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Potential of Sunflower (Helianthus annuus L.) for

Phytoremediation of Soils Contaminated with Heavy
Metals
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Abstract—A field study was conducted to evaluate the efficacy
of the sunflower (Helianthus annuus L.) for phytoremediation of
contaminated soils. The experiment was performed on an agricultural
field contaminated by the Non-Ferrous-Metal Works near Plovdiv,
Bulgaria. Field experiments with a randomized, complete block
design with five treatments (control, compost amendments added at
20 and 40 t/daa, and vemicompost amendments added at 20 and 40
t/daa) were carried out. The accumulation of heavy metals in the
sunflower plant and the quality of the sunflower oil (heavy metals
and fatty acid composition) were determined. The tested organic
amendments significantly influenced the uptake of Pb, Zn and Cd by
the sunflower plant. The incorporation of 40 t/decare of compost and
20 t/decare of vermicompost to the soil led to an increase in the
ability of the sunflower to take up and accumulate Cd, Pb and Zn.
Sunflower can be subjected to the accumulators of Pb, Zn and Cd and
can be successfully used for phytoremediation of contaminated soils
with heavy metals. The 40 t/daa compost treatment led to a decrease
in heavy metal content in sunflower oil to below the regulated limits.
Oil content and fatty acids composition were affected by compost and
vermicompost amendment treatments. Adding compost and
vermicompost increased the oil content in the seeds. Adding organic
amendments increased the content of stearic, palmitoleic and oleic
acids, and reduced the content of palmitic and gadoleic acids in
sunflower oil. The possibility of further industrial processing of seeds
to oil and use of the obtained oil will make sunflowers economically
interesting crops for farmers of phytoremediation technology.
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1. INTRODUCTION

EAVY metal contamination of agricultural soils is a

worldwide problem. A number of technologies have been
employed for the removal of metals, such as fixation, soil
excavation, leaching, and landfill of the top contaminated soil
ex situ. However, many of these techniques have high
maintenance costs and can result in secondary pollution [1] or
adverse effect on biological activities, soil structure, and
fertility [2]. Phytoremediation is an emerging technology,
which should be considered for remediation of contaminated
sites because of its cost effectiveness, aesthetic advantages and
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long term applicability [3], [4]. This technology can be
defined as the efficient use of plants to remove, detoxify or
immobilize environmental contaminants in soils, waters or
sediments through the natural, biological, chemical or physical
activities and processes of the plants [S], [6]. It is most
applicable in sites that have shallow contamination of organic,
nutrient or metal pollutants [7], [8]. This plant-based
technique is essentially an agronomic approach and its success
depends ultimately on agronomic practices applied at the site.
Addition of organic matter amendments, such as compost,
fertilizers and wastes, is a common practice for
immobilization of heavy metals and soil amelioration of
contaminated soils [9]. Organic amendments have the ability
to improve the physical, chemical and biological properties of
soil by: (i) raising the pH; (ii) increasing the content of organic
matter; (iii) adding nutrients that are essential for plant
growth; (iv) increasing the capacity for holding water; and (v)
modifying the bioavailability of heavy metals [10]-[12].

