDTA) and 
diethylenetriaminepentaacetic acid (DTPA) can form 
soluble complexes with free metal ions in the solution 
[50]. The effect of chelant concentration on the 
contaminated soil samples was investigated using 0.1 M 
and 0.01 M each of DTPA and EDTA. Figure 2 reveals that 
0.1M DTPA and 0.1M EDTA had higher heavy metal 
removal efficiency than their corresponding 0.01 M 
solutions. The removal of the heavy metals from the 
contaminated soil samples increased with increasing 
chelant concentration. Ghestem and Bermond [51] also 
reported a rapid initial release of heavy metals from the 
contaminated soil into the EDTA extracting solution. The 
process of chelating agents extracting heavy metals from 
the soil is probably due to the varying numbers of 
functional groups or binding sites that are capable of 
complexing heavy metals [52]. In this study, high 
removal efficiency (81% for Pb, 38% for Cd, 94% for Zn 
and 65% for Mn) was achieved using 0.1 M DTPA (Figure 
2). 

 
 
 

 

 
 
 

Figure 2:  Remediation efficiency for Pb, Cd, Zn and Mn in top 
soil from automobile repair workshops using chelating 

solutions. 
 

3.3. Comparison of Chelating Agents  
The removal efficiency is consistent with the 

relative stability of the ligand complexes formed by the 
metal contaminants and the chelating agents [53].  
Essentially, when the potential of DTPA as chelating 
agent was compared with EDTA of the same 
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concentration; it was observed that the DTPA chelant 
was more effective in removing metal contaminants in 
the samples than EDTA (Figure 2). DTPA has eight donor 
sites compared to the six donor sites in EDTA structure. 
Hence, DTPA forms a higher number of rings which leads 
to higher stability. This is in consonant with the study on 
stabilities of various metal-DTPA and metal-EDTA 
complexes performed by Byegard et al. [54]. However, 
higher concentration of EDTA had a greater removal 
efficiency in comparison with DTPA of lower 
concentrations. The study revealed that the stability 
generally increases for the individual metal ions 
following the 0.1 M DTPA > 0.1 M EDTA > 0.01 M DTPA > 
0.01 M EDTA order. This trend was observed for Pb, Cd, 
Zn and Mn in this study.  
 
3.4. Heavy Metals Remediation 

It was evident as shown in Figure 2 that Cd had the 
least removal efficiency compared with other metals. 
The solubility of Cd appears to be highly dependent on 
the pH. Cadmium has a low affinity for metal-sorbing 
phases because its sorption in slightly acidic soil is highly 
influenced by composition of the liquid phase and 
competition from Ca2+ and Mg2+ that are possibly present 
in the soils [55,56]. This finding of low mobility of Cd has 
Important implication for the development of realistic 
reclamation techniques for the management of Cd-
enriched soils. It is noteworthy that none of the chelators 
used were capable of mobilizing Cr from the soil samples. 
It has been considered that Cr III is very stable in soils 
[57]. Therefore, the immobility of Cr may be responsible 
for an inadequate Cr removal with the chelators used. 
However, Choppala [58] observed that a slight mobility 
of Cr III could occur in soils of lower pH, whereas the 
adsorption of Cr VI increases. Since the pH of all soils in 
this study are within the neutral range (6.02-7.50), we 
can assume that Cr III is the more abundant species in 
these soils. It was observed that Zn had the highest 
removal efficiencies in all cases of treatment with DTPA 
and EDTA solutions (Figure 2). DTPA has removal 
efficiency for Zn ranging from 74.7 to 93.5% while a 
range of 73.8% to 78.0% was obtained using EDTA 
(Figure 2). Many studies of Zn adsorption and retention 
in soils revealed that Zn can be easily mobilized in soils 
[59,60]. This suggests that the predominant sand and 
organic matter of automobile repair soils are not holding 
Zn strongly, hence the easy solubility of Zn in EDTA and 
DTPA was evident. Low mobilization of Mn in soil 
compared with other metal was observed. The low 
solubility of Mn at pH level near neutrality according to 

Torres et al. [61] might be responsible for its low 
mobilization in chelating agent solutions. There is 
possibility that some metals are bound to organic 
matrices in the soil. This informed the washing of 
contaminated soils with mixed extractants (0.1 M EDTA 
with 100% ethanol, 1:1). Figure 3 shows that mixed 
extractants have low removal efficiency for Zn in all soil 
samples compared to a single chelating solution. This 
low metal removal efficiency observed in mixed 
extractants may be due to the low dosage (50% lower) 
of EDTA in the solution. 

