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Abstract

Crude oil pollution is a world-wide threat to environment and the remediation of crude oil polluted soil is a challenge
for environmental protection research. Bioremediation is a useful method for soil remediation without second effect on
soil quality and it is not an expensive technology from economical point of view. Biodegradation is the process by
which organic substances are broken down by the enzymes produced by living organisms. Although biodegradation of
petroleum hydrocarbons may be successfully achieved under controlled conditions, the bioremediation of polluted soils
still remains a challenge. The main objective of this study is to investigate the influence of a natural biodegradable
product on petroleum hydrocarbons degradation in a crude oil polluted soil. It is a laboratory experiment achieved
during two years in Green House. Soil was artificially polluted with 5% and 10% crude oil and treatment applied
consisted in a natural biodegradable product and bacterial inoculum. Soil polluted with 5% crude oil was treated with 50
g, respective 100 g ECOSOL/20 kg polluted soil and/or bacterial inoculum to increase the biodegradability rate and the
soil polluted with 10% crude oil was treated with 100 g, respective 200 g ECOSOL/20 kg polluted soil and/or bacterial
inoculum. The plant used in experiment was maize. The parameters followed during experiment were total petroleum
hydrocarbons, soil reaction, total carbon, nitrogen, C/N ratio. At each phase of the study, the natural biodegradable
product was found to significantly enhance the biodegradation process and detoxification of the crude oil polluted soils
employed by increasing the bioavailability of the pollutants and the activity of indigenous microorganisms. During the
experiment, the biodegradation rate reached higher values according with treatment.
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Oil-contamination is one of the most toxic or less toxic compounds by the enzyme
common types of pollution, endangering aquatic complex (Leahy and Colwell, 1990).
and terrestrial ecosystems. Typical sources of soil Interest in environmental pollution has
pollution are fuel oils, diesel, carburetor oils increased dramatically for everyone in the world,
(petrol) and lubricating oils, but, mainly due to war various institutions and organizations, some
impacts, also heavy oils (e.g. crude oil, fuel oil and multipurpose other specialized nature, focused
storage oil) have been spilled into the ground and solely on pollution issues. There is no life without
require extensive remediation (Pepper, 1999). soil (Walworth, 1997).

In recent years, bioremediation of soils To survive, microorganisms, like any body
polluted with petroleum hydrocarbons is a research need nutrients, carbon and energy source.
challenge (Rahman et al., 2003). Research has Microorganisms transform a series of organic
shown that the bioremediation is a superior method compounds found naturally in food and energy for
of remediating soil, effective and much cheaper its own ecosystem. For example, many species of
compared  with  physicochemical = methods. soil bacteria can use petroleum hydrocarbons as
Bioremediation can be: in situ and ex situ. energy and food source. This natural process
Bioremediation based on micro-business use of converts hydrocarbons from oil in less hazardous
petroleum hydrocarbons as carbon and energy substances such as carbon dioxide, water and fatty
source. This method is considered to be most acids. Biodegradation of organic wastes has
effective because no irreversible effects on soil become a great way for treatment of polluted soils
characteristics affected pedogenetical and low cost (Atlas, 1992). The advantage of this method is
(Snape et al., 2001). cheap equipment that has no negative

Microorganisms such as bacteria, fungi and environmental effects (Nadeau et al., 1993). A
yeasts decompose these hazardous chemicals non- disadvantage of this problem is the speed of the

process than degradation.
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Although the remediation is an option to be
implemented widely, even in Antarctic and sub-
Antarctic soils is not fully known process of
biodegradation and remediation performance in
cold areas (Margesin and, Schinner, 2001). The
temperature at which the degradation process has
maximum efficiency in that area is 10°C (Coulon
et al., 2005).

All these risks are related, first, the mobility
of the pollutant. Petroleum products once they
reach the ground, where conditions are met both
aerobic and anaerobic suffer significant chemical
transformations. Most authors consider that the
rate of degradation of petroleum products in soil is
a function of oxygen concentration in the soil or, in
other words, the degree of aeration of polluted soil.
The basement can be found different oxygen

concentrations leading to different rates of

biodegradation of petroleum products.
Biodegradation is accelerated in the

presence  of  substances called nutrients

(compounds of phosphorus, potassium, nitrogen),
moisture and temperature relatively constant,
factors leading to a rapid increase in populations of
bacteria. Also, the degradation intermediates may
result in increased water solubility or high
volatility leading to increased pollution as high
speed (Fava and Ciccotosto, 2002).

MATERIAL AND METHOD

The purpose of the present study was to
investigate possible methods to enhance the rate
of biodegradation of hydrocarbons from crude oil.
Enhancement of biodegradation was achieved
through the treatment with ECOSOL and bacterial
inoculation. The objective was to simulate
conditions of a major spill.

To achieve data concerning the
bioremediation of polluted soil with petroleum
hydrocarbons was realized a greenhouse
experiment. It was used for this experiment a
cambic chernozem. At the beginning of the
experiment, the soil was contaminated / polluted
with crude oil and treated with the natural
hydrocarbon absorbent (ECOSOL). After 21 days

from pollution, the soil was inoculated with
bacteria.

