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Abstract: A field experiment for bioremediation of
a crude oil polluted soil was limited on a Stagnic
Vertic Luvosols to the Albota - Arges County. The
bioremediation in situ experiment included
agronomical and microbiological techniques. For
this has been set a controlled pollution of soil from
the experimental site, up to 5% volume of crude oil
in the volume of soil, on the 20 cm depth.
Experimental factors were: treating the crude oil-
polluted soil with limestone amendments to reduce
the acidity level (6 t/ha CaCOs); deep scarification
of soil up to a 40 cm depth in order to improve the
regime of ear and water circulation in soil; organic
fertilization with 150, and 300 tons/ha of stable
manure fermented, chemical fertilization with NPK
and, soil inoculation with selected micro
organisms. The results presented further relates the
importance of mineral fertilization with different
doses of NPK ratio on the decontamination of
crude oil polluted soil, exclusively referring to
variants in which the only measure applied to soil
was mineral fertilization with doses up to 200 kg
N/ha, 200 kg P/ha and 100 kg K/ha. The
experimental data show that for this type of sail,
heavily polluted with crude-oil, application of
mineral fertilizers with NPK is a prerequisite for
initiating the processes of degradation and
biodegradation of petroleum hydrocarbons.
Optimal doses of mineral fertilizers established in
the experiment, this supported by the
disappearance of pollutants in soil and production
results obtained, are 200 kg / ha nitrogen, 100 kg /
ha phosphorus and 100 kg / ha potassium.

Rezumat: Pe un luvosol stagnic vertic poluat cu
titei de la Albota, Arges, a fost organizat un
experiment de bioremediere in situ care a inclus
atat tehnici agronomice, cat si microbiologice. A
fost aplicata o poluare controlata a solului cu
concentratia de 5% titei din volumul de so pe
adancimea de 20cm. Factorii experimentali au
fost: amendarea solului cu 6 t/ha CaCO; pentru
reducerea nivelului aciditatii, scarificarea pana la
adancimea de 40 cm in vederea imbundtatirii
regimului circulagiei apei si aerului Tn sol,
fertilizarea organica cu 150 si 300 t/ha gunoi de
grajd, fertilizarea minerald cu NPK si inocularea
cu  microorganisme  selectionate.  Rezultatele
prezintd importanta fertilizarii cu diferite doze de
NPK in decontaminarea solului poluat cu titei,
lucrarea referindu-se exclusiv la variantele
experimentale in care singura masurd aplicatd
solului a fost fertilizarea cu N si P in doze de pana
la 200 kg/ha, si cu 100 kg/ha K. Datele
experimentale au ardtat ca n cazul unui sol
puternic poluat cu fitei, fertilizarea minerald cu
NPK este o conditie absolut obligatorie pentru
initierea proceselor de degradare si biodegradare
a hidrocarburilor petroliere. Dozele optime de de
fertilizanti minerali stabilite prin acest experiment,
sustinute de rata disparifiei poluantului in sol si
rezultatele de productie obfinute sunt: 200 kg/ha
azot, 100 kg/ha fosfor si 100 kg/ha potasiu.
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INTRODUCTION

Pollution by crude-oil radically changes soil properties, both the physical, chemical
and biological ones. It forms an impermeable film on the surface of the soil, preventing water
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movement in soil and the exchange of gases between soil and atmaosphere, producing asphyxia
of the roots, and increasing the reducing processes. As the soil becomes more anaerobic, the
number and metabolic activity of bacteria decreasing, with all the consequences arising out of
conduct of the circuit elements biogeochemical mediated by them (DART and STRETTON, 1980;
STUCKI G. & ALEXANDER M., 1987; Sims et al., 1990). Crude oil is being very rich in organic
carbon (98% oil), is increasing the C/N in the soil, that adversely affecting the microbiological
activity and plant nitrogen nutrition (HALE et al., 2001; KAUFMANN, K., et al., 2002).

Eliminating the effects of pollution and restoring the original ecosystem to implement
the concept of sustainable development, which in soil science is optimizing the generating
functions of soil fertility.

Technologies for soil decontamination, consisting primarily in the chemical and
physical treatments carried out in order to promote and accelerate the biodegradative processes
of petroleum waste discharged. They should include all the works necessary to ensure
conditions favourable to intensive development of those populations of micro organisms from
soil, with abilities in the metabolic degradation of petroleum hydrocarbons. Deep aeration of
soil is needed for micro organisms (predominantly aerobic) be adequately supplied with
oxygen and appropriate fertilization with organic and mineral fertilizers, especially nitrogen,
because the microbial metabolism can be consumed and disposed excessive reserves of sail
carbon derived from hydrocarbons of crude oil.

