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Abstract

In this study are presented in pot experimental variants regarding alternatives to improve the characteristics of soils
polluted with 74.12 + 3.50 g kg™ D.M. total petroleum hydrocarbon (TPH) in order to apply the phytoremediation
process using technical plants from the common flax (Linum usitatissimum). The harmful effects of TPH polluted
soils to plants was reduced by using fly ash from thermal plant as temporary adsorbent of non-polar pollutants,
petroleum products. The increase of water retention capacity of the soil was achieved by treatments with indigenous
volcanic tuff. The lack of nutrients, based on N and P in soils contaminated with TPH rich in C compounds are
completed using sewage sludge anaerobically stabilized. The use of appropriate amounts of fly ash and fertilizer
agents in the presence of volcanic tuff caused the formation of strong networks of roots and rich harvests of plants,
stems and seeds from the treated soil. The TPH reduction efficiency of TPH polluted soils treated with fly ash (TPH
soil: fly ash ratio 12:1 wt./wt.) and anaerobically stabilized sewage sludge respectively indigenous volcanic tuff
during one vegetative cycle of crops was in the range of 56.2-63.25%.

Keywords: fly ash, phytoremediation process, sewage sluge, total petroleum hydrocarbon.

1. Introduction pollution characteristics, etc. should be used [1-3].
The selection and use of plants adapted to the area
has the advantage that they can adapt and tolerate

Many studies on the phytoremediation of soils high concentrations of pollutants in the soil and is

contaminated with Total Petroleum Hydrocarbon actually the key to the success of the

(TPH) show conflicting results regarding the phytoremediation process [4-6]. Based on these

efficiencies and performance technologies to considerations many studies investigating the

reduce pollutants in soils using plant crops. But it effects of pollution with petroleum products on
has been shown that for the successful plant growth have been made. A major deficiency
implementation of this method, variants that take of soils contaminated with TPH is the large excess
into account the specific location of the polluted of carbon compounds detrimental to the nitrogen
sites: geographic position, hydrodynamic regime, compounds. Fertilization with organic fertilizers
can bring the polluted soils the nitrogen quantities
needed for both plant growth and the development
of microorganisms [7]. In these circumstances it
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was reported that the metabolic activity of
microorganisms and plants increased the
efficiency of reduction of petroleum products in a
soil sustaining an installed culture. The potential
of phytoremediation of some studied plants on
soils highly polluted with oil is also influenced by
both the composition of petroleum products on the
growth parameters of these plants as it is by the
type of soil treatment. It was reported that
additions were used: clean soil, peat, humus,
mixtures of clean soils and fresh manure in these
phytoremediation processes of soils contaminated
with TPH [8-9]. The results reported in studies on
phytoremediation of soils contaminated with 0.1-
5% (w/w) of crude oil using plants such as
sorghum, fescue, flax etc. show that flax showed a
high tolerance to pollutants present in soils
proposed for phytoremediation [8, 10]. The ability
of some plants like common flax and tall fescue to
grow in soils contaminated with crude oil,
demonstrated their phytoremediation potential
[10]. In the case of heavily polluted soils the TPH
removal process takes a long time even if the
selected plants show a high tolerance to this
pollutant. In case that after the end of the
vegetative cycle of the selected crop, residual soil
pollution still shows, it can be further cultivated
with plant species in order to continue the
metabolic processes of TPH elimination. [8, 11].
This study followed the advantages of a
phytoremediation process with industrial crops of
the species the common flax (Linum
usitatissimum) by monitoring: the amount of
biomass from stalks and seeds harvested from the
experimental variants of polluted soils fertilized
with sewage sludge anaerobically stabilized. In
addition, it was studied the reduction of the
quantities of petroleum in the contaminated and
cultivated soils compared to the amount of oil
from the polluted soil on which these plants were
not seeded.

