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Abstract: German chamomile (Matricaria recutita (L.) Rauschert) belongs to the plants with a high tolerance
to toxic elements. The ability of chamomile to accumulate risk elements was tested in a pot experiment in which
four soils contaminated by different levels of arsenic (As), cadmium (Cd), lead (Pb), and zinc (Zn), differing in
their physicochemical parameters, were used. The element mobility in the soils was affected predominantly by
the cation exchange capacity (CEC) of the soils. Whereas As, Pb, and Zn were retained in roots, Cd showed good
ability to translocate to the shoots, including anthodia, even in extremely Cd-contaminated soil without symptoms
of phytotoxicity. The bioaccumulation factor for Cd calculated as the ratio of element content in the plant and
the soil was the highest among the investigated elements. Between 5.5 and 35% of the total Cd was released to
infusion, and its extractability decreased with increasing Cd content in anthodia. The essential oil composition
suggested an alteration of the abundance of the individual compounds. However, no detectable contents of risk
elements were found in the oil. Chamomile can be recommended as a suitable alternative crop for risk element-contaminated soils tested within this experiment, but only for production of essential oil.

Introduction
Chamomile is one of the oldest known medicinal herbs
(Shrivastava et al. 2010). The German chamomile (Matricariae
flos drug) is one of the most famous medicinal plants and has
been known for more than 2,500 years. The plant contains
0.24–1.9 % volatile oil and is composed of a variety of
separate oils. Approximately 120 secondary metabolites have
been identified in chamomile, including 28 terpenoids and
36 flavonoids. The principal components of the essential oil
extracted from German chamomile flowers are the terpenoids
α-bisabolol and their oxide azulenes, including chamazulene
and acetylene derivatives (McKay and Blumberg 2006;
Srivastava et al. 2010). The unique pharmacological effect of
German chamomile results from the combined action of all
inherent active compounds: sesquiterpenes (/-/-α – bisabolol
and its oxides, chamazulene), flavonoids (apigenin glucosides,
luteolin, quercetin), polyacetylenes ((Z)-en-in-dicycloether),
coumarins (herniarin and umbelliferone), mucins, phytosterols,
choline, phenol carboxylic acids, and mineral substances. The
most important ones are the components of the essential oil
(sesquiterpenes) and the flavonoid fraction. The major phenolic
compounds in the chamomile infusions identified by Raal
et al. (2012) were chlorogenic acids, ferulic acid glycosides,
dicaffeoyl quinic acids, and apigenin glycosides. However, high

variability of the amounts of active compounds was observed
according to the sampling location. The influence of soil and
climatic conditions, particularly the altitude and fertility of the
environment, must be taken into account (Formisano et al. 2015).
Animal model studies indicate potent anti-inflammatory action,
some antimutagenic and cholesterol-lowering activities, as well
as antispasmodic and anxiolytic effects (McKay and Blumberg
2006). Although numerous preparations of chamomile have
been developed, the most popular use seems to be in the form of
herbal tea (Srivastava et al. 2010).
Chamomile appears to be tolerant to Cd, because its overall
metabolism is only slightly altered by high concentrations of
this metal. In this context, Pavlovič et al. (2006) reported over
300 mg·kg-1 of Cd in chamomile shoots growing in soilless
culture containing 12 μM Cd with only small damages in the
treated plants. However, because it has been confirmed that
chamomile has the ability to accumulate Cd (Chizzola et al. 2003,
Masarovičová et al. 2010), the soils used for the production of
chamomile drugs must be checked. On the contrary, the uptake
of other important risk elements (e.g. Pb) is lower compared
to other medicinal plant species (Grejtovský et al. 2008,
Kaličanin and Velimirović 2013). However, adverse effects
of risk elements (Cu, Mn, Ni, Pb, and Zn) on the number of
inflorescences, leaf length and width, and seed production were
reported by Prokop’ev et al. (2014). Scientific results indicate
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that risk elements stimulate an increase in ROS (reactive oxygen
species) formation, being affected especially by the given metal
and exposure concentration (Petö et al. 2011).
The plant-availability of elements in soil is affected
by the physicochemical parameters of the soils, climatic
conditions, plant genotype, and plant management (Kabata-Pendias and Pendias 2001, Tokalıoğlu et al. 2003). Thus, the
element content in plants is not directly related to the total
element content in the soil (Schwartz et al. 2001). Among the
physicochemical and biological parameters affecting the plant-availability of risk elements, soil pH, redox potential, cation
exchange capacity (CEC), content of carbonates, hydroxides
and oxides of Fe and Mn, clay minerals, organic matter, plant
species, vegetation cover and the activity of soil organisms
and microorganisms should be mentioned (Alloway 1990,
Ross 1994, Cheng and Mulla 1999, Adriano 2001, Kabata-Pendias and Pendias 2001). The effects of nutrient content on
the growth and yield of German chamomile have already been
reported (Mosleh et al. 2013). The connections between the
nutrient supplement of the chamomile plants and the content of
essential oil was published as well. Nasiri et al. (2010) proved
the beneficial effect of foliar application of Fe and Zn on both
plant yield and essential oil content.
In our experiment, the ability of German chamomile to
accumulate potential risk elements was tested in a pot experiment
in which four soils contaminated by different levels of As, Cd,
Pb, and Zn and characterized by different physicochemical
parameters were used. Moreover, the potential interactions with
essential elements such as Cu, Fe, and Mn were assessed, as
well as the extractability of both risk and essential elements into
the infusion. Simultaneously, the composition of essential oil
and reachability of the risk elements into the oil were assessed.
The main objectives of the experiment were i) to verify the
tolerance of chamomile plants to increased risk element
contents in soils as affected by various soil properties and risk
element contamination levels and ii) to estimate the potential
risk of enhanced element contents for chamomile production
as a medicinal plant as well as the possibility of chamomile
cultivation in arable soil contaminated by risk elements.
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(non-ferrous metals mining and smelting, chemical industry)
– Chernozem 2 (50.69°N, 13.72°E), Fluvisol (50.52°N,
14.07°E), Cambisol (49.69°N, 14.01°E), or by land application
of sewage sludge in the case of Chernozem 1 (50.12°N,
14.54°E) were used. All the soils were already investigated
and the more detailed description of the soils and/or locations
was published elsewhere (Száková et al. 1999, 2000). The
soils were collected in each sampling point from a depth of
0–25 cm, air dried, sieved through a 5-mm plastic sieve, and
homogenized. Laboratory soil samples for the determination
of total and mobile concentrations of elements were air dried
at 20°C, ground in a mortar, and passed through a 2-mm
plastic sieve. The M. recutita (diploid variety Bohemia widely
planted in the Czech Republic) plants were cultivated in 6-liter
plastic pots with 5 kg of air-dry soil, and six replicates were
used for each treatment. The Czech diploid variety Bohemia
was licensed in 1952 and is classified as the bisabololoxid
genotype. The chamomile of the variety Bohemia has the
certification trademark no. CZ/00411/PDO – “Chamomilla
Bohemica.” Bohemia typically contains 1.2% of essential oil.
Mineral fertilizer NPK (0.5 g N, 0.16 g P, 0.4 g K per pot as
inorganic salt solutions, representing ca. 300 kg N, 96 kg P,
and 240 kg K per ha, respectively) was added before sowing.
The experiment started at April 2008, and 5 plants were sown
per pot. Soil moisture was regularly controlled and kept at
60% of the maximum water holding capacity (MWHC). Pots
were placed in an outdoor weather-controlled vegetation hall
protecting the pots against rainfall. Weed plants were regularly
manually removed; other cultivation conditions such as light
and temperature were not managed. The experiment was
terminated at July 2008. The harvested biomass was divided
into anthodias, shoots, and roots. Plant material was carefully
washed in deionized water, dried at 60°C in a drying oven,
homogenized, and analyzed.
Analytical methods
Determination of soil physicochemical parameters
The pH value was determined in 0.01 M CaCl2 extract 1/10
(w/v = 5 g + 50 ml, Novozamsky et al. 1993). Cation-exchange
capacity (CEC) was calculated as the sum of Ca, Mg, K, Na, Fe,
Mn, and Al extractable in 0.1 M BaCl2 (w/v = 1 g + 20 ml for 2
hours) (ISO 1994). Total organic carbon (TOC) was determined
spectrophotometrically after the oxidation of organic matter
by K2Cr2O7 (Sims and Haby 1971). For the determination
of potentially available portions of main nutrients in soils,
the Mehlich III extraction procedure (0.2 M CH3COOH +
0.25 M NH4NO3 + 0.013 M HNO3 + 0.015 M NH4F + 0.001 M

