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Abstract: Comparative research has been conducted to allow us to determine the content of heavy met-
als and chemical composition of Salvia officinalis L oils, as well as to identify the possibility of Salvia
officinalis L. 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-Met-
al Works (MFMW) near Plovdiv, Bulgaria. On reaching flowering stage the Salvia officinalis L plants
were gathered. The content of heavy metals in different parts of Salvia officinalis L. (roots, stems, leaves
and inflorescences) was determined by ICP. The essential oil of the Salvia officinalis L. was obtained
by steam distillation in laboratory conditions which was analyzed for heavy metals and its chemical
composition was determined.

Salvia officinalis L. is a plant which is tolerant to heavy metals and can be grown on contaminated soils.
Favorable is also the fact that heavy metals do not influence the development of the Salvia officinalis
L. as well as on the quality and quantity of the essential oil. Twenty-nine components were identified
in the oil. The main compounds of essential oi were as follows: a-thujone (15.927-18.912), camphor
(16.839-17.826), trans-thujone (5.379-11.575), 1,8-cineole (6.891-7.625), camphene (6.024-6.514), a-hu-
mulene (5.395-6.098), borneol (4.591-5.394), (e)-p-caryophyllene (3.868-4.576), limonene (3.458-4.612),
bornyl acetate (1.621-3.194), viridiflorene (2.449-5.633), f-pinene (2.174-2.223), allo-aromadendrene
(2.034-4.777). The compounds in the essential oil that decreased as a result of heavy metals pollution
are limonene, bornyl acetate and allo-aromadendrene, while the a-thujone, trans-thujone, camphor
and viridiflorene significantly increased. Observed increase of the levels of a-thujone, trans-thujone,
and camphor level in the leaves of sage grown on heavy metals polluted soil indicated an improvement
of the essential oil quality. The essential oil of Salvia officinalis L. can be a valuable product for the
farmers from the polluted regions.
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1. INTRODUCTION

Salvia officinalis (sage, also called garden sage, common sage, or culinary sage) is a perenni-
al, evergreen subshrub of the Lamiaceae family, with woody stems, greyish leaves and blue
to purple flowers [1]. It is cultivated in the subtropical countries of Central and Eastern Europe,
Turkey, Algeria, Asia, America and Africa, Ukraine, India, Ceylon, Madagascar, Tunisia, Mo-
rocco, etc. [2-4]. In Bulgaria it is grown in the southern part of the country. The plant is essential
oil-bearing, honey-bearing and anti-erosion plant.

There are over 900 species of salvia. Salvia officinalis, Salvia sclarea and Salvia lavandulifolia
are of economic importance, as these three species have the highest content of aromatic sub-
stances.
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The essential oil is obtained by steam distillation of fresh or dried leaves and inflorescences
of the plant. The sage essential oil can be used in the food and alcohol industries (as aromatic
vector in the production of salami, cheese and wine), in the pharmaceutical industry and in the
perfumery and cosmetics [5]. S. officinalis L. essential oil has antiseptic, anti-inflammatory,
antitumor, antispasmodic and antioxidant effects [6-8]. Its pharmacological properties depend
on the chemical composition of the essential oil.

The production of S. officinalis essential oil and its chemical composition have been the subject
of much investigation around the world. It has been found that monoterpene and sesquiterpene
hydrocarbons and their oxygen derivatives are predominant in the composition of S. officinalis
oil [9-11]. The qualitative characteristics of essential oils from different countries are similar,
but large quantitative differences in the content of the basic compounds have been found, sug-
gesting that these oils are likely to have different biological activity [6, 12-14]. The composition
of the oil depends on various factors, such as genetic origin [15], habitat [15-16], environmental
conditions such as temperature, day length, intensity of light [15,17-19], season [15], physiolog-
ical stage (harvest time) [18], plant parts used for essential oil extraction [15, 20], soil compo-
sition [21], etc. The development of S. officinalis also has an effect on the oil composition [22].
It was found that a-humulene, viridiflorol and manool are predominant in young leaf oil, while
the content of camphor or a-thujone is lower. In the older leaf oil, the content of a-humulene,
viridiflorol and manool declines significantly with the simultaneous increase in camphor and
a-thujone [23]. Cluster analysis shows that young leaf oil belongs to the a-humulene chemotype,
whereas old leaf oil originating in Serbia belongs to camphor chemotype, and old leaf oil orig-
inating in Croatia belonged to the thujone chemotype [24]. Due to the strong influence of these
factors the composition of the essential oil often does not match the profile defined according to
ISO 9909 [25], which according to Bruneton [26] is: a-thujone (18-43%), B-thujone (3- 8,5%),
camphor (4 , 5-24.5%), 1,8-cineole (5.5-13%), a-humulene (0-12%), a-pinene (1-6.5%), cam-
phene (1.5-7%) , citric (0.5-3%), linalool and bornyl acetate (maximum 2.5%).

