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 
Abstract—A field study was conducted to evaluate the efficacy of 

safflower plant for phytoremediation of contaminated soils. The 
experiment was performed on an agricultural fields contaminated by 
the Non-Ferrous-Metal Works near Plovdiv, Bulgaria. Field 
experiments with randomized complete block design with five 
treatments (control, compost amendments added at 20 and 40 t/daa, 
and vermicompost amendments added at 20 and 40 t/daa) were 
carried out. The quality of safflower seeds and oil (heavy metals and 
fatty acid composition) were determined. Tested organic amendments 
significantly influenced the chemical composition of safflower seeds 
and oil. The compost and vermicompost treatments significantly 
reduced heavy metals concentration in safflower seeds and oils, but 
the effect differed among them. Addition of vermicompost and 
compost leads to an increase in the content of palmitic acid and 
linoleic acid, and a decrease in the stearic and oleic acids compared 
with the control. A significant increase in the quantity of saturated 
acids was observed in the variants with 20 t/daa of compost and 20 
t/daa of vermicompost (9.1 and 8.9% relative to the control). 
Safflower is a plant which is tolerant to heavy metals and 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. 

 
Keywords—Heavy metals, organic amendments, 

phytoremediation, safflower.  

I. INTRODUCTION 

EAVY metal contamination of agricultural soils is a 
worldwide problem. The remediation of metal 

contaminated sites often involves expensive and 
environmentally invasive and civil engineering based practices 
[1]. A range of technologies such as fixation, leaching, soil 
excavation, and landfill of the top contaminated soil ex situ 
have been used for the removal of metals. Many of these 
methods have high maintenance costs and may cause 
secondary pollution [2] or adverse effect on biological 
activities, soil structure, and fertility [3]. Phytoremediation is 
an emerging technology, which should be considered for 
remediation of contaminated sites because of its cost 
effectiveness, aesthetic advantages and long term applicability 
[1], [4]. This technology can be defined as the efficient use of 
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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 [5], [6]. It is best applied at the sites with shallow 
contamination of organic, nutrient or metal pollutants [7]. The 
use of crop plants for phytoremediation of contaminated soils 
has the advantages of their high biomass production and 
adaptive capacity to variable environments [8]-[13]. However, 
to succeed they must be tolerant to the contaminants and be 
capable of accumulating significant concentrations of heavy 
metals in their tissues. Additionally, crops could make the 
long time-periods for decontamination more acceptable, 
economically and environmentally. If the contaminated 
biomass may be further proceed for added value products (not 
only concentrated on deposits of hazardous wastes), then such 
fact represents an improvement of economic efficiency of 
phytoremediation technology. Industrial plants, i.e. energy 
crops or crops for bio-diesel production, are therefore the 
prime candidates as plants for phytoremediation. The use of 
energy and/or bio-diesel crops as plants for phytoremediation 
would give contaminated soil a productive value and decrease 
remediation costs.  

Safflower (Carthamus tinctorius L., Asteraceae) is an 
annual plant originally grown for its flowers, which were used 
in making red and yellow dyes for clothing and food 
preparation. Today, safflower it is primarily cultivated for its 
oil, which is used for food and industrial purposes. Safflower 
can be used as animals feeds, birds feed and in small quantity 
for ruminants feed as whole seeds or meals [14]. The seed 
contains nearly 35–50% oil, 15–20% protein, and 35–45% 
hull fraction [15], [16]. There are linoleic and oleic types of 
safflower varieties. The oil in linoleic varieties contains about 
70-80% linoleic acid and is used for edible oil products such 
as salad oils and soft margarines. The oil of oleic varieties 
contains about 80% oleic acid and serves as a heat-stable 
cooking oil, or as a drying or semi-drying oil for paints and 
other surface coatings [17]. 

In our previous studies, it was found that the safflower may 
be grown on the contaminated soils with heavy metals [18]. 
Addition of organic matter amendments, such as compost, and 
vermicompost in soil leads to immobilization of heavy metals 
and soil amelioration of contaminated soils [19], [20]. Organic 
amendments are able to improve soil physical, chemical and 
biological properties by: (i) raising the pH, (ii) increasing the 
organic matter content, (iii) adding essential nutrients for plant 
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growth, (iv) increasing the water holding capacity, and (v) 
modifying heavy metals bioavailability [20]-[22].  