Material and methods
Experimental design
The plants were cultivated in pots with four soils differing in
their main physicochemical characteristics and pseudototal
(i.e. Aqua Regia soluble) risk element contents (Table 1). For
the experiment the soils affected either by industrial activity

Table 1. The main characteristics of the experimental soils
Soil type

Texture

Cox

pH

%

Ca#

Chernozem 1
loam
3.45 7.3 5828a
Chernozem 2
loam
3.95a 6.8a 2668b
Fluvisol
sandy loam 5.93b 4.4b 1026c
#

loam

K#

P#

CEC¶

As$

Cd$

Cr$

Cu$

Ni$

Pb$

Zn$

mg/kg mg/kg mg/kg mg/kg mmol/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
a

Cambisol

Mg#

a

3.88a 6.3a 2420b

146a
156a
35b

199a
192a
120a

82a
128b
248c

69.2a
224c
176bc

20.7a
362c
27.6a

14.6c
1.0a
1.6a

82.1b
19.5a
100b

68.2b
24.4a
46.0b

34.8c
13.0a
21.3b

34.0a
99.6b
48.6a

133a
112a
207b

108a

363b

81a

165b

124b

4.8b

27.7a

23.6a

17.8b

1276c

190b

plant-available element contents determined by Mehlich III extraction procedure (Mehlich 1984); ¶ cation exchange capacity; $ the pseudototal (Aqua
regia soluble) concentrations of the investigated elements in soils; the averages marked by the same letter superscripts did not significantly differ
at p<0.05 within individual columns; n=6
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ethylenediamine acetic acid (EDTA) at a solid/liquid ratio of
1/10 [3 g + 30 ml] for 10 minutes) was applied (Mehlich 1984).
Determination of essential and risk elements in soils
and plants
Plant samples were decomposed using the dry ashing procedure
as follows: An aliquot (~1 g) of the dried and powdered plant
material was weighed into a borosilicate glass test tube and
decomposed in a mixture of oxidizing gases (O2+O3+NOx) in
an Apion Dry Mode Mineralizer (Tessek, Czech Republic)
at 400°C for 10 hours. The ash was than dissolved in 20 ml
of 1.5% HNO3 (Miholová et al. 1993). A certified reference
material CRM CTA-OTL-1 Tobacco leaves was applied for the
quality assurance of analytical data. For the determination of
the pseudototal element contents on soil, aliquots (~0.5 g) of
air-dried soil samples were decomposed in a digestion vessel
with 10 ml of Aqua Regia (i.e. nitric and hydrochloric acid
mixture in a ratio of 1+3). The mixture was heated in an Ethos
1 (MLS GmbH, Germany) microwave-assisted wet digestion
system for 33 minutes at 210°C. After cooling, the digest was
quantitatively transferred into a 25 ml glass tube, topped up
by deionized water, and kept at laboratory temperature until
measurement. A certified reference material RM 7001 Light
Sandy Soil was applied for the quality assurance of analytical
data.
For the determination of mobile and element proportions,
the soil samples were extracted with 0.11 mol l-1 solution of
CH3COOH at a solid/liquid ratio of 1/20 (1 g + 20 ml) for
16 hours (Quevauviller et al. 1993).
Chamomile infusions were prepared as follows: 1±0.001 g
of dried anthodias was weighed out and put into standardized
glass beakers. Then, 50 ml of boiled distilled water was poured
into the glass beakers, after which they were covered by watch
glasses. After 15 min, the extracted solution was filtered through
filter paper (blue label) into test tubes and immediately measured
(Street et al. 2006). All samples were analyzed in triplicates, and
blanks represented 10% of the total number of samples.