Figure 3: Comparison of removal efficiency of zinc using mixed 
extractants and single chelating solution. 

 
3.5. Polycyclic Aromatic Hydrocarbons Remediation 

Polycyclic aromatic hydrocarbons (PAHs) are 
major contaminants associated with spent engine oil and 
they are usually deposited on soil surfaces. Table 3 
shows the PAHs concentrations before the remediation 
process for the automobile repair workshop soil (ARWS) 
and control soil (CTS) samples. 16 PAHs were analyzed 
and their concentrations in the ARWS ranged from 450 
to 234000 µg/kg with naphthalene being the highest 
while benzo(b)fluoranthene was the lowest.  The 
concentration before remediation for the 16 PAHs in the 
control sample (CTS) ranged from 0.03 to 12.4 µg/kg 
with acenaphtelene having the highest concentration 
while benzo(g,h,i)perylene had the least. It was observed 
that there was a significant difference between the 
concentration of PAHs in soils from the automobile 
repair workshops and the control site. This indicates that 
soils from automobile repair workshops had been 
contaminated with PAHs. 
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Table 3: Concentrations (µg/kg) of PAHs in soils from 
automobile repair workshops and control site 

*Summation of PAHs concentrations (Mean ±SD) in different 
workshops 

 
 
Two different extractant solutions were used for 

the removal of PAHs from the soil samples. Ethanol was 
used as a single extractant, while EDTA (0.1 M) and 
ethanol were used as a combined extractant. Purposely 
for this study, EDTA was used as a part of the combined 
extractant to compare the efficiency of PAHs removal 
from the soil using a polar organic solvent and the 
solvent in the presence of a chelant. Figures 4 and 5 show 
the removal efficiency of the PAHs in automobile repair 
workshop soils and the control soil sample respectively. 
It was observed that the removal efficiency of the 
combined extractant supersedes that of the single 
extractant for all the 16 PAHs in both automobile repair 
workshop soils and the control sample. This indicates 
that ethanol, which is an organic solvent, is less efficient 
in removing PAHs as compared to a mixture of ethanol 
and EDTA. This could be attributed to the fact that the 
solubility of ethanol was increased by the presence of 
EDTA. Reddy et al. [62], used different extractants 
including EDTA to remediate PAHs and discovered that 
EDTA as a single extractant was not able to remove PAHs 
from the soil. 

 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 

 

 

Figure 4: Removal efficiency of PAHs from control soil 
sample using (i) a mixture of EDTA and ethanol solution (ii) 

ethanol alone. 

 

Figure 5: Removal efficiency of PAHs from automobile repair 
workshop soil sample using (i) a mixture of EDTA and 

ethanol solutions (ii) ethanol alone. 
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4. Conclusion 
In this study, we assessed the levels of heavy metals and 
PAHs in soils from automobile repair workshops and 
also the efficiency of EDTA, DTPA and EDTA with ethanol 
treatments to decontaminate the soils. Concentrations of 
heavy metals and PAHs found in the soils from all the 
automobile repair workshops were significantly higher 
than the background concentrations. This was attributed 
to the anthropogenic activities at the workshops. Soil 
washing using chelating agents was employed to remove 
the contaminants. The best chelant solution was DTPA 
and the order of remediation efficiency for the metals 
from the contaminated soil samples was 0.1 M DTPA > 
0.1 M EDTA > 0.01 M DTPA > 0.01 M EDTA. The 
combined extractant (EDTA and Ethanol) had higher 
remediation efficiency than the single extractant 
(ethanol) for removing PAHs but was not effective for 
removing heavy metals alone. This suggests that the use 
of combined extractant should be encouraged for 
optimum remediation of organic pollutants such as PAHs 
in the presence of toxic heavy metals in soil. In 
conclusion, soil washing may be suitable to 
decontaminate soils from automobile workshops but the 
high cost and resources required to excavate the soil 
before washing could be a disadvantage of this method. 
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