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ABSTRACT: An assessment of mechanic workshop polluted soil treated with 16.6% lime juice (MSAL), mechanic 

workshop polluted soil treated with lime powder (MSLP) and mechanic workshop polluted soil treated with inorganic lime 

fertilizer (MSLF) was conducted for a period of 56 days. The study revealed higher microbial counts in the treated soils 
compared to mechanic oil free soil (MFS). The total viable bacterial counts observed ranged from 1.6×104 cfu/g to 6.8×104 

cfu/g for MSF, 2.2×104 cfu/g – 26.2×104 cfu/g for MSAL, 1.2×104 cfu/g -17.2×104 cfu/g for MSLP and 6.8× 104 cfu/g – 16.0 

× 104 cfu/g for MSLF while fungi counts ranged from 2.5×104 cfu/g to 6.4×104 cfu/g for MFS, 4.0×104 cfu/g – 16.4×104 

cfu/g for MSAL, 2.6×104 cfu/g -3.8×104 cfu/g for MSLP and 2.1× 104 cfu/g – 4.0 × 104 cfu/g for MSLF. Organisms isolated 

in the course of the study includes Pseudomonas sp, Staphylococcus sp, Bacillus sp, Micrococcus sp, Escherichia coli, 

Proteus sp, Aspergillus niger, Aspergillus fumigatus, Aspergillus flavus, Mucor sp, Saccharomyces sp, and Rhizopus sp. The 
physicochemical results showed that MSAL had higher moisture content, organic matter content, organic carbon, and nitrate 

than MSF, MSLP and MSLF. There were significant differences in pH, organic matter content, organic carbon, nitrate and 

phosphorus at 0.05 probability level, but there was no significant different in the moisture content of the soil undergoing 
treatment. This is an indication that Lime juice has a greater potential in bioremediation of mechanic workshop polluted soil 

compared to lime powder and inorganic lime fertilizer. 
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Nigeria has witnessed increase in personal 

automobiles since independence. This increase 

correlates with the numbers of technicians and 

automobile workshops which are often not regulated 

(Abhulimhen, 2016). According to Ajao et al. (2011), 

Mechanic workshop is noted for high indiscriminate 

dumping of spent lubricating oil and other refined 

petroleum products such as fresh lubricating oil, 

diesel, grease, hydraulics and petrol. Umanu et al. 

(2013) are of the opinion that most automobile artisans 

are illiterates and are ignorant of the environmental 

implications of indiscriminate discharge of either fresh 

or used motor oil. Adewoyin et al. (2013) reported that 

motor oil may find its way to surface water and 

groundwater reserves which serves as source of 

potable water for community consumption. Stephen et 

al. (2013a) reported that the arrays of oil on mechanic 

workshop soil may have adverse effect on soil 

microbes as well as the physicochemical properties 

(e.g. pH) of the soil. Soil samples from mechanic 

workshops are usually hard, characterize by intense 

blackish colour due to long term exposure of the soil 

to spent oil accumulated over time and also devoid of 

plant life (Udeani et al., 2009). Most mechanic 

workshops are abandoned after a while and cannot be 

used for agricultural purposes (Stephen et al., 2013b, 

2016a, 2019). Hence, the need to reclaim such 

mechanic workshop polluted soils for agricultural and 

aesthetic purposes. One of the means of reclaiming 

such soil is bioremediation. Bioremediation 

approaches have been reported severally in literature 

to be beneficial to the restoration of hydrocarbon 

polluted soil because of the cost implication and eco- 

friendly outcomes through the use of organic manures, 

compost, liming, inorganic lime fertilizers, plant 

derived green wastes and wood ash (Ulrici, 2000, 

Gallego et al., 2001, Adenipekun and Isikhuemhen, 

2008, Akinde and Obire, 2008, Stephen et al., 2013b, 

Stephen and Temola, 2014, Stephen et al., 2015, 

2016b, c, d). Stephen et al. (2016a, b, c) reported the 

use of lime juice, lime inorganic fertilizer in treatment 

of mechanic workshop and spent lubricating oil 

polluted soil. In 2019, Stephen et al. reported the use 

of lime powder in amending mechanic workshop 
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polluted soil. The out come of these studies showed a 

favourable tilt towards improved microbiological and 

physicochemical properties of the polluted soil. Lime 

is a good source of proteins and dietary fibre which on 

decomposition yields more nitrate to the soil 

(Waghaye et al., 2019). Hence, this study seeks to 

compare the effect of natural lime products (Juice and 

pulverized lime peelings in form of powder) and 

inorganic commercial lime fertilizer to treat mechanic 

workshop polluted soil within a window of 56 days. 

