
 

 

 
Abstract—A field study was conducted to evaluate the efficacy 

of lavender for phytoremediation of contaminated soils. The 
experiment was performed on an agricultural fields contaminated by 
the Non-Ferrous-Metal Works near Plovdiv, Bulgaria. The 
concentrations of Pb, Zn and Cd in lavender (roots, stems, leaves and 
inflorescences) and in the essential oils of lavender were determined. 
Lavender is a plant which is tolerant to heavy metals and can be 
grown on contaminated soils, and which can be referred to the 
hyperaccumulators of lead and the accumulators of cadmium and 
zinc, and can be successfully used in the phytoremediation of heavy 
metal contaminated soils. Favorable is also the fact that heavy metals 
do not influence the development of the lavender, as well as on the 
quality and quantity of the essential oil. The possibility of further 
industrial processing will make lavender economically interesting 
crops for farmers of phytoextraction technology. 

 
Keywords—Heavy metals, lavender, phytoremediation, polluted 

soils.  

I. INTRODUCTION 

large area of land is contaminated with heavy metals due 
to use of sludge or municipal compost, pesticides, 

fertilizers and emissions from municipal wastes incinerators, 
car exhausts, residues from metalliferous mined, and smelting 
industries. Excessive metal concentrations in the contaminated 
soils can result in soil quality degradation, crop yield 
reduction, and poor quality of agricultural products [1]. Heavy 
metal contamination of soils can be of concern for human and 
animal health, as the metals may be transferred and 
accumulated in the bodies of animals or human beings through 
food chain. The clean-up of soils contaminated with heavy 
metals is one of the most difficult tasks for environmental 
engineering. Use of green plants to remove heavy metals from 
the contaminated soils, known as phytoremediation, is an 
emerging technique that offers the benefits being in situ, low 
cost and environmentally sustainable [2], [3]. As a technology 
based on the use of plants, the success of phytoextraction will 
mainly depend on the proper selection of plants. Plants used 
for phytoextraction should have rapid growth and should have 
the ability to accumulate significant amounts of metals in their 
stems [1]. Many plant species have been studied in order to 
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determine their potential for phytoextraction. Researchers 
initially used hyperaccumulators for purification of soils 
contaminated with metals. So far, about 400 
hyperaccumulators have been known [4], but most are not 
suitable for phytoextraction due to their slow growth and small 
size. Many researchers examine the rapidly growing, high 
biomass plants, including agronomic crops for their ability to 
tolerate and accumulate metals in their shoots [5]-[10]. Many 
metal tolerant plant species, especially wheat plants of the 
family Gramineae, avoid toxicity through the mechanisms of 
exclusion and therefore are more suitable for 
phytostabilization than phytoextraction [5], [11]. However, 
barley (Hordeum vulgare L.) and oat (Avena sativa L.) are 
tolerant to metals such as Cu, Cd, and Zn, and accumulate 
from medium to high levels of these metals in their tissues 
[11]. Many types of plants can accumulate medium quantities 
of metals in their above-ground mass. 

There is a growing opinion, however, that the use of food 
crops for phytoremediation is not environmentally safe as 
heavy metals can enter the food chain upon consumption of 
these cultures by humans or animals. Medical and aromatic 
plants can be a better choice for phytoremediation as these 
species are grown primarily for processing (essential oils) and 
thus contamination of the food chain with heavy metals is 
eliminated. Aromatic and medicinal plants also have the 
ability to accumulate heavy metals [12], [13]. Studies show 
that heavy metals accumulated by those species are not 
included in the essential oils [12], [14]. 

Aromatic plants are grown for the production of essential 
oils and are used in the food processing industry. The essential 
oil of the aromatic plants is used in cosmetics, perfumery and 
food industry. These plants are not consumed directly by 
humans or animals, such as grains, legumes, vegetables, etc. 
The essential oil of aromatic plants does not contain heavy 
metals, although there is an accumulation in the plant biomass. 
Heavy metals do not pass on the food chain when aromatic 
plants are used for phytoremediation. For this reason, aromatic 
plants can be used in phytoremediation of heavy metal 
polluted soils. Aromatic plants such as vetiver (Vetiveria 
zizanioides), palmarosa (Cymbopogon martinii), lemon grass 
(Cymbopogon elexuosus), citronella (Cymbopogon 
winterianus), geranium and mint (Mentha sp.), basil (Ocimum 
basilicum) may be used for this purpose. Some aromatic herbs 
such as lemon grass, palmarosa, citronella, vetiver are 
perennial plants that are tolerant to contaminants and are 
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resistant to stress. Herbs can be collected for years and them to 
receive essential oil. 

