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Abstract: Comparative research has been conducted to allow us to determine the content of
heavy metals and chemical composition of lemon balm oils, as well as to identify the possibility
of lemon balm growth on soils contaminated by heavy metals. The experimental plots were
situated at different distances of 0.5 km, and 15 km, respectively, from the source of pollution
the Non-Ferrous-Metal Works (MFMW) near Plovdiv, Bulgaria. On reaching the flowering
stage the lemon balm plants were gathered. The content of heavy metals in leaves of lemon
balm was determined by ICP. The essential oils of the lemon balm were obtained by steam
distillation in laboratory conditions which were analyzed for heavy metals and chemical
composition was determined. Lemon balm is a plant that is tolerant to heavy metals and can
be grown on contaminated soils. Heavy metals do not affect the development of lemon balm
and the quality and quantity of oil obtained from it. Forty components were identified in the
oils. The quantity of identified compounds corresponds to 98.82-98.83% of the total oil content.
Among the detected compounds, beta-citral (neral) (19.31-20.78%), alfa-citral (geranial)
(18,65-19,12%), p-caryophyllene (14.76-16.28%), o-cadinol (3.88-4.74%), geranyl acetate
(3.49-3.59%), trans-geraniol (3.40-3.51%), germacrene (3.18-3.28%), citronellal (2.94-
3.03%), nerol (2.63-2.71%), neryl acetate (2.42 -2.49%) were the major compounds. The
essential oil of Melissa officinalis L. can be a valuable product for farmers from polluted
regions.
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1. INTRODUCTION

Lamiaceae. The plant is grown mainly in Germany, France, Italy, Romania, Bulgaria

and North America [1-2]. It reaches a height of 70-150 cm. The leaves have a mild
lemon scent. At the end of summer, small flowers full of nectar appear, they attract bees, hence
the name Melissa (Greek for “honey bee”). The citrus aroma of lemon balm is due to the
terpenes citral and geraniol, citronellal, citronellol and geranyl acetate [3]. The above-ground
part of the lemon balm is used as a spice and herbal tea, in medicine, in the perfume and
cosmetics industry, in folk medicine. Traditionally in Bulgaria it is used for making tea, as well
as for making bowles and liqueurs. Lemon balm tea is used in nervous sleep disorders and
gastrointestinal disorders [4], lowering the temperature and relieving headaches caused by
stress.

I emon balm (Melissa officinalis) is a perennial herbaceous plant of the family

The oil contains terpenes (monoterpenes, sesquiterpenes and triterpenes), phenolic compounds
(phenolic acids, flavonoids and tannins) [5-6]. The main active ingredients of M. officinalis are
volatile compounds (geranial, neral, citronellal and geraniol), triterpenes (ursolic acid and
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oleanolic acid) [7], flavonoids and phenolic acids [8-9] such as rosemary acid [10] and caffeic
acids [11], phenylpropanoid heteroside [12]. M. officinalis essential oil is used because of its
antimicrobial activity [13], antiviral [14], antibacterial, antioxidant and insect repellent
properties [15]. There is evidence that lemon balm has a positive effect on patients with
Alzheimer's disease [6].

The chemical composition of balm mint oil has been the subject of many studies around the
world. In most studies, in the essential oils from M. officinalis has been found to be
characterized mainly by oxygenated monoterpenes and sesquiterpenes. The analysis of
essential oils indicated some major constituents, like geranial, neral and citronellal [6, 10, 16-
20], (E)-caryophyllene and caryophyllene oxide [10,21], linalool [16], geraniol [22], thymol
[23], a-pinene [21], B-pinene [21,24], carvacrol and iso-menthone [20], decadienal [25] and
trans-carveol [26]. The composition of the oil depends on various factors, such as genetic
origin, habitat, environmental conditions, physiological stage (time of harvest, plant parts of
the plant used to extract the essential oil, soil composition, etc.).

It has been found that the medicinal plants can accumulate larger amounts of heavy metals such
as Cd, As, Pb and Hg compared to other plants [27].

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. However, Zheljazkov [28] demonstrated that aromatic crops may not have
significant phytoremediation potential, but growth of these crops in metal contaminated
agricultural soils is a feasible alternative. Aromatic crops can provide economic return and
metal-free final product, the essential oil. The essential oil of aromatic plants does not contain
heavy metals, although there is an accumulation in the plant biomass [28-29].

