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COMPARATIVE STUDY OF THE BIOACCUMULATION OF
HEAVY METALS IN LAVENDER PLANTS

Ecaterina Anca SERBAN?, Daniela Simina STEFAN?, Adrian PETICILAS3, lleana
RAU* Magdalena BOSOMOIU®”

The present study measures the concentration of several metals (heavy,
alkaline and alkaline earth) in lavender plants cultivated in polluted areas in the
city of Bucharest (Tineretului Boulevard, Unirii Boulevard, Berceni Boulevard). For
comparison purposes lavender plants from areas considered of zero pollution were
as well analyzed. The concentrations of heavy metals such as Cd, As, Pb, Cu, Mn,
Zn, Co, Ni and Fe in the plant samples and in the soil samples were measured using
Inductive Coupled Plasma - Optical Emission Spectrometer. The concentrations of
Cr, Mn and Fe are higher in the soil from the polluted areas. The concentrations of
Cr, Cu, Mn, Zn and Fe are higher in plants from polluted areas. This denotes the
lavender suitability for heavy metal phytoremediation.
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1. Introduction

The soil is an environment that is accumulating different pollutants among
which are the heavy metals. From soil, heavy metals can enter through food chain
in the human body and accumulate in tissues and organs. Based on their effect on
living organisms, heavy metals can be classified in two categories: essentials and
non-essentials. In the first category are included the metals that are part of the
biological processes (e.g. they can bound to different enzymes). In low quantities
their effect to the living organism is beneficial (e.g. Fe, Zn, Cu, Co) [1 — 6]. Non-
essential heavy metals (like Pb, As, Cd, Hg, Cr) have a negative impact, they are
extremely toxic for the living organisms even at very low concentrations [7].

The heavy metals interact with substances in the environment to form
compounds with different stability and properties. This stability is a measure of
the binding strength with the other compounds and has a direct effect on the
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biological availability of heavy metals [8]. These compounds are divided in
different chemical fractions [9 — 11]:

(i) F1 water soluble fraction: includes all the compounds that are adsorbed on
the surface of the particles and can be quickly released in the solution.

(if) F2 mobile fraction: easily exchangeable fraction, can be adsorbed on other
solid components (e.g. clay minerals or humus).

(iii) F3 carbonate fraction: heavy metals that are in the form of carbonate or
bound with carbonate (e.g. co-precipitated with it); can be easily
released in favorable conditions.

(iv)F4 humic acid fraction: heavy metals in the residues.

(v) F5 iron - manganese oxide fraction: in oxidizing conditions it passes to F1
and F2.

(vi)F6 strong organic fraction.

(vii)  F7 residual fraction: stable compounds like silicates, cements, and
oxide crystal structures.

The bioavailability index is defined as the sum of the first three
concentrations, and it is used in the assessment the mobility of heavy metals. The
higher the bioavailability index, the higher the transfer to plants, finally increasing
the impact on human health [9]. Fractions F4 to F6 could become available in
strong acid environments [10].

The fractions F2 and F3 are generated mainly from human activities [11].

It has been shown that road traffic can significantly contribute to heavy
metals accumulation in soil and be transferred to plants (e.g. vegetables and
legumes, Plantango major) [12 — 15].

Medicinal plants are known to be either metal hyperaccumulators or metal
excluders [16, 17]. Goretti et al., (2020) investigated the level of heavy metals in
honey bees to estimate the contamination level of plants [18]. Trees (Platanus
orientalis L. and Pinus nigra Arn) have been used as a bioindicator for the
estimation of air pollution with heavy metals [19].

Lavender is used for its aromatic properties in cosmetics and perfume
industry [20 — 22], in food industry [23 — 25], as a natural insecticide [26]. Since
few years it started to be used also in medicine thanks to its healing effects (in
neurological disorders like epilepsy, depression, anxiety, migraine, and
Alzheimer’s disease, as anti-inflammatory product, treatment of sleeping
disorders, pain reducer) [27 — 32]. The lavender properties are given by a mixture
of compounds that include terpenes, (linalool, limonene, triterpenes, linalyl
acetate), alcohols, ketones, polyphenols, coumarins, cineole, and flavonoids, etc
[33, 34].

In this context, to evaluate whether lavender plants (Lavandula
angustifolia) are susceptible to accumulate heavy metals deposited in the soil
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from the road dust, analyzes of plants and soil were compared from different
polluted areas.

2. Materials and methods

Samples of plants and polluted soil were taken from the city of Bucharest
from different intersections, in areas with intense traffic (Unirii Boulevard,
Berceni Boulevard, Tineretului Boulevard). For comparison purposes, soil
samples from areas considered zero pollution (Moara Domneasca in Ilfov County
and University of Agronomic Sciences and Veterinary Medicine of Bucharest,
USAMYV) were withdrawn. These samples were dried in an oven (or lyophilizer)
and prepared for mineralization/acid digestion.