Herbs can be collected for years and to receive essential oil 
from them. These plants have economic value with low 
production costs. Therefore, in recent years an increasing 
attention is paid to the aromatic plants as an alternative for 
conducting environmentally safe and cost-effective 
phytoremediation. The obtaining of oil and its use in the food 
and perfume industry will allow farmers to recover the costs. 

It was found that the content of the essential oil obtained 
from the fresh plant mass of the lavender is not affected by the 
level of heavy metal soil contamination [15]. However, due to 
the decreased yield of plant mass the yield of oil reduces by up 
to 14% in the cultivation of lavender on highly contaminated 
soils. Zheljazkov [15] found that peppermint can extract 
significant quantities of heavy metals from the soil. It was 
found that the tested varieties of mint can be successfully 
grown on soils highly polluted with heavy metals (in the 
region of KCM – Plovdiv (Non-ferrous metals plant)), without 
contamination of the final product - the essential oil. Despite 
the reduction in the yield (14%) due to pollution with heavy 
metals, mint still remains very profitable crop and can be used 
as an alternative to food crops. Some medical plants such as 
mint, St. John's wort, lavender, marigold, marshmallow, 
cumin, garlic, garden sorrel, hemp and others can accumulate 
large amounts of toxic heavy metals in their tissues. They can 
also be successfully used in phytoremediation and can replace 
food crops grown under the same conditions [16]. 

Insufficient is the information available on the potential of 
lavender for accumulation of heavy metals and its potential for 
use for phytoextraction. There are no comprehensive studies 
on the relationship between the total content of heavy metals 
in the soil, the amount of their exchange forms and their 
absorption by the lavender, as well as their distribution in the 
vegetative organs. 

The purpose of this work is to undertake a comparative 
study, which allows us to determine the quantities and the 
deposits for accumulation of Pb, Zn and Cd in the vegetative 
organs of lavender, the quality of lavender oil, as well as the 
possibilities to use the plant for phytoremediation of heavy 
metal contaminated soils. 

II. MATERIAL AND METHODS 

The study included lavender grown on areas located at 
different distances from the source of contamination KCM-
Plovdiv (0.3 km and 1 km). Lavender is one of the main 
essential oil crops for the conditions in Bulgaria. Plantations 
of lavender in the area of KCM were made in 2001-2002 and 
respectively occupy an area of 165 decares (distance 0.3 km) 
and 51 decares (1 km). 

Lavender is grown according to conventional technology. 5 
plants of each of the areas were used for the analysis. Upon 
reaching the stage of flowering, lavender was harvested and 
the content of Pb, Zn and Cd in different parts - roots, stems, 
leaves and flowers was determined. The essential oil of the 
lavender was obtained by steam distillation in industrial 

conditions which was analyzed for heavy metals and its 
chemical composition was determined. 

Before the analyses root and shoot samples were thoroughly 
washed by distilled water to remove all adhering soil particles. 
Samples were then oven dried to constant weights at 105°C. 
Each dried sample was ground to powder using a blender. One 
gram of each sample was used for analysis. 

Pseudo-total content of metals in soils was determined in 
accordance with [17]. The available (mobile) heavy metals 
contents were extracted by a solution of DTPA (1 M 
NH4HCO3 and 0.005 M DTPA, pH 7.8). The contents of 
heavy metals (Pb, Zn and Cd) in the plant material (roots, 
stems, leaves and inflorescences) and in the essential oils of 
lavender were determined by the method of the dry 
mineralization. The quantitative measures were carried out by 
ICP method (Jobin Yvon Emission - JY 38 S, France). 
Digestion and analytical efficiency of ICP was validated using 
a standard reference material of apple leaves (SRM 1515, 
National Institute of Standards and Technology, NIST). 

The chemical composition of the oil was determined on a 
gas chromatograph PYE UNICAM series 204, equipped with 
a flame ionization detector and a capillary column 
CARBOWAX 20 M with hydrogen carrier gas. 

III. RESULTS AND DISCUSSION 

A. Soils 

To clarify the degree of soil contamination with heavy 
metals and their localization in the vegetative organs of 
lavender, soil samples were taken from the areas located at 
different distances from KCM (0.3 and 1 km). The physical 
and chemical properties of the soil samples are presented in 
Table I. 