The determination of As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, and
Zn in soil extracts, soil and plant digests, and plant infusions
was carried out by inductively coupled plasma optical emission
spectrometry with axial plasma configuration (ICP-OES,
Varian VistaPro, Australia) equipped with an autosampler SPS5 at spectral lines λ = 193.7 nm for As, λ = 226.5 nm for Cd,
λ = 205.6 nm for Cr, λ = 327.4 nm for Cu, λ = 238.3 nm for Fe,
λ = 257.6 nm for Mn, λ = 231.6 nm for Ni, λ = 220.0 nm for Pb,
and λ = 206.2 nm for Zn. Calibration solutions were prepared in
corresponding extraction agents as follows: 5–50 μg/l for Cd;
50–500 μg/l for As, Cr, and Ni; 1–10 μg/l for Mn, Pb, and Zn;
0.1–1 μg/l for Cu; and 5–50 μg/l for Fe.
Determination of the essential oil
The chamomile anthodias (20 g of dry matter) were placed
in the distillation flasks and immersed in 0.4 L of water. The
reactor flask was than heated at 100°C for 4 hours. The essential
oil obtained by hydrodistillation was separated out from the
distilled water by 0.001 μm of natrium sulphate (Na2SO4).
The samples were centrifuged for 5 minutes sequentially.
Possible residues of hexane were insufflated by nitrogen.
Essential oil composition was determined using Agilent
Technologies 6890 N, Series II gas chromatography, fitted
with a flame ionization detector (FID) and capillary column
HP – 101 (25.0 × 0.2 mm id × 0.20 μm nominal) split/splitless
system. The operation conditions were as follows: the GC
injector temperature was 280°C and the detector temperature
300°C, nitrogen was used as carrier gas. The sample size 1.0
μl and automatic type of injection were used. Major active
components of volatile oil were determined using standard
compounds chamazulene, -(-)-α bisabolol (Roth, Analytika
Praha Ltd.), mode: constant flow. The oven temperature was
programmed from 120°C, rising at 2.0°C/min to 150°C. The
second slower method was used to obtain better separation
of some peaks. In this case, the oven was programmed from
150°C, rising at 1°C/min to 155°C and continuing at 50°C/min
until 260°C with 3-minute hold.

Fig. 1. The proportions of soil elements extractable with 0.11 mol/L acetic acid solution, respectively,
as related to the pseudototal content of the elements in the soils
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The component identification was also based on comparison
of their Kováts indices (KI) (obtained using a series of n-alkanes
[C8–C25]), retention times (RT), and mass spectra with those
obtained from authentic samples (Sigma, US) and/or the
NIST/NBS, Wiley libraries, and the literature (Adams 2001). To
assess the effect of the elevated risk element contents in soil, the
results were compared with a “control” sample of var. Bohemia
anthodias obtained from the location with bio management. The
“control” sample was prepared in the same way and within the
same set as the experimental samples.
Statistics
The analytical data were processed using Statistica 10 Cz
statistical software (StatSoft, USA). One-and two way
analyses of variance at the significance level α = 0.05 as well
as correlation analysis, where Pearson correlation coefficients
were applied, were used for the assessment of relationships
between variables (Meloun and Militký 2004). The so-called
bioaccumulation factor (BAF) quantifying the element transfer
from soil to plants was used as the ratio of the weighed mean
of the element content in whole aboveground biomass of plants
to the pseudototal element content in soil.

Results and discussion
Table 1 documents the variability of both soil physicochemical
parameters, including nutrient contents and risk element
contents, where the differences for all the parameters were
significant at (p < 0.05). According to the public notice
characterising the conditions for the protection of the
agricultural soil quality in the Czech Republic (Anonymous
2016), the maximum values of As, Cd, Cr, Cu, Pb, and
Zn exceeded the preventive values of these elements in
soil (20 mg/kg for As, 0.5 mg/kg for Cd, 90 mg/kg for Cr,
60 mg/kg for Cu, 50 mg/kg for Ni, 60 mg/kg for Pb, and
120 mg/kg for Zn). For As, Cd, and Pb, the maximum levels
exceeded the indicative values, where the soil element
contents represent a potential risk for crop contamination (i.e.,
40 mg/kg for As, 2 mg/kg for Cd, and 300 mg/kg for Pb). Both
Fluvisol and Cambisol are multi-element contaminated soils,
where Fluvisol represented slightly and Cambisol extremely
contaminated soil. The maximum permissible contents of
other elements determined in chamomile plants (i.e. Fe and
Mn) are not defined by the Czech public notice (Anonymous
2016). The mobile proportions of the investigated elements
are presented in Figure 1. Diluted acetic acid can be used
for the estimation of the plant-available pool of elements
(Sastre et al. 2004). The results showed low potential mobility
of Cr, Fe, and As, whereas higher mobility of As in the

case of Chernozem 2. The higher As mobility is due to an
anthropogenic source of As contamination at this location, as
already proved in other experiments (Száková et al. 2009).
On the contrary, the acetic acid extractable pool was the
lowest in the case of Chernozem 2. For Cd, Cr, Cu, and Ni,
the highest potentially mobilizable pool was documented for
Chernozem 1. It could be related to the differences in the CEC
values (Table 1), where Chernozem 2 is characterized by the
highest CEC level, and Chernozem 1 by the lowest value. As
expected, the highest acetic acid extractable element portions
were observed for Cd, with the highest level for the highly
Cd-contaminated Chernozem 1. The high mobility of Cd in
all experimental soils suggested the potential plant availability
of this element. The percentages of mobile element contents
were also observed for Mn and Zn, whereas the acetic acid
extractable Fe, Cr, and Pb were negligible, except for the Pb
content in the extremely contaminated Cambisol.
The average yields of individual parts of the chamomile
plants are summarized in Table 2, showing no significant
differences (p < 0.05) among the experimental variants. The
results indicated higher yields of the aboveground biomass in
Cambisol and the lowest yields in Chernozem 2. For roots, the
highest yield of dry biomass was reported in Fluvisol. Thus, the
chamomile yields were unaffected by the risk element contents
in the soils, and/or by the soil physicochemical parameters.
The results confirmed high tolerance of German chamomile to
relatively high contents of risk elements in the soil. However,
the risk element contents in plants reflected the different total
element contents in the individual soils (Table 3). The World
Health Organization (WHO 2005) recommends maximum
values of 10 mg/kg Pb and 0.3 mg/kg Cd in herbal medicinal
products. In our case, the Cd contents in the aboveground
biomass of chamomile exceeded this recommendation in
all samples. Voyslavov et al. (2013) surveyed Cd and Pb
contents in chamomile plant samples from 26 locations in
Bulgaria affected by several anthropogenic sources. The Cd
contents varied between 0.12 and 3.1 mg/kg in flowers, 0.16
and 3.4 mg/kg in stems, and 0.28 and 3.9 mg/kg in roots. For
Pb, the element contents were in the range of 0.3–2.3 mg/
kg, 0.3–2.4 mg/kg, and 1.0–6.5 mg/kg in flowers, stems, and
roots, respectively. In our case, the Cd contents were similar to
these from contaminated areas, whereas enhanced Pb content
in shoots was observed only in the extremely contaminated
Cambisol but did not reach the level recommended by the
WHO.
The uptake variability of the risk elements was
predominantly affected by the content of the individual
elements in soil, confirming the classification of chamomile
plants as the species indicating the elevated element contents