The wuse of crop plants for phytoremediation of
contaminated soils has the advantages of their high biomass
production and adaptive capacity to variable environments
[13]. The ideal plant for phytoextraction of metals from
contaminated soils must have certain characteristics,
including: (i) tolerance to high concentrations of metals; (ii)
short growing season and efficient accumulation of metals in
the biomass; (iii) concentration of metals in above-ground
parts of the plants; and (iv) easy to harvest [14], [15]. In
addition to the removal of metals, phytoextraction will be
economically more profitable if the plants can produce
biomass with added value [16]. For example, energy crops
such as oilseed plants, fiber plants and aromatic plants can be
used to produce these valuable products [14]. There has been a
growing interest in recent years [17]-[19] in the sunflower
(Helianthus annuus L.) as a crop suitable for phytoremediation
of organic compounds and heavy metals [20]. The sunflower’s
capacity to absorb heavy metals has been examined in field,
container and hydroponic studies with various levels of
pollution. It has been reported that sunflower accumulates
large amounts of metals (Zn, Pb, Cu) [18], [21]-[24]. Results
are often contradictory with regards to the capacity of the
plant to move and accumulate metals. According to most
authors, heavy metals are mainly accumulated in the roots of
the sunflower, with little movement from the roots to the
above-ground mass [18], [21]-[22]. Other authors have
reported that some of the metals effectively move from the
root to the above-ground parts [23], [25]. Most authors
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observe that the accumulation of metals and their distribution
in plants depends on the type of plant, plant organs, the
phenological stage, the degree of contamination and the
combination of metals in the soil [19], [21], [26]. According to
[26], in the cultivation of sunflower on soils contaminated
with cadmium (Cd) and on soils with combined pollution (Cd
plus Zn and Cu), significant impacts are observed on plant
growth and physiological response only in variants polluted
with more metals, with significant accumulation of metals in
the tissues and especially in the roots and in the old leaves.

Reference [19] evaluated the potential use of sunflower
plants for phytoremediation and reported that sunflower can
be used for the phytoextraction of metal-contaminated soils. In
contrast, according to [21] the potential of sunflower for
phytoextraction is very low. Cited results suggest that
sunflower may be suitable for remediation of soils polluted
with heavy metals and radionuclides. It is therefore necessary
to conduct additional studies in growing sunflower on soils
with high concentrations of metals, in order to determine its
potential for remediation of contaminated soil.

The aim of this experiment was to compare the effect of
organic soil amendments (compost and vermicompost) applied
to the soil with regards to the accumulation of heavy metals by
the sunflower (Helianthus annuus L.), as well as to assess the
possibility of using the plant for phytoremediation of heavy
metal contaminated soils.

II. MATERIAL AND METHODS

The experiment was conducted on an agricultural field
exposed to contamination from the Non-Ferrous-Metal Works
near Plovdiv, Bulgaria. The field experiment was a
randomized, complete block design that consisted of five
treatments and four replications (20 plots). The treatments
were comprised of a control (without anno organic
amendments), compost amendments (added at 20 t/daa and 40
t/daa), and vemicompost amendments (added at 20 t/daa and
40 t/daa). The plot size was 24 m? (3 m x 8 m). The soil was
excavated from each plot and combined and mixed with
amendments 6 weeks before sunflower planting.

The characteristics of soils and organic amendments are
shown in Table 1. The soil is characterized by acid reaction
(pH 5.8), loamy texture and a moderate content of organic
carbon (2.2%). The total content of Zn, Pb and Cd is high
(1430.7 mg/kg Zn, 876.5 mg/kg Pb and 31.4 mgkg Cd,
respectively) and exceeds the maximum permissible
concentrations (200 mg/kg Zn, 70 mg/kg Pb, 1.5 mg/kg Cd).

The test plant was sunflower (Helianthus annuus L). Tt was
selected because it is known that sunflower is a fast-growing
deep-rooted industrial oil crop [27]-[28] with high biomass
production [29] that can remove heavy metals such as zinc or
copper from contaminated environment [19].

Sunflower seeds were sown in rows in each plot, with the
seeding holes in each row separated by a distance of 20 cm,
and adjacent rows separated by a distance of 70 cm. Each hole
was 7 cm deep, containing 3 seeds. After sunflower had grown
for 15 days, the sunflower was thinned to one plant per hole.
Upon reaching commercial ripeness, the sunflower plants

were gathered. Five plants per treatment (control, 20 t/daa
compost, 40 t/daa compost, 20 t/daa vermicompost and 40
t/daa vermicompost) were chosen at random for analysis.
Roots were excavated and separated from the adhering soil by
washing. Shoots were divided into stems, leaves and
sunflower heads. The samples were packed into plastic bags
and immediately transported into the laboratory. At the
laboratory they were washed with water, cut into pieces, and
then oven-dried for 78 hours at 60 °C. The oil from the
sunflower was derived under laboratory conditions through an
extraction method with Socksle’s apparatus. The contents of
heavy metals (Pb, Zn and Cd) in the plant material (roots,
stems, leaves and seeds) and in the oils of sunflower were
determined by the method of the microwave mineralization.