The plants of the Lamiaceae family are also widespread in world and have a large biomass
production capacity. However, there are no studies on the possibilities of heavy metals
accumulation in Melissa officinalis L. when grown on contaminated soils. There are no
comprehensive studies on the relationship among the total content of heavy metals in the soil,
their uptake by the leaves of balm mint and quality of oil.

The purpose of this work is to conduct a comparative study, which allows us to determine the
heavy metal accumulation in balm mint, the quality of balm mint oil, as well as the possibilities
to grown on heavy metal contaminated soils.

2. MATERIAL AND METHODS

The experiment was performed on agricultural fields contaminated by Zn, Pb and Cd, situated
at different distances (0.5, and 15.0 km) from the source of pollution, the NFMW near Plovdiv
(Non-Ferrous Metal Works), Bulgaria.

Characteristics of soils are shown in Table I. The soils were slightly neutral to alkalic 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 and exceeds the maximum permissible concentrations
(MPC) in soil 1 (S1) (Table 1).
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Table 1. Characterization of the soils
Parameter H EC, | Organic N P, K, Pb, Zn, Cd,
PP gsim | co Kjeldal,% | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg
SOOIISIk(ril) 74| 0,15 2,2 0,34 625,6 | 6960 |2509,1 24239 | 64,3
SOiISZk(nSIZ) 75| 0,15 1,54 0,12 387,3 | 6780 | 49,4 | 172,7 1,0

MPC (pH 6.0-7.4) — Pb-100 mg/kg, Cd-2.0 mg.kg, Zn-320 mg/kg
MPC (pH >7.4) — Pb-100 mg/kg, Cd-3.0 mg/kg, Zn-400 mg/kg

The test plant was Melissa officinalis L. Balm mint is grown according to conventional
technology. Five plants of each of the areas were used for the analysis. Upon reaching the stage
just prior to blooming, balm mint was harvested and the content of Pb, Zn and Cd in leaves
was determined. The essential oil of the balm mint was obtained by steam distillation in
laboratory conditions which was analyzed for heavy metals content and its chemical
composition was determined.

Pseudo-total content of metals in soils was determined in accordance with 1SO 11466 [30]. The
available (mobile) heavy metals contents were extracted in accordance with 1ISO 14870[31] by
a solution of DTPA. The contents of heavy metals (Pb, Zn and Cd) in the plant material (leaves)
and in the essential oils of sage 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.

3. RESULTS AND DISCUSSION
Soils

The results presented in Tables | and 11 show that in the soil samples S1 (taken from the area
situated at the distance of 0.5 km from NFMW), the reported values for Pb were exceeding
MPC approved for Bulgaria and reached to 2509.1 mg/kg. In the area located at a distance of
15 km, the contents of Pb significantly reduce to 49.4 mg/kg. Similar results were obtained for
Cd and Zn. The results for the mobile forms of the metals extracted by DTPA show that the
mobile forms of Cd in the contaminated soils are the most significant portion of its total content
and reached to 57,2%, followed by Pb with 33,8 % and Zn with 9,8%.

In the soil located at a distance of 15 km from NFMW the mobile forms of Cd are the most
significant part of it.

Table 2. DTPA-extractable Pb, Zn and Cd (mg/kg) in soils sampled from NFMW

Soils Pb Cd Zn
mg/kg %* mg/kg % mg/kg %
ST(05km)| 849.1 33.8 36.8 57.2 236.8 0.8
52 (150 215 435 0.7 70 38.9 225
km)

*DTPA -extractable / total content
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Content of Heavy Metals in balm mint