Studies have been conducted to evaluate the content of heavy metals in medicinal and aromatic
plants [6, 27-29]. Some aromatic and medicinal plants have been found to be capable of accu-
mulating heavy metals when grown on contaminated soils [30]. The content of essential oil and
heavy metals in medicinal plants may be influenced by environmental conditions [31], soil geo-
chemical characteristics and plant habitat [6, 29, 32]. It was found that the content of the essen-
tial oil obtained from the fresh plant mass of the sage is not affected by the level of heavy metal
soil contamination [33]. Zheljazkov [33] 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 NFMW — Plovdiv (Non-fer-
rous 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 profita-
ble crop and can be used as an alternative to food crops. Some medical plants such as mint, St.
John’s wort, sage, 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 [34].

The purpose of this study is to conduct a comparative study that will allow us to determine

the content of heavy metals and chemical composition of Salvia officinalis L oils, as well as to
identify the possibility of Salvia officinalis L. growth on soils contaminated by heavy metals.
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2. MATERIAL AND METHODS

The experiment was performed on an agricultural field contaminated by Zn, Pb and Cd, situated
at different distances (0.5, and 15.0 km) from the source of pollution, the NFMW (Non-Fer-
rous-Metal Works) near Plovdiv, 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). The pseudo-total content of Zn, Pb

and Cd is high and exceeds the maximum permissible concentrations (MPC) in soil 1 (S1) (Table 1).

Table 1: Characterisation of the soils used in the experiment

EC, |Organic . o P,mg/ | K, mg/ | Pb, mg/ | Zn, mg/ | Cd, mg/
Parameter | pH dS/m C% N Kjeldal,% ke ke ke ke ke
Sl LS| 50 | 15 2,2 0,34 6256 | 6960 | 2509,1 | 24239 | 64,3
0.5 km
Soil2(82) | ;5| 5 1,54 0,12 3873 | 6780 | 494 | 1727 1,0
15 km

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 sage. Sage is grown according to conventional technology. 5 plants of each of
the areas were used for the analysis. Upon reaching the stage of flowering, sage was harvested
and the content of Pb, Zn and Cd in leaves was determined. The essential oil of the sage was
obtained by steam distillation in industrial conditions which was analyzed for heavy metals and
its chemical composition was determined.

Pseudo-total content of metals in soils was determined in accordance with ISO 11466[35]. The
available (mobile) heavy metals contents were extracted in accordance with ISO 14870 by a solu-
tion of DTPA [36]. 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 microwave mineraliza-
tion. 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 oils in hexane (1:1000) were analyzed on Agilent 7890A Gas
Chromatography system equipped with FID detector and Agilent 5975C mass spectrometer.

3. RESULTS AND DISCUSSION

The results presented in Tables 1 and 2 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 uncontaminated soils, again the mobile forms of Cd are the largest part of its total content,
followed by Pb and Zn.
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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 %
S1 849.1 33,8 36.8 57,2 236.8 9,8
S2 21.5 43.5 0.7 70 38.9 22.5

* DTPA -extractable / total content

A significant accumulation of Pb is found in the leaves of the sage. The content of this element
reaches up to 108,1 mg/kg in leaves of the sage grown at a distance of 0.5 km from NFMW (Ta-
ble 3). Probably a portion of heavy metals absorbed by the conduction system moves from the
roots to the above-ground parts of the sage and are accumulated predominantly there. Probably
a portion of the accumulated heavy metals in the above-ground mass of the sage 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 leaves is probably due to the fact that the
leaves of sage are covered by many short soft, which favors the attachment of the aerosols and
their accumulation therein. The content of Cd in the leaves of the sage grown at a distance of 0.5
km from NFMW reaches up to 1.3 mg/kg, values considered to be non-toxic to plants. Accord-
ing to Kabata-Pendias [37] 5.0 mg/kg Cd is considered to be a toxic value for the plants. Our
results show the low ability of the sage to accumulate Cd in the above-ground mass.