TABLE 1
CHARACTERIZATION OF THE SOIL AND THE ORGANIC AMENDMENTS USED IN
THE EXPERIMENT

Parameter Soil Compost Vermicompost
pH 5.8 6.9 7.5
EC, dS/m 0.2 0.2 2.2
Organic C, % 22 40.50 21.43
N Kjeldal, % 0.24 222 1.57
C/N 9.25 18.24 13.65
Pseudo-total P, mg/kg 642 12653.9 10210.8
Pseudo-total K, mg/kg 5517.5 6081.7 10495.1
Pseudo-total Pb, mg/kg 876.5 12.02 32.25
Pseudo-total Zn, mg/kg 1430.7 170.77 270.3
Pseudo-total Cd, mg/kg 314 0.192 0.686

MPC (pH <6.0) — Pb -60 mg/kg, Cd-1.5 mg.kg, Zn-200 mg/kg

The total content of heavy metals in the soils was
determined in accordance with [30]. The mobile heavy metals
contents were extracted by a solution of AB-DTPA (1 M
NH4HCOs3 and 0.005 M DTPA, pH 7.8) [31].

III. RESULTS AND DISCUSSION

A. Accumulation of Heavy Metals in Sunflower Plant

The accumulation and distribution of heavy metals in plants
is specific for metals and depends on the concentration of the
metal and their combination in the growth medium [32]. For
the sunflower, reports on the accumulation of metals and
distribution of the plant are mixed and are influenced by
endogenous (e.g. genotype, phenological stages) [19], [21],
[33] and exogenous [34] factors.

The distribution of heavy metals in the organs of the
sunflower has a selective character that is specific for each
individual element. The main part of Pb is accumulated in the
leaves (59%) and a very small amount is contained in the
seeds (1%). Similar results were obtained for Zn and Cd,
whose main proportions are accumulated in the leaves (47 and
79%, respectively). Seeds contain only 2% of the total utilized
Cd from sunflowers. The content of Zn is significantly higher
in the seeds - 7% of the total absorbed Zn (Fig. 1). Similar
results were obtained by Fassler et al. [13], suggesting that in
the sunflower Cd, Zn, Mn, Cu and Fe move effectively in the
above-ground parts and are preferentially accumulated in the
leaves.
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Fig. 2 Effect of organic amendments (compost and vermicompost) on the content of Pb, Cd and Zn (mg/kg) in the sunflower seeds

The distribution of Pb in the organs of the plants of all
variants with the addition of compost and vermicompost
follows the same relation that is observed in the control
sample (Fig. 1). The highest content of Pb was found in the
leaves, followed by the roots, stems and seeds. These results
are contrary to the results obtained by [35], who found that in
the above-ground parts of the plants the accumulation of
heavy metals is lower as compared with the roots.

B. Content of Heavy Metals in Sunflower Seeds

The amount of heavy metals present in the seeds is
significantly lower than that in the root system and the above-
ground mass of the plants, indicating that their movement in
the conduction system is severely limited. Our results do not
support the findings by [36], which suggest that the highest
content of Zn is in the seeds of the sunflower. Zn content in
the seeds reaches up to 116.5 mg/kg (Fig. 2) and is much
lower than the maximum amount that is toxic levels for
animals (e.g. 1000 pg/kg for chickens, according to [4].
Similar results were obtained from [21], according to which
the seeds of sunflower accumulate an average of 112 mg/kg of
zinc.