A significant accumulation of Pb is found in the leaves of the balm mint. The content of this
element reaches up to 143.5 mg/kg in leaves of the balm mint grown at a distance of 0.5 km
from NFMW (S1) (Table 3) and was very high beyond the proposed guide value for medicinal
plants. Kabata Pendias [27] quote that normally there are 5 - 10 mg/kg Pb in a plant material.
Schilcher and Peters [32] proposed to set the limits for Pb in medicinal plants at 10 mg/kg, due
to their little portion in the human diet and incomplete extraction of Pb during tea preparation.
The World Health Organization (WHQO) recommends limits for various medicinal plants of not
more than 10 mg/kg Pb and 0.3 mg/kg Cd in the final dosage form of the plant material. The
relatively high amount of Pb may be caused by the morphological characteristics of the plant.
The leaves of balm mint were covered with pappus, which contributed to the fixing of the
aerosol pollutants and for their accumulation there. The content of Cd in the leaves of balm
mint grown at a distance of 0.5 km from NFMW reaches up to 2.25 mg/kg, values considered
to be nontoxic to plants. According to Kabata-Pendias [27] 5.0 mg/kg Cd is considered to be a
toxic value for the plants. The content of Zn in the leaves of balm mint grown at a distance of
0.5 km from NFMW reaches up to 184.7 mg/kg, as these values are also less the critical values
for plants - 100-400 mg/kg. With increasing the distance from NFMW a clear trend is seen
towards reducing the content of heavy metals in the leaves of the studied crop. The content of
heavy metals in the leaves of the balm mint grown at 15 km from NFMW reaches up to 1.6
mg/kg Pb, 0.08 mg/kg Cd and 17.7 mg/kg Zn (S2).

The heavy metal content in the essential oil from balm mint was also determined. The results
obtained show that the majority of the heavy metals contained in the leaves of the balm mint
do not pass into the oil during the distillation, therefore their content in the oil are much lower.
In the process of oil extraction by distillation, heavy metals remain in the extracted plant
residues, limiting the quantities of heavy metals in the commercial oil product. Pb content in
the essential oil of balm mint reaches up to 0.2 mg/kg, Zn up to 4.5 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 balm mint grown at a distance of 15 km from NFMW
—0.03 mg/kg Pb and 1.6 mg/kg Zn (S2).

These results strongly suggest that the main part of Pb, Cd and Zn, contained in the leaves of
balm mint, cultivated 0.5 km from the NFMW, does not pass into the oil obtained, its content
in the oil are lower according the Directive 76/768/EEC for plant extracts (20 mg/kg Pb and 2
mg/kg Cd) and it can be used for cosmetics. This result is very important, given the commercial
value of the essential oil extracts of the aromatic and medicinal plants. The accumulation of
heavy metals in the end products, obtained after the processing of the aboveground parts of the
plant, was within the limits of the permissible values to the normative requirements for
ecologically clean product.

Table 3. Content of Pb, Cd and Zn (mg/kg) in leaves and essential oil of balm mint

Soils Pb _ Cd _ Zn _
Leaves Oil Leaves oil Leaves oil

S1 (0.5 km) 143.5 0,2 2.25 n.d. 184.7 45

S2 (15.0 km) 1.6 0.03 0.08 n.d. 17.7 1.6

n.d.-non detectable
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Effect of heavy metals on the quality of the oil

The results of the chromatographic analysis of essential oils obtained by processing of leaves
balm mint grown at a different distance from NFMW are presented in Table 4. The values of
the main components of the essential oil of balm mint are compared with the data obtained
from all cited references.

No significant differences were observed in the composition between the oils obtained from
the areas of different distance from NFMW. The yield for balm mint oils ranged between
0.245% (S1) and 0.25% (S2). Ozturk [33] found that the content of essential oil in lemon balm
varies between 0.02 and 0.30%, which is much lower than other plants in the family Lamiaceae.
According to Turhan [34] the content of essential oil and its composition depend on the cutting
height of the lemon balm. It was found that the content of essential oil in the upper part (young
leaves) is 0.39%, while in the whole leaf mass it is 0.14%. For this reason, the production costs
and the price of the essential oil are very high on the market. Souihi [35] found that the essential
oil content in Tunisia is very low (0.032%,), the content in the oil from Turkey varies from
0.01 to 0.25%. [36], 0.03 - 0.067% [37] to 0.27-0.36%, [38], from 0.06-0.16% in Iran oil [39],
from 0.08 to 0.25% in the oil from Poland [16], 0.25% in the oil from Germany [40], and from
0.5 to 0.8% [40] in the oil from Spain.

Forty compounds representing 98.82 — 98.83% of the oil were identified, 21 of which were
above 1 %. The obtained results show that oxygen-containing monoterpenes (neral and
geranial) and sesquiterpenes hydrocarbon (f3-caryophyllene) predominate in the essential oils.