The content of Zn in the stems and leaves of the sage grown at a distance of 0.3 km from
NFMW reaches up to 120.4 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. Significantly lower is the content of heavy
metals in the leaves of the sage grown at 15 km from NFMW. The content of heavy metals in
the leaves of the sage grown at 15 km from NFMW reaches up to 0.27 mg/kg Pb, 0.02 mg/kg
Cd and 13.6 mg/kg Zn.

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

Pb Cd Zn
leaves oil leaves oil leaves oil
S1 (0.5 km) 108,1 0,15 1,27 nd 120,4 1,3
S2 (15.0 km) 0,27 0,14 0,02 nd 13,6 0,89

n.d. - non detectable

The heavy metal content in the essential oil from sage was also determined. The results ob-
tained show that the majority of the heavy metals contained in the leaves of the sage do not pass
into the oil during the distillation, therefore their content in the oil is much lower. Pb content
in the essential oil of sage reaches up to 0.15 mg/kg, Zn up to 1.3 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 sage grown at a distance of 15 km from NFMW - 0,14 mg/
kg Pb and 0,89 mg/kg Zn. The results obtained show that the content of heavy metals in the
essential oils is much lower compared to the leaves of the sage, and the amounts of Pb, Zn and
Cd in the oil of sage are lower than the accepted maximum values and meet the requirements of
an environmentally friendly product. Our results are in accordance with the ones established by
Zheljazkov et al. [33, 38], which found that the heavy metal content in the essential oils of the
lavender, basil and mint is very low and is not affected by the level of soil contamination with
heavy metals.
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The results of the chromatographic analysis of essential oils obtained by processing of leaves of
sage grown at a different distance from NFMW are presented in Table 4. The values of the main
components of the essential oil of sage are compared with the requirements of [ISO 9909 [25] for
the sage oil. ISO 9909 [25] for medicinal uses regulates the amounts of the following constitu-
ents in the essential oil: a-thujone (18.0-43.0%), camphor (4.5-24.5%), 1,8- cineole (5.5-13.0%),
trans-thujone (3.0-8.5%), a-humulene (<12.0%), a-pinene (1.0-6.5%), camphene (1.5-7.0%), li-
monene (0.5-3.0%), bornyl acetate (<2.5%) and linalool+linalyl acetate (<1.0%).

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

S1(0.5km) | S2(15.0 km)
Ne |Compound RI %% of TIC ISO 9909
1 |[(Z)-Salvene 865 0,237 0,275
2 |a-Pinene 939 4,308 3,414 1,0-6.5
3 |Camphene 952 6,514 6,024 1.5-7.0
4 | Sabinene 969 0,182 0,218
5 |[PB-Pinene 979 2,223 2,174
6 |Myrcene 990 0,949 1,267
7 |a-Terpinene 1018 0,167 0,215
8 [p-Cymene 1026 0,416 0,533
9 |Limonene 1029 3,458 4,612 0.5-3.0
10 | 1,8-Cineole 1031 7,625 6,891 5,5-13.0
11 |y-Terpinene 1061 0,341 0,474
12 |beta-Linalool 1097 0,394 0,308 <1
13 |[cis-Thujone 1102 18,912 15,927 18-43
14 |trans-Thujone 1112 5,379 11,575 3,0-8.5
15 |Camphor 1143 17,826 16,839 4,5-24,5
16 |trans-Pinocamphone 1160 0,568 0,623
17 |Borneol 1165 5,394 4,591
18 | Terpinen-4-ol 1177 0,457 0,542
19 |a-Terpineol 1189 0,659 0,508
20 |Bornyl acetate 1285 1,621 3,194 <2,5
21 | (E)-B-Caryophyllene 1419 4,576 3,868
22 |o-Humulene 1454 6,098 5,396 <12,0
23 |allo-Aromadendrene 1461 2,034 4777
24 |y-Muurolene 1477 0,527 0,493
25 | Viridiflorene 1493 5,633 2,449
26 |y-Cadinene 1513 0,805 0,722
27 |[6-Cadinene 1524 0,246 0,374
28 |Ledol 1565 0,173 0,116
29 |Caryophyllene oxide 1583 0,117 0,105
Total 97,839 98,504

RI - Relative Index; TIC - Total Ion Current

Good quality sage oil must contain a high percentage (> 50%) of epimeric a- and B-thujones and
<20% of camphor [4]. A-Thujone is known to be more toxic than B-thujone, due to many of the
biological effects of sage.

