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Abstract 

 

Petroleum-contaminated soil is currently treated using different kinds of processes; one of these 

processes is thermal desorption, which generates an environmental liability (ashes). One of the 

techniques that has been used lately for soil remediation of total petroleum hydrocarbons (TPH) is 

Landfarming, due to their relative low cost, low energy consumption and the favorable results for 

dealing with this problematic. The aim of this study was to evaluate the use of these ashes in a 

Landfarming assay, using a native bacteria population selected from the samples of oil sludge. Two 

native strains were characterized, Bacillus sp. and Roseomonas sp as potential degrading agent.  

The treatments evaluated do not show a significant difference between the quantities of ashes added to 

the treatments; meanwhile it shows a significant difference along the time of the bioremediation 

process. 
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1. Introduction  

Petroleum contamination is generated from a 

series of effluents resulting from the petroleum-

refining process, and these must be treated 

through depuration processes (Marin, 

Hernandez, & Garcia, 2005). The oil refinery 

sludge are byproducts of this process, which are 

classified as hazardous wastes, and they are 

composed by a mix of petroleum hydrocarbons, 

mineral particles, water and heavy metals, such 

as barium, chromium, nickel and lead (Makadia 

et al., 2011; Marin, et al., 2005; Souza, 

Hencklein, Angelis, Gonçalves, & Fontanetti, 

2009).  Also, these hydrocarbons are a complex 

mixture of different compounds such as 

aromatics, resins, cycloalkanes and asphaltenes 

(Makadia, et al., 2011). 

Great part of pollutants derived from petroleum 

enter the environment directly from multiple 

sources, such as leaking from storage tanks, 

spillage during transportation of petroleum 

products, abandoned manufactured gasoline 

sites, or from current industrial processes. All 

these activities involve significant risks to the 

environment that must be minimized (Khan, 

Husain, & Hejazi, 2004; Sarkar, Ferguson, Datta, 

& Birnbaum, 2005; Silva-Castro et al., 2013).  

Petroleum-contaminated soil is currently 

treated using three different kinds of processes: 

physical, chemical, and biological. Amongst the 

most common physical methods of treatment 

for contaminated soils is the landfill disposal 

which is relatively expensive, as well as the 

incineration, which levels of environmental 

impact are considerably high by producing air 

pollution. Chemical treatment includes direct 

injection of chemical oxidants into 



contaminated soil and groundwater, thereby 

altering native aquatic chemistry(Sarkar, et al., 

2005); while biological treatment involves the 

breakdown of pollutants into nontoxic forms 

using microbiological processes, in which 

organic compounds are metabolized under 

aerobic or anaerobic conditions by the 

biochemical processes of microorganisms 

(Sarkar, et al., 2005; Silva-Castro, et al., 2013). 

Treatment of sludge contaminated soil can also 
be carried out by thermal desorption 
technologies which are becoming more 
common (Makadia, et al., 2011). Thermal 
desorption removes organic contaminants from 
soil, sludge or sediment by heating them in a 
machine called a “thermal desorber” to 
evaporate the contaminants. Evaporation 
changes the contaminants into vapors (gases) 
and separates them from the solid phase. The 
main objective of this process is obtaining three 
different products: the decontaminated solid 
(ashes), diesel and hydrocarbon free 
water(USEPA, 2012).   
 

On the other hand, the need to face 

environmental contamination has become 

evident, hence, remediation technologies have 

been developed to treat soil, leachate, 

wastewater, and groundwater contaminated, 

including in situ and ex situ methods; these 

technologies are feasible, quick, and carry out in 

a wide range of soil. This came up after 

recognizing the potential dangers that complex 

chemical mixtures such as total petroleum 

hydrocarbons (TPH), polychloro biphenyls 

(PCBs), polycyclic aromatic hydrocarbons 

(PAHs), heavy metals, and pesticides represent 

to human health and the environment (Khan, et 

al., 2004). 

Total Petroleum Hydrocarbons (TPH's) 

represents one of the most common groups of 

persistent organic pollutants in the 

environment; the main sources of 

contamination in soil by TPH's include the 

different stages of the petroleum industry, such 

as extraction, refining and consumption. As a 

result they have been widely studied since they 

are toxic to many organisms and human health. 