Samples preparation

To obtain accurate results of plant or soil analysis, the complete digestion
of the sample is necessary. Digestion method of plant and soil samples in an open
system was used for samples preparation.

Open system digestion is still widely used for the samples decomposition
and the destruction of organic matter.

The extraction of metals from the lavender plants was carried out by an
acid digestion procedure as follows: an amount of approximately 1 g of plant was
dried at lyophilizer and crushed. The samples were mineralized with a mixture of
ultra-pure HNOz and H.O in a ratio of 10:3 (v/v), for 24 hours, at room
temperature to destroy the organic matter (cold digestion). The samples thus
obtained were filtered and the acid extracts were diluted with ultrapure water to a
constant volume of 25 mL.

The content of metals in the soil was determined from approximately 1.5 ¢
of sieved and previously dried soil sample. The drying was made in an oven at a
maximum of 50° C. To the soil sample it was added a mixture of 5 mL of
ultrapure nitric acid (HNOs3) 65% and 15 mL ultrapure hydrochloric acid (HCI)
37% (extraction in royal water). The samples were filtered and diluted with
ultrapure water to a constant volume of 50 mL.

Quantitative analysis method

The metals in the samples of soil and plants were determined by atomic
spectroscopy using an inductively coupled plasma optical emission spectrometer
ICP —OES Avio 500 Perkin Elmer, equipped with UV-VIS detectors and axial
plasma view.
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Reagents
High quality water was obtained through an MilliQ Ultrapure water
purification system with ELIX Technology.
For the soil and plants samples preparation, the following reagents and
chemicals were used: hydrochloric acid 37%; nitric acid ultrapure grade 69%
(Merck); hydrogen peroxide 30% (Merck).

3. Results and discussion

Natural levels of Cu, Ni, Pb, and Zn in the soils from areas of zero
pollution correspond to slightly higher values than the normal values from the
normative 756/97. For the polluted soils, according to data presented in Table 1,
the concentrations for Cu, Ni, Pb, and Zn are higher than the limits imposed by
the normative 756/97.

Soil composition

Table 1

Contaminated soil

Uncontaminated soil

Reference values for

chemical elements in
; soil, Order 756/97
Unirii Bercen Moara US.AM.V | "Requlations regarding
Compound | goyjevard, Bom/JlI(evard, Domneasca | mg/kg dried | environmental
mg/kg dried crinr?edg mg/kg  dried | matter pollution assessment",
matter matter matter mg/kg dried matter
Normal values [35]
As <2.50 <2.50 <2.50 <2.50 5
Cd 0.24 0.31 0.34 0.54 1
Co 9.03 9.01 8.51 7.61 15
Cr 24.8 30.5 20.24 16.34 30
Cu 26.7 34.6 32.67 27.48 20
Fe 29603 34791 9970.2 9539.9 -
Mn 848 717 543.2 493.4 900
Mo <0.80 <0.80 <0.80 <0.80 2
Ni 26.9 32.6 21.86 20.92 20
Pb 28.2 36.3 28.58 35.56 20
Sh 497 5.00 <3.00 <3.00 5
Se Not Not <2.00 <2.00
analyzed analyzed
Zn 71.6 88,6 62.23 206.13 1
Ca 11068 11064 5579.24 9943.55 100
Mg 5526 5728 3116.79 3269.06 -
Na 95.1 124 47.67 113.51 -
K 4445 4480 2518.97 1805.59 -
Al 13763 16130 9195.47 8309.95 -
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The Cr and Sb are at the value given in the soil normative but are significantly
higher than the values from the areas of zero pollution. Although they do not
exceed the normative values, Cr, Fe and Mn are significantly higher than the
levels in areas of zero pollution. Higher values of alkaline and alkaline earth
metals are also reported in the polluted soils. Therefore, Cr, Pb, Mn, Fe, Ni, Sb
are the main metals that are susceptible to pollute the analyzed soil.

According to Tables 2 and 3, the lavender plants in areas of zero pollution
contain undetectable levels of As, Cd, Co, Pb and Sh.