The results presented in Table II show that with receding 
further from KCM - Plovdiv a notable trend to reduce the total 
(overall) content of heavy metals in the soil is observed. In 
soil samples taken from the area, located at 0.1 km from 
KCM, values for Pb were reported to exceed the threshold 
limit value (80 mg/kg) - 2112.5 mg/kg in layer 0-20 cm. In the 
area located at the distance of 1 km from KCM the content of 
Pb decreases about 20 times and reaches up to 94.1 mg/kg. 

 
TABLE I 

SOIL PROPERTIES FOR SOIL SAMPLED FROM THE NON-FERROUS METALS 

PLANT (KCM) NEAR PLOVDIV 

Classification 
Distance from 

KCM, km 
Depth, 

cm 
pH 

(H2O) 
Оrg.С 

% 
CaCO3 

% 
Clay 

% 
Alluvial soil 0.3 0 – 20 7.7 2.77 3.85 37.60 

Alluvial soil 1.0 0 – 20 8.3 1.54 8.70 12.71 

 
Similar results were obtained for Cd and Zn. In the area of 

KCM (0.3 km) 2512.5 mg/kg of Zn and 43.6 mg/kg of Cd 
were recorded, whose values exceed significantly the 
threshold limit value, while at a distance of 1 km 171.1 mg/kg 
and 1.97 mg/kg were found respectively. 

Table III presents the results for the mobile (available) 
forms of Pb, Zn and Cd in the soils studied. The results for the 
mobile forms of metals determined by DTPA show that the 
mobile forms of Cd in highly contaminated soils (0.3 km) are 
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the most significant part of the total content and reach up to 
70.6%, followed by Pb - 38.7% and Zn - 13.5%. In the soil 
located at a distance of 1 km from KCM the mobile forms of 
Pb are the most significant part of its total content and reach 
up to 52.3%, followed by Cd - 49.7% and Zn -22.0%. 

 
TABLE II 

CONTENT OF PB, ZN AND CD (MG/KG) IN SOIL 
Distance from 

KCM, km 
Depth, cm 

Pb 
xsd 

Zn 
xsd 

Cd 
xsd 

0.3 0-20 2112.510.2 2512.58.7 43.61.8 
1.0 0-20 94.11.8 171.11.5 1.970.4 

MPC  80 340 2.5 

x- average value(mg/kg) from 5 repetitions; sd - mean standard deviation; 
MPC -maximum permissible concentration (approved for Bulgaria) 

 
TABLE III 

DTPA – AVAILABLE FORMS OF PB, ZN AND CD (MG/KG) IN SOILS 

Distance from 
KCM, km 

Pb Zn Cd
mg/kg 
xsd 

% 
mg/kg 
xsd 

% 
mg/kg 
xsd 

% 

0.3 816.9 6.0 38.7 340.01.3 13.5 30.8 0.5 70.6 

1.0 49.20.5 52.3 37.70.6 22.0 0.9750.1 49.7 

x- average value(mg/kg) from 5 repetitions; sd - mean standard deviation, 
%DTPA -available/ total content 

B. Content of Heavy Metals in Lavender 

The soil conditions and the type of plants affect the entry of 
heavy metals in plants and their accumulation in the bodies of 
plants depends on their content in the soil. Plants grown on 
contaminated soils accumulate heavy metals and accumulate 
them in vegetative organs. 

Plants grown on contaminated soils accumulate heavy 
metals and deposit them in their vegetative organs. In most 
cases, most of them are accumulated in the roots of the plants, 
as they are in contact with contaminated soil. In some plants, 
however, the substantial portion of the heavy metals is 
accumulated in the above-ground mass [18]. 

To clarify the issues of absorption, accumulation and 
distribution of heavy metals in the vegetative organs of 

lavender samples of roots, stems, leaves and inflorescence 
(flowering stalks) were analyzed. 

Table IV presents the results obtained for the content of 
heavy metals in the organs of studied essential oils crop. 
Substantial differences were discovered in the content of the 
elements in different parts of the lavender. Most of them (Pb, 
Cd and Zn) are accumulated in the aboveground parts of the 
lavender (the leaves).The content of Pb in the roots of the 
lavender grown at 0.3 km from KCM reaches up to 1566.9 
mg/kg, Zn - 1755.9 mg/kg and Cd - 160.9 mg/kg. The 
obtained values for the heavy metals (Cd, Pb and Zn) in the 
roots are much higher than the values considered by [19] as 
toxic for the plants (0.1 mg/kg Cd, 30 mg/kg Pb, 100 mg/kg 
Zn). 