The aim of this experiment was to compare the effect of 
organic soil amendments (compost and vermicompost) applied 
to the soil on the quality of safflower seeds and oil (heavy 
metals and fatty acid composition), as well as the possibilities 
to use the plant for phytoremediation of heavy metal 
contaminated soils. 

II. MATERIAL AND METHODS 

The experiment was performed on an agricultural field 
contaminated by the Non-Ferrous-Metal Works near Plovdiv, 
Bulgaria. The field experimental was a randomized complete 
block design containing five treatments and four replications 
(20 plots): 1 - introduction of 20 t/daa of vermicompost to the 
soil, 2 - introduction of 40 t/daa of vermicompost to the soil, 3 
- introduction of 20 t/daa of compost to the soil, 4 - 
introduction of 40 t/daa of compost to the soil, 5 - control 
variant.  

Characteristics of soils and organic amendments are shown 
in Table I. The soils used in this experiment were slightly 
acidic, with moderate content of organic matter and essential 
nutrients (N, P and K) (Table I). The pseudo-total content of 
Zn, Pb and Cd is high (1430.7 mg/kg Zn, 876.5 mg/kg Pb and 
31.4 mg/kg Cd, respectively) and exceeds the maximum 
permissible concentrations (320 mg/kg Zn, 100 mg/kg Pb, 2.0 
mg/kg Cd). 

 
TABLE I 

CHARACTERIZATION OF THE SOIL AND THE ORGANIC AMENDMENTS USED IN 

THE EXPERIMENT 

Parameter Soil Compost Vermicompost 

pH 6.5 6.9 7.5 

EC, dS/m 0.2 0.2 2.2 

Organic C,% 2.22 40.50 21.43 

N Kjeldal,% 0.24 2.22 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 31.4 0.192 0.686 

 
The test plant was safflower (Carthamus tinctorius L.). 

Safflower seeds were sown in each plot; between row and 
within row distances were 60 and 20 cm, respectively. Each 
hole was 5–6 cm deep, containing 3 seeds. After safflower had 
grown for 15 days, the safflower was thinned to one plant per 
hole. Upon reaching commercial ripeness, the safflower plants 
were gathered and the seeds were ground in a Wiley mill with 
the l mm mesh sieve. The oil from ground safflower seed was 
derived under laboratory conditions through an extraction 
method with Socksle’s apparatus. The contents of heavy 
metals in safflower seeds and oils were determined by the 
method of the dry mineralization. To determine the chemical 
composition in the samples, inductively coupled emission 
spectrometry (Jobin Yvon Emission - JY 38 S, France) was 
used. Nitrogen determinations were made on the ground 

extracted seed by the Kjeldahl procedure [23], and crude 
protein content was calculated by the factor N X 5.3. 

For fatty acid composition analysis, the preparation of the 
methyl esters of the fatty acids was performed following the 
procedures described in [24]. The analysis of the methyl esters 
of the fatty acids was carried out by gas chromatography 
according to [25]. The individual composition of fatty acid 
was determined by comparing the retention times obtained 
from the chromatogram of the analyzed mixture with the times 
of witnesses - methyl esters of fatty acids. Individual fatty acid 
composition was determined by comparing the retention times 
obtained from the chromatogram of the test mixture with the 
times of witnesses - methyl esters of fatty acids. The 
quantitative composition of the fatty acids in the same mixture 
is determined by the percentage ratio between the areas of the 
individual peaks in the chromatogram. 

Statistical analyses were conducted with Statistica v. 7.0.  

III. RESULTS AND DISCUSSION 

Humic acids from organic amendments tend to form 
complexes that are different for each metal and also depend on 
soil conditions such as pH, cation exchange capacity and clay 
mineral fraction [26]. Organic matter not only forms 
complexes with these metals but it also retains them in 
exchangeable forms, affecting each metal differently. Some 
metals are bound and rendered unavailable while others are 
bound and readily available [27]. The results of the previous 
study [18] indicated that enrichment of soil with organic 
matter could reduce the content of bioavailable metal species 
as a result of complexation of free ions of heavy metals. This 
is indicative of heavy metals immobilisation by humic 
substances from compost and vermicompost application. 
Obtained results appear that verify the function of humic acid 
in improving phytoremediation efficiency of soils 
contaminated with heavy metals; and potential environmental 
availability of metals may be controlled by soil organic 
amendments.  