The content of Cd in the seeds reaches 7.5 mg/kg and is
significantly higher than the toxic levels for animals (500
ng/kg) [37] and reference values for food (1000 pg/kg) [38].

Our results are consistent with those obtained from [39]
which found that the seeds of sunflower accumulate Cd. The
results of [21] are not confirmed, as they found that the Cd
content in sunflower seeds from contaminated areas is very
low and ranges from 310 to 1340 pg/kg [40].

The content of Pb in the seeds of the sunflower reaches up
to 6.3 mg/kg (only 1% of Pb absorbed by the sunflower) and is
considerably lower than the maximum quantity that can have
negative impacts on animals (30 mg/kg) [37], but exceeds the
threshold value (3 mg/kg) accepted as safe for human
consumption by more than double [38]. Given that only the
seeds are part of the plant that is used for food, there is a risk
of toxicity of Pb by the sunflower in its cultivation in
contaminated soils.

Data published in literature on the heavy metal content in
the seeds of the sunflower are often contradictory. [19] finds
that sunflower accumulates relatively small quantities of
heavy metals in the sunflower seeds. Similar results are
obtained by [21], according to which the Pb content in
sunflower seeds is low and reaches up to 219 pg/kg.
According to [41], however, significant amounts of Cu, Zn, Pb
and Cd are accumulated in the regenerative organs of the
sunflower when it is cultivation on soils contaminated by
heavy metals. Similar results were obtained from [36],
suggesting that the highest is the content of Cu and Zn in the
seeds of the sunflower when it is irrigated with wastewater.

The influence of organic amendments on the accumulation
of Pb in the seeds essentially depends on their quantity.
Increasing the content of heavy metals in the seeds compared
to the control sample is strongly expressed, and in the variant
with compost the Pb content increases from 6.3 mg/kg to 20.3
mg/kg when 20 t/decare of compost is incorporated, and up to
11.7 mg/kg when 40 t/decare of compost is incorporated.
Similar results were obtained for Pb following the
incorporation of vermicompost, where the content increased to
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14.8 mg/kg after the incorporation of 40 t/decare of
vermicompost (Fig. 2).

Increasing the Cd content in the seeds relative to the control
sample is evident in the incorporation of vermicompost (up to
12.2 mg/kg - 12.8 mg/kg), as no significant influence is
observed in the amount of incorporated amendments. The
influence of compost on Cd content is not unidirectional.
Reducing the Cd content in seeds relative to the control
sample is observed only in the version with the incorporation
of 40 t/decare of compost (up to 6.6 mg/kg).

The incorporation of vermicompost leads to an increase in
Zn content in the seeds, up to 133.8 mg/kg - 137.5 mg/kg. A
reduction of Zn content in the seeds relative to the control
sample was observed only in the variant with the incorporation
of 40 t/decare of compost (up to 113.9 mg/kg).

C.Phytoremediation Potential of Sunflower

Tables II-IV present the results for bioconcentration (BCF),
translocation (TF) and enrichment (BAC, EF) factors,
calculated for sunflowers from the control sample and the
variants after the incorporation of the organic amendments.
BCF values with respect to Pb are <l indicating that the
concentration of the element does not exceed its content in the
soil. In Cd and Zn, these values are greater than 1. There are
significant differences between the values obtained for the
control sample and the variants treated with organic
amendments. The incorporation of amendment leads to a
significant decrease in the values of BCF (Table II). The
values of TF show the amount of movement of the metals
absorbed from the root system to the above-ground part of the
plant. In general, TF does not exhibit the same pattern as BCF.
The incorporation of compost and vermicompost leads to an
increased translocation factor, which indicates an enhanced
ability of plants to bioaccumulate heavy metals compared to
the control sample (Table III).

TABLE II
BIOCONCENTRANTION FACTOR (BCF)

(Table IV). The incorporation of 40 t/decare of compost and
20 t/decare of vermicompost leads to a substantial increase in
these values.