The studies of [18] lead to the conclusion that lavender 
accumulates heavy metals primarily in the roots. The roots 
are the main body of the plant, which is in contact with the 
contaminated soil and the body which accumulates heavy 
metals. Root growth is a good indicator for the plant 
tolerance to metals. 

Our results do not match what was found by [18]. The 
reason for this is that in growing plants under field conditions, 
the roots penetrate deeply and easily avoid areas with 
contaminated soil [20], while with pot plant the roots are in 
contact only with the contaminated soil, which is probably the 
reason why the roots of the lavender accumulates significantly 
greater amounts of heavy metals. It is well known that the 
lavender forms a strong root system, which is composed of 
highly developed adventitious roots, some of which reach up 
to 300-400 cm depth, and in the side – up to 100-140 cm. The 
major portion of the roots of the lavender is located in the soil 
layer from 30 to 50 cm. This is probably why the lavender 
accumulates fewer amounts of heavy metals in the roots and 
develops normally on contaminated soils during growth under 
field conditions. 

 
TABLE IV 

CONTENT OF PB, ZN AND CD (MG/KG) IN LAVENDER 

Element Distance, km Roots, xsd Stems, xsd Leaves, xsd Flowering stalks, xsd Oil, xsd 

Pb 0.3 1566.98.7 2157.99,6 5784.7 10.8 1147.3 6.8 0.28 0.01 
 1 20.5 0.2 71.2 0.6 89.97 0.9 31.4 0.5 0.14 0.01 

Cd 0.3 160.9 2.1 27.1 0.7 113.2 2.0 15.6 0.5 nd 

 1 2.3 0.03 3.1 0.03 28.4 0.8 0.62 0.01 nd 

Zn 0.3 1755.97.5 683.26.8 2881.99.7 349.3 5.3 0.84 0.05 

 1 46.8 0.6 74.9 0.9 80.2 0.9 57.1 0.8 0.24 0.02 

* x- average value(mg/kg) from 5 repetitions; sd - mean standard deviation, nd- non detected  
 

The content of heavy metals in the above-ground mass is 
greater than that of the root system. 

A significant accumulation of Pb is found in the leaves and 
stems of the lavender. The content of this element reaches up 
to 2157.9 mg/kg in stems, and 5784.5 mg/kg in leaves of the 
lavender grown at a distance of 0.3 km from KCM. Probably a 
portion of heavy metals absorbed by the conduction system 
moves from the roots to the above-ground parts of the 
lavender and are accumulated predominantly there. Probably a 

portion of the accumulated heavy metals in the above-ground 
mass of the lavender is also due to aerosol pollution, which 
can be explained by the anatomical and morphological 
characteristics of the crop. The greater accumulation of Pb in 
the above-ground mass is probably due to the fact that the 
lavender is distinguished by a woody stem, with a rough 
surface, which favors the attachment of the aerosols and their 
accumulation therein. The content of Cd in the stems and 
leaves of the lavender grown at a distance of 0.3 km from 
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KCM reaches up to 27.1 mg/kg and 113,2 mg/kg, respectively, 
values considered to be toxic to plants. According to [21] 5.0 
mg/kg is considered to be a toxic value for the plants. Our 
results show the ability of the lavender to accumulate Cd in 
the above-ground mass. 

The content of Zn in the stems and leaves of the lavender 
grown at a distance of 0.3 km from KCM reaches up to 683.2 
mg/kg, and 2881.9 mg/kg, as these values are also higher than 
the critical values for plants - 100-400 mg/kg. 

The content of heavy metals in the stems and leaves of the 
lavender grown at 1 km from KCM reaches up to 71.2 mg/kg 
and 89.97 mg/kg (Pb), 3.1 mg/kg and 28.4 mg/kg (Cd) and 74.9 
mg/kg and 80.1 mg/kg (Zn). 

The heavy metal content in the flowering stalks is 
considerably lower in comparison to the root system and the 
above-ground mass of the plants. The contents of Pb, Zn and Cd 
in the flowering stalks of the lavender grown at a distance of 0.3 
km from KCM reaches up to 1147.3 mg/kg, 349.3 mg/kg and 
15.6 mg/kg, respectively. With increasing the distance from 
KCM a clear trend is seen towards reducing the content of 
heavy metals in the inflorescences of the studied crop. 
Significantly lower is the content of heavy metals in the 
flowering stalks of the lavender grown at 1 km from KCM. The 
content of Pb in the flowering stalks reaches up to 31.4 mg/kg, 
Zn- up to 57.1 mg/kg and Cd – up to 0.62 mg/kg. 

