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Abstract 
 
In this study, experiments were conducted to evaluate the effectiveness 
of three biostimulating agents (cow dung, goat manure and spent fruit 
residues) for the bioremediation of soil artificially and naturally 
contaminated with fresh unused motor oil and spent motor oil, 
respectively. There were two sets of experiment, first having soil 
artificially contaminated with fresh unused motor oil (10% w/w) and 
amended with cow dung, goat manure and spent fruit residues. In 
second set, naturally contaminated soil with spent motor oil was taken 
and amended with cow dung, goat manure and spent fruit residues. The 
rate of biodegradation of total hydrocarbon in both sets was studied 
during 49 days under laboratory condition. Total hydrocarbon 
degrading bacterial count was high in all naturally contaminated soil 
treatment range from 35 × 105 cfu/g  to 89 × 106 cfu/g  as compared to 
the artificially contaminated soil treatment (12 × 104 cfu/g  to 31 × 105 

cfu/g). Total heterotrophic bacterial count was also investigated and 
was higher in all naturally contaminated soil amended with 
biostimulating agent ranging between 45 × 105 cfu/g and 89 × 106 cfu/g 
than artificially contaminated soil amended with biostimulating agent 
(1.2 × 105 cfu/g to 31.9 × 105 cfu/g). Cow dung showed highest 
bioremediation potential and removed 73.47% total hydrocarbon from 
artificially contaminated soil while spent fruit residues showed greater 
reduction of total hydrocarbon about 74.91% from naturally 
contaminated soil. First order kinetic studies revealed that cow dung 
and spent fruit residues was best biostimulating agent with 
biodegradation rate constant 0.026 day-1 and 0.027 day-1, respectively. 
The result obtained demonstrated the potential of biostimulating agent 
for spent motor oil bioremediation in the order of spent fruit residues 
>cow dung >goat manure and for the fresh unused motor oil 
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bioremediation in the order of cow dung > spent fruit residues > goat 
manure. 
 
Keywords: Bioremediation, hydrocarbon, motor oil, cow dung, goat 
manure and spent fruit residues. 

 
1. Introduction 
The total petroleum hydrocarbon contamination to environment is gradually increasing 
worldwide problem and interesting area of research. Petroleum contamination to 
environment mostly is caused due to leakage of petroleum hydrocarbon during 
handling process and has great impact on environment (Norris et al., 1994).  Among 
the all hydrocarbon exist motor oil has great potential to resist its degradation. Spent 
motor oil is black to brown liquid mixture of low to high molecular weight (C15-C18) 
aliphatic and aromatic hydrocarbon, polychlorinated biopheyls, chlorodibenzofurans, 
lubricative additives and decomposition product. As the use of petroleum hydrocarbon 
product is increasing and contaminating soil and water, it has become potential threat 
to environment. The conventional technique used for remediation include digging up 
contaminated soil and moving it to landfill or to cap the contaminated area of soil 
(Jatindar Kaur Arora and Alkesh ). Although bioremediation is mostly use, 
bioavailability is major concern problem to be optimized. There are several ways to 
remove hydrocarbon from the soil including bioaugmentation, biostimulation, 
mycoremediation, phytoremediation, biosparging, bioventing and composting. Among 
these the bioremediation is most common method use for hydrocarbon removal since 
30 years (Ryan et al., 1991). It is effective, economic and eco friendly and lead to the 
complete mineralization of hydrocarbon (Burke et al., 2000). One promising method 
which has come in research area is the application of animal manure, chemical 
fertilizer that will stimulate soil microbes. Chemical fertilizers as it lower down soil 
fertility cannot be used as much. One such technology is the use of poultry manure, 
goat manure, piggery manure to clean up soil (Agarry et al., 2010). However the spent 
fruit residues have not been used by any other worker till date to treat hydrocarbon. 
There are no adequate literatures on the potential use of these animal manures as 
biostimulating agents. The objective of this study was to evaluate and compare the 
biodegradation performance of the application of animal manure (i.e., cow and goat 
manure) and spent fruit residues in the bioremediation of soil contaminated with spent 
motor oil and fresh unused motor oil as this wastes are widely available as wastes in 
our environment. Also this study aimed to study kinetics of degradation to test the rate 
of biodegradation of motor oil in naturally as well as artificially contaminated soil with 
spent and unused fresh motor oil respectively. 
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2. Materials and Methods 
2.1 Sample collection 
Fresh unused motor oil used for the study was purchased from the commercial shop 
located at Phagwara, Punjab. Used spent motor oil was collected from typical auto-
mechanic workshop located at Phagwara, Punjab. Spent fruit residues were collected 
from fruit shop, college campus LPU, Phagwara Punjab. The cow dung was collected 
from the local area of Jalandhar. The goat manure was collected from the local area of 
Wardha, Maharashtra. Soil sample was collected from the agriculture field of 
Jalandhar and air dried, crushed and stored in plastic bag at room temperature. Top soil 
(1-2cm) contaminated with spent motor oil was collected from the typical auto-
mechanic workshop located at Phagwara, Punjab. 