Remediating TPHs from soils is a slow and 

expensive process, although this is true just for 

the high molecular weight fractions derived 

from oil refinery sludge(Moreira et al., 2011). 

Nevertheless the selection of suitable 

techniques for soil remediation must consider 

the impact on soil quality, given that this is an 

important parameter for soil development and 

later exploitation. Bioremediation then allows 

you to eliminate by a natural processes harmful 

chemicals in the environment; thus, using the 

natural capacity of microorganisms to 

metabolize organic substances such as 

hydrocarbon compounds, it becomes one of the 

most friendly and versatile methods with the 

environment; for which to date has been used 

in remediating soil polluted with petroleum 

hydrocarbons (Silva-Castro, et al., 2013).  

 

Landfarming is one of the techniques that has 

been used lately for the degradation of total 

petroleum hydrocarbons (TPH) due to their 

relative low cost, low energy consumption and 

the favorable result for dealing with this 

problematic(Hejazi, Husain, & Khan, 2003).  

In this system, microorganisms use organic 

compounds in the residue deposited in the 

upper layers of the soil as a substrate for growth 

and energy production, converting the 

contaminants to CO2, H2O, and biomass. The 

aerobic activity of microorganisms is constantly 

stimulated through soil aeration and/or by 

adding nutrients, minerals, and water, which 

can improve the microbial metabolism(Souza, et 

al., 2009)  

 

Additionally, in landfarming, petroleum 

hydrocarbons are removed through 



volatilization and biodegradation (Hejazi, et al., 

2003). While lighter petroleum hydrocarbons, 

including the constituents of gasoline, tend to 

be removed by volatilization and are degraded 

by microbial respiration, heavier petroleum 

hydrocarbons, such as those found in heating 

and lubricating oils and lesser amounts in diesel 

fuel, do not evaporate during aeration but are 

broken down by microorganisms present in the 

soil at the treatment site and require long 

periods of time to fully degrade (Souza, et al., 

2009).  

Besides, bioremediation has several benefits 

over landfill disposal and incineration, such as 

reduced health and ecological effects and long-

term liabilities associated with non-destructive 

treatment methods, and the ability to perform 

the treatment without disturbing native 

ecosystems (Silva-Castro, et al., 2013) 

The importance of microbial activity lies in the 

cycling of organic matter and the regulation of 

active nutrient pools in soils, as a result the 

effects of pollution on soil microorganisms are 

directly related to the effects on crops, natural 

vegetation, and ecosystem productivity (Marin, 

et al., 2005). 

 

The aim of this study was to evaluate the use of 

ashes (solid remains from thermal disruption) as 

a possible process optimizer, particularly using 

native bacteria as microorganism capable of 

carrying out this bioremediation processes. In 

addition, this study evaluates the efficacy of a 

landfarming assay to degrade the petroleum 

compounds. 

  

2. Materials and Methods 

 

2.1 Soil samples and strains isolation 

The soil and sludge samples used in this study 

were collected from active petroleum well. To 

select the strains, 100 gr of each one of the 

three sludge samples were taken in 100ml of 

water, and placed into a shaker at 150 r.p.m. for 

1 hour and then poured off for another 90 

minutes. After that, it was necessary to culture 

them in duplicate in two mediums, standard 

plate count (SPC) and cetrimide agar at 30 °C for 

4 days. Additionally, they were also cultured in 

liquid minimal salts medium (MMS), at 1% and 

10%, under the same conditions. 

Three strains were isolated from most of the 

cultures, and were used as potential 

degradading agents. 

2.2 Testing the strains capacity to degrade 

A replica plating assay, was performed for each 

isolation with A.C.P.M., xylene, phenol, hexane, 

and sludge as indicator of the strains 

degradation potential. We evaluated growth, as 

the presence or absence of a colony in each one 

of the quadrants.  

Three rounds of selection were performed, each 

one for 5 days at 30°C, allowing the selection of 

the strains that were capable of degrading the 

petroleum compounds, which implied that they 

can use this compound as a carbon source. 