Probably a portion of the accumulated heavy metals in the 
flowering stems of the lavender is due to the aerosol pollution. 
In the lavender the inflorescences are densely located on the 
highest part of the tufts covering a significant part of the leaves 
and stems of the plants, making them easily accessible for 
aerosol pollutants. 

The heavy metal content in the essential oil from lavender 
was also determined. The results obtained show that the 
majority of the heavy metals contained in the flowering stalks 
of the lavender do not pass into the oil during the distillation, 
therefore their content in the oil are much lower. Pb content in 
the essential oil of lavender reaches up to 0.28 mg kg, Zn up to 
0.84 mg/kg, while the content of Cd is below the limits of the 
quantitative measurement of the method used. Significantly 
lower are the figures in the essential oil of lavender grown at a 
distance of 1 km from KCM - 0,14 mg/kg Pb and 0,24 mg/kg 
Zn. The results obtained show that the content of heavy metals 
in the essential oils is much lower compared to the flowering 
stalks of the lavender, and the amounts of Pb, Zn and Cd in the 
oil of lavender are lower than the accepted maximum values 
and meet the requirements of an environmentally friendly 
product. Our results are inconsistent with the ones established 
by [14] and [15], which found that the heavy metal content in 
the essential oil of the lavender is very low and is not affected 
by the level of soil contamination with heavy metals. 

The distribution of heavy metals in the organs of the 
lavender has a selective nature, which reduces in the following 
order: leaves> roots> stems> flowering stalks. 

There is a distinct feature in the accumulation of heavy 
metals in the vegetative organs of the lavender. The lavender 
accumulates heavy metals through its root system, but a very 
small portion of the heavy metals are retained by the roots, 

and most of them move and accumulate in the above-ground 
parts (stems, leaves and flowering stalks). The results obtained 
show that the lavender can be successfully grown on heavy 
metals areas. On the one hand, that may reduce the risk of the 
use of these areas for growing food crops. On the other hand, 
the selective accumulation of Pb, Zn and Cd in stems, leaves 
and flowers makes the lavender a very lucrative for the 
purposes of phytoremediation. 

To determine the extent to which lavender accumulates 
heavy metals and to which group of plants it can be assigned 
(hyperaccumulators or accumulators) we used the existing 
criteria for determination of heavy metal accumulation in 
plants. Plants have the ability to accumulate metals and some 
of them can accumulate them in large quantities (100 times 
more than other plants in the same conditions, without 
showing any adverse effects). Plants that have the ability to 
tolerate and accumulate heavy metals in quantities greater than 
the toxic levels are known as hyperaccumulators. In recent 
years, the number of studies on the use of hyperaccumulators 
for remediation of contaminated areas, owing to their capacity 
of these plants to absorb heavy metals from contaminated soil 
and accumulate them in their aboveground biomass, has been 
steadily increasing. 

The classification of plants as hyperaccumulators, 
accumulators, indicators and non-accumulator species is based 
on precise and clear criteria [22]. Plants that contain high 
quantities of heavy metals in their root biomass but whose 
aboveground biomass/root biomass ratio is less than 1, belong 
to the non-accumulator species. According to [23], indicator 
species are those whose heavy metal content is proportionate 
to the heavy metal content in the soil. Plants can be classified 
as hyperaccumulators if they meet the following criteria: (a) 
have an aboveground biomass/root biomass ratio > 1; (b) have 
an extraction ratio (the ratio of the heavy metal content in the 
aboveground biomass to the heavy metal content in the soil) > 
1; (c) have a heavy metal content which is 10-500 times higher 
than that of plants grown in non-contaminated soils; and (d) 
contain more than 1000 mg/kg of copper, lead, nickel, 
chromium; more than 100 mg/kg of cadmium or more than 
10,000 mg/kg of zinc [24]. 

The values obtained for BCF and TF, are the most 
important test that can be used to assess the potential of the 
plants for phytoremediation. Our results indicate that in the 
lavender both factors EF and TF are higher than 1 and by this 
indicator it can also be classified as an accumulator in terms of 
Pb, Zn and Cd (Table V). 