A. Content of Heavy Metals in Seeds 

Fig. 1 presents the results obtained for the content of heavy 
metals the reproductive organs of the study oilseed crop. The 
heavy metal content in the seeds is significantly lower 
compared to the root system and the aboveground biomass of 
the plants. Their accumulation into the safflower seeds is 
likely to occur through the vascular tissue system of the plant. 
The content of Pb and Zn in the seeds of the control is 3.57 
mg/kg and 133.5 mg/kg and does not reach the critical value 
of 30 mg/kg for Pb and 300 mg/kg for Zn [28]. Cd 
accumulates in the seeds (2.9 mg/kg) at levels significantly 
above the recommended maximum levels tolerated by animals 
(0.5 mg Cd /kg [29] and the recommended values for food (1 
mg/kg) [28]. 

Introduction of compost and vermicompost significantly 
affect the uptake of heavy metals (Pb, Zn and Cd) of the 
safflower plants. Introduction of compost leads to a lower 
content of heavy metals, as with most elements with the 
increase of the amount of the additive, the decrease is greater. 
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With the introduction of vermicompost, the tendency is the 
same. The influence of organic ameliorants on the 
accumulation of heavy metals in the safflower seeds depends 
essentially on their quantity. 

 

 

Fig. 1 Effect of different organic amendments (compost and 
vermicompost) applications to accumulation of heavy metals in 

reproductive organs of safflower 
 

The reduction of the heavy metal content in the seeds 
compared to the control is strongly expressed, as in the 
compost variant the Pb content decreases from 3.6 mg/kg to 
1.4 mg/kg, while in the vermicompost variant - to 1.5 mg/kg 
and these values are lower than the maximum feed 
concentration (30 mg/kg). Relationship has been found 
between the amount of the imported ameliorant and the Pb 
content in the safflower seeds. With the increasing amount of 
the ameliorant, the Pb content decreases. The results for 
cadmium are similar. The reduction of the Cd content in the 
seeds compared to the control is strongly expressed, as in the 
variants with the introduction of 40 t/daa of compost and 40 
t/daa of vermicompost, the Cd content in the seeds decreases 
from 2.9 mg/kg to 0.5 mg/kg and these values are within the 
limits for forage [28]. 

The content of Zn in the safflower seeds after the 
introduction of organic ameliorants reduces. This decrease is 
more pronounced after the introduction of vermicompost 
(from 109.6 mg/kg to 84.5 mg/kg), while with the introduction 

of compost the decrease is significantly less - to 92.4 mg/kg. 
No correlation has been established between the amount of the 
imported organic ameliorants and the content of Zn in the 
safflower seeds. However, the introduction of organic 
additives lowers the amount of zinc to levels that are lower 
than the maximum levels for forage.  

B. Content of Heavy Metals in Safflower Oil  

The results obtained show that the main part of the heavy 
metals contained in the seeds, during processing does not go 
into the oil, due to which their content is significantly lower 
than the received MAC /maximum allowable concentrations/. 

The content of Pb in safflower oil reaches up to 0.21 mg/kg. 
MAC for Pb in oil of vegetable origin is 0.1 mg/kg. These results 
strongly suggest that the major part of Pb, contained in the seeds of 
safflower, does not pass into the oil obtained, however its content in 
the oil is slightly higher than the MAC, and it cannot be used for 
food purposes. 

The content of Cd is below the limits of the quantitative 
measurement with the method used. Under the current 
standard, the content of Cd should not exceed 0.05 mg/kg. 
Although the seeds contain Cd, during their processing it does 
not pass into the oil and it can be used for food purposes. 

MAC for the content of Zn in the vegetable fats is 10 
mg/kg. These results strongly suggest that the major part of 
Zn, contained in the seeds of safflower, does not pass into the 
oil obtained, however its content in the oil is slightly higher 
than the MAC. 