Table 2. The average yields of chamomile plants dry matter per pot

Chernozem 1
Chernozem 2
Fluvisol
Cambisol

15

Anthodia
g

Shoots
g

Roots
g

5.5±0.5a
4.6±0.4a
5.7±0.4a
6.0±0.6a

8.7±1.1a
7.9±0.6a
8.0±1.2a
9.0±0.5a

5.2±1.1a
5.1±0.6a
5.9±1.0a
5.6±0.9a

the averages marked by the same letter superscripts did not significantly differ at p<0.05 within individual columns; n=6
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in soil regardless of the essentiality of these elements. Mihaljev
et al. (2014) surveyed the trace element contents in 14 species
of wildlife medicinal plants, including chamomile. The
contents of microelements in the examined samples varied
in a wide range: Mn 23.8–6454 mg/kg, Fe 61.8–673 mg/kg,
Cu 6.68–24.5 mg/kg, Zn 16.1–114 mg/kg, Ni 0.738–6.03 mg/kg.
Tokalioğlu (2012) reported a decreasing sequence of the
mean metal levels in medicinal herbs as follows: Fe > Mn >
Zn > Cu > Ni > Cr > Pb. Although affected by the different
contents of individual elements in soil, our results allowed
us to follow a similar order for the aboveground biomass
of chamomile. Table 4 presents the Pearson’s correlation
coefficients characterizing the response of the element contents
in chamomile plants on the mobile (i.e. acetic acid extractable)
pool of the individual elements in soil. For the essential
elements, the correlations were weak, suggesting the element
uptake according to the requirements of the plant rather than the

element contents in the soils. For As and Cd, the element contents
in all parts of the plant increased with the increasing mobile pool
of these elements in the soil. Fairly good correlations between
Cd in individual parts of chamomile plants and mobile content
of this element in soil was already reported by Voyslavov et al.
(2013). Weak correlations were observed for Cr and Pb contents
in anthodia, suggesting limited translocation of these elements
to the aboveground biomass, as showed also by Růžičková et al.
(2015) in the case of Pb in Ocimum basilicum plants.
The element distribution within individual parts of plants
is presented in detail in Figure 2, where total amounts of
elements in the individual parts of plants calculated per one pot
are presented. We can summarize that whereas As, Cr, and Pb
were retained in roots, Cd showed good ability to translocate to
the aboveground biomass, including flowers, even in extremely
Cd-contaminated soil without symptoms of phytotoxicity.
Except for Fe, the essential elements are relatively easily

Fig. 2. The element distribution within the whole chamomile plants (100 %) according to the individual soils, calculated as the total
amount of the elements in the individual plant parts related to the total amount of the elements in the whole plant
(calculated as averages per one pot); A – Chernozem 1, B – Chernozem 2, C – Fluvisol, D – Cambisol

1.35±0.2bA

3.57±0.7cA

1.20±0.20

6.10±1.00bC

15.4±3.0cB

0.19±0.1

1.19±0.3bA

2.74±0.4cA

0.22±0.1

3.76±1.00bB

4.54±0.70cA

shoots

roots

anthodia

shoots

roots

anthodia

shoots

roots

anthodia

shoots

roots

0.32±0.05

0.32±0.04

0.28±0.03

4.78±1.4bB

5.69±0.6bB
1.94±0.5bA

0.16±0.03aA

aA

2.63±1.2

aB

5.04±1.7bB

0.18±0.02aA

1.14±0.2aA

1.31±0.2aA

aA

1.35±0.1

aA

1.95±0.5bA

0.24±0.05aA

2.81±1.0aB

3.65±0.3aB

aA

2.14±0.5

aB

5.78±1.5bB

0.23±0.1aA

aA

18.6±5.2aC

16.7±2.2aC

0.35±0.07

18.7±1.4

aC

Cr
mg/kg

Cd
mg/kg
aA

472±132cA

50.5±5.6aA

106±7bA

476±96bA

61.3±22.8aA

91.9±11.2aA

Cambisol

436±103cA

48.3±8.7aA

121±13bA

Fluvisol

426±77cA

40.2±12aA

97.9±5.8bA

Chernozem 2

32.3±12.0bA

10.7±3.3aA

28.3±4.9
bA

37.3±5.4cA

12.7±6.0aA

29.6±2.1
bA

Fe
mg/kg
Chernozem 1

52.2±17.0cA

11.0±3.0aA

26.1±1.4
bA

105±13bB

15.6±5.7aA

31.2±1.2

Cu
mg/kg

65.0±19.7aA

82.2±15.2bB

51.9±23.6aB

72.1±23.8bA

81.0±17.6bB

58.7±11.0aB

347±95aB

613±71bC

610±64bC

50.2±19.6bA

41.2±9.7bA

19.2±2.5aA

Mn
mg/kg

2.40±0.4bA

1.68±0.3aA

2.99±0.5bA

2.74±0.7bA

1.69±0.3aA

2.95±0.34bA

7.72±2.0aB

7.60±1.0aB

8.31±0.4aB

5.36±2.67bB

2.46±0.5aA

6.48±0.5bB

Ni
mg/kg

22.1±4.3cB

3.06±0.8bB

0.37±0.1aA

2.47±0.9bA

0.24±0.1aA

0.42±0.1aA

2.74±1bA

0.22±0.05aA

0.44±0.1aA

2.46±1bA

0.53±0.4aA

0.46±0.04aA

Pb
mg/kg

Zn
mg/kg

0.778*

0.951*

shoots

roots

0.920*

0.959*

0.986*

Cd

the values marked by * are significant at p < 0.05; n=24

0.901*

anthodia

As

0.784*

0.207

0.382

Cr

0.101

0.292

0.441

Cu

-0.179

-0.045

0.558

Fe

0.167

0.216

0.205

Mn

-0.040

-0.447

0.008

Ni

0.967*

0.950*

-0.176

Pb

-0.284

-0.245

-0.308

Table 4. The Pearson’s correlation coefficients of investigated element contents in chamomile plants and 0.11 mol/L acetic acid extractable (i.e. plant-available)
proportion of these elements in soil
Zn