The results we obtained show that oxygen-containing monoterpenes (1,8-cineole, a-thujone and
B-thujone, camphor, borneol and bornyl acetate) are predominant in oil, but significant differences
in their content are observed in oils from contaminated and uncontaminated area. The content
of 1.8-cineole ranges from 6.89% in the uncontaminated soil (S2) to 7.63% in the contaminated
area (S1); a-thujone from 15.30% (S2) to 18.91% (S1), B-thujone from 5.38% (S1) to 11.58% (S2);
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camphor from 16.84% (S2) to 17.83% (S1); borneol from 4.59% (S2) to (5.39 (S1); and bornyl ace-
tate from 1.62% (S1) to 3.19% (S2). Significant amounts of sesquiterpenes were also found in the
oil: a-humulene, which ranges from 5.40% (S2) to 6.10% (S1); viridiflorene from 2.45% (S2) to
5.63 (S1); (E)-B-caryophyllene from 3.87 (S2) up to 4.58% (S1) A negative correlation was found
between the ratio of the amount of a- and B-thujones to the ratio of camphor and borneol in oils,
and the higher content of a- and B-thujones corresponds to a lower content of camphor and bor-
neol. Similar results were obtained from Kustrak et al. [18] and Pitarevic et al. [39], who found an
inverse relationship between the ratio of thujones and camphor in most oils.

Higher levels of sesquiterpenes viridiflorene, humulene and y-Cadinene are observed in the
oils from the contaminated area compared to the oil from the uncontaminated area. Oils from
both regions have significant amounts of camphor (16,839% -17,826%), as well as high levels of
a-thujone (15,297% - 18,912%) and B-thujone (5,379% -11,575%).

Stancheva et al. [40] found a higher yield of essential oil from sage grown in heavy metal-contami-
nated soils, which is confirmed by our results. They found that the amounts of a-thujone, B-thujone
B-cariophyllene and viridoflorol decreased as a result of heavy metal contamination, while the
amounts of camphor, borneol, 1,8-cineole and bornyl acetate increased. According to Stancheva et
al [40], the decrease in the levels of - and B-thujones and the increased level of camphor in sage oil
grown on heavy metal contaminated soil leads to a deterioration in the quality of the essential oil,
which is not confirmed by our results. The oils from contaminated area oil contains more a-pinene,
camphene, 1,8-cineole, B-linalool, a-thujone, borneol, (e)-B-caryophyllene, a-humulene, viridif-
lorene, y-cadinene, smaller quantities of myrcene, a-terpinene, p-cymene, limonene, y-terpinene,
B-thujone, trans-pinocamphone, bornyl acetate, allo-aromadendrene, d-cadinene, ledol and identi-
cal amounts of B-pinene, (Z)-salvene, y-muurolene, caryophyllene oxide. The probable cause of the
difference in the results obtained is due to the ways of cultivation of plants — field vs. vessel trials.

The results of most studies [18, 39, 41] show great variability of components in sage oil. Franz
[42] points out that the difference in the composition of the essential oils within a species seems
to be the rule rather than the exception; and is influenced by three main factors: (a) individual
genetic variability, (b) plant parts and stage of development, and (c) environment. All these fac-
tors influence the ways of biosynthesis of the biologically active components in plants and will
subsequently affect the ratio between them.

Most studies have found that oxygen containing monoterpenes (1,8-cineole, camphor, a-thu-
jone, B-thrujone, borneol and bornyl acetate), in an amount of 54.9 to 74.5%, represent the
main part of sage oil. The monoterpene fraction (1, 8-cineole, camphor, a-thujone, B-thujone,
borneol and bornyl acetate) ranged from 0.7 to 23.0%. Of the sesquiterpene fraction (3.4-15.0%),
(E)-B-caryophyllene and x-humulin are in the highest amounts. Oxygen-containing sesquiter-
penes (3.8-275. %) predominate viridiflorol and manool (0.3 and 8.2%),

Couladis et al. [24] reported that oxygenated monoterpenes (1,8-cineol, ,a- and "B -thujone,
camphor, borneol and bornyl acetate) predominate in the oil, their quantities varying widely.

