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ABSTRACT
Biodiesel has emerged as an interesting energy option to the shortage of petroleum products, the main source of energy for mankind, so it is relevant to

focus the study of the life cycle of biodiesel on the ground because it acts as an acceptor and final deposit of the waste generated by the biofuel industry.
The objectives of this study are: to compare natural attenuation, biostimulation and bioaugmentation as bioremediation techniques in biodiesel
contaminated soils in a pot trial and evaluate the impact of such practices on some soil properties. The design consisted of 5 treatments with 3
replications; soil without pollution (L), soil + biodiesel ( LB ), soil + biodiesel + inorganic fertilizer ( LBF ), soil + compost + biodiesel ( LBC ), soil
+ biodiesel + hydrocarbon degraders ( LBM ). Single samples were taken in the first 20 cm depth, at baseline TO, T1 (1 month ), T3 ( 3 months ), T6 (
6 months ), and a year ( T12). Edaphic variables studied were TPH ( total petroleum hydrocarbons ), pH, organic carbon ( % C ), nitrate ( NO3 ) and
phosphorus ( P ). Organic biostimulation treatments ( LBC ) and bioaugmentation ( LBM ) were more efficient in the degradation of biodiesel. The
contamination resulted in a decrease in the pH value of the soil. Contamination with biodiesel produced a decrease in soil pH and an increase in the

content of organic carbon
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INTRODUCTION

Biodiesel emerged from a technology that can take advantage of various raw materials. By low environmental pollution
generated by its combustion is a promising renewable energy source especially for countries where fossil fuel reserves are scarce.
Despite careful handling, transport and storage, there is always the possibility that at some point it could accidentally enter the
ground. Therefore, it is relevant to focus the study of the life cycle of biodiesel on the ground because it acts as an acceptor and
final disposal of the waste generated by the biofuel industry (Cardona Villada, 2007).

Biodiesel has proven advantages over petroleum diesel with respect to their environmental performance: it is less toxic to
soil organisms, readily undergoes aerobic biodegradation, and some authors found that mixtures containing a greater amount of
biodiesel usually facilitate biodegradation (Makareviciene and Janulis, 2003; DeMello, 2007; Prince, 2008; Demirbas, 2009).
Biological degradation essentially consists in the oxidation of these compounds by heterotrophic soil bacteria in the respiratory
metabolism, in order to obtain energy for their maintenance and growth.

The biodegradation process is of great importance in the degradation of hydrocarbons and other organic compounds in
contact with the ground. The extent of soil bioremediation is dependent not only on the soil type, biological activity and the type
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of biota, but also depends on the longevity of the contaminants, toxicity, and water mobility in soil. Physical, chemical and
biological soil characterization is essential to determine the remediation techniques that are viable as sanitation techniques.
Furthermore it should be noticed that the bioavailability of contaminants varies with the type of oil and soil characteristics (
Plaza, 2005 ).

Soil properties and activity of the indigenous microbial population affect the degree of bioremediation, so the site
characterization is a priority to decide the most appropriate method for bioremediation (Bento, 2005). Doran, ( 1996 ) presented
a number of properties that affect the functionality and quality of the soil, and consequently influence the rate of degradation of
hydrocarbons in soil, that is conditioned by parameters such as temperature, pH, salt content, presence of nutrients, oxygen
content, particle size and distribution, buffer capacity ( Margesin and Shinner, 2001).

This work refers to the remediation of soils contaminated with biodiesel compared using different techniques: natural
attenuation, organic biostimulation, inorganic biostimulation and bioaugmentation, in a pot trial. Simultaneously, the effect of
such practices on some soil variables was evaluated.

MATERIALS AND METHODS

An essay in pots with a silt loam soil ( Typic Argiudol ), was performed in a completely randomized design (Table 1). The
soil was placed in pots of 30 cm diameter by 40 cm depth, in open air. The design consisted of 5 treatments with 3 replications;
soil without pollution ( L), soil + biodiesel ( LB ), soil + biodiesel + inorganic fertilizer ( LBF ), soil + compost + biodiesel (
LBC), soil + biodiesel + hydrocarbon degraders ( LBM ). The level of contamination with biodiesel was 20 % of the dry weight
of the soil, applied in surface 20 cm. The fertilizer used as a nitrogen source was urea ( 800 mg / pot ), in inorganic biostimulation.
In treatments with organic biostimulation, manure compost was applied, in a dry basis, soil — compost ratio of 1: 0.3. Table 2
lists some of the relevant physical and chemical characteristics of the compost.