 
2.2 Determination of microbial population  
For total heterotrophic bacteria (THB) 1 g of soil was mixed with 9ml PBS solution 
and diluted with 0.85% NaCl until 10-9 dilution. Then 0.1 ml of each dilution then 
plated on nutrient agar and Petri plates were incubated at 370C for 48 hr. After 
incubation period colonies were count. The resultant cfu/g was calculated for each of 
soil sample. For the determination of total hydrocarbon degrading bacteria (THDB) 
Bushnell Haas medium was used with 2 % (v/v) hydrocarbon as sole source of carbon 
and energy (Martin et al., 2012, Environ et al., 2010). 3 gm of soil was mixed with 
10ml of Bushnell Haas broth supplemented with 2 % NaCl (w/w) in test tube. Vortexes 
the test tube for 10 minute. Serially diluted sample with Bushnell Haas Broth. 0.1 ml 
from each dilution was inoculated on Bushnell Haas medium plates supplemented with 
2 % NaCl (w/w). Hydrocarbon was then added on the surface of agar as carbon and 
energy source. The plates were incubated at 370C for 7 days. After incubation plates 
are observed and colonies were count. The resultant cfu/g was calculated for each of 
soil sample  

 
2.3 Soil simulation  
2.3.1 Artificially contaminated soil 
190g of air dried soil weighted properly in clean and dry plastic container and poured 
into the earthen pot (Agarry et al., 2010). The hydrocarbon was added to earthen pot at 
the concentration of 10% (w/w). The animal manure and spent fruit residues weighted 
20g and added to each of earthen pot and mixed properly. The distilled water was 
added to pot in order to achieve 20 % water holding capacity which ensures proper 
mixing with contaminants (Akpoveta et al., 2011). Neck of each earthen pot was 
sealed properly with Para film to avoid evaporation of volatile hydrocarbon. Earthen 
pots were kept under bioremediation in laboratory at 28-320C. 

 
2.3.2 Naturally contaminated soil 
190g of contaminated soil sample was inoculated into each of earthen pot. Soil under 
each earthen pot was then amended with 20g of cow dung, spent fruit residues and 
goat manure. The distilled water was added to pot in order to achieve 20 % water 
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holding capacity which ensures proper mixing with contaminants (Akpoveta et al., 
2011). Neck of each earthen pot was sealed properly with Para film to avoid 
evaporation of volatile hydrocarbon. Earthen pots were kept under bioremediation in 
laboratory at 28 -320C.  