2.3 Characterization and identification of the 

strains 

2.3.1 PCR amplification 

Template DNA was obtained from cells of the 

selected strains and grown overnight in Nutrient 

broth at 200 r.p.m. and 30°C. Afterwards, cells 

were heat-lysed until reaching the bowling point 

and centrifuged for 2 minutes at 13000 rpm. 1.5 

μL of supernatant total DNA were placed in a 

reaction tube with PCR mixes constituted by 1X 

PCR buffer, 2.5 mM MgCl2, 1,25 U of BIOLASE™ 

DNA polymerase (Bioline, Massachusetts, USA), 

0.2 mM of dNTP’s, and 0.2 μM of each primer, 

in a final volume of 25uL.  



The pair of primers used for the amplification of 

16rDNA was 352F (5´-

CCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCC

CCTACGGGAGGCAGCAGT-3´) and 975R (5´-

CGAATTAAACCACATGCTCCA-3´). The PCR 

amplifications were carried out in an iCycler™ 

thermal cycler (Bio-Rad, California, USA) under 

the following conditions: an initial step at 94°C 

for 5 min, followed by 10 cycles of denaturation 

at 94°C for 30 s, annealing at 66°C for 30 s 

although, before the first cycle the temperature 

decreased 0.5°C each cycle, and elongation took 

place at 72°C for 1 min. After 25 cycles of 

denaturation at 94°C for 30 s, annealing at 61°C 

for 30 s and elongation at 72°C for 1 min took 

place. A final extension cycle was run at 72°C for 

10 min. PCR products were analyzed by gel 

electrophoresis in 1% agarose gels. Gels were 

stained with gel red and images were captured 

with a GelDoc imaging system (BioRad). 

 

2.3.2 Sequencing and Blast 

The samples were sent to Macrogen to be 

sequenced and then were aligned in the 

GenBank database using the BLASTn algorithm 

(basic local alignment search tool) with default 

parameters. 

2.4 Landfarming assay 

2.4.1 Treatments 

Three Landfarming assay treatments were 

carried out in a greenhouse scale model, 

containing the same type of soil, oil refinery 

sludge, pool of selected microorganism and an 

additional factor to take into account, the 

addition of ashes to the microcosm (Table 1). 

The position of each treatment was selected 

randomly; and each treatment was set up in 

triplicate. The subsequent procedure was 

aerating and moisturizing by the regular 

addition of water to maintain and favor 

bacterial growth. 

Table 1. Landfarming treatments to evaluate the efficacy in hydrocarbons degradation  

 

Oil refinery sludge     Soil     Ashes  

 Treatment 1  
1.5 Kg  1.5 Kg  -  

 Treatment 2  
1 Kg  1 Kg  1Kg  

 Treatment 3  
900 gr  300 gr  1800 gr  

 
 

 

At the middle of the experiment it was 

necessary to inoculate a second time each 

treatment with the selected bacteria.  

2.4.2 Monitoring: microbial analysis and 

determination of soil TPH contents 

Samples were taken of each treatment at 

different time intervals, before adding the 

sludge and the ashes. The microbial analysis was 

fundamental to determine the growth and the 

persistence of the strains selected; the samples 

were dilute to posterior analysis of growth in 

SPC medium and determine the cell count by 

colony-forming unit. TPH levels in the 

treatments were determined by SARA analysis. 

2.5 Catabolic genes screening  

PCR amplifications of catabolic genes that are 

involved in metabolic routes for the degradation 

of various compounds of petroleum were 



performed using an iCycler thermocycler 

(BioRad) in 25ul volume reactions. The genes 

and corresponding primers and protocols are 

listed in table 2. 

Table 2. Catabolic genes and corresponding primers and protocols  

Gene  Sequence Primer F  Sequence  Primer R  

Amplicon 

lenght  
  Reference strain  

Protocol reference  

pheA  5`-AGGAAAATTCGCCTGAAGGT-

3`  

5`-ACCAAGATCACACCGTCCTC-

3`  

448 pb  Pseudomonas sp. 