 
TABLE V 

UPTAKE OF HEAVY METALS FROM LAVENDER 

Element BCF TF BAC

0.3 km 1 km 0.3 km 1 km 0.3 km 1 km 

Pb 1.92 0.42 3.69 4.38 9.72 3.27 

Cd 5.22 2.35 0.70 1.24 4.56 5.34 

Zn 5.16 1.24 1.64 1.71 10.49 4.11 

BCF=[Меtal]roots/[Available metal]soil, TF=[Metal]shoots/[Меtal]roots), 

BAC (EF)=[Metal]shoots /[Available мetal]roots 
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Comparing the criteria shows that in terms of Pb all criteria 
necessary for referral of the lavender to the hyperaccumulators 
are covered. In terms of Cd and Zn only 1 of the criteria is not 
covered - sufficient accumulation of Zn in the above-ground 
mass (less than 10000 mg/kg Zn) and movement of Cd from 
the soil to the above-ground mass. Therefore, the lavender can 
be attributed to the group of accumulators of Cd and Zn. 

Although phytoremediation is a new technology, in recent 
years many studies have been conducted in an attempt to 
determine how plants absorb metals, the mechanisms of 
movement of translocation of metals from the roots to the 
above-ground mass, the storage and their detoxification. One 
of the main principles of phytoremediation is to find suitable 
plant species that can be grown on contaminated soils. Our 
results strongly suggest that the lavender is a crop that is 
tolerant to heavy metals and can be grown on heavy metals 
polluted soils. It can be attributed to hyperaccumulators of Pb 
and to accumulators of Cd and Zn and can be successfully 
used for phytoremediation of soils contaminated with Pb, Zn 
and Cd.  

C. Effect of Heavy Metals on the Quality of the Oil 

The results of the chromatographic analysis of essential oils 
obtained by processing of flowering stalks of lavender grown 
at a different distance from KCM are presented in Table VI. 
The values of the main components of the essential oil of 
lavender are compared with the requirements of 
ISO3515:2002 [25] for the Bulgarian lavender oil and French 
lavender oil of seed population. According to the standards for 
composition and quality of lavender oil set by the International 
Organization for Standardization [25], the content of linalool, 
linalyl acetate, cymene, terpinen-4-ol and camphor should be 
between 25.0-38.0%, 25.0-45.0%, 4.0-10.0%, 2.0-6.0% and 0-
0.5%, respectively. 

Identified are 5 terpene alcohols (linalool, alpha terpineol, 
borneol, lavandulol and terpinen-4-ol), of which linalool is the 
dominant component (33.76-34.17%). Two ester components 
(linalyl acetate and lavandulyl acetate) were identified. 
Identified were 5 mono terpinen hydrocarbons (camphene, 
myrcene, alpha pinene, cis ocimene and trans-β-ocimene). In 
oil only one sesquiterpene (caryophyllene) was discovered. 
Two mono terpinen ketones were identified (camphor and 3-
octanol) as well as mono terpinen ether (eucalyptol). Hexyl 
ester was also discovered in the oil. 

The main components (> 1.0%) contained in lavender oil 
are linalyl acetate, linalool, lavandulyl acetate, β-
caryophyllene, α-terpineol, cis ocimene, trans ocimene, 
borneol and 1,8-cineole. A trace of the following components 
(minor components (in the range of <1.0 and> 0.10%): 
lavandulol, camphene, myrcene, pinene, camphor, 3-octanol, 
and hexyl are identified in oils. There are no significant 
composition differences between oils obtained from areas 
located at different distances from KCM - Plovdiv, which 
have varying degrees of pollution. It is well known that the 
lavender oil is a mixture of many compounds. It includes more 
than 200 components, belonging to the terpene and non-
terpene hydrocarbons, alcohols, aldehydes, ketones, esters, 

ethers, acids, lactones, phenols, and sulfur-containing 
compounds. All these components have a content in the 
essential oil of the individual branches or offspings which are 
more or less influenced by heredity, which they carry, the 
specific soil and climatic conditions, time of harvest, type of 
distillation of essential oil, etc. [26]. Even within one species 
of Lavender the essential composition of the oil varies greatly 
depending on where and under what conditions the plant was 
grown [27]. Differences in the base oil composition may be 
due to the process of distillation - duration, temperature and 
pressure of distillation [28]. 