 
2.4 Experimental set up  
2.4.1 Artificially contaminated soil 
Nine earthen pots were prepared for each of treatment (goat manure treatment T1, 
spent fruit residues treatment T2, cow dung treatment T3) and control (C1, C2, and 
C3).Experiment was carried out in duplicates. In each pot 190g soil was contaminated 
and mixed with 10% w/w of hydrocarbon (Fresh unused motor oil). The contaminated 
soil in earthen pot T1, T2, T3 is correspondingly supplemented with 20g of each of 
goat manure, spent fruit residues and cow dung respectively.  

The control earthen pots C1, C2 and C3 with contaminated soil were not amended 
with animal manure. These earthen pots were then incubated at room temperature (28-
32oC) in laboratory for 7 weeks. The water content in each pot was adjusted with 
sterilized distilled water to achieve 20% water holding capacity. The contents in each 
of pots was mixed weekly basis for aeration. Sample from each of the earthen pot were 
used to take out every week and analyzed for change in concentration of hydrocarbon, 
total heterotrophic bacteria and total hydrocarbon degrading bacteria. 

 
2.4.2 Naturally contaminated soil 
Four earthen pots were prepared for each of treatment (goat manure treatment T1, 
spent fruit residues treatment T2, cow dung treatment T3 and control C1). In each pot 
190g contaminated soil was added. The contaminated soil in earthen pot T1, T2, T3 is 
correspondingly supplemented with 20g of each of goat manure, spent fruit residues 
and cow dung respectively.  

The control earthen pot C1 with contaminated soil was not amended with animal 
manure. These earthen pots were then incubated at room temperature (28-32oC) in 
laboratory for 7 weeks. The water content in each pot was adjusted with sterilized 
distilled water to achieve 20% water holding capacity. The contents in each of pots 
was mixed weekly basis for aeration. Sample from each of the earthen pot were used to 
take out every week and analyzed for change in concentration of hydrocarbon, total 
heterotrophic bacteria and total hydrocarbon degrading bacteria. 

 
2.5 Determination of Total Hydrocarbon concentration 
The total hydrocarbon concentration was estimated from the standard curve of 
absorbance against concentration of hydrocarbon (Fresh unused motor oil) that has 
been diluted with hexane for artificially contaminated soil. For naturally contaminated 
soil the total hydrocarbon concentration in soil was estimated with reference to 
standard curve of hydrocarbon derived from the fresh used motor oil diluted with 
hexane  
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Note: Values of total hydrocarbon concentration obtained were multiplied by 
dilution factor to get actual concentration. 

 
2.6 Calculation for colony forming unit per gram of soil (cfu/g) 
Cfu/g = (No of colonies /volume of sample plated) X dilution factor.  
Dilution factor = 1/dilution. 

 
2.7 Calculation for the bioremediation in percent 
Removal of hydrocarbon (%)  

= {[(Initial Conc. of hydrocarbon g/kg) – (Conc. of hydrocarbon left after week 
g/kg)]/ (Initial Conc. of hydrocarbon g/kg)} × 100.  

 
 

2.8 Calculation for rate of change of hydrocarbon 
Rate of change of hydrocarbon (%) = {[Weight of hydrocarbon (g/kg)]/ [Weight of soil 
(g/kg)]} × 100.  

 
3. Results and Discussions 
3.1 Total hydrocarbon degrading bacterial count 
The bacterial population was increased with remediation time and reached up to 
maximum during 28-35th day of bioremediation period (Graph 3.1, 3.2, 3.3 & 3.4).  

 

 
 

Graph 3.1: Growth profiles of total heterotrophic bacterial population in artificially 
contaminated soil as a function of remediation period. 
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Graph 3.2: Growth profiles of total hydrocarbon degrading bacterial population in 
artificially contaminated soil as a function of remediation period. 

 

 
 

Graph 3.3: Growth profiles of total heterotrophic bacterial population in  
naturally contaminated soil as a function of remediation period. 
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Graph 3.4: Growth profiles of total hydrocarbon degrading bacterial population in 

naturally contaminated soil as a function of remediation period. 
 