The importation of organic meliorants significantly reduces 
the content of heavy metals in the oil. Fig. 2 shows the results 
of the impact of the organic meliorants on the chemical 
composition of the oil. Their influence on the content of Pb 
and Zn in the oil essentially depends on their quantity. The 
increase in the amount of supplement imported (40 t/decare 
compost and 40 t/decare vermicompost) reduces the content of 
Pb in the oil respectively to 0.09 mg/kg and these 
concentrations are lower than the maximum allowable 
concentrations of oil of vegetable origin (0.1 mg/kg). The 
importation of compost and vermicompost reduces the zinc 
content in the oil, and this decrease is more strongly shown in 
the importation of 20t/decare of compost and 20t/decare 
vermicompost (respectively to 5.9 mg/kg and 2.98 mg/kg). In 
all options, however, Zn content in the oil is lower than the 
maximum allowable concentrations of oil of vegetable origin 
(10 mg/kg). 

The importation of organic meliorants is particularly 
effective in reducing the content of lead and zinc in safflower 
oil below the limit values (respectively 0.1 mg/kg Pb and 10.0 
mg/kg Zn), which makes it suitable for use for food purposes. 

The content of Cd in safflower oil with all options is below 
the limits of the quantitative measurement with the method 
used both in the control and in the variants with adding 
organic meliorants. The importation of organic meliorants has 
no significant effect on the content of cadmium in the oil and 
it can be used for food purposes. 
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Fig. 2 Effect of different organic amendments (compost and 
vermicompost) applications to accumulation of heavy metals in 

safflower oil 

C. Fatty Acid Composition of Safflower Oil 

Safflower oil is considered one of the best-quality vegetable 
oil containing mainly palmitic, stearic, oleic and linoleic acids 
[30]. 

In the fatty acid composition of the tested oil obtained from the 
extraction of safflower seeds from the control predominant are the 
unsaturated fatty acids and their amount respectively reaches up 
to 91.6%. 

In the composition of the oil dominant is the linoleic acid 
(C18:2, 76.22%), followed by the oleic acid (C18:1, 14.93%), 
which attributes it to the linoleic type of oils. Standard safflower 
oil contains 5-8% of palmitic acid, 2-3% of stearic acid, 8-20% of 
oleic acid and 68-83% of linoleic acid [31]. The presence of 
linolenic (C18:3, 0.07%), gadoleic (C20:1, 0.15%) and erucic 
(C22:1, 0.20%) acids has also been determined. 

Safflower oil is characterized by the lowest level of saturated 
fatty acids among the cultured oilseed crops [32]. 

Of the saturated fatty acids, palmitic acid (C16: 0) 
predominates in an amount of 6.04%, followed by stearic acid 
(1.91%). The oil also contains lauric (C12:0, 0.09%) and 
arachidonic (C 20:0, 0.32%) acids. The content of the 
saturated fatty acids in the control reaches up to 8.4%. 

The composition of the fatty acids in the oil is the main 
factor that determines the use of oil for food, industrial or 
pharmaceutical purposes, as the variety, climate and region of 
production have a significant influence [33]. 

 According to [3] the quantity and quality of fats are 
strongly dependent on the agro-meteorological and climatic 
conditions and the varietal origin. Studies by [34] have also 
shown that the temperature, humidity, light, and nutrients 
influence significantly the quantity and quality of the formed 
fat. Oil with higher fat content is obtained with irrigating, 
moderately humid conditions and optimum temperature. The 
fertilization with nitrogen and phosphorus fertilizers 

contribute to the significantly increase in the amount of fat and 
improve their quality. 

In the field test carried out by us, the above factors affect 
the quality and quantity of the fat formed. The imported soil 
organic meliorants, however, also have significant influence 
on the fatty acid composition. The oil content in the different 
varieties of safflower can vary from 20% to 40%. Oil content 
in safflower seed is a very important indicator from an 
economic point of view and it is considered one of the most 
important factors affecting the introduction of safflower in 
new areas of the world [35]. According to the literature data 
the content of oil in safflower varies between 23.86-40.33% 
[36], 26.72-35.78% [37], 26.3-28.5% [38] and 31.3-36.3% 
[39]. 

The data presented in Table II show the effect of organic 
soil meliorants on the fat content of the seeds and the fatty 
acid composition of the oil. Similar to the results obtained for 
the impact of organic meliorants on the heavy metal content in 
the seeds, they also influence the amount of oil. 