It is noteworthy that the content of oxygen-containing monoterpenes neral and geranial, and
the sesquiterpene alcohol a-cadinol is higher in the balm mint oil obtained from the
contaminated area, while the content of B-caryophyllene is lower. No significant difference
was found for the other components.

The monoterpene aldehyde citronellal determines the sweet floral aroma of rose. The content
of citronellal in the studied oils varies from 2.94% (S1) to 3.03% (S2), whereas significantly
higher values were found by Popova [41] for the Bulgarian commercial oil (18.5%). According
to literature data, the content of citronellal varies widely - from 0.2% in the oil from Cuba [42]
to 40% in the oil from France (40%) [43]. Some essential oils, such as those of Brazilian origin,
do not contain citronellal [17]. Shamsi [44] found that the amount the amount of citronellal is
lower in the leaves of the upper third part (2.82%) compared to the total leaf mass (6.44%).

The monoterpene aldehyde (Z)-citral (neral) causes the sweet citrus aroma of lemon. The
content of beta-citral (neral) in the studied oils varies from 19.31% (S2) to 20.78% (S1).
According to literature data, the content of neral varies widely in lemon balm oil - from 4.3 to
43.8%. The highest content of neral was established in the oils from Cuba (29.9%) [42], Brazil
(39.3%) [17] and Iran (43.8%) [39]. The content of neral is significantly lower in the oil from
Scotland (4.3%) [45], and Bulgaria (5.9%) [41], while neral is not found in the oil from Greece.
The monoterpene aldehyde (E)-citral (geranial) determines the citrus aroma of lemon. The
content of alpha-citral in the oils varies from 18.65% (S2) to 19.12% (S1). According to
literature data, the content of geranial varies widely - from 6.6 to 47.3%. The highest values
were found in the oils from Cuba (41.0%) [42] and Brazil (47.3%) [17], while in the oils from
Greece and Scotland [45] no geranial is contained. According to Hefendelh [46], the young
leaves have higher citral content, while the older leaves have higher citronellal content. Similar
results were reported by Mrlianova [47], who found that the amount of citral isomers (neral
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and geranial) was higher in the leaves of the upper third part of the lemon balm (59.74%) than
in the leaves of the whole aboveground mass (56.87%).

Sesquiterpene, bicyclic b-caryophyllene causes spicy woody citrus aroma. The content of 3-
Caryophyllene in the studied oils varies from 16.280 (S2) and 14.762% (S1). Similar results
were obtained by Allahverdiyev [5] for Turkish oils, which are characterized by a high content
of B-carophylene (14.2%). Slightly lower results were obtained for the content of [3-
carophylene in the oils from Slovakia (4.2 %) [48], Serbia (4.6%) [49], Iran (4.9%) [39], and
Egypt (4.9%,) [50]. Significantly lower values were reported for the oil from Algeria (1.3%)
and France (2.4%) [43]. Mrlianova [47] b) found that the amount of beta-caryophyllene was
higher in the leaves of the upper third of the lemon balm (6.97%) than in the total leaf mass
(5.13%),

The content of geraniol varies from 1.358 (S2) to 1.317% (S1). According to literature data,
the geraniol content varies from 0.2% to 15.2%, with higher values found in oils from Serbia
(3.4%) [49], Egypt (4.2%) [50], Scotland (5.73%) [45], Bulgarian commercial oil (15.72%)
[41], and significantly lower in oil from Algeria (0.6%)[43].