47.6±7.6aA

62.7±10.7aA

56.3±17.1aA

37.9±6aA

55.6±7.9bA

62.9±6.1bA

183±30aB

332±51bB

142±9aB

34.9±15.6aA

35.28±4.9aA

65.91±3.3bA

means with standard deviations followed by the same letters (lower case superscripts – among plant parts, upper case superscripts – among soils) did not significantly differ at p < 0.05; n=6

aA

aA

aB

0.15±0.05

aA

anthodia

As
mg/kg

Table 3. The contents of investigated elements in chamomile plant dry matter
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Table 4. The concentrations of the investigated elements in chamomile infusions; n=6
Chernozem 1

Chernozem 2

Fluvisol

Cambisol

As (mg/L)

0.001±0.001

0.014±0.002

0.002±0.000

0.002±0.000

Cd (mg/L)

0.021±0.003

0.002±0.000

0.009±0.001

0.018±0.002

Cr (mg/L)

0.003±0.006

0.005±0.002

0.003±0.002

0.004±0.001

Cu (mg/L)

0.079±0.013

0.038±0.013

0.343±0.028

0.343±0.076

Fe (mg/L)

0.014±0.001

0.014±0.03

0.088±0.007

0.103±0.026

Mn (mg/L)

0.031±0.003

0.482±0.017

0.055±0.002

0.077±0.005

Ni (mg/L)

0.018±0.001

0.018±0.006

0.014±0.007

0.016±0.007

Pb (mg/L)

0.004±0.000

0.007±0.000

0.004±0.002

0.004±0.000

Zn (mg/L)

0.183±0.041

0.229±0.013

0.151±0.000

0.179±0.004

Fig. 3. The relative element proportions leached from the anthodias with hot water during preparation of chamomile infusion
as related to the total element content in these anthodias

translocated to the aboveground biomass. Regardless of the
soil, the abundance of the elements in the individual parts of
plants can be summarized as follows: roots Cr > Pb > Fe > As
> Cu > Cd > Ni > Zn > Mn; shoots Zn > Mn > Cd > As > Ni >
Cu > Fe > Pb≈ Cr; anthodia Ni > Mn > Cd > Zn, Cu > Fe > Pb
> Cr > As. The ratio of Cd translocation up to the chamomile
flowers was comparable to the behavior of micronutrient
elements such as Mn, Zn, and Cu. Except for Chernozem 2,
the Cd distributions in our samples were similar to those for
Mn and Zn, but Cu was more retained in roots. Pb remained
in roots in the extremely contaminated Cambisol to a higher
extent compared to the other soils. For Cd, no clear trend in Cd
distribution in relation to soil Cd level was observed.
For most of the elements, the highest risk element contents
are retained in roots, and their translocation to the aboveground
biomass is limited. The lowest risk element contents are found
in the generative organs of the plants (Sauerbeck and Lubben
1996). Borůvka et al. (1997) investigated the Cd, Pb, and Zn
uptake by plants growing in anthropogenically contaminated
soil where the element translocation rate to the aboveground