Both the type and the quantity of the used meliorant are 
influential. The increase in the fat content of the seeds compared 
to the control is found in the variants with vermicompost, as in 
the variant with 20 t/decare vermicompost reaches up to 
28.59%. The importation of compost to the soil lowers the fat 
content of the seeds. By increasing the amount of additive the 
fat content of the seeds decreases significantly. In the variant 
with 20 t/decare of compost a slight decrease is shown, while in 
the version with 40 t/decare of compost the reduction reaches up 
to 20.86% (Table II). 

According to [40] the addition of vermicompost can 
increase the fat content of the seeds. It is believed that the 
vermicompost not only increases the nitrogen content of the 
soil, but it also contains different substances that stimulate the 
growth, including idol acetic acid, gibberellin and vitamins B 
[41].  

According to [42] there is a relation between the oil content 
and the amount of protein in the seeds, as the lower content of 
oil is associated with a higher content of proteins in the seeds. 
Such dependence is also established in our tests. 

The influence of the organic meliorants on the oil content and 
the protein content of seeds is presented in Table II, which shows 
that the content of oil and proteins in the seeds of the safflower is 
influenced by the meliorants used. The importation of compost 
results in decreased content of oil and protein in the seeds 
compared to the control. The importation of vermicompost does 
not significantly affect the fat content of the seeds and the protein 
content. 
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TABLE II 
THE FATTY ACID COMPOSITION OF SAFFLOWER OIL (EXPRESSED AS % OF TOTAL FATTY ACID COMPOSITION) 

Parameter Control 
Compost Vermicompost 

Codex Standard 
20 t/daa 40 t/daa 20 t/daa 40 t/daa 

Oil content, % 27.15 24.87 20.86 28.59 27.35  

Protein content, % 15.48 12.43 12.93 15.08 15.61  

Fatty acids 

Saturated 

Lauric acid С 12:0 0.09 0.09 0.10 0.10 0.10 nd 

Palmitic acid С 16:0 6.04 6.83 6.54 6.66 6.57 5.3 – 8.0 

Stearic acid С 18:0 1.91 1.88 1.73 1.90 1.87 1.9 – 2.9 

Arachidic acid С 20:0 0.32 0.30 0.33 0.25 0.28 0.2 -0.4 

Unsaturated  

Palmitoleic acid С 16:1 0.07 0.08 0.1 nd nd nd – 0.2 

Oleic acid С 18:1 14.93 14.03 14.45 14.44 14.48 8.4 – 21.3 

Linoleic acid С 18:2 76.22 76.37 76.46 76.64 76.70 67.8 -83.2 

α- Linolenic С 18:3 0.07 0.08 0.08 nd nd nd - 0.1 

Eicosenoic acid С 20:1 0.15 0.13 nd nd nd 0.1 – 0.3 

Erucic acid С 22:1 0.20 0.20 0.21 nd nd nd -1.0 

Saturated: Unsaturated 8.0: 92.0 8.8: 91.2 8.5: 91.5 8.7: 91.3 8.5: 91.5  

Unsaturatred/saturated 10.937 9.966 10.470 10.222 10.338  

C18:1/C18:2 0.196 0.184 0.189 0.188 0.189  

ND- Non Detected 
 
The research [43], however, does not establish such a link 

in the safflower seeds. The increase of the temperature leads to 
an increase in the availability of nitrogen in soil and an 
increased absorption of safflower is observed. This additional 
nitrogen can compete with the carbon chains (backbones) in 
the developing seeds and possibly turn the available carbon in 
proteins rather than fat. As a result, there is an increased 
content of the protein with the increase of the temperature. 
According to the authors, however, the changes do not reduce 
the fat content of the seeds, and are at the expense of the 
coating of the seeds or other component contained in them.  

The results obtained for the fatty acid composition of the oil 
show that no significant differences are observed between the 
control and the variants with imported organic meliorants (P 
<0.01). In all tested oils the following prevail: linoleic (76.22 - 
76.70%), followed by oleic (14.03-14.93%), palmitic (6.04-
6.83%), and stearic (1.73-1.91%) acids, and these fatty acids 
together comprise from 99.1 to 99.6% of the total amount of 
fatty acids in all the analyzed variants (Table II). 