 

MATERIALS AND METHODS 
Sample collection: Soil sample was collected from 

mechanic workshop close to the first gate of Kogi State 

University at surface depth of 0-10 cm (polluted soil) 

and also from hydrocarbon free soil behind 

Microbiology laboratory in Faculty of Natural 

Sciences, Kogi State University Anyigba. 

 

Experimental design: Six (6) kg of the soil samples 

were weighed into four perforated plastic bowls (that 

is, three bowls contained mechanic workshop polluted 

soil and the fourth bowl was pristine soil). The sides 

and bases of the plastic bowls were perforated as 

described by Stephen et al. (2019). Mechanic oil free 

soil, MFS, contained oil free soil which served as the 

control (pristine soil), MSAL contained the mechanic 

workshop polluted soil treated with lime juice, MSLP 

contained the mechanic workshop polluted soil treated 

with lime powder (1kg) and MSLF contained the 

mechanic workshop polluted soil treated with lime 

inorganic fertilizer (1kg). MSAL contain one litre of 

extracted lime juice incorporated into the 6kg of 

mechanic workshop soil to achieve a 16.6% 

amendment level while MSLP and MSLF were 

incorporated with 1kg of pulverized lime peelings in 

form of powder and 1Kg of inorganic lime fertilizer 

(Confluence lime fertilizer, Anyigba) to achieve same 

16.6% amendment level. 

 

Culture condition and sampling: All The soil samples 

were kept in Microbiology laboratory Kogi State 

University, and were watered with 500 millilitres once 

a week for a period of eight (8) weeks. Sampling was 

conducted bi-weekly for period of 56 days (8 weeks) 

to determine the Microbiological components and 

physicochemical properties of the soil. 

 

Microbiological and Physicochemical analysis: The 

soil samples were analyzed microbiologically as 

described by Public Health England (2014). The pH 

was determined as described by Nwinuka et al. (2003). 

Nitrate was determined by the micro Kjedahl method 

(Association of Official Analytical Chemist, AOAC, 

2005). The phosphorus content and moisture were 

determined as described by Nwinuka et al., 2003). 

 

Statistical Analysis: Descriptive statistics and analysis 

of variance (ANOVA) was performed using procedure 

of SPSS version 16 (2007). Experimental precision 

achieved was reported 

 

RESULTS AND DISCUSSION 
The total viable bacterial count from pristine soil 

(MFS), mechanic workshop polluted soil treated with 

Lime juice (MSAL), mechanic workshop polluted soil 

treated with Lime powder and mechanic workshop 

polluted soil treated with inorganic lime fertilizer 

(MSLF) is shown in figure 1. The total viable bacterial 

counts observed ranged from 1.6×104 cfu/g to 6.8×104 

cfu/g for MSF, 2.2×104 cfu/g – 26.2×104 cfu/g for 

MSAL, 1.2×104 cfu/g -17.2×104 cfu/g for MSLP and 

6.8× 104 cfu/g – 16.0 × 104 cfu/g for MSLF. The 

highest bacteria count was observed in MSLP at day 

42 while the least counts were observed at days 28 and 

56 in MFS. Higher bacteria counts were observed up 

till day 42 in MSLP compared to MSF, MSAL and 

MSLF. There was a gradual consistent increase 

observed in the bacterial population in MSAL reaching 

its peak at day 56. There were no significant 

differences in the bacteria counts observed in MFS, 

MSAL, MSLP and MSLF at 0.05% probability level. 

The higher bacteria counts observed in MSLP between 

days 0 and 42 in this study could be due to lower 

acidity of the lime peelings and the presence of natural 

polyphenols in the pulverized lime peelings which 

were used up by the bacteria (Stephen et al., 2019). 