ECOSOL is an absorbent natural product,
meant to facilitate quick and efficient

biodegradation of hydrocarbons from contaminated
soils. Accelerates bio-stimulation and favors the
development of existing bacteria from the soil, with
strong effects in crude oil degradation. It is
obtained from vegetal fibers from celluloid waste,
all treated and with additives, being used in order
to bring soils back to normal fertility levels.

The chemical characteristics of the natural
biodegradable product are:

e Total nitrogen: 0.935%;
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e Organic carbon: 23.72%;

e  Phosphorous: 0.39%

o Potassium: 3.32%;

e Sodium: 4.97%.

The inoculum was developed from
microorganisms that occur naturally in the soil with
the addition of crude oil. The microorganisms use
the petroleum hydrocarbons as a source of carbon.
It was stimulated the growth of the microbial
population by adding the fibers provided from
celluloid wastes. The bacterial inoculum applied in
this experiment contained bacterial stem isolated,
purified and tested in laboratory for their capacity
to degrade the petroleum hydrocarbons, as:
Pseudomonas, Mycobacterium (M. roseum si M.
phley), Arthrobacter (A. globiformis, A. citreus),
Bacillus megaterium, and Streptomyces griseus.

The polluted soil with  petroleum
hydrocarbons was treated with different quantities
of the natural hydrocarbon absorbent and
bacterial inoculum determined variation of the
chemical characteristics of the soil. It was
analysed the following chemical characteristics
using standard methods: soil reaction (pH),
organic carbon (Walkley and Black method), total
azote (Kjeldahl method), C/N ratio by calculating.

The total petroleum hydrocarbons were
quantified by a gravimetric method, following
previous solid-liquid extraction in a Soxhlet
system. The extraction was carried out with
methylene chloride in 1-2 g soil samples, which
had been previously dried and grounded.

RESULTS AND DISCUSSIONS

The technology proposed for remediation
has to most appropiate to the natural processes and
in the same time will become an available
technology on market.

Chemical characteristics of the soil from
experimental variants during the experiment such
as, pH, total organic carbon, nitrogen, C/N ratios
were determined using characteristic methods.

In table 1 and 2 are presented the results
obtained for two experimental years as a mean of
three repetitions with its standard deviation.

In table 1 are presented some chemical
characteristics of the soil used in all the
experimental variants, like soil reaction, organic
carbon content, total nitrogen content, C/N ratio
during the first experimental year, in the beginning
and in the end of the year.

In the soil polluted with crude oil, the
organic carbon contents were higher than the
control at all concentrations of contamination and
at all treatments applied. As it can be observed in
the table, the organic carbon content increases with
crude oil concentration in the experimental variants
where the soil was polluted with 5% crude oil,
respectively 10% crude oil, comparatively with the
control.
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The total nitrogen contents fluctuate in the
experimental variants contaminated with crude oil,
treated with ECOSOL and bacterial inoculum.

In the soil contaminated with crude oil, the
C/N ratios were higher than the control at all
concentrations of contamination and at all
treatments applied. As it can be observed in the
table, the C/N ratio increases with crude oil
concentration in the experimental variants where
the soil was polluted with 5% crude oil,
respectively 10% crude oil, comparatively with the
control. In the experimental variants V4, Vs, V¢ and
V;, the C/N ratios increase comparatively with V,,
even it is the same concentration of petroleum
hydrocarbons, because of the treatment with
different quantities of ECOSOL.

In table 2 are presented some chemical
characteristics of the soil used in all the
experimental variants, like soil reaction, organic

first year

30000

TPH, mg/kg

V2 V4 V5 V7

carbon content, total nitrogen content, C/N ratio
during the second experimental year, in the
beginning and in the end of the year. The same
fluctuation of the chemical parameters can be
observed during the second experimental year.

In figure 1 and 2 are presented the evolution
of total petroleum hydrocarbons in the soil polluted
with crude oil (5% and 10%) during the two
experimental years, in all variants and repetitions.

The obtained results show that the
biodegradation takes time. A decrease was
recorded in time and this agrees with the
observation existing in scientific literature.

The obtained results revealed that the total
petroleum hydrocarbons concentrations were
higher on contaminated soils compared to the
control suggesting the presence of more petroleum
hydrocarbons.

second year

10 month
= 1 month
N 2 months
N 3 months
E==4 months
1™ 5 months

V2 V4 V7

V6

V5

Experimental variants

Figure 1 The evolution

of total petroleum hydrocarbons in the soil pollutd with 5% crude oil during

two experimental years

first year

125000

100000

75000

50000

TPH, mg/kg

25000

V3

V8 V9 V10 V11

second year

30 month
=== 1 month
N 2 months
I 3 months
—4 months
‘ I 5 months

V3
Experimental variants

V8 V9

Figure 2 The evolution of total petroleum hydrocarbons in the soil pollutd with 10% crude oil during
two experimental years
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CONCLUSIONS

The treatment with the biodegradable
product can achieve the degradation of petroleum
hydrocarbons in agricultural soils. Also is
necessary to supply the microorganisms existing in
soil by bacterial inoculum.

The crude oil represented a mineralisable
carbon source, as demonstrated by the decrease of
TPH concentrations. The natural biodegradable
product enhanced TPH degradation by stimulating
microbial activity and growth via excretion of
readily degradable carbon.

The experiment will continue in Green
House to evidence the effectiveness of the
biodegradable product and bacterial inoculum.
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