Table 4. Composition of oil (%) obtained by processing fresh leaves of balm mint

S1(0.5km) | S2(15.0 km
No Compound RI ( %)of‘ TIC( ) Reference
1 a-Pinene 939 0,367 0,356
2 B-Pinene 979 0,934 0,906
3 1-Octen-3-ol 982 0,119 0,075
4 beta-Myrcene 990 0,25 0,243
5 Limonene 1029 1,879 1,822 trace - 57.5
6 cis-beta-Ocimene 1040 1,176 1,141
7 trans-beta-Ocimene 1050 0,577 0,56
8 beta-Linalool 1097 0,988 0,958 trace - 1.3
9 cis- Rose oxide 1110 0,339 0,329
10 | trans-Rose oxide 1128 0,466 0,452
11 | Verbenol 1134 0,339 0,329
12 | Citronellal 1151 3,03 2,939 0.2-43.8
13 | trans-Carveol 1195 0,149 0,144
14 | Myrtenol 1198 1,359 1,318
15 | Menthol 1173 0,936 0,908
16 | Isomenthol 1180 0,384 0,373
17 | a-Terpineol 1187 0,164 0,159
18 | Nerol 1228 2,709 2,628
19 | Geraniol 1230 1,358 1,317 0.2-15.2
20 | beta-Citral (Neral) 1240 19,308 20,783 4.3-39.3
21 | trans-Geraniol 1255 3,505 3,4
22 | (8)-(-)-Citronellic 1261 1,253 1,215
acid, methyl ester
23 | alfa-Citral (Geranial) 1270 18,649 19,116 6.6 - 47.3
24 | Citronellyl acetate 1354 0,426 0,413 0.6 -7.24
25 | Neryl acetate 1364 2,493 2,418
26 | Geranyl acetate 1383 3,593 3,485
27 | B-Caryophyllene 1419,1 16,28 14,762 1.3-15.3
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28 | (E)-B-Farnesene 1460 0,604 0,586
29 | Germacrene D 1480 3,277 3,179 trace - 2.14
30 | Caryophyllene Oxide 1581 1,166 1,131 1.2-12.6
31 | n-Pentacosane 1500 1,192 1,156
32 n-Hexacosane 1600 1,041 1,009
33 | tau.-Cadinol 1629 1,166 1,131
34 | tau.-Muurolol 1631 1,366 1,325
35 | a-Cadinol 1653 3,884 4,737
36 | n-Heptacosane 1700 0,83 0,806
37 n-Octacosane 1800 0,115 0,088
38 | n-Nonacosane 1900 0,237 0,229
39 n-Eicosane 2000 0,565 0,548
40 | n-Heneicosane 2100 0,353 0,342

Total 98,826 98,816

Yoeld, % 0.24 0.25

RI - Relative Index; TIC - Total lon Current

The content of monoterpene geranyl acetate varies from 3.49 (S1) to 3.59% (S2). Slightly
higher values of geranyl acetate were found in the oil from Slovakia (5.9%) [48], Iran (7.1%)
[39] and Bulgarian commercial oil (7.24%) [41].

Sesquiterpene oxide b-caryophyllene oxide causes the woody spicy aroma. The content of
caryophyllene oxide varies from 1.166 (S2) to 1.131 (S1). Similar results were obtained for the
oils from Algeria (1.3%) and Serbia (1.7%) [49]. Significantly higher results were obtained for
the oils from Iran (2.7%) [39], Cuba (5.3%) [42], Slovakia (8.35%) [48], Egypt (10.0%,) [50].
The highest values were reported in the oil from Jordan, in which caryophyllene oxide is the
dominant ingredient (43.6%) [51].

Most studies have shown that oxygen monoterpenes, such as the isomers of citral (geranial and
neral), citronellal and geraniol, predominate in the oil from M. officinalis [49,52]. For example,
lemon balm oils from Serbia [49], Slovakia [48], Egypt [50], France [43] and Iran [39] are
characterized by a high content of geranial, neral and citronellal. Citral, citronellal and
caryophyllene oxide [44] dominate in the oils obtained in Algeria. Meftahizade [52], report
that the main constituents of the essential oil are citral (geranium and neral), citronellal,
geraniol, beta-pinene, alpha-pinene, and beta-caryophyllene. According to Bagdad and Cosge
[36] the main components of the oil obtained in Turkey are citronellal (39%), citral (33%),
citronellol, linalool and geraniol, while according to Allahverdiyev [5] the oil is dominated
mainly by sesquiterpene hydrocarbons B-cubebene (15.41%) and B-caryophyllene (14.24%).
The sesquiterpene hydrocarbons -cubeben (39%) and terpinolene (9.6%) also predominate in
the oil obtained in New Zealand [3]. VVan den Berg [53] reported that the main components in
the oil were germacrene D (34.79-51.50%), sabinene (0.91-14.68%), 3-caryophyllene (7.27—
12.66%) and B-pinene (0.53— 8.03%), whereas limonene is a major component in the oil
obtained in Scotland (57.5%) [45].