Moreover, the issue of restoration of land with soils polluted by organic compounds
from crude oil can be successfully solved only by detailed study of mechanisms of loss of
fertility, the quantitative characteristics of one or other of the changes that happen in the
conduct of soil processes.

Microorganisms able to degrade xenobiotic substances are present in general in these
polluted environments, but natural biodegradation rate is very low. Therefore, it have been
developed various bioremediation technologies that are involving: a good knowledge of ways
to optimize the biodegradation, behaviour and effects of chemicals into the soil on the
ecosystem and selection of microorganisms with superior degradation abilities (BLUESTONE,
1986; ZITRIDIS, 1990; VERSTRAETE W. & Top E.M., 1999; MEGHARAJ M. et al., 2000;
VolicuLEscU A-R. et al., 2001).

The most important way to optimize the biodegradation consist in ensuring the
environmental conditions favoured the growth and multiplication of microorganisms involved
in biodegradation, namely: adequate levels of nitrogen, phosphorus, potassium, calcium,
magnesium, sulphur and microelements: copper, zinc, molybdenum, cobalt, iron, manganese,
and moisture, and more an optimum reaction and temperature (DALYAN et al., 1990; HARDER
and HOPNER, 1991; FOGHT et al., 1990; WALWORTH et al., 1995; WURDEMANN et al., 1990;
JANA, T.K. et al., 2000). All these parameters exert a direct influence on the growth rate, on the
number and physiological activity of microorganisms’ populations, and their optimization is
the main mechanism for stimulating xenobiotic polluting substances biodegradation.

Thus, there are two basic technologies approached in bioremediation: first, called
ecological, it is based on activation of degradative microflora existing in soil (most often
through the addition of nutrients) and the second, the inoculation with microorganisms
selected in the laboratory because their increased degradation capacity, the option for each of
them being made according to the results of the analysis performed.

If degradative microflora is present in adequate quantities, ecological method is
preferred. On the other hand, if degradative microflora is absent or cannot be stimulated, the
inoculation it is recommended (VANDEPITTE et al., 1995; VAN VEEN et al., 1997).

Option for any of the two bioremediation strategies must be preceded by
microbiological, chemical and physical analysis, according to the results which polluted soil
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should be amended to achieve optimum conditions for microflora involved in degradation.

All the efforts of science in recent years have shown that bioremediation is a method
of soil decontamination more efficient and cheaper as compared to known physical and
chemical methods.

The following presents the effect of mineral fertilization with NPK on the
bioremediation of a Stagnig Vertic Luvosols polluted with crude-oil.

MATHERIAL AND METHODS

For testing the in situ bioremediation of an oil-polluted stagnic vertic luvosols, a field
experience which included agrotechnics measures and microbiological inoculation with
selected microorganisms from autochthonous microflora, was carried out at the Albota
territory, Arges County. For this purpose, the soil of experimental site was polluted with crude-
oil, up to 5% concentration by volume of oil in the soil, to a depth of 20 cm.

Considering that the soil layer between 0-20 c¢cm is sufficient for the development of
plant roots and at the same time represents the layer with the highest fertility in the soil specific
testing. Meanwhile, the thickness of soil unaffected by pollution up to the horizon Btyw
(specific for the type of soil that has been experimenting) is sufficient to observe the migration
and percolation of the crude-oil in deep soil. The experience was developed on three years time
period, between 2000 and 2002.

The results presented in this paper refer to the importance of mineral fertilization with
different doses of NPK on the decontamination rate of crude oil polluted soil. Analysis refers
only to experimental treatments in which mineral fertilization with doses of up to 200 kg N /
ha, 200 kg P / ha and 100 kg K / ha, as follows: V1=N¢PoKo, V2=N;o0P100K100,
V3=N,00P100K100, V4 = NagoP200Kigo, Was the only technologic measure applied to polluted soil.

RESULTS AND DISCUSSIONS

Organic carbon content distribution

The organic carbon content distribution in different variants of mineral fertilization
applied to crude oil-polluted stagnic vertic luvosols, at the beginning and the end of
bioremediation experience, illustrated in Figures 1 and 2 reveal a close relationship between
the total concentration of petroleum residues and the organic carbon content.

Data presented in Figure 1 represents the values determined at 6 months from the
pollution of soail, in the first experimental year autumn. After six months since the pollution
occurred, the degradation processes of crude oil are ongoing, but the rate is obviously different
depending on the dose of mineral fertilizers applied.