For bioaugmentation, a special formulation and reserved dose of a compound was used. Surface soil single samples were
taken (0-20 cm ). Sampling was performed at time TO when soil was contaminated with biodiesel, T1 ( 1 month ), T3 ( 3 months
), T6 ( 6 months ) , and a year ( T12 ). Edaphic variables studied were TPH ( total petroleum hydrocarbons ), determined by
infrared ( EPA 418.1), pH 1:2,5 soil: water ( Page, 1982), organic carbon (% C ), by Walkley and Black ( Nelson y Sommers,
1982), nitrate ( NO3 ), using the method of diazotization with Snedd (Carole y Scarigelli, 1971) and extractable phosphorus (
P ) as Kurtz Bray Bray ( 1945).

Data were analyzed by ANOVA and Tukey test for comparison of means between treatments. INFOSTAT statistical
software version 1.1 was used ( Infostat, 2002 ).

Table 1.Some physical and chemical properties of the soil

Horizon Clay (%) Silt (%) Sand (%) C pH CE CIC
(%) (1:2.5) (ds/m) (Cmolc kg?)
A 24,5 48 27,5 1,92 6,7 0,48 18,2

Table 2. Some physical and chemical properties of the compost
C pH CE CIN P NO;
(%) (1:25) (ds/m) ppm  mg N-NOs/kg.
Compost 32 6,7 0,48 105 15 32

RESULTS AND DISCUSSION

1) Oxidizable carbon, pH , extractable phosphorus and nitrates

In Figure 1 mean values of oxidizable carbon ( a), pH (b ), nitrates ( ¢ ) and extractable phosphorus ( d ), for all
treatments and sampling time series are presented .

The oxidizable carbon in organic biostimulation treatment ( LBC ) showed a statistically significant higher value than the
remaining treatments, which did not differ from each other in TO. This increase is due to the incorporation of an organic
compound with high content of oxidizable carbon.

However, in Table 4 statistical analysis of the carbon content is presented in TO without the treatment of organic
biostimulation, due to carbon elevated content of compost itself. It can be seen that contaminated biodiesel treatments have
statistically significant higher than the control values, demonstrating that some of the hydrocarbons are considered in determining
soil carbon.

In T1 organic biostimulation treatments ( LBC ) and bioaugmentation ( LBM ) had the highest values of oxidizable carbon,
with statistically significant differences from each other. In the case of treatment of bioaugmentation the increase in carbon
content of the soil is due to the degradation of the own biodiesel carbon chain, generating single strands that are considered in
the measurement as soil carbon ( Penet, 2006 ) .
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In general it is observed that the content of oxidizable carbon at T1 and T3 sampling times for all remediation treatments
have statistically significant higher values compared to the control treatment ( L ). This was explained in the previous paragraph.
The same trend is shown in the oxidizable carbon content in T6 and T12 compared to T1 and T3. However the general content
of oxidizable carbon tends to be less according to the sampling time as time goes by. This could be associated with the decrease
of the content of soil HTP, corroborated by Chaineau, ( 2000 ) who found that initially pollution increased oxidizable carbon
content in the soil and subsequently there was a significant decrease. Serrano, (2006) argued that there may be a moderate
elevation in the levels of TPH after 40 days of contamination, because the degradation of the more complex hydrocarbons could
generate degraded products.

Contamination with biodiesel produced a statistically significant decrease in pH in remediation treatments ( LB, LBF, LBF,
LBC, LBC ) compared with the control ( L ) at TO (Figure 1b ). This decrease is due to the chemical properties of biodiesel
(Table 3).

Treatment of organic biostimulation ( LBC ) produced the smallest decrease of soil pH, at different sampling times, this can
be explained by the incorporation of a compound with high content of organic matter, which increases the buffer capacity of the
soil (Frabrizzi, 1998 ). This same trend was maintained throughout the trial until T12. Martinez and Lopez ( 2001 ) and
Romaniuk, ( 2007 ) reported that the pH did not change in the presence of different concentrations of other hydrocarbon types.