The consistent increase in the bacterial population in 

MSAL till the end of the study could be attributed to 

the presence of natural biodegradable sugar present in 

the juice in a form that could easily be absorbed for a 

long time and the additional moisture added to the soil 

thereby increasing the water activity in the soil 

(Waghaye et al., 2019). Waghaye et al. (2019) 

reported 9.96% carbohydrate content in lime juice (4.1 

% sugar). The bacteria population in MSAL, MSLP 

and MSLF reported in this study compared to MFS is 

in agreement with earlier works of hydrocarbon 

polluted soil amendments (Ijah and Antai, 2003, 

Akinde and Obire, 2008, Atagana, 2008, Chorom et 

al., 2010, Stephen and Temola, 2014, Stephen et al., 

2015, Stephen et al., 2016, 2019). The organisms 

isolated were Pseudomonas sp, Staphylococcus sp, 

Bacillus sp, Micrococcus sp, Escherichia coli, Proteus 

sp. These organisms were previously isolated by Ijah 

and Antai (2003), Akinde and Obire (2008) and 

Stephen et al. (2015). They observed higher bacteria 

counts in hydrocarbon amended soil using poultry 

litter and inorganic fertilizer. Ekhaise and Nkwelle 

(2011) also isolated similar organisms from mechanic 

workshop soil. 
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Figure 2 shows the total fungi count from unpolluted 

soil (MFS), mechanic workshop polluted soil treated 

with Lime juice (MSAL), mechanic workshop 

polluted soil treated with Lime powder and mechanic 

workshop polluted soil treated with inorganic lime 

fertilizer (MSLF). The total fungi counts ranged from 

2.5×104 cfu/g to 6.4×104 cfu/g for MFS, 4.0×104 cfu/g 

– 16.4×104 cfu/g for MSAL, 2.6×104 cfu/g -3.8×104 

cfu/g for MSLP and 2.1× 104 cfu/g – 4.0 × 104 cfu/g 

for MSLF. The highest fungi count was observed in 

MSAL treatment compared to MSF, MSLP and 

MSLF. There were significant differences in the 

treatments-MSF, MSAL, MSLP and MSLF at 0.05 

probability levels. The higher fungi count in MSAL 

compared to other treatments may be due to the acidic 

nature of the juice which favours the growth of fungi 

and the ease of assimilation of the readily available 

sugar substrate in the lime juice (Waghaye et al., 2019) 

compared to the lime powder and inorganic fertilizer 

that had to dissolve first before it can be assimilated 

and use for metabolic activities by the fungi. The 

isolates obtained were Aspergillus niger, Aspergillus 

flavus, Aspergillus fumigatus, Mucor sp, 

Saccharomyces sp, and Rhizopus sp. These isolates in 

addition to Trichoderma sp and Penicillium sp were 

isolated by Ekhaise and Nkwelle (2011) from 

mechanic workshop soil. Table 1 shows the 

physicochemical properties of the soil samples. The 

pH of the soil ranged from   5.63 ± 0.63 – 7.30 ± 056. 

The highest pH was observed in MSLP while the least 

pH was observed in MSAL. There were significant 

difference in the pH between MFS, MSAL, MSLP and 

MSLF at 5% probability level. The pH of the soil tends 

toward neutrality in the amended soil samples. These 

range of pH, favours biodegradation of hydrocarbon 

products (Stephen and Temola, 2014). 

 

 
Fig 1: Total bacteria count in mechanic workshop soil undergoing 

treatment 
MFS: Mechanic oil free soil, MSAL: Mechanic workshop polluted 

soil treated with lime juice, MSLP: Mechanic workshop polluted 

soil treated with lime powder, MSLF: Mechanic workshop polluted 
soil treated with inorganic lime fertilizer 

 
Fig 2. Total fungi counts in mechanic workshop soil undergoing 

treatment 

MFS: Mechanic oil free soil, MSAL: Mechanic workshop polluted 
soil treated with lime juice, MSLP: Mechanic workshop polluted 

soil treated with lime powder, MSLF: Mechanic workshop polluted 

soil treated with inorganic lime fertilizer 

 