The lowest rate of oil degradation is evident in the unfertilized treatment, where the
total petroleum hydrocarbons concentration is 2.32%. These represent the hard degradable oil
fraction that is still present after volatilization and decomposition of volatile hydrocarbons and
those with few carbon atoms and the low degree of ramification chains. In treatments in which
NPK mineral fertilizers have been applied levels of total petroleum hydrocarbons decreased by
22%, 60% and 30% as compared with unfertilized treatment. The most pronounced
degradation of crude oil occurred in the NgP100K10g treatment.

In the third experimental year, although the organic carbon content varies between
variants can clearly see the curve of crude oil degradation, with the highest rates in the mineral
fertilized variants N2goP100K100 and NagoP200Ki00. One aspect worth to be noted is that the higher
dose of phosphorus does not increase to take into account the rate of degradation of crude oil,
the difference being only 0.03% (figure 2).
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Figure 1. Distribution of organic carbon content relative to the total petroleum hydrocarbons
concentration-Irst experimental year
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Figure 2. Distribution of organic carbon content relative to the total petroleum hydrocarbons
concentration -111" experimental year

Total nitrogen content distribution

Six months after the soil pollution, the distribution of total nitrogen content is very
similar to that of total carbon (Figure 3). Thus, in the first experimental year autumn, among
the mineral fertilized variants, the highest nitrogen content, 0.317%, value placed on high-class
content, was determined in variant with minimum doses of nitrogen and phosphorus
(N100P 100K 100).

Increasing the nitrogen dose at 200 kg/ha resulted, paradoxically at first sight, the
decrease in total nitrogen content in soil. In reality, this is a high recovery of nitrogen applied
by microorganisms involved in biodegradation of petroleum hydrocarbons and the corn plants,
means of production values obtained in these variants.
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Figure 3. The content of total nitrogen and total petroleum hydrocarbons in different mineral fertilization

treatments - 1™ experimental year
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Figure 4. The content of total nitrogen and total petroleum hydrocarbons in different mineral fertilization
treatments 111" experimental year

At the end of experience, in the third year autumn, the total nitrogen content of soil
were uniform in mineral fertilized variants and the variation range was 0238-0255% (Figure 4).
In all fertilized variants total nitrogen content values were higher than in unfertilized ones
(0213%). All values obtained are placed in middle-class content

CIN ratio

At 6 months of soil pollution, in unfertilized, control variant, the ratio C / N ratio still
remains at a high level, 20 respectively (Figure 5). Other values indicate that mineral balance is
restored quickly in the variant fertilized with NgP100K100. At the end of the experience the C /
N ratio is reduced in proportion to the decrease in petroleum hydrocarbon concentrations, to
values close to normal (Figure 6).
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Figure 5. C / N ratio in the soil polluted with crude oil in different mineral fertilization treatments-
I experimental year
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Figure 6. C / N ratio in the soil polluted with crude oil in different mineral fertilization treatments
111" experimental year

Mobile phosphorus content distribution

In the first experimental year, the mobile phosphorus content (Figures 7) show the
same trend values as those obtained in the case of nitrogen, the highest (Pa. = 54mg/kg) was
obtained in a NjpoP100Kigo treatment, about 2, 45 times higher than in unfertilized ones (22
mg/kg). In control treatment the mobile phosphorus is in the lower limit of middle class content
and the maximum value of the N1oP100K100 treatment, already mobile phosphorus in high class
content. In variants with NypoP100Ki00 and NagoP200Ki00 Soluble phosphorus values are
somewhat low and close in size (41 and 43 mg/kg) also placed in high-class content.

As for nitrogen, low phosphorus content in the mobile versions in which the dose of
fertilizer applied was higher, to reflect better recovery by microorganisms and plants,
supported by oil degradation efficiency and production data obtained. At the end of the
experience most accumulation of soluble phosphorus in soil was in the variant with
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N2ooP100K100 (42 mg/kg), followed by the variant NgoP200Kigo (35 mg/kg) both placed in high -
class content (figure 8).
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Figure 7. The content of mobile phosphorous and total petroleum hydrocarbons in different mineral
fertilization treatments "™ experimental year
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Figure 8. The content of mobile phosphorous and total petroleum hydrocarbons in different mineral
fertilization treatments 111" experimental year

Mobile potassium content distribution

The content of mobile potassium (Figures 9 and 10) is precisely that of mobile
phosphorus, both in the first experimental year and the end experience. As to phosphorus, the
highest value of the first experimental year was obtained in a NipP100K100 treatment (128
mg/kg) and the lowest, even lower than in unfertilized soil, in NygP100K100 (64 mg/kg).