The counts of THDB in all naturally contaminated soil treatment were higher 

compared to that of artificially contaminated soil. Spent fruit residues amended 
naturally contaminated soil has higher THDB cont compared to cow dung and goat 
manure. Cow dung amended soil has THDB count higher than control, in both 
artificially and naturally contaminated soil. The count of THDB in all the amended soil 
with animal manure and organic waste were higher compared to that of unamended 
control soil.  

 
3.2 Total hydrocarbon removal efficiency 
Total hydrocarbon was determined in this study rather than individual component 
because used oil is highly variable and unused oil has altered structure due to 
combustion process.  

Naturally contaminate soil achieve higher biodegradation than artificially 
contaminate soil this is because of higher initial concentration of hydrocarbon in 
naturally polluted soil (Graph 3.5). Spent fruit residues showed to have high potential 
of hydrocarbon removal from naturally polluted soil (74.91%) while it was second 
highest biostimulating agent for remediation of artificially polluted soil (72.69 %) 
(Graph 3.6 and Graph 3.7). Cow dung and goat manure has shown to have good 
bioremediation efficiency and removed 73.90% and 72.54% hydrocarbon from 
naturally contaminated soil as well as 73.47 % and 68.08% from artificially 
contaminated soil (Graph 3.6 and Graph 3.7). 
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Graph 3.5: Comparison between bioremediation in soil artificially and  
naturally contaminated with motor oil. 

 

 
 

Graph 3.6: Comparison between biostimulating agent for the bioremediation of  
soil artificially contaminated with fresh unused motor oil. 
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Graph 3.7: Comparison between biostimulating agent for the bioremediation of  
soil naturally contaminated with spent motor oil. 

 
3.3 Kinetics of the biodegradation process 
The potential of animal manure and spent fruit residues was evaluated by fitting the 
bioremediation data obtained for each soil treatment to first order kinetic model. The 
specific degradation rate constant k of the model estimated from the linear regression 
of linearized form of the first order kinetic equation, determine effectiveness of each 
biostimulating agent for the treatment of soil artificially and naturally contaminated 
with motor oil. The biostimulating treatment strategies showed the ability to enhance 
motor oil microbial degradation in both naturally and artificially contaminated soil. 

 
Table 3.1: Specific degradation rate Constant (k) values for artificially  

contaminated soil treatment. 
 

Soil 
Treatment 

artificially contaminated soil Naturally contaminated soil 
k (day-1) Correlation (R2) k (day-1) Correlation (R2) 

   T1 Goat 
Manure 

0.021 0.929 0.025 0.942 

T2 Spent fruit 
residues 

0.024 0.949 0.027 0.955 

T3 Cow Dung 0.025 0.952 0.026 0.968 
Control 0.014 0.923 0.024 0.879 

 
4. Conclusion 
The comparison was made between three biostimulating agents in the efficiency of 
hydrocarbon removal in artificially as well as in naturally contaminated soil with fresh 
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unused and used spent motor oil. It can be concluded from this present study that the 
rate of biodegradation of petroleum hydrocarbon mixtures in soil could be enhanced by 
the addition of cow dung, goat manure and spent fruit residues respectively, in soil 
media. These three biostimulating found to posses greater potential of hydrocarbon 
removal from soil contaminated artificially as well as naturally with motor oil. This 
study revealed that the naturally contaminated soil is bioremediated more as compared 
to the artificially contaminated soil. Furthermore, spent fruit residues have high 
potential among three biostimulating agent for the bioremediation of naturally 
contaminated soil while cow dung have high potential among the three biostimulating 
agent for the bioremediation of artificially contaminated soil and therefore these could 
be use as environment friendly ways of remediating natural ecosystem contaminated 
with crude oil. This study indicates that each of the spent fruit residues, cow dung and 
goat manure are acting as both nutrient and microbe carrier that is combine 
biostimulating and bioaugmenting agent.  
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