PaW  

(De Zubiria Ramírez Laura, 

2006)  

pheB  5`- CGTACCATCGAAGGACCACT-

3`  

5`-CTAAGTCTTGACGGGTTGC-

3`  

473 pb  Pseudomonas sp. 

PaW  

(De Zubiria Ramírez Laura, 

2006)  

pheU  
5`-CCAGG(C/G)(C/G/T)GA(G/A)  

AA(A/G)GAGA(A/G)GAA(G/A)C

T-3`  

5`CGG(A/T)A(G/A)CCGCGCCAGA  

ACCA-3`  

620 pb  Pseudonomas sp. 

CF600  
(Futamata, 2001)  

alkB  5´-CGGCCACTTCTTTATTGAGC-3´  5´-ATCCGCCTGAGGAAGTAGTC 

-3`  

500bp  Pseudomonas 

stutzeri (TRI, TRII)  (Numpaque Mónica 2011)  

alkS  5´- CCCACGCGAAACAAATAAGT   

-3´  

5´- GGCGAATACCAGTACGCAAT   

-3´  

500bp  Pseudomonas 

stutzeri (TRI, TRII)   (Numpaque Mónica 2011)  

alk  5´-TCGAGCACAACCGCGGCCACCA    

-3´  

5´- CCGTAGTGCTCGACGTAGT  

-3´           

Pseudomonas 

stutzeri (TRI, TRII)   (Numpaque Mónica 2011)  
 

 

2.8 Statistical analysis 

The mean, variance and standard deviation of 

the microbiological and TPH parameters were 

calculated from the values obtained from each 

of the triplicate samples. Data were analyzed 

using non-parametric Kruskal-wallis test. 

Statistical significance limits were set at p>0.05. 

All statistical analyses were carried out using 

STATA/SE software v.11.1.  

 

3. Results 

3.1 Strain isolation and capacity to degrade 

From all the sludge samples there were three 

different bacterial strains isolated that differed 

in color, morphotype and number of cells were 

isolate; also the three strains were present in all 

the plates (data not shown).  

On the other hand, in the cetrimide medium 

there was no growth; while in the cultures that 

came from the liquid MMS the same results as 

in the SPC medium were found, presence of all 

strains in both percentages (data not shown).  

In replica plating assay, all the strains showed 

growth in most of the compounds tested; 

presenting a major rate of growth in A.C.P.M., 

xylene, hexane but no growth in phenol. This 

result was similar in all the rounds of selection. 

Nevertheless, each strain had different growth 

levels between them (data not shown). These 

three strains isolated were set up as potential 

degrading agents. 

3.2 Characterization and identification of 

strains 

The isolates were characterized by sequence 

analysis of 16S rDNA generated by PCR 

amplification. BLASTn was performed 

afterwards; and two of the isolates were 

identified as Roseomonas sp., and Bacillus sp.; 



the criteria for selection were the e-value and 

the percentage of identity.  

 

3.3 Landfarming assay 

One of the principal aims of this study was to 

evaluate the efficacy and capacity of native 

bacterial strains to degrade TPH from a 

contaminated soil sample. Based on this, an 

evaluation of the microorganism´s growth was 

performed to evaluate its persistence during the 

bioremediation process, and analyze the 

changes in the structure and biodiversity of the 

soil. 

 

 

Fig 1 Cell growth in the different treatments of a Landfarming assay.                                                                                                  

Treatment 1 ( without ashes), Treatment 2 (with ashes), Treatment 3 ( double ashes) 

As figure 1 shows, there is not great variation in 

the microorganism present in the different 

treatments along evaluation time, the error bars 

correspond to the difference between 

replicates. The number of microorganisms 

present in each replicate remained constant; 

furthermore all the strains were present 

through time, revealing that there is persistence 

of native bacteria and this can be a result of the 

consumption of the pollutants. However, the 

three strains selected were not the only present 

in the medium, we found other bacteria 

growing from the samples. For this reason the 

total population of bacteria can be composed 

not only of our strains and the copiotrophic 

microorganism present in the soil, but also of 

another type of microorganism (oligotrophic) 

that can proliferate before the first one 

(copiotrophic) had consumed all or the most of 

the nutrient recourses. The oligotrophic 

microorganism plays an important role in the 

biodegradation of TPH.  