In the third experimental year soil accumulates the highest amount of mobile
potassium in NagoP100K100 treatment (168 mg/kg) followed closely by NagoP2goKiog Variant (146
mag/kg).

In the unfertilized variant, mobile potassium content is low at both the beginning and
the end experience. At the end experience, in variants with NagoP100K100 and with NagoP200K100
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the mobile potassium content is classified as middle-class content.
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Figure 9. The content of mobile potassium and total petroleum hydrocarbons in different mineral
fertilization treatments-1"" experimental year
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Figure 10. The content of mobile potassium and total petroleum hydrocarbons in different mineral
fertilization treatments-111" experimental year

Maize production results

Results of production (kg / ha grain) presented in Figures 11 and 12 shows obtaining
maize production significantly greater in the variant mineral fertilized with NP 100K100, Since
from the first experimental year.

This aspect is closely correlated with the largest decrease in the total petroleum
hydrocarbons. The significance is that this variant of fertilization offers the most favourable
conditions to the development of bacteria with abilities in petroleum hydrocarbon degradation.
These naturally colonizing any soil, and application of mineral fertilizers with nitrogen in the
200 kg / ha dose, restores mineral balance of the soil, which stimulates growth and activity of
microorganisms, reducing the period of acclimatization and adaptation to their new
environment affected by pollution.
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Figure 11. Maize yield (t/ha grain) in the soil polluted with crude oil in different mineral fertilization

treatments - I experimental year
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Figure 12. Maize yield (t/ha grain) in the soil polluted with crude oil in different mineral fertilization
treatments [11" experimental year

Grain vyield results obtained at the end of the experience shows values very close
between the variants fertilized with NPK, and significantly higher as compared with untreated
ones. Also, we could see a clear correlation between concentrations of petroleum hydrocarbons
in soil and crops (fig. 13).

Ancther outstanding at the end of the experiment is that increasing the dose of
phosphorus applied at 200 kg / ha, has not generated the growth of grain production. It also has
not brought about any increase efficiency of soil decontamination, which would be reflected in
a further decrease of the total petroleum hydrocarbons content.

At the global level of production can be found a very significant increase, from 2.003 t
/ ha maize grain harvested in the first year to 5.628 t / ha in the third experimental year.

All this shows that for decontamination of a strongly oil-polluted stagnic vertic
luvosols, application of NPK mineral fertilizers is an absolutely necessary condition for
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initiating the processes of degradation and biodegradation of petroleum hydrocarbons.

Optimal doses of mineral fertilizers established in this experiment, supported by the
disappearance of the pollutant from the soil and the production obtained are: 200 kg / ha
nitrogen, 100 kg / ha phosphorus and 100 kg / ha potassium.

It is important to noted high degree of statistical assurance of results (table 1).
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Figure 13. Relations between the production of maize and the total petroleum hydrocarbons
in the first year of experimentation (m) and second (¢)
Table 1.
The semnification of the results obtained in a bioremediation experiment of a stagnic vertic luvosols
polluted with crude oil according with Fisher, Student and Tukey tests (ANOVA model)

. . Student test Tukey test
Variable Fisher test DL 5% DL 5%
Corg. % ** 0.05 0.068

Nt % ** 0.003 0.004

CIN ** 1.224 1.653

PaL (mg/kg) el 2.370 3.202
KaL (mg/kg) *x 5.949 8.036
TPH % ** 0.014 0.019
Grain yield (t/ha) el 0.493 0.666

CONCLUSIONS

Application of NPK mineral fertilizers in doses NigoP100K100; N20oP100K100 and
N2ooP200K100 0N a stagnic vertic luvosols strongly polluted with crude oil contributed to
decrease of the total of petroleum hydrocarbons content by 22%, 60% and 30%.

Maximum dose of nitrogen applied (200 kg/ha) on a moderate soil assurance found
with phosphorus and potassium, provides a favourable environment for development of
bacteria with abilities in the crude oil biodegradation.

At the end of the experiment, between the contents of main macro-elements of soil (N,
P, K) and concentrations of petroleum hydrocarbons an inverse proportionality relationship has
been recorded.

Maximum dose of nitrogen associated with moderate doses of phosphorus and
potassium, has contributed to significant reducing of the petroleum hydrocarbons content, and
has increased, also significant, the production of maize.

Mineral NPK fertilizers have contributed to initiate processes of degradation and
biodegradation of petroleum hydrocarbons in investigated stagnic wvertic luvosols heavily
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polluted with crude-oil.
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