The extractable soil phosphorus at all sampling times TO, T1, T3, T6 and T12 showed no statistically significant differences
between treatments ( Figure 1. d ) . This coincides with the results of Frick et al. (1999 ), phosphorus is initially immobilized
in the microbial biomass, and is available only a year later .

In TO organic biostimulation treatments ( LBC ) and inorganic stimulation ( LBF ) had statistically significant higher values
of nitrates in soil respect to other treatments ( Figure 1. ¢). Obviously in the treatment of inorganic stimulation ( LBF ) this is
due to incorporation of urea -based fertilizer nitrogen and in organic biostimulation treatment is due to the addition of nitrogenous
substances rich compost.

In T1 and T3 content of nitrates in the soil of all treatments remediation were statistically significant lower than the control
values situation. This could be related to the lowering of soil HTP used as carbon source for the microbial community, and in
addition to the synthesis of nitrogen structures and cell multiplication.

Overall, the nitrate content in soil in T6 and T12 were statistically significant higher than those of T1 and T3. This could be
due to the fact that low levels of PAH in soil generates a reduction of the microbial population due to the decrease in carbon
sources, structures ( Ciarlo and Palma, 2011).

Table 3.Some physical and chemical properties of the biodiesel
Properties Unit Content

Ester content % (m/m) 96,5
Density 15°C  kg/m® 900
Viscosity 40 °Cmm?/s 4
Cetane number 51,0
Water content  mg/kg 500
Acid value mgKOH/g 0,5

I1) Total Petroleum Hydrocarbons

Mean values of total petroleum hydrocarbons (TPH ) ( mg kg -1) for all treatments and sampling times, are shown in Figure

2.
The mean values of Total Petroleum Hydrocarbons ( TPH ) presented no statistically significant differences between treatments
remediation at baseline ( TO ) and one month (T1) . However, in the following sampling instances organic treatments
biostimulation ( LBC) and bioaugmentation ( LBM ) presented statistically significant lower data compared to inorganic
treatments biostimulation ( LBF ) and natural attenuation ( LB ), the last two presented no statistically significant differences
between them.

This delay in the onset of biodegradation may be the result of an initial microbial acclimation, which rearranges the microbial
community due to the microenvironmental change caused by biodiesel contamination, varying the relative proportions of the
microbial populations without reaching an intense degradative activity until they present a new community equilibrium (
Romaniuk, 2007). Trindade, (2005) observed that bacterial acclimatization, produced no HTP losses 15 days after contamination.
In turn, Hutchison and Walecka and Walworth (2006 ) suggested that elevated levels of contamination can determine moderate
initial inhibition of microbial activity.
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I11) Comparison between remediation treatments

Natural attenuation ( LB ) technique resulted less efficient on most sampling times ( T3, T6 and T12 ). The same was
corroborated by Romaniuk, (2007) comparing contaminated soils with different hydrocarbons. However, some authors have
considered this remediation technique as "cost - effective and low risk” (Corona -Ramirez and Iturbe -Argielles, 2005).
Biostimulation organic treatments ( LBC ) and bioaugmentation ( LBM ) were more efficient (Table 4 ) in the degradation of
biodiesel to 5 mg.g -1 established by the Dutch standards ( Frank , 1999 ). The same was confirmed by Lee, ( 2008 ) comparing
the efficiency of remediation through the use of inorganic fertilizer, fresh residues and compost: the incorporation of the latter
substrate was the most efficient for remotion of hydrocarbons. However, Marja, ( 2005 ) reported that the addition of compost
did not have a positive effect on the biodegradation of diesel. In agreement with the results of this study, Nufiez, (2002 ) obtained
higher percentage of oil removal in less time with bioaugmentation techniques.
All treatments (LB, LBF, LBC and LBM) reached the remediation level in T12 (Table 4).

Table 4. Organic carbon content (%) at TO
L LB LBF LBM

%C 170a 257b 231b 263b
Different letters indicate significant differences (P <0.05) between treatments

CONCLUSIONS
Soil properties that were affected by contamination with biodiesel were soil pH and carbon content. All treatments showed a
statistically significant decrease in pH and an increase in the carbon content.

Remarkable differences were obtained with the addition of compost (LBC). At baseline there were statistically significant
differences of nitrate in soil, % C, and a buffer action in pH values.

Organic biostimulation treatments (LBC) and bioaugmentation (LBM) were the most effective treatments in the degradation
of biodiesel, achieving the level of remediation at 6 months.
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