TABLE III
TRANSLOCATION FACTOR (TF)
Compost Vermicompost
Element Control
20 t/daa 40 t/daa 20 t/daa 40 t/daa
Pb 2.04 1.38 5.55 5.86 321
Cd 8.47 14.3 19.7 23.40 16.35
Zn 2.61 2.50 4.21 4.58 2.41

TF= [Metal]soo/[Metal];oors

The values obtained for EF and TF are the most important
test that can be used to assess the potential of plants for
phytoremediation. Our results show that in sunflowers from
the control sample both EF and TF coefficients are larger than
1, and by this indicator it can also be classified as an
accumulator in terms of Pb, Zn and Cd.

TABLE IV
ENRICHMENT FACTOR (BAC, EF)
Compost Vermicompost
Element Control
20 t/daa 40 t/daa 20 t/daa 40 t/daa

Pb 1.0 0.9 2.4 1.7 0.8
Cd 8.6 8.9 133 10.0 10.8
Zn 4.6 2.5 4.1 3.6 2.1

Compost Vermicompost
Element Control
20 t/daa 40 t/daa 20 t/daa 40 t/daa
Pb 0,50 0.63 0,44 0.30 0.26
Cd 1.02 0,63 0.68 0.43 0.66
Zn 1.78 1.1 0.97 0.79 0.86

BCF=[Metal],,or/[ Available metal]s;

After the incorporation of vericompost, the values of TF for
Cd are increased from 8.5 in the control sample to 16.4 -23.4.
The incorporation of the compost also leads to an increase of
TF, but this increase is significantly less (14.3-19.6). In terms
of Pb in the incorporation of 40 t/decare of compost and 20
t/decare of vemicompost, the values of TF increase from 2.0 in
the control sample, to 5.6 and 5.9, respectively. Similar results
are observed for Zn. In the incorporation of compost, the
values of TF for Zn increase from 2.6 to 4.2, while in the
incorporation of 20 t/decare of vermicompost - the values of
TF for Zn increase to 4.6.

In terms of Pb the enrichment factor (EF) for the control
plants reaches up to 1.0, in Zn up to 4.6 and in Cd up to 8.6

EF=[Metal]soo/[Available metal]sis

Given the values of TF for the capacity of the sunflower to
move contaminants from the soil and the value of BAC, it can
definitely be argued that the incorporation of 40 t/decare of
compost and 20 t/decare of vermicompost to the soil leads to
an increased potential of the sunflower to move and
accumulate Cd, Pb and Zn. Our results strongly suggest that
the sunflower is a culture that is tolerant to heavy metals and
can be grown on contaminated soil. It can be attributed to the
accumulators of Pb, Zn and Cd and can successfully be used
for phytoremediation of contaminated soils with heavy metals.

D. Quality of Sunflower Oil

The comparative analysis between our results and those
published in literature show that in terms of lead and zinc
there are significant differences in values, since the sunflowers
in our experiment are grown on highly contaminated soil
(Table V). However, our results for cadmium are lower in
comparison to the data published for sunflower oil.

The Pb content in sunflower oil reaches up to 0.13 mg/kg
(Table V). The maximum allowable concentrations (MAC) of
Pb in oil that is of plant origin is 0.1 mg/kg. These results
strongly suggest that the main part of Pb contained in the
sunflower seeds does not pass into the oil that is obtained, its
content in the oil is within the MAC and it can be used for
food purposes.