Besides, the figure 1 shows that between the 

treatments there is no significant difference, 

this explains that the ashes do not decrease or 

influence the growth of the native bacterial 

population. Another factor to take into account 

for the bacterial growth was the moisturizing of 

the treatments, where the treatments that 

contains ashes less water was necessary to add. 

This could be an improvement of the use of 

ashes to perform the landfarming assay 

considering that there is no need to add huge 

quantities of water. 
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Fig 2 TPH Biodegradation in a Landfarming assay in a period of two months.                                                                                               
Treatment 1 (without ashes), Treatment 2 (with ashes), Treatment 3 (double ashes). 

 

Figure 2, shows the change in TPH 

concentration in a period of two months; and it 

is possible to observe that there is a wide 

change among the initial and the final 

concentration of TPH and that the main 

objective of this study was achieved. 

Nevertheless, the figure also presents that there 

is no significant difference between treatments. 

Relating this to the previous result of the 

bacterial growth, it is seem the agreement 

between them because the bacterial population 

is not being affected by the presence of ashes in 

the treatments; and can degrade or consume as 

a source of carbon, petroleum hydrocarbons. 

 

 

Fig 3. Percentages of TPH biodegradation for each treatment and replicates.                                                                                        
*T( Treatment)- R(replicate) 
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As mentioned above, the treatments do not 

show a significant difference among the 

degradation of TPH, another way to see this is 

presented in figure 3, where the percentage of 

degradation is plotted. The differences between 

the replicates in each treatment show a minor 

decrease as it is possible to see in figure 3; after 

90 days, the total amount removed of TPH was 

approximately 79% by the treatment 3 and 

approximately 92% by the treatment 1. 

However, the difference between the final TPH 

in all the treatments is not large; it can be 

possible that all treatments reach the same final 

concentration if the assay would be developed 

in a larger period of time. This due to the 

presence of the ashes could influence (not in a 

relevant way) the rate of degradation taking 

into account time. 

Kruskal-wallis test was performed and the 

results are listed in table 4.There is one 

significant difference between concentration of 

TPH in the treatments and the time evaluated, 

where the p-value is smaller than the 

established p-value (0.05). This agrees with the 

result showed previously in the figure 2, where 

the difference amongst the time of the 

landfarming assay has a direct impact in TPH´s 

concentration. 
 

Table 3. Kruskal-wallis test for comparison of the TPH biodegradation and Cell growth with the time and the 

environmental liability (ashes)  

 

Time  Ashes  

Total  petroleum hydrocarbons (TPH)  
0.001 

0.697 

Cell growth  
0.059 

0.573 

Significant values in bold (P<0.05)  
    

 

3.4 Catabolic genes screening  

There are genes involved in the biodegradation 

of petroleum and chemicals compounds; that is 

why catabolic genes screening was performed, 

with the aim of finding if any of the genes tested 

was present in the strains selected and could 

favor the biodegradation in the treatments 

performed. Nevertheless, all the strains show 

negative results to pheA, pheB, pheU, alkS and 

alk genes (data not shown).   

Fig 4. Agarose gel electrophoresis of PCR amplification of 
alkB gene. Lane 1: Negative control, lane2: Roseomonas 
sp., lane 3: Strains A, lane 4: Bacillus sp, lane 5: TRI, lane 
6: TRIP2, lane 7: TRII, lane 8: TRIIP2, lane9: Molecular 
weight marker.  



 Figure 4 shows the PCR amplification products 

for the alkane monoxygenase gene (alkB) which 

is involved in alkane degradation. The only 

strain that exhibited the presence of the gene 

was Bacillus sp which showed three bands with 

a size product of 500, 800 and 1000bp, the small 

band was excised and purified.  