2. Materials and methods

The experimental study is performed on polluted
soils. The initial soil was polluted with 80.52+3.90
g-kg™ DM of TPH, and was taken from an area
related to oil extraction activities or a park of oil
drilling probes. Soil pollution began with oil
extraction activities in the area. The area was
polluted because of accidental leaks, malfunctions
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etc. This soil was mixed with fly ash in a
proportion of polluted soil with TPH: fly ash ratio
12:1 wt./wt. resulting in a polluted soil P with a
content of 74.12+3.50 g-kg™ DM. The increase of
water retention capacity of soils contaminated
with TPH was achieved by using indigenous tuff
from the Mirsid quarry of 0.2-2.0 mm grain.
Polluted soil fertilization was performed with
anaerobically stabilized sewage sludge taken from
a municipal wastewater treatment plant.
Experimental variants of soil cultivated with flax
were: Polluted soil P mixed with fly ash and
fertilized with sewage sludge 0.5 kg per growth
vessel, BI-1; Polluted soil P mixed with fly ash
and fertilized with sewage sludge 0.25 kg per
vessel, BI-2; Polluted soil P mixed with fly ash
and fertilized with sewage sludge 0.05 kg/vessel,
BI-3; Polluted soil P mixed with fly ash and
fertilized with sewage sludge 0.05 kg per vessel
and an added indigenous tuff amendment of 0.05
kg per vessel, BI-4. The quantities of fertilizer and
amendment were thoroughly mixed with polluted
soil. The control version was the arable soil
cultivated with flax, M. Each experimental variant
contains three replicas. The plants used for
phytoremediation of soils heavily contaminated
with TPH were from the common flax (Linum
usitatissimum) species. In order to determine the
variation of TPH in soils, their concentration is
periodically determined, in the top layer of the
vegetation pot (2 cm depth). The soil is dried and
ground through a 5 mesh sieve. To determine the
TPH from the soils an analysis is performed
periodically of the concentration [8], in the upper
level: 1) 0.5-1.0 g of dry soil are weighed (M),
then add 59 Na,SO, anhydrous and 25ml solvent,
CCly4 (Fluka Analytical); 2) 30 minutes stirring at
50 rotations/min and then filtered; 3) the glass and
filter paper (Whatman No. 4 paper) are washed
with solvent CCl,, which is added to the filtrate;
4) the filtrate is evaporated on water bath; 5) the
residue is dissolved in CCly, then passed through
the chromatographic column filled with
aluminium oxide. The elute was collected in a
tarred capsule, m; [g]; 6) CCl, is evaporated at
room temperature and weighed at constant mass,
m; [g]; 7) the same is done for the control from 28
ml CCly (ms—mass of capsule without control
residue [g], ms—mass of capsule with control
residue [g]); 8). Calculating TPH:
TPH [g * kg™]=1000<[(M,—my)-(Ms—m;)] «M™*
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3. Results and discussion obtained in the experimental variant of unpolluted
agricultural soil. Decreasing the amount of
TPH harmful effects of polluted soils on plants fertilizer resulted in decreasing the amount of
was reduced by using fly ash from thermal plants harvested flax stems. The addition of indigenous
as a temporary adsorbent of non-polar pollutants tuff to the experimental variant that used the least
like petroleum products. Plants grow and bear amount of fertilizing agent determined an increase
fruit on all the experimental variants. The harvest in the amount of harvested stems of 12% vs. the
was conducted after 100 days of vegetation with quantity harvested from the variant untreated with
the conclusion of the vegetative cycle, seed volcanic tuff. The highest amount of flax seeds
ripening. Table 1 presents in percentages the was harvested from the experimental version
amounts of plant aerial parts (industrial strains) fertilized with an average amount of fertilizing
harvested from experimental variants of THP agent. The quantity of harvested flax seeds was
polluted soils treated with fly ash and fertilizer 47.7% vs. the amounts of flax seeds harvested
compared to the control variant, the harvest from from the experimental variant of unpolluted
an unpolluted agricultural soil. The amount of agricultural soil. Increasing the amount of
harvested flax stems in the BI-1 experimental fertilizer did not determine an increased harvested
variant fertilized with the highest amount of amount.
fertilizer was 58.8% vs. the amounts of stems

Table 1. The quantities of common flax harvested stems and seed from the experimental versions of treated,
TPH polluted soils compared to the quantities harvested from the control, unpolluted version
Quantities of common flax aerial plant parts harvested from experimental variants,

Experimental

No. . polluted untreated / treated vs. control sample [%]
variants
Stems Seeds
1 BI-1 58.6 34.6
2 BI-2 46.9 47.7
3 BI-3 33.7 20.0
4 BI-4 45.9 29.8