Table 2
Lavender plant composition — area of zero pollution
Moara Domneasca IlIfov County— mg/kg dried matter (2022)
Compound Whole Plant Stem Flower
As
<0.75 <0.75 <0.75
Cd
<0.08 <0.08 <0.08
Co
<0.04 <0.04 <0.04
Pb
<1.50 <1.50 <1.50
Sh
<0.18 <0.18 <0.18
Table 3
Lavender plant composition — area of zero pollution
U.S.A.M.V. — mg/kg dried matter (2022)
Compound Whole Plant Stem Flower
As
<0.75 <0.75 <0.75
Cd
<0.08 <0.08 <0.08
Co
<0.04 <0.04 <0.04
Pb
<1.50 <1.50 <1.50
Sh
<0.18 <0.18 <0.18

Lavender plant composition in polluted area is presented in Tables 4, 5 and 6.
Like in the case of lavender plants from areas of zero pollution, the plants in
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polluted zones also show undetectable levels of As, Cd, Co, Pb and Sb (Tables 4

and 5).
Table 4
Lavender plant composition — polluted area
Tineretului Boulevard — mg/kg dried matter (2023)
Compound Whole Plant Stem Flower
As
<0.75 <0.75 <0.75
Cd
<0.08 <0.08 <0.08
Co
<0.04 <0.04 <0.04
Pb
<1.50 <1.50 <1.50
Se
<0.18 <0.18 <0.18
Table 5
Lavender plant composition — polluted area
Unirii Boulevard — mg/kg dried matter (2023)
Compound Whole Plant Stem Flower
As
<0.75 <0.75 <0.75
Cd
<0.08 <0.08 <0.08
Co
<0.04 <0.04 <0.04
Pb
<1.50 <1.50 <1.50
Se
<0.18 <0.18 <0.18
Table 6
Lavender plant composition — polluted area
Whole plant — mg/kg dried matter (2022)
Compound Unirii Boulevard Berceni Boulevard Berceni street
Cr
0.73 0.78 0.36
Cu
7.95 8.10 6.18
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Fe
245.4 352 142
Mn
17.4 225 18.8
Mo
0.36 0.15 0.13
Ni
1.32 1.61 1.08
Pb
2.03 <1.50 <1.50
Sb
<0.18 0.36 <0.18
Zn
23.2 225 19.7
Ca
9274 11193 8039
Mg
2211 2721 1428
Na
24.6 189 76.3
K
14357 18472 17444
Al 79.3 147 58.2

When analyzing the ionic metals levels in the whole plant in three polluted

areas (Unirii Boulevard, Berceni Boulevard and Berceni street), the lowest
content in heavy metals (Cr, Cu, Fe, Ni, Pb and Zn) show the plants from Berceni
street (Table 6). In Fig. 1 is presented the composition of lavender plants from

areas of zero pollution available for the year 2022.
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Fig. 1. Composition of lavender plants from areas of zero pollution (2022): (a), (b) and (c) Moara
Domneasca, lIfov County, (d), (e) and (f) USAMV

When analyzing the different parts of the plant, it can be seen that flowers
tend to accumulate more heavy metals (Ni, Mo, Cu, Mn, Zn, and Fe) than the

stem part (Fig. 1).
In Fig. 2 is presented the composition of lavender plants from polluted

areas.
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Fig. 2. Composition of lavender plants from polluted areas (2023): (a) and (b) Tineretului
Boulevard, (c) and (d) Unirii Boulevard

Although, the soil analysis indicated contents of chromium below the
normal values, the plants in the polluted areas accumulate this heavy metal. The
content of chromium in plants from polluted areas are more than 10 times higher
than in plants cultivated in areas of zero pollution. There are also differences
between the to polluted areas with more chromium accumulated in the plants
analyzed from Tineretului Boulevard compared to Unirii Boulevard. Manganese,
copper and iron are also a few times higher in the plants from Tineretului
Boulevard compared to Unirii Boulevard.

6. Conclusions

Soil analysis indicated that Cr, Fe and Mn levels are significantly higher in
the soils from polluted areas (Unirii Boulevard and Berceni Boulevard) than in
areas of zero pollution (Moara Domneasca and USAMYV). They are however close
to the values indicated in the normative 756/97 regarding environmental pollution
assessment.

Despite this fact the plants cultivated in polluted areas accumulate Cr, Cu,
Fe, Mn, Mo and Zn at levels a few times higher than the levels in plants from zero
pollution areas. All analyzed plants do not accumulate Pb, even if its
concentration in all the types of soil overpasses the normal value indicated in the
normative 756/97. The flowers are accumulating more Ni, Mo, Cu, Mn, Zn, and
Fe, than the other parts of the plant. Lavender susceptibility to accumulate heavy
metals means that the soil for lavender cultivation must contain low levels of
heavy metals when the plant is used for medical, cosmetic or food purposes.

Future studies aim to determine how much of the heavy metals contained
in the lavender plant are transferred to the alcoholic extracts of essential oils.

Due the bioaccumulation capacity of some heavy metals, the lavender
could also be used for the phytoremediation of polluted soils. This remain
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however a high cost option for soil phytoremediation considering that are other
plants that naturally grow on the fields and have a superior bioaccumulation
capacity (e.g. Plantago major).
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