The Cd content is below the limits of the quantification with
the method used. Under the current standard, the Cd content
should not exceed 0.05 mg/kg. Although the seeds contain Cd,
it does not pass into the oil during their processing and it can
hence be used for food purposes.
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TABLE V
CONTENT OF HEAVY METALS (MG/KG) IN SUNFLOWER OIL

Measured value Reference
Element - -
Control Spain China Turkey Italy Iran
Pb 0.13 nd 0.006-0.015 0.05-0.11 0.05-0.16 0.0158
Cd nd nd 3.34-3.75 0.35-0.52 0.54-4.15 0.003
Zn 2.99 0.08-0.33 1.04-1.33 1.08-1.39 0.175-0.310 7.24

nd- not detected

MAC for Zn content in the vegetable oils is 10 mg/kg. In
our studies Zn content in the obtained oil is lower than the
MAC. In this case, contamination of seeds with Zn does not
lead to contamination of the oil. These results strongly suggest
that the main portion of Zn, contained in the sunflower seeds,
does not pass into the oil obtained. This gives us reason to
believe that the cultivation of sunflower on contaminated soils
and the use of the oil for food purposes is possible.

Our results are consistent with those found by [42],
according to which the contents of Cu, Fe and Pb in sunflower
oil is low and does not contain Cd.

Incorporation of organic amendments lead to significant
changes in the content of heavy metals in the oil. Their
influence on the content of Pb and Zn in the oil is not

QOil: Pb

1 o
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£ 04 -
21 s B
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unidirectional and depends essentially on their quantity. The
incorporation of compost leads to increased content of Pb,
such increase is greater in the incorporation of 40 t/decare of
compost (0.28 mg/kg) (Fig. 3). The incorporation of 40
t/decare of vermicompost leads to a decrease of Pb in the oil
up to 0.106, that is within the MAC (0.1 mg/kg), while the
incorporation of 20 t/decare has no significant influence. The
incorporation of 40 t/decare of vermicompost is particularly
effective in reducing Pb content in sunflower oil within the
limit values (0.1 mg/kg of Pb), making it suitable for use for
food purposes.
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Fig. 3 Effect on the organic amendments (compost and vermicompost) on the content of Pb and Zn (mg/kg) in sunflower oil

The incorporation of 40 t/decare of compost and 40 t/decare
of vermicompost reduces Zn content in the oil to 2.62 mg/kg
and 2.85 mg/kg, respectively, while the incorporation of 20
t/decare of compost and vermicompost increases slightly (3.36
mg/kg-3.37 mg/kg). In all variants, however, Zn content in the
oil is lower than the maximum permissible concentrations of
oil of plant origin (10 mg/kg).

The Cd content in sunflower oil in all variants is below the
limits of quantification with the method used both in the
control sample and in the variants with incorporation of
organic amendments. The incorporation of organic
amendments has no significant influence on the Cd content in
the oil and it can be used for food purposes.

The incorporation of organic amendments leads to an
increase in the oil content of the seeds. The increase in the oil
content of the seeds compared to the control sample is more

pronounced in the compost - increase is observed in both
variants, as in the variant with 40 t/daa of compost it reaches
48.1%. The increase in oil content of the seeds compared to
the control sample was found in variants with vermicompost
(up to 46.0-46.4%), with no significant impact on the amount
of incorporated vermicompost (Table VI). According to [43],
the incorporation of vermicompost can increase the oil content
of the seeds. It is believed that vermicompostat not only
increases the nitrogen content of the soil, but it contains
different substances that stimulate growth, including idol
acetic acid, gibberellin and vitamins B [44].

In the fatty acid composition of the tested oil, obtained from
the extraction of sunflower seeds from the control sample,
predominant are the unsaturated fatty acids, as their quantity
respectively reaches up to 94.53%. In the composition of the
oil of the control sample, oleic acid (C18:1, 90.3%) dominates,

580



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:10, No:9, 2016

followed by linoleic acid (C18:2, 3.97%), which attributes
them to the oils of high oleic type in which the amount of oleic
is in the range 75-90.7%, and the linoleic acid- 2.1-17.0%
[45].