The addition of volcanic tuff to the variant that 2. It is seen from Table 2 that the common flax
used the least amount of fertilizing agent roots have grown where we used the highest
determined an increase in the quantity of amount of sludge. In this case an amount of
harvested seeds up to 10 % vs. the same variant in 8.89-kg? was collected, which is 69.3 % of
the absence of volcanic tuff. The quantities of unpolluted soil roots formed on the control
plant roots of common flax in the experimental variant. The lowest amount of roots was obtained
variants using THP polluted soils and treated with from the variant fertilized with the least amount of
fertilizers and amendments, volcanic tuff and/or sludge. In this case the amount of roots represents
ash compared with quantities of roots from the only 48.1 % of the amount formed on the control
unpolluted control version are presented in Table version.

Table 2. The amounts of common flax roots resulting from experimental variants unpolluted
and THP polluted, untreated/treated
Experimental ~ The quantities of harvested common flax roots from the studied experimental variants

No. variants g-kg”’ DM % vs. control
1 BI-1 8.80 63.9
2 BI-2 6.55 51.9
3 BI-3 6.11 48.1
4 Bl-4 9.75 78.0

Addition of tuff to this latest variant caused a 30 amount of fertilizer caused the formation of a
% increase to the amount of formed roots dense and rich network of roots and therefore a
compared to the amount formed on the variant large amount of strains. However the highest
untreated with tuff. In conclusion, the largest amount of seeds was obtained from the variant
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that has a less-developed network of roots and
strains. This case corresponds to the case where
the overall quantity of fertilizer used was reduced
by 50% compared to the amount where plants had
the best development in the experiment.
Analyzing the content of TPH from a 0-30cm soil
layer showed that TPH content was considerably
reduced compared to pollute soils as shown in
Figure 1. It is observed from the figure that in the
early stages of plant development i.e. 40 days
from the formation of the vegetation cover, the
reduction efficiencies of TPH in the soil were
located in all the studied cases between 25.1-

31.1%. At the end of the vegetative cycle, TPH
reduction efficiencies were in the range of 56.2-
63.25%. On these soils containing residual TPH is
necessary to cultivate a plant species more
sensitive to heavy soil pollution such as
herbaceous plants. The residual TPH content in
the soil after plant harvesting is of 27.0-32.5 g-kg
! D.M. To obtain normal, unpolluted soils a new
phase of phytoremediation is required. The next
stage of phytoremediation can be achieved by
growing a plant species susceptible to heavy TPH
soil pollution such as grasses.
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Figure 1. The efficiency for reducing oil content from polluted soils cultivated with flax,
compared to the initial concentration

4. Conclusions

Soils contaminated with 74.12+3.50 g-kg™* DM oil
products can be phytoremediated in a first stage
with plants tolerant to high levels of pollution,
such as flax. TPH harmful effects of pollutants on
plants grown on polluted soils was reduced by
using fly ash from thermal stations as a temporary
adsorbent of polar pollutants like petroleum
products. (TPH polluted soil: fly ash ratio 12:1
wt./wt.). Soils contaminated with TPH compounds
are rich in C, but with a high deficiency of
nutrients based on N and P. The lack of these
nutrients is solved by using urban sludge,
anaerobically stabilized. The increase of water
retention capacity of soils contaminated with
predominantly non-polar petroleum products was
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done with the use of indigenous volcanic tuff. The
use of appropriate amounts of fly ash and fertilizer
agents in the absence/presence of volcanic tuff
caused the formation of strong networks of roots
and rich harvests of common flax (Linum
usitatissimum), stems and seeds from the treated
soils. The TPH reduction efficiency of soils
treated with fly ash during one vegetative cycle of
flax crop was in the range of 56.20-63.25%.
Residual TPH content in the soil after the plant
harvest is of 27.0-32.5 g-kg™ DM. In a first stage
of  phytoremediation, alterations to the
characteristics of soils were made and their
preparation for a subsequent stage of cultivation of
plants that complete restoration was achieved. The
next stage of phytoremediation can be achieved by
cultivating plant species more sensitive to heavy
TPH pollution such as herbaceous plants.
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