Moisture content ranged from 7.36 ± 3.08% to 13.00 ± 

2.04%. The highest moisture content was observed in 

MSAL compared to MFS, MSLP and MSLF. There 

was no significant difference in the moisture content 

between MFS, MSAL, MSLP and MSLF at 0.05 

probability level. The higher moisture content 

observed in the mechanic workshop polluted soil 

treated with Lime juice (MSAL) compared to oil free 

soil (MFS) and other treatments could be due to the 

fluid nature of the juice conferring more moisture to 

the soil. According to Waghaye et al. (2019), lime 

juice contains 83.88% moisture content. This trend 

was observed by Stephen et al. (2016a) and is in 

agreement with earlier findings of Stephen and Egene 

(2012) who observed higher moisture content in spent 

lubricating oil polluted soil receiving extra water. The 

organic matter content ranged from 1.30 ± 0.23% - 

7.70 ±2.80 % while the organic carbon ranged from 

0.75 ± 0.13% to 13.28 ± 0.43%. Organic matter 

content and organic carbons were both higher in 

MSAL followed by MSLP and MSLF. There were 

significant differences in MSF, MSAL, MSLP and 

MSLF in both organic matter content and organic 

carbon at 5% probability levels. The higher organic 

matter and organic carbon observed in this study may 

stem from the plant derived sources (Stephen et al., 

2016a, 2019). The results also show that green wastes 

contribute more organic matter and organic carbon 

than inorganic fertilizer to soil. Mbah et al.,(2006, 

2009) are of the opinion that increased in organic 

matter and organic carbon in hydrocarbon polluted soil 

may be beneficial to soil physico- chemical properties 

. They reported that organic matter and organic carbon 

from organic wastes can influence the ability of 

microorganisms to degrade hydrocarbon pollutants. 
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The nitrate content was higher in MSAL compared to 

MFS, MSLP and MSLF. The nitrate content ranged 

from 0.04 ± 0.01% to 1.04 ± 0.45%. There were 

significant differences in the nitrate concentration 

between MFS, MSAL, MSLP and MSLF at 5% 

probability limit. The higher nitrate in MSAL may be 

due to increase rate of organic matter decomposition 

in the treatment occasion by liquid substrate and 

natural occurring sugar in the juice. Stephen et al. 

(2016a) observed similar trend in the use of lime juice 

to amend mechanic workshop polluted soil. This 

finding is in agreement with Atagana (2008), Tanee 

and Kinako (2008) and Mbah et al. (2009). They all 

reported higher nitrate concentration in hydrocarbon 

polluted soil exposed to compost and organic manure. 

 
Table 1. Physicochemical qualities of Mechanic workshop soil undergoing bioremediation (M+SE) 

Parameter MFS MSAL MSLP MSLF 

pH 6.49 ± 0.27a,b 5.63 ± 0.63b 7.36 ± 0.56a 6.64  ± 0.30a,b 

Moisture, % 7.36 ± 3.05a 13.00 ±2.04a 11.70 ± 2.00 b 9.77 ± 2.22a 
O. M. C % 1.30 ± 0.23b 7.70 ± 2.80a, 2.80 ± 0.21b 2.72 ± 0.20 b 

O. C % 0.75 ± 0.13c 3.28 ± 0.43a 1.73 ± 0.07b 1.60 ± 0.11 b 

Nitrate % 0.10 ± 0.02b 1.04 ± 0.45a 0.04 ± 0.01b 0.31 ± 0.06 b 
Phosphate, % 8.23 ± 0.c 9.31 ± 2.34a,b 12.90 ± 0.81a 9.39 ± 0.82 a,b 

a: same superscripts along the same row are not  significantly (p<0.05) different.  Values are mean of five replicates. % (percentage), MFS: 

Mechanic oil free soil, MSAL: Mechanic workshop polluted soil treated with lime juice, MSLP: Mechanic workshop polluted soil treated 

with lime powder, MSLF: Mechanic workshop polluted soil treated with inorganic lime fertilizer 

 

Phosphate content ranged from 8.23 ± 0.96% to 12.90 

± 0.81% .The soil amended with Lime powder (MSLP) 

had higher phosphate content (12.90 ± 0.81 %.) 

followed by MSLF (9.39 ± 0.82%) while the least 

phosphate concentration was observed in MSF (8.23 ± 

0.96)% .There were significant differences in the 

phosphate content between MFS, MSAL, MSLP and 

MSLF at 0.05 probability limit. Stephen et al. (2019) 

reported high phosphate content in lime powder 

(22.10%) used to amend mechanic workshop polluted 

soil. Czech et al. (2020) obtained similar result from 

citrus fruits. They reported 20.1% phosphorus content 

in lime peelings. High nitrate and phosphate 

concentration are beneficial to bio-stimulation of 

hydrocarbon enriched soil. 

 

Conclusion: This study showed that lime juice had the 

potential to sustain bacteria population over a long 

period of time and more favourable for fungi growth 

compared to lime powder and inorganic lime fertilizer. 

The physicochemical parameters of the soil showed 

that MSAL had higher moisture content, organic 

matter content, organic carbon, and nitrate than MSF, 

MSLP and MSLF. This is an indication that Lime juice 

has a greater potential in bio-stimulation of mechanic 

workshop polluted soil compared to lime powder and 

lime inorganic fertilizer. 
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