The data in Table VI show that the used organic
amendments have a negligible impact on the amount of oleic
acid in sunflower oil. Oleic acid is the predominant fatty acid
which ranges from 89.01 to 91.91% of the total fatty acids in
the different variants. The increase in the content of oleic acid
compared to the control sample is weakly expressed, as in the
variant with 20 t/decare of compost it reaches 91.91%, and in
the variant of 40 t/decare of compost it reaches 91.64%. The
addition of 20 t/decare and 40 t/decare of vermicompost leads
to a slight decrease in the content of oleic acid, as significant
impact is not observed on the amount of incorporated
amendments (89.01 -89.15%). Our results do not confirm the
findings of [46], according to which the addition of organic
fertilizers leads to an increase in the content of oleic acid.

TABLE VI
THE FATTY ACID COMPOSITION OF SUNFLOWER OIL (EXPRESSED AS % OF
TOTAL FATTY ACID COMPOSITION)

Compost Vermicompost
Control
20 t/daa 40 t/daa 20 t/daa 40 t/daa
Oil content 43.1 46.9 48.1 46.4 46.0
Saturated 5.47 6.99 7.40 9.40 8.45
C12:0 0.04 Nd nd Nd nd
Cl16:0 4.16 3.67 3.75 4.00 3.95
C18:0 0.08 3.32 3.65 4.09 3.38
C20:0 0.36 Nd nd 0.39 0.34
C22:0 0.83 Nd nd 0.92 0.78
MUFA 90.56 91.91 91.64 89.28 89.45
Cl6:1 0.01 Nd nd 0.09 0.10
Cl18:1 90.3 91.91 91.64 89.01 89.15
C20:1 0.25 Nd nd 0.18 0.20
PUFA 3.97 1.10 0.96 1.32 2.10
Cl18:2 3.97 1.10 0.96 1.32 2.10
Cl18:3 nd Nd nd nd nd
Unnred 9433 9301 ong 04906 8459LSS
U;‘:‘;&‘;;?;Zd/ 173 13.3 12.5 9.6 10.8

MUFA —monounsaturated, PUFA —polyunsaturated, nd- not detected

The organic amendments used influence the content of
linoleic acid in sunflower oil. Reducing the content of linoleic
acid compared to the control sample is pronounced as in the
variant of 40 t/decare of compost it reaches 0.96%. Adding
vermicompost also reduces the content of linoleic acid, this
decrease is more pronounced with the incorporation of 20
t/decare of vermicompost - 1.32%

The organic amendments used influence the content of
palmitoleic and gadoleic acid in sunflower oil. Increased
content of palmitoleic acid and reduction of gadoleic acid is
observed compared to the control sample.

The organic amendments used influence the composition of
the saturated acids. Increasing the content of saturated acids is
observed in all variants, as a significant increase compared to
the control (5.47%) is observed in variants with the
incorporation of vermicompost (9.4%).

40T1/aKa

20T1/nKa

verm compost

40T7/nKa

compost

207/aka

control

85% 90% 95% 100%

® Oleicacid C 18:1 M Linoleicacid C 18:2

m Palmiticacid C 16:0 m Stearic acid C 18:0

Fig. 4 Effect on the organic amendments (compost and
vermicompost) on saturated and unsaturated acids

Palmitic acid is the main saturated fatty acid, followed by
the stearic acid and these fatty acids together constitute about
6.99-8.09% of the total content of fatty acids of the oil in the
incorporation of organic amendments. The content of palmitic
acid decreases with the incorporation of organic amendment
(Fig. 4). The amount of incorporated meliorant also has an
influence. The lower content of palmitic fatty acid makes
sunflower oil suitable for dietary purposes, while its higher
content reduces its quality and increases the level of blood
cholesterol. Consuming unsaturated fatty acids leads to the
formation of the so-called “good” cholesterol, due to which
vegetable oils are the basis for dietary nutrition.

Significant influence over the content of stearic acid in the
oil is observed in the incorporation of organic amendments.
The content of stearic acid in the control sample reaches
0.08%, while the incorporation of compost and vermicompost
leads to its significant increase (3.32-4.09%). The amount paid
amendments also has influence. By increasing the amount of
compost the content of stearic acid in the oil increases. The
incorporation of vermicompost also leads to the increase in the
amount of stearic acid as this increase is more pronounced in
the incorporation of 20 t/decare of vermicompost (4.09%).