biomass decreased in the order of Zn > Cd > Pb. Their results
showed that whereas Zn content in the aboveground biomass
represented 40% of its content in roots, for Cd and Pb these
ratios represented only 13% and 7.5%, respectively. In our
experiment, a different pattern of Cd compared to other risk
elements, especially Pb and Cr, resulting in predominant Cd
accumulation in the aboveground biomass was observed.
These results confirmed the excellent ability of chamomile
to accumulate Cd as already reported by many other authors
(Chizzola et al. 2003, Masarovičová et al. 2010).
The BAF values can be affected by various factors such as
plant species, soil contamination level and element mobility in
the soils (Iyengar et al. 1981; King 1988). The role of potential
antagonisms of elements such as Zn vs. Cd could be taken into
account (Alloway 1990). In our case, the highest average BAFs
were observed for Cd (BAF=1.4), followed by Zn (BAF=0.8)
and Cu (BAF=0.6). For other elements, the BAFs were less
than 0.5, and for As, Cr, Fe, and Pb they were even less than
0.05. Whereas plant accumulation of essential elements such
as Cu and Zn is beneficial for plants, a high BAFCd level
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requires further attention regarding the potential medicinal
use of chamomile plants. In the opposite, Zheljazkov (2008b)
observed low BAFs (<1) for other medicinal plants such as
Bidens tripartita, Leonurus cardiaca, Marrubium vulgare,
Melissa officinalis, and Origanum heracleoticum, confirming
a low risk-element accumulation potential of common
medicinal plants.
As mentioned above, the most popular use of chamomile
is infusion of the anthodia (Srivastava et al. 2010). The
concentrations of investigated elements in the infusions are
summarized in Table 5, and the percentages of extracted
elements from the total dry mass of anthodia used for the
infusion preparation are presented in Figure 3. Pytlakowska et
al. (2012) classified the extractability of the elements to the
infusion into three specific groups: highly extractable (>55%),
including K; moderately extractable (20–55%), including Mg,
Na, P, B, Zn, and Cu; and poorly extractable (<20%), including
Al, Fe, Mn, Ba, Ca, and Sr. Among the risk elements, the highest
concentrations in the infusions were observed for Cd, where the
concentrations reflected the differences in the total Cd contents
in anthodia in the case of Chernozem 1 and Cambisol. For less
contaminated samples, higher extractable concentrations of
Cd were found for anthodia from Fluvisol, where the total Cd
contents were the lowest. The concentrations of As, Cr, and Pb
were low, except for the As level in the infusion from anthodia
growing in As-contaminated Chernozem 2, where the total As
contents were enhanced as well (Table 3). The concentrations
of essential elements were higher due to higher total contents
of these elements in anthodia.
Therefore, the soil Cd level and mobility needs to be
carefully checked for cultivation of German chamomile for
pharmaceutical production of high-quality chamomile drugs.
Between 5.5 and 35% of the total Cd was released to
infusion, and its extractability decreased with increasing
Cd content in flowers. The results are comparable to those
published by Chizzola et al. (2008), where extractable Cd
contents varied in the range of 15–21%. In the opposite,
negligible contents of elements (Cd, Pb, Cu, Zn, and Mn)
were observed by Zheljazkov et al. (2008) in infusions of
other medicinal plants (B. tripartita, L. cardiaca, M. vulgare,
M. officinalis, O. heracleoticum). Within the investigations of
Carrara Vulcano et al. (2008), the average levels of Pb and Cd
in samples of chamomile infusion did not exceed the value
0.2 mg/L, and negligible Cd concentrations were also reported
by Başgel and Erdemoğlu (2006). In our case, the As, Cr, and
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Pb contents in the chamomile infusions can be neglected, but
the Cd levels should be investigated in more detail, especially
in the Cd-contaminated soils.
The composition of chamomile essential oil is presented
in Table 5. Orav et al. (2010) monitored the composition of
essential oil within Europe and stated that the predominant
compound of the essential oil in the Czech Republic is
α-bisabolol (taking between 23.9 and 44.2% of the essential
oil). However, as mentioned above, var. Bohemia belongs to
bisabololoxid genotypes. Thus, bisabolol oxide A and bisabolol
oxide B were the predominant compounds in the essential oil
(Table 5). The results showed significant (p < 0.05) differences
for chamazulene, spiroethers, and spathulenol, where
chamazulene increased in contaminated soils compared to the
“control“, and an opposite pattern was reported for spiroethers
and spathulenol. The bisabolol and β-farnesene contents tended
to decrease in the contaminated soils, but the differences were
not significant at p < 0.05. Among the samples originating
from the contaminated soils, no significant differences were
observed. Zheljazkov et al. (2006) tested the effects of soil
enriched with risk elements (Cd, Pb, Cu) on the composition of
essential oils of Anethum graveolens, Ocimum basilicum, and
Mentha piperita. Similarly, Stancheva (2010) investigated the
content and composition of essential oils of Salvia officinalis
grown in contaminated soil. As a result, the essential oil content
was slightly lowered and the oil composition altered (not
significantly). The soil amendment with Ni and Cd resulted in
an increase of these elements in chamomile plants but not in the
essential oils (Chand et al. 2012). In our case, the essential oil
composition was altered as well, and the risk element contents
were under the detection limits of the analytical technique. The
perceptible aspects of stress in plants, in terms of the elicitation
and priming of defensive strategies, is the question of what
precise factor or condition is actually sensed by the plant to
induce a specific defensive response (Berglund et al. 2015).
According to the findings of Zheljazkov et al. (2006,
2008a), our results support the use of aromatic plants as
alternative crops for risk element-contaminated soils.
However, these conclusions are valid only for the soils tested
within this study. Changing mobility of elements as related
to the CEC indicates potential differences in the risk element
mobility and plant uptake at the locations with different soil
physicochemical parameters. The high ability of chamomile
plants to accumulate Cd in the aboveground biomass brings
some limitations: i) the choice of the contaminated areas for

Table 5. The relative abundance of the individual essential oil components (% of the total essential oil volume)
Chernozem 1

Chernozem 2

Fluvisol

Cambisol

control

beta-Farnesene

3.90

4.09

4.17

2.97

5.14

Spathulenol

2.73

2.82

2.85

2.84

6.36

Bisabolol oxide B

32.32

39.52

32.35

36.79

28.67

Bisabolon

7.70

7.44

11.33

7.42

7.54

Bisabolol

2.04

4.05

1.05

0.85

5.91

Chamazulene

22.29

20.75

21.75

16.73

8.95

Bisabolol oxide A

21.94

17.15

20.33

25.21

23.26

Spiroethers

7.08

4.18

6.16

7.19

14.18
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potential chamomile cultivation should not include soils
extremely contaminated with Cd. Moreover, the effects of soil
and cultivation conditions on Cd extractability into infusion
should be elucidated in further research; ii) if cultivated in
the Cd-contaminated soil, the plants can be used only for
essential oil production, where the risk of elevated Cd content
is negligible. In this context, however, the disposal of the
Cd contaminated aboveground biomass will require special
attention and could be hazardous during its handling and
processing.

Acknowledgements
Correction and improvement of language was provided by
Proof-Reading-Service.com Ltd., Devonshire Business Centre,
Works Road, Letchworth Garden City SG6 1GJ, United
Kingdom.
Funding: This work was supported by the grant project of
NAZV QJ121021 project.