4. Discussion 

Nowadays organic amendments are used to 

improve or favor the bioremediation process 

because of the increment that has been shown 

in the vegetative productivity of soils by the 

industrial by-products. Specifically these 

amendments have been beneficial for plant 

growth and increment the microbial 

productivity in nutrient-poor soils (Park et al., 

2011). It has also been tested that apart from 

increasing the native fertility of soils, can 

enhance the rate of oil degradation (Rahman, 

Banat, Thahira, Thayumanavan, & 

Lakshmanaperumalsamy, 2002). 

Nevertheless, organic amendments contribute 

to greenhouse gas emission by four processes 

(PE, methanogenesis, nitrification, and 

denitrification) directly through the release of 

CO2, CH4, and N2O from C and N compounds 

present in these amendments, and indirectly 

through their effects on soil properties thereby 

inducing emission from soil(Thangarajan, Bolan, 

Tian, Naidu, & Kunhikrishnan). Another issue is 

the leaching of contaminants(Park, et al., 2011). 

 

Although, there are not studies of the use of 

inorganic amendments such as ashes in 

bioremediation processes, this study shows that 

these can be used as effective amendments for 

the biodegradation of hydrocarbons 

compounds.  

Bacterial population in a bioremediation process 

are looking for a carbon source easy to take and 

consume; with organic compounds the 

consortium could be increase but the uptake of 

these nutrients but not necessarily of the 

degradation of petroleum compounds. 

Inorganic amendment could be used too. 

Another important issue to take into account is 

the reuse of these environmental liabilities that 

came from thermal desorption process. 

On the other hand, the use of native bacterial 

consortium demonstrated the capacity of these 

strains to carry out the degradation process, as 

in other studies; the microbial community of the 

functional consortium was characterized and 

demonstrated that bioaugmentation with the 

consortium enhanced crude oil removal 

performance in contaminated soil(Zhao et al., 

2011). 

The strains used in this study proved that can 

consume and reduce the total petroleum 

hydrocarbons efficient as it is shown in figure 2, 

without reducing their number along the time; 

in addition, the presence of the ashes do not 

decrease the consortium along the time 

evaluated. 

Bacillus sp., one of the strains isolated, 

previously proved to produce biosurfactant with 

crude oil as the sole carbon resource and 

preferentially degrade n-alkanes (Zhao, et al., 

2011). Furthermore this bacteria have been 

tested to have a high degree of resistance to 

different metals present in contaminated soil 

such as cooper Cu (II), cadmium Cd (II) and 

chromium Cr (VI9) (Guo et al., 2010; Kathiravan, 

Karthick, & Muthukumar, 2011) 

Apart from that, the alkane degradation 

pathway has been reported as one of the 

principal methods used by microorganisms to 

degrade diesel. One of the principal genes in 

this operon is alkB, that codifies for the alkane 

monoxygenase enzyme and it is responsible for 

the transformation of alkane to acetyl-CoA 

(Numpaque Mónica 2011). Results suggest that 



Bacillus sp has the gene encoded in their 

genomes as shown by the PCR product. This 

indicated that this strain could be able to use 

the alkane degradation pathway to degrade 

diesel. 

The other strain isolated was Roseomonas sp., 

which has been isolated from different sources 

(wastewater, oil sludge, soil), and it is a gram 

negative bacteria. Previous research show that 

this strain could degrade organophosphorus 

pesticide (Jiang, Ma, Li, Lu, & Zhong, 2008). This 

bacteria also proved to have petroleum oil-

degrading capabilities (Jiang, et al., 2008; Zhao, 

et al., 2011).  

 

5. Conclusion 

According to these results it may be concluded 

that the use of environmental liability derived as 

ashes can be used effectively as amendment of 

the landfarming assay, because it has no 

significant difference between the treatments 

tested.  

Additionally, final TPH´s concentration is not 

being influenced negatively by the presence of 

ashes in the treatments; because of that it is 

possible to use the double of ashes 

concentration in bioremediation process, with 

the aim of take advantage of this environmental 

liability. 

Also that the native strains selected for carring 

out the biodegradation process remains 

constant along the study, which indicates the 

effectiveness of the bacterial strains to consume 

as a source of energy the hydrocarbons 

compounds. 

Hence, it suggests that this native bacterial 

population can be used for bioremediation 

purpose. 
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