The results of this study show that balm mint oil belongs to the citral/p-caryophyllene
chemotype - neral (19,308-20,783%)> and geranial (18,649-19,116%)> p-caryophyllene
(14,762-16.28%). Oils from Tajikistan [54], Turkey (24], Romania [19], Serbia [18], Poland
[16], and Brazil [17], belong to geranial/neral chemotype, olls from lIran - to
geranol/caryophyllene oxide chemotype [25], while from Egypt [55], Turkey [23], and Italy
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[20] — to citronellal chemotype, oils from Iran - to a-pinene and caryophyllene oxide
chemotype [56], oils from Greece - to caryophyllene-oxide/p -caryophyllene/ B -pinene
chemotype [21]. The studied oils are a new chemotype of balm mint oil. So far, in the scientific
literature there is no information about such a type of citral/p-caryophyllene chemotype of oils.
The results from the present study confirm that balm mint have a unique chemical composition
and individual oil chemotype.

Figure 1. Classification of the identified compounds based on functional groups in oils from
contaminated soils (A) and non-contaminated soils (B) (OM - oxygen-containing
monoterpenes; MH - monoterpenic hydrocarbons; SH - sesquiterpene hydrocarbons; OS —
oxygen-containing sesquiterpenes)

A B

HC; 4,253 MH; 5,028

/

other; 4,45 MH; 5,183
S l

y

0s; 8,324

SH; 18,527 SH; 20,161

The chromatographic profile shows a complex mixture of components contained in balm mint
oil. Figure 1 shows the classification of the identified compounds on the basis of functional
groups. The highest is the content of oxygen-containing monoterpenes (61.448-62.684%),
followed by sesquiterpene hydrocarbons (18.527-20.161%), oxygen-containing sesquiterpenes
(7,582-8.324%), monoterpene hydrocarbons (5.028-5.183 %), and others (4.253- 4.452%).
There are no significant differences in the profile of essential oils extracted from balm mint
when grown on contaminated and uncontaminated soils. Probably the contamination of the soil
with heavy metals does not affect the composition and quality of the oil.

This study shows that balm mint can be grown on heavy metal contaminated soils. The oil
yield, essential oil content and essential oil compositions are similar to the oil from the
uncontaminated area and to the oils currently available on the market from other countries.
Therefore, essential oils extracted from balm mint grown in contaminated areas could be
marketed in the same way as essential oils produced in other regions of the world.

CONCLUSION

Based on the obtained results, the following conclusions can be made:

1. Melissa oficinalis L. is a plant which is tolerant to heavy metals and can be grown on
contaminated soils.

2. In the leaves from Melissa Oficinalis L., cultivated in the region of the NFMW, the
contents of Pb, Zn and Cd exceeded the Maximum permissible concentration, and could
be a potential danger for men, when used as herbal tea.

3. 3.The amounts of Pb, Zn and Cd in the oil of balm mint grown on contaminated soil (Pb
-2509.1 mg/kg, Zn -2423.9 mg.kg, Cd - 64.3 mg/kg) are lower than the accepted
maximum values and meet the requirements of an environmentally friendly product.

4. The contamination of the soils with heavy metals does not affect the composition and
quality of the oil. The content of the oxygen-containing monoterpenes neral and geranial,
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and the sesquiterpene alcohol a-cadinol is higher in the balm mint oil obtained from the
contaminated area, the content of B-caryophyllene is lower, and no significant difference
was found for the other components.

The highest is the content of oxygen-containing monoterpenes (61.448-62.684%),
followed by sesquiterpene hydrocarbons (18.527-20.161%), oxygen-containing
sesquiterpenes (7,582-8.324%), monoterpene hydrocarbons (5.028-5.183 %), and others
(4.253- 4.452%).

Balm mint oil from contaminated and uncontaminated area belongs to the new type of
oils- citral/p-caryophyllene chemotype - neral (19,308-20,783%)> geranial (18,649-
19,116%)> B-caryophyllene (14,762-16.28%).

Melissa Oficinalis L. could be cultivated in industrially polluted regions, as it is mainly
used for obtaining essential oil. The essential oil of balm mint can be a valuable product
for the farmers from the polluted areas.
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