References
Adams, R. (2001). Identification of essential oil components by
gas chromatography/ quadrupole mass spectrometry, Allured
publishing Corporation, Carol Stream, USA 2001.
Adriano, D.C. (2001). Trace elements in terrestrial environments:
Biogeochemistry, bioavailability, and risks of metals, 2nd
Edition, Springer-Verlag, New York 2001.
Alloway, B.J. (1990). Heavy metals in soil, J. Wiley & Sons, New
York 1990.
Anonymous (2016). Public notice No. 153/2016 about the conditions
for the protection of the agricultural soil quality, Legal code of
The Czech Republic, pp. 2692−2699.
Anonymous (2007). Czech Ministry of Agriculture, The case report
„Medicinal, aromatic, and spice crops”.
Başgel, S. & Erdemoğlu, S.B. (2006). Determination of mineral
and trace elements in some medicinal herbs and their infusions
consumed in Turkey, Science of the Total Environment, 359, 1–3,
pp. 82–89.
Berglund, T., Lindström, A., Aghelpasand, H., Stattin, E. & Ohlsson,
A.B. (2016). Protection of spruce seedlings against pine weevil
attacks by treatment of seeds or seedlings with nicotinamide,
nicotinic acid and jasmonic acid, Forestry, 89, 2, pp. 127–135.
Borůvka, L., HuanWei, C., Kozák, J. & Krištoufková, S. (1996). Heavy
contamination of soil with cadmium, lead and zinc in the alluvium
of the Litavka river, Rostlinná Výroba, 42, 12, pp. 543–550.
Borůvka, L., Kozák, J. & Krištoufková, S. (1997). Heavy metal
accumulation in plants grown in heavily polluted soils, Folia
Microbiologica, 42, 5, pp. 524–526.
Carrara Vulcano, I.R., Silveira, J.N. & Alvarez-Leite, E.M. (2008).
Lead and cadmium levels in tea traded in the metropolitan area of
Belo Horizonte, Revista Brasileira de Ciencias Farmaceuticas,
44, 3, pp. 425–431.
Chand, S., Pandey, A. & Patra, D.D. (2012). Influence of vermicompost
on dry matter yield and uptake of Ni and Cd by chamomile
(Matricaria chamomilla) in Ni- and Cd-polluted soil, Water, Air
and Soil Pollution, 223, 5, pp. 2257–2262.
Cheng, H.H. & Mulla, D.J. (1999). The soil environment, In:
Bioremediation of Contaminated Soils, Adriano, D.C., Bollag,
J.M., Frankenberger Jr., W.T. & Sims, R.C. (Eds.), Madison,
Wisconsin USA 1999.
Chizzola, R., Michitsch, H. & Franz, C. (2003). Monitoring of metallic
micronutrients and heavy metals in herbs, spices and medicinal

plants from Austria, European Food Research and Technology,
216, 5, pp. 407–411
Chizzola, R., Michitsch, H. & Mitteregger, U.S. (2008). Extractability
of selected mineral and trace elements in infusions of chamomile,
International Journal of Food Sciences and Nutrition, 59, 6,
pp. 451–456.
Formisano, C., Delfine, S., Oliviero, F., Tenore, G.C., Rigano, D. &
Senatore, F. (2015). Correlation among environmental factors,
chemical composition and antioxidative properties of essential
oil and extracts of chamomile (Matricaria chamomilla L.)
collected in Molise (South-central Italy), Industrial Crops and
Products, 63, pp. 256–263.
Grejtovský, A., Markušová, K. & Nováková, L. (2008). Lead uptake
by Matricaria chamomilla L., Plant, Soil and Environment, 54,
2, pp. 47–54.
ISO 11260. (1994). Standard of Soil Quality — Determination of
Effective Cation Exchange Capacity and Base Saturation Level
Using Barium Chloride Solution. International Organization for
Standardization Geneva 1994.
Iyengar, S.S., Martens, D.C. & Miller, W.P. (1981). Distribution and
plant availability of soil zinc fraction, Soil Science Society of
America Journal, 45, 4, pp. 735–739.
Kabata-Pendias, A. & Pendias, H. (2001). Trace Elements in Soils and
Plants, Third ed. CRC Press, Boca Raton 2001.
Kaličanin, B. & Velimirović, D. (2013). The content of lead in herbal
drugs and tea samples, Central European Journal of Biology, 8,
2, pp. 178–185.
King, L.D. (1988). Effect of selected soil properties on cadmium
content of tobacco, Journal of Environmental Quality, 17, 2,
pp. 251–255.
Kovačik, J., Gruz, J., Klejdus, B., Štork, F. & Hedbavny, J. (2012).
Accumulation of metals and selected nutritional parameters in
the field-grown chamomile anthodia, Food Chemistry, 131, 1,
pp. 55–62.
Masarovičová, E., Kráľová, K. & Kummerova, M. (2010). Principles
of classification of medicinal plants as hyperaccumulators or
excluders, Acta Physiologiae Plantarum, 32, 5, pp. 823–829.
McKay, D.L. & Blumberg, J.B. (2006). A review of the bioactivity
and potential health benefits of chamomile tea (Matricaria
recutita L.). Phytotherapy Research, 20, 7, pp. 519–530.
Mehlich, A. (1984). Mehlich 3 Soil Test Extractant: A modification of
Mehlich 2 Extractant, Communications in Soil Science and Plant
Analysis, 15, 12, pp. 1409–1416.
Meloun, M. & Militký, J. (2004). Statistical analysis of the
experimental data, Academia, Praha 2004. (in Czech)
Mihaljev, Z., Zivkov-Balos, M., Cupic, Z. & Jaksic, S. (2014). Levels
of some microelements and essential heavy metals in herbal teas
in Serbia, Acta Poloniae Pharmaceutica, 71, 3, pp. 385–391.
Miholová, D., Mader, P., Száková, J., Slámová, A. & Svatoš, Z.
(1993). Czechoslovakian biological certified reference materials
and their use in the analytical quality assurance system in a trace
element laboratory, Fresenius’ Journal of Analytical Chemistry,
345, 2–4, pp. 256–260.
Mosleh, Z., Salehi, M.H. & Rafieiolhossaini, M. (2013). Effect
of different soil series and manure application on agro-morphological characteristics, essential oil and chamazulene
content of German chamomile, Journal of Essential Oil Bearing
Plants, 16, 6, pp. 730–739.
Nasiri, Y., Zehtab-Salmasi, S., Nasrullahzadeh, S., Najafi, N. &
Ghassemi-Golezani, K. (2010). Effects of foliar application of
micronutrients (Fe and Zn) on flower yield and essential oil of
chamomile (Matricaria chamomilla L.). Journal of Medicinal
Plant Research, 4, 17, pp. 1733–1737.
Novozamsky, J., Lexmond, T.M. & Houba, V.J.G. (1993). A single
extraction procedure of soil for evaluation of uptake of some