Craft et al. [23] finds that monoterpenoids a-thujone (17-27%), 1,8-cineole (12-27%) and cam-
phor (13-21%) predominate in oil, with smaller amounts of B-thujone (3, 8-6.0%), camphene
(3.5-5.3%) and sesquiterpene a-humulene (3.1-4.4%). There are reports that sage oil from Italy,
Romania, the Czech Republic, Portugal and Turkey are characterized by a high content of cam-
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phor (22.0 to 31.79%) as a major component in the oil [43]. In contrast, oils in other countries
such as Italy, Yugoslavia, Bulgaria and Iran are characterized by their large amount of oxygen
monoterpenes, with a-thujone, 1,8-cineole and camphor as the main compounds known to ex-
hibit antimicrobial, anti-inflammatory and antioxidant properties [44].

Tucker and Maciarello [45] describe five chemotopy groups based on four major components:
(1) camphor> a-thujone> 1,8-cineole> B-thujone; (2) camphor> a-thujone> B-thujone> 1,8-ci-
neole; (3) B-thujone> camphor> 1,8-cineole> a-thujone; (4) 1,8-cineole> camphor> a-thujone>
B-thujone; and (5) a-thujone> camphor> B-thujone> 1,8-cineole.

Jug-Dujakovic et al. [46] based on data from eight major components (a-thujone, camphor, f-thu-
jone, 1,8-cineole, B-pinene, camphene, borneol and bornyl acetate) distinguish three Dalmatian
sage chemo types from Dalmatia: (A) a-1 thujone , 8-cineole> B-thujone; (B) B-thujone> a-thu-
jone> camphor = 1,8-cineole; and (C) camphor> a-thujone> 1,8-cineole> camphene ~ borneol.

Our results show that sage oil from the uncontaminated area belongs to camphor-chemotype
camphor (16.84)> a-thujone (15.93)> B-thujone (11.58)> 1,8-cineole (6.89), whereas the oil from
the contaminated area belongs to the thujone-chemotype (a-thujone (18.91)> camphor (17.83)>
1,8-cineole (7.63)> B-thujone (5.38). The results obtained by us confirm that each sage plant has
a unique chemical composition and individual chemotype of the oil.

The chromatographic profile shows a complex mixture of components contained in sage oil. Fig-
ure 1 shows the classification of the identified compounds based on functional groups. The highest
is the content of oxygen-containing monoterpenes (60-62), followed by monoterpenic hydrocar-
bons (19%), sesquiterpene hydrocarbons (13-18%) and oxygen-containing monoterpenes (3-6%).

Oxygen- Oxygen-
containing 0.5 km containing 15 km
sesquiterpenes sesquiterpenes

£ Monoterpene L

Monoterpene
hydrocarbons

19% hydrocarbons
19%
Sesquiterpene Sesquiterpene
hydrocarbons hydrocarbons
18% 13%

Figure 1: Classification of the identified compounds based on functional groups

Similar results were obtained by Damyanova et al. [41] for oil originating in Bulgaria (ox-
ygen-containing monoterpenes (59.15%), sesquiterpene hydrocarbons (24.37%) and monoter-
penic hydrocarbons (14.66%). The results are in line with those of Santos-Gomes and Fer-
nandes-Ferreira [20] and Farhat et al. [48], who find that oxygen-containing monoterpenes are
essential components in sage oil.

The observed differences in the profile of the essential oils of sage when grown on contaminated
and uncontaminated soils may be due to the conditions of cultivation of the plants are related to
soil contamination.

The main components contained in sage oil grown on contaminated soil are within the standard
except limonene, which slightly exceeds the corresponding value in the standard. The content

of trans-thujon and limonene from uncontaminated soil oil exceeds the specified values in ISO
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9909, while the content of a-thujon is below the values in ISO 9909. The content of all other oil
ingredients in our study was within their respective values of the ISO standard.

The composition of the oil from the contaminated area complies with the requirements of 9909
for the use of S. officinalis oil for medical purposes.

4. CONCLUSION

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

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

2. The amounts of Pb, Zn and Cd in the oil of sage 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 val-
ues and meet the requirements of an environmentally friendly product

3. The highest is the content of oxygen-containing monoterpenes in essential oils of sage
(60-62), followed by monoterpenic hydrocarbons (19%), sesquiterpene hydrocarbons
(13-18%) and oxygen-containing monoterpenes (3-6%).

4. The main components contained in sage oil grown on contaminated soil are within the
standard except limonene, which slightly exceeds the corresponding value in ISO 9909.

5. The content of trans-thujon and limonene from sage oil from uncontaminated soil ex-
ceeds the specified values in ISO 9909, while the content of a-thujon is below the values
in ISO 9909.

6. The composition of the oil from the contaminated area complies with the requirements
of 9909 for the use of S. officinalis oil for medical purposes.
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