Minimum amounts of lauric (C12:0), palmitoleic (C16:1), 
arachidonic (C20:0), linoleic (C18:3), gadoleic (C20:1) and 
erucic (C22:1) acids are contained in the oil, as their values do 
not exceed 0.67% of the total fatty acids (Table II). It has been 
found that the arachidonic acid in the oil ranges from 1.2 to 
3.6% [44]. Our results for the arachidonic acid are 
considerably lower than those established by [44]. 

The nutritional quality of safflower, as in most fats and oils, 
is determined by the fatty acid composition and in particular 
by the amount of oleic and linoleic acid, which makes it 
attractive for food purposes. Our results indicate that the 
unsaturated fatty acids (linoleic and oleic) represent about 
90.69-91.44% of the total fatty acids in all samples analyzed 
(Table II). 

Organic soil meliorants influence also the content of 
saturated and unsaturated acids in the oil. The data in the 

Table II show that the used organic meliorants have negligible 
impact on the amount of linoleic acid in safflower oil. Linoleic 
acid is the predominant fatty acid which ranges from 76.22 to 
76.79% of the total fatty acids in the different variants. The 
increase in the content of linoleic acid in comparison to the 
control is less pronounced, as in the variant with 40 t/decare of 
vermicompost it reaches 76.70%. Similar results were 
obtained by [45], who found increase of the content of linoleic 
acid in sunflower after using the combination of poultry 
manure and NPK fertilizer. 

The addition of 20t/decare and 40 t/decare of compost also 
results in a minor increase in the content of linoleic acid. 
There is a correlation between the content of linoleic acid and 
the amount of imported meliorant – the increase of meliorant 
results in the increase of the content of linoleic acid. Linoleic 
acid lowers the blood cholesterol (especially LDL – 
cholesterine), improves the rhythm of the heart, regulates the 
hormone metabolism, has an antagonistic action to cholesterol 
and is important in the prevention and treatment of 
atherosclerosis and other cardiovascular diseases. On the other 
hand, linoleic acid is easily oxidized and reduces the quality of 
food products during storage, so the reduction of its content 
makes the oil more resistant to rancidity. 

The organic meliorants used influence the content of oleic 
acid. It is known that the content of oleic acid decreases as a 
result of water stress caused by dryness of the plants in the 
phase of formation and dispensing of the seed. Petcu [46] 
examines the impact of drought and establishes a significant 
negative correlation between the content of oleic acid and the 
drought. In the experiment conducted by us the plants are 
watered regularly. The changes in the content of oleic acid are 
due solely to the influence of organic meliorants. A reduction 
has been found in the content of oleic acid in comparison to 
the control, as in the variant with 20 t/decare of compost it 
reaches up to 14.05%. Our results do not confirm the findings 
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of [47], according to whom the addition of an organic fertilizer 
leads to an increase in the content of oleic acid. 

There was no correlation between the content of oleic acid 
and the amount of imported vermicompost. With the increase 
of the amount of vermicompost, the oleic acid content remains 
unchanged (Table II). 

It has been found that there is a strong negative correlation 
between the content of linoleic and oleic acid, as the increase 
of the one leads to the reduction of the other [48], [49]. Our 
results do not fully confirm this correlation. The importation 
of organic meliorants leads to changes in the content of both 
acids and the relation between linoleic and oleic acid in 
safflower oil is not clearly pronounced. 

The highest content of linoleic acid (76.70%) was found in 
variants with the importation of 40 t/decare of vermicompost, 
while the lowest is the content of oleic acid (14.03%) in the 
variant with the importation of 20 t/decare of compost (Table 
II). Our results do not conform to those established by [50], 
according to which the highest linoleic acid content 
corresponds to the lowest content of oleic acid. 

Between the content of fatty acids and linoleic acid in 
safflower oil, a negative correlation was established with that of 
the linoleic acid [51]. 

Linolenic acid (C18:3) is contained in the control (0.07%) 
and in the variants with importation of compost (0.08%), 
while in variants with vermicompost it was not found. 

Our results are in accordance with those of [50], who found 
that linoleic acid is present in less than 0.3%, as in part of the 
seed samples analyzed by them it is even absent. According to 
[52] it is possible to increase the level of linoleic acid and at 
the same time to reduce the linolenic acid. There is a negative 
correlation found between linolenic and linoleic acids. 