The risk element uptake by chamomile (Matricaria recutita (L.) Rauschert) growing in four different soils
heavy metals in plants, International Journal of Environmental
Analytical Chemistry, 51, 1–4, pp. 47–58.
Orav, A., Raal, A. & Arak, E. (2010). Content and composition of the
essential oil of Chamomilla recutita (L.) Rauschert from some
European countries, Natural Product Research, 24, 1, pp. 48–55.
Pavlovič, A., Masarovičová, E., Kráľová, K. & Kubová, J. (2006).
Response of chamomile plants (Matricaria recutita L.) to
cadmium treatment, Bulletin of Environmental Contamination
and Toxicology, 77, 5, pp. 763–771.
Petö, A., Lehotai, N., Lozano-Juste, J., León, J., Tari, I., Erdei, L.
& Kolbert, Z. (2011). Involvement of nitric oxide and auxin in
signal transduction of copper-induced morphological responses
in Arabidopsis seedlings, Annals of Botany, 108, 3, pp. 449–457.
Prokop’ev, I.A., Filippova, G.V., Shein, A.A. & Gabyshev, D.V.
(2014). Impact of urban anthropogenic pollution on seed
production, morphological and biochemical characteristics
of chamomile, Matricaria chamomila L., Russian Journal of
Ecology, 45, 1, pp. 18–23.
Pytlakowska, K., Kita, A., Janoska, P., Połowniak, M. & Kozik, V.
(2012). Multi-element analysis of mineral and trace elements
in medicinal herbs and their infusions, Food Chemistry, 135, 2,
pp. 494–501.
Quevauviller, P., Ure, A., Muntau, H. & Griepink, B. (1993).
Improvement of analytical measurements within the BCR
– program – Single and sequential extraction procedures
applied to soil and sediment analysis, International Journal of
Environmental Analytical Chemistry, 51, 1–4, pp. 129–134.
Raal, A., Orav, A., Pussa, T., Valner, C., Malmiste, B. & Arak, E.
(2012). Content of essential oil, terpenoids and polyphenols in
commercial chamomile (Chamomilla recutita L. Rauschert) teas
from different countries, Food Chemistry, 131, 2, pp. 632–638
Ross, S.M. (1994). Toxic Metals in Soil-Plant Systems, John Willey &
Sons, New York 1994.
Růžičková, P., Száková, J., Havlík, J. & Tlustoš, P. (2015). The effect
of soil risk element contamination level on the element contents
in Ocimum basilicum L., Archives of Environmental Protection,
41, 2, pp. 47–53.
Sastre, J., Hernández, E., Rodríguez, R., Alcobé, X, Vidal, M. &
Rauret, G. (2004). Use of sorption and extraction tests to predict
the dynamics of the interaction of trace elements in agricultural
soils contaminated by a mine tailing accident, Science of The
Total Environment, 329, 1–3, pp. 261–281.
Sauerbeck, D. & Lübben, S. (1996) The impact of municipal waste
on soil, soil biota and plants, Forschungszentrum Julich Gmbh,
Germany 1996. (in German)
Schwartz, C., Gérard, E., Perronnet, K. & Morel, J.L. (2001).
Measurement of in situ phytoextraction of zinc by spontaneous
metallophytes growing on a formed smelter site, Science of The
Total Environment, 279, 1–3, pp. 215–221.

21

Sims, J.R. & Haby, V.A. (1971). Simplified colorimetric determination
of soil organic matter, Soil Science, 112, 2, pp. 137–141.
Srivastava, J.K., Shankar, E. & Gupta, S. (2010). Chamomile: A herbal
medicine of the past with a bright future (Review), Molecular
Medicine Reports, 3, 6, pp. 895–901.
Stancheva, I., Geneva, M., Hristozkova, M., Markovska, Y. &
Salamon, I. (2010). Antioxidant capacity of sage grown on heavy
metal-polluted soil, Russian Journal of Plant Physiology, 57, 6,
pp. 799–805.
Street, R., Száková, J., Drábek, O. & Mládková, L. (2006). The status
of micronutrients (Cu, Fe, Mn, Zn) in tea and tea infusions in
selected samples imported to the Czech Republic, Czech Journal
of Food Science, 24, 2, pp. 62–71.
Száková, J., Tlustoš, P., Balík, J., Pavlíková, D. & Vaněk, V. (1999).
The sequential analytical procedure as a tool for evaluation of
As, Cd and Zn mobility in soil, Fresenius’ Journal of Analytical
Chemistry, 363, 5–6, pp. 594–595.
Száková, J., Tlustoš, P., Balík, J., Pavlíková, D. & Balíková, M.
(2000). Efficiency of extractants to release As, Cd, and Zn from
main soil compartments, Analysis, 28, 9, pp. 808–812.
Száková, J., Tlustoš, P., Gössler, W., Frková, Z. & Najmanová, J.
(2009). Mobility of arsenic and its compounds in soil and soil
solution: The effect of soil pretreatment and extraction methods,
Journal of Hazardous Materials, 172, 2–3, pp. 1244–1251.
Tokalıoğlu, Ş., Kartal, Ş. & Birol, G. (2003). Application of a three-stage sequential extraction procedure for the determination of
extractable metal contents in highway soils, Turkish Journal of
Chemistry, 27, 3, pp. 333–346.
Tokalıoğlu, Ş. 2012. Determination of trace elements in commonly
consumed medicinal herbs by ICP-MS and multivariate analysis,
Food Chemistry, 134, 4, pp. 2504–2508.
Voyslavov, T., Georgieva, S., Arpadjan, S. &, Tsekova, K. (2013).
Phytoavailability assessment of cadmium and lead in polluted
soils and accumulation by Matricaria chamomilla (chamomile),
Biotechnology & Biotechnological Equipment, 27, 4,
pp. 3939–3943.
WHO (2005) National policy on traditional medicine and regulations
of herbal medicines, WHO, Geneva 2005.
Zheljazkov, V.D., Craker, L.E. & Xing, B. (2006). Effects of Cd, Pb,
and Cu on growth and essential oil contents in dill, peppermint,
and basil, Environmental and Experimental Botany, 58, 1,
pp. 9–16.
Zheljazkov, V.D., Craker, L.E., Xing, B., Nielsen, N.E. & Wilcox, A.
(2008a). Aromatic plant production on metal contaminated soils,
Science of the Total Environment, 395, 2, pp. 51–62.
Zheljazkov, V.D., Jeliazkova, E.A., Kovacheva, N. & Dzhurmanski,
A. (2008b). Metal uptake by medicinal plant species grown in
soils contaminated by a smelter, Environmental and Experimental
Botany, 64, 3, pp. 207–216.