 
TABLE VI 

COMPOSITION OF OIL OF LAVENDER (%) OBTAINED BY PROCESSING FRESH 

FLORAL STALKS OF LAVENDER GROWN IN THE REGION OF KCM 

Oil content 
Distance from KCM, km ISO3515:2002 

0.3 1 Bulgaria France 

Linalool 33.76 34.17 22.0-34.0 25.0-38.0 

α-terpineol 2.96 2.98 0.6-2.0  

Borneol 1.23 1.22 -  

Lavandulol 0.47 0.48 Min 0.3  

Тerpinen-4-ol 3.67 3.68 2.0-5.0  

Lynalyl acetate 35.64 35.97 30.0-42.0 25.0-45.0 

Lavandulyl acetate 1.37 1.38 2.0-5.0 2.0-6.0 

Camphene 0.11 0.11 -  

Мyrcene 1.07 1.06 -  

α-pinene 0.11 0.11 -  

Cis ocimene 2.87 2.86 3.0-9.0 4.0-10.0 

Тrans ocimene 1.31 1.31 2.0-5.0 1.5-6.0 

1.8 cineol 1.22 1.21 Маx 2.0  

β-caryophyllene 3.83 3.88 -  

Camphor 0.29 0.32 Маx 0.60 Маx 0.50 

3-оctanone 0.55 0.54 0.2-1.6  

Hexylacetate 0.42 0.41 -  

 
According to literature data the content of the main 

components in the lavender oil from the different parts is 
linalool (27.3-42.2%), linalyl acetate (27.2-46.6%), (Z)-β-
ocimene (0.2-11.6%), terpinen-4-ol (0.70-4.6%), lavandulyl 
acetate (0.50-4.8%), β-caryophyllene (1.8--5.1%), (E)-β- 
ocimene (0.30-3.8%), α-terpineol (0.30-2.0%) and 1,8-cineol 
(0.10-1.2%) [29]. 

As basic and defining nature of the smell of the oil are the 
following: linalyl acetate, linalool, terpinen-4-ol, cineol, 
lavandulol and lavandulyl acetate, camphor, cis- and trans-β- 
ocimene. The assessment of the lavender oil is made, reflected 
in the standards of the countries concerned, based on the 
organoleptic, physical and chemical indicators, paying 
attention mainly to the ester content [30]–[33].  

The content of 1,8-cineole in the tested oils is in the range 
characteristic of the typical Bulgarian lavender oil, and do not 
exceed in value (from 0.5 to 1.6%) the requirements of the 
standard [25] for the French lavender oil . 

Regarding the content of cis-ß-ocimene significant 
differences are found between the oils obtained from areas 
located at different distances from KCM. The content of cis-ß- 
ocimene in oils in areas located at a distance of 0.3 km and 1 
km from KCM is with values below the requirements of both 
standards (2.87%) under requirements from 3% to 9% for the 
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Bulgarian and from 1% to 10% for the French lavender oil. 
The results show that the content of heavy metals in the soil 
does not affect the content of cis-ocimene in the lavender oil.  

Similar are the results for the content of trans-ocimene. The 
values obtained reach up to 1.31% for the oil from the area 
located at a distance of 0.3 km and 1 km from KCM, as these 
values are lower than the standard requirements (2-5%). 

Regarding the content of linalool no significant differences 
are found in the values obtained for oils from areas located at 
a distance of 0.3 km and 1 km from KCM. The content of 
linalool varies from 33.76 to 34.17%, and these values are 
within the limits of the standard (22.0-34.0%). 

The low content of camphor is a mandatory requirement for 
quality lavender oil. The camphor content in the oil ranges 
from 0.29 to 0.33%, and is significantly lower than the 
requirements of the standards (0.6%).The content values of 
lavandulol and lavandulyl acetate can also be defined as 
typical for the Bulgarian lavender oil, meeting the standard. 

Regarding the content of terpinen-4-ol in the oil, the values 
are very similar (3.67-3.68%), and are within the normal 
limits, and do not exceed the requirements of the standard (2 
to 5%). The selection of varieties of lavender in the last 30 
years is aimed at lowering the values of terpinen 4-ol. As a 
result of this trend the contemporary Bulgarian varieties have 
a very low content (with the exception of the variety Jubilee), 
which is inherited by their seed offsprings [34]. Probably the 
content of heavy metals in the soil does not have a significant 
impact on the content of terpinen-4-ol. 

Linalyl acetate is the main ingredient which determines the 
quality of lavender oil. The content of linalyl acetate is high 
(35.64-35.97%) and is within the standards for quality 
lavender oil (30-42%). The results show that the content of 
heavy metals in the soil does not influence the content of 
linalyl acetate in lavender oil. An important point in the study 
is to see whether heavy metals influence the quality of the 
essential oil. Lavender oil is used in a wide range of products 
for perfumery, pharmacy and food industry and must have 
guaranteed indicators for cleanliness and safety, i.e. to meet 
the pharmacopoeial requirements. This means that it must not 
contain heavy metals and/or contain traces of metals and must 
not have changes in its composition. In the oil itself the 
biggest share is occupied by the terpene oxygen compounds, 
as major components are linalyl acetate and linalool. They 
determine the type of smell, but for the quality of the latter, 
significant are other elements and their relationship. 