The organic meliorants used influence the composition of 
saturated acids. The addition of compost and vermicompost 
leads to a slight increase in the amount of lauric acid. 

Palmitic acid is the major saturated fatty acid, followed by 
stearic and these fatty acids together constitute about 7.95-
8.56% of the total content of fatty acids in the oil. The content 
of palmitic acid is increased by importation of organic 
meliorants (compost and vermicompost) (Table II). 

The amount of imported meliorant is also influential. The 
palmitic acid content ranges between 6.04-6.83% in separate 
variants, as the highest is the content of palmitic acid in the 
importation of 20 t/decare of compost. There were no 
significant differences in the content of palmitic acid with the 
increase of the amount of vermicompost. There is a negative 
correlation between the content of palmitic acid and oleic acid. 
The lower content of palmitic acid makes the oil suitable for 
dietetic purposes, while its higher content reduces the capacity 
and increases the level of cholesterol in the blood. The 
consumption of unsaturated fatty acids leads to the formation of 
so-called “good” cholesterine, due to which the vegetable fats 
are in the base of the dietary nutrition. 

The impact of compost and vermicompost on the content of 
stearic acid depends on the amount of imported meliorant. The 
stearic acid content ranges from 1.73- 1.91% in the separate 
variants. With the increase of the amount of meliorant, the 

content of stearic acid in the oil reduces. There is a slight 
decrease in the importation of vermicompost (up to 1.87%) in 
comparison to the control (1.91%). 

There is a negative correlation found between the content of 
saturated acids - palmitic and stearic acid in the oil, which is 
more pronounced than that of the oleic and linoleic acid. 

There are changes in the content of arachidonic, palmitoleic 
and linoleic acids in the oil. For example, in the oil in the 
variants with the importation of vermicompost there are no 
linolenic (C18:3), palmitoleic (C16:1), gadoleic (C20:1) and 
erucic (C22:1) acids. 

Oil with low content of saturated acids is very suitable for 
culinary purposes. The content of saturated acids in the oil of 
the control reaches up to 8.4%, and of unsaturated acids - up 
to 91.6%. 

The organic meliorants used influence also the ratio of 
saturated - unsaturated acids. The ratio of unsaturated to 
saturated fatty acids (U/S) in the different variants ranges 
from 9.97 to 10.94 (Table II). A change in this ratio is 
observed for both meliorants used. Increase in the content 
of the saturated acids is observed in all variants, as a 
significant increase in relation to the control (8.4%) is 
observed in the variants with 20 t/decare of compost (9.1%) 
and 20 t/decare of vermicompost (8.9%). 

According to [53] the increase of N in the soil leads to an 
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 [54] who reported that the 
addition of nitrogen fertilizers affect the fatty-acid 
composition of the sunflower oil. 

The impact of vermicompost on the content of saturated 
fatty acids is not unidirectional. For example, the addition of 
vermicompost leads to an increase of the content of palmitic 
acid and simultaneously leads to a lower content of other 
saturated fatty acids (stearic and arachidic). Similar are the 
results obtained in terms of unsaturated acids. The importation 
of vermicompost leads to reduction of the content of oleic, 
linoleic, arachidonic, gadoleic and erucic acid and an increase 
of the content of linoleic acid in comparison with the control.  

IV. CONCLUSION 

Based on the obtained results, the following conclusions 
can be made:  
1. Addition of compost and vermicompost has a significant 

effect on reducing the heavy metal content in the seeds of 
safflower. The introduction of 40 t/daa of compost and 40 
t/daa of vermicompost leads to the reduction of Cd to 
levels of 2.9 mg/kg to 0.5 mg/kg, which is within the 
maximum limits for forage.  

2. The introduction of organic additives in the soil affects 
the quality of the oil. Introducing vermicompost and 
compost leads to an increase in the content of palmitic 
acid and linoleic acid, and a decrease in the stearic and 
oleic acids compared with the control. A significant 
increase in the quantity of saturated acids was observed in 
the variants with 20 t/daa of compost and 20 t/daa of 
vermicompost (9.1 and 8.9% relative to the control). 
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3. Safflower is a plant which is tolerant to heavy metals and 
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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