Changes are also observed in the content of arachidonic,
behenic and lauric acids in the oil. The introduction of
compost and vermicompost leads to decreasing the content of
lauric acid in the oil to 0% (i.e., it is not contained in the tested
oils). In the variants with the incorporation of 20 t/decare of
compost in the oil there are no arachidonic acid and behenic
acid, while the incorporation of 40 t/decare has no influence
on their content. The influence of vermicomposta on the
content of these acids is not unidirectional. The incorporation
of 20 t/decare of vermicompost leads to slightly increased
content of arachidonic acid and behenic acid, to 0.39 and
0.92%, respectively, while the incorporation of 40 t/decare
leads to a reduction by 0.34 and 0.78%.

The ratio of saturated to unsaturated acids are influenced by
the organic amendments that have been used. In the control
sample, the ratio of unsaturated to saturated fatty acids (U/S)
reached up to 17.3. The incorporation of compost and
vermicompost leads to decrease in this ratio to 12.5 (40
t/decare of compost) and 9.6 (20 t/decare of vermicompost).
According to [47], the increase in N in the soil leads to an
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increase in the percentage of unsaturated fatty acids and
decrease in the percentage of saturated fatty acids in linseed
oil. Similar results were obtained by [48] who reported that the
addition of nitrogen fertilizers affect the fat-acid composition
of sunflower oil.

Vermicompost influence on the content of saturated fatty
acids is not unidirectional. Adding vermicompost lowers the
content of palmitic acid, leads to increase in the stearic acid
and has no significant influence over the content of
arachidonic and behenic acids. Similar are the results in
respect of unsaturated acids. The incorporation of
vermicompost leads to increased content of palmitoleic acid,
leads to reduction in the content of oleic acid and has no
significant impact on behenic acid compared to the control
sample.

The addition of compost leads to lowering the content of
palmitic acid and lauric acid, and at the same time leads to
increased content of stearic acid. The incorporation of
compost leads to increased oleic acid content and decreased
linolenic and gadoleic acids compared to the control sample.

IV. CONCLUSION

The following conclusions can be made based on the results
that have been obtained:

1. The distribution of the heavy metals in the organs of the
sunflower has a selective character that in sunflower
decreases in the following order: leaves > roots> stems >
seeds.

2. The incorporation of 40 t/decare of compost and 20
t/decare of vermicompost to the soil leads to increased
potential of sunflower to uptake and accumulate Cd, Pb
and Zn.

3. The incorporation of compost and vermicompost leads to
increase in the content of heavy metals in the sunflower
seeds (except for cadmium in the incorporation of 40
t/decare of compost).

4. The main part of the heavy metals contained in the seeds,
during their processing does not pass into the oil, so their
content is within the concentration limits, and it can be
used for food purposes.

5. The oil from the control sample, as well as the oils
derived from processing of seeds of the variants with
incorporation of compost and vermicompost do not
contain Cd. The incorporation of compost leads to
increased content of Pb in the oil. The incorporation of 40
t/decare vermicompost leads to a reduction of Pb to values
within the maximum limits (0.1 mg/kg of Pb).

6. Organic soil amendments affect the oil content of seeds
and fatty acid composition of sunflower oil. Changes are
observed in the content of saturated and unsaturated fatty
acids in the oil. Adding compost and vermicompost
increases oil content in seeds. Adding organic
amendments increases the content of stearic, palmitoleic
and oleic acids and reduces the content of palmitic and
gadoleic acids in sunflower oil.

7. Sunflower is a plant which is tolerant to heavy metals, can
be attributed to the accumulators of Pb, Zn and Cd and
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can be successfully used in the phytoremediation of heavy
metal contaminated soils. The processing of seeds to oil
and using the obtained oil for nutritional purposes will
greatly reduce the cost of phytoremediation.
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