According to [35] the high-quality lavender oils have 
linalool:linalyl acetate ratio from 0.7:1 to 0.8:1. Terpinene-4-
ol and cineole give unwanted grassy note in the smell and the 
aim is to reduce them [36]. It was found that mono terpene 
hydrocarbons of limonene and ocimene are also important for 
the quality. Data show that the cultivation of lavender on soils 
contaminated with heavy metals does not have negative effect 
on the composition of the lavender oil. Heavy metals in the 
soil have a negligible effect on yield (data not shown) and do 
not affect the quality of the oil.  

In the lavender oil the amount of linalool and linalyl acetate 
is key factor to the overall smell of the oil. Linalool is sweeter, 

but the smell of its ester, linalyl acetate is more refreshing. 
The ratio of linalool and linalyl acetate may change depending 
on the time of distillation and can affect the final smell of the 
oil [37]. According to literature data, in high quality lavender 
oils, the ratio of linalool and linalyl acetate must be greater 
than one unit. The content of linalool is lower compared to 
linalyl acetate in the oils studied by us, which meets the 
requirements for high quality lavender oil. According to [38], 
however, the content of linalool is higher in the lavender oil 
compared to linalyl acetate in all sorts of lavender.  

According to [39]-[42] the essential oils should be distilled 
at the right time to release all active ingredients. Distillation 
can determine the value of the oil or destroy the value of the 
oil.Oils obtained from areas located at a distance of 0.3 km 
and 1 km from KCM contain more α-terpeniol (2.96-2.98%) 
compared with the standard (0.6-2.0%). The higher content of 
α-terpineol, as well as the lower content of linalyl acetate may 
be explained by the molecular rearrangement and hydrolysis 
which can occur during the distillation. Geraniol and various 
terpineol isomers can be obtained from linalyl acetate during 
the process of distillation, and may alter the smell of the 
lavender oil in geranium, which is not observed in the oils 
obtained by us. 

Medicinal and olfactory properties of the lavender are 
mainly due to the proportional composition of linalool, linalyl 
acetate, eucalyptol (1.8-cineol), β-ocimene, 1-terpinen-4-ol 
and camphor [42]. 

The best quality oil is used in perfumery. It must contain 
large amounts of linalool and linalyl acetate and traces of 
camphor. The use of the oil in the medicine is determined by 
the ratio of monoterpenes of desired biological activity [43]. 

In medicine, preffered is the use of oils with a higher 
content of camphor, α-terpineol and 1-terpinen-4-ol (with 
antibacterial properties), as well as with a content of linalool 
(29.92%) and linalyl acetate (12.35%) which have a sedative 
or anesthetic effect [44]. 

Our results indicate that in the cultivation of lavender on 
soils contaminated with heavy metals an oil with very good 
quality is produced – with low content of camphor (0.24 -
0.33%) and high content of linalool (22.32 -34.17%) and 
linalyl acetate (27.41-35.97%), which may be suitable for 
perfumery. Our results show that heavy metals do not affect 
the development of lavender and the quality and quantity of 
oil obtained from it. The possibility of processing 
inflorescences of lavender into oil and its use in perfumery 
makes lavender very suitable for phytoremediation of heavy 
metal polluted soils. 

IV. CONCLUSIONS 

Based on the obtained results, the following conclusions 
can be made:  
1. There is a clear distinction in the accumulation of heavy 

metals in vegetative organs of lavender. Lavender 
accumulates heavy metals through its root system, but a 
very small part of the heavy metals are retained by the 
roots and most of them move and are accumulated in the 
above-ground parts (stems, leaves and petals). 
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2. Lavender is a crop that is tolerant to heavy metals; it can 
be attributed to hyperaccumulators of Pb and 
accumulators of Cd and Zn and can be successfully used 
in phytoremediation of heavy metal polluted soils. 
Processing of inflorescences to oil and the use of the 
obtained oil in perfumery will significantly reduce the 
cost of phytoremediation. 

3. The main odor-determining components of the lavender 
oil obtained from the processing of lavender grown on 
highly contaminated soils meet the requirements of ISO 
3515:2002 for the quality of the Bulgarian and French 
lavender oil and/or have values close to the limits of the 
standards. 
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