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After water, tea is the most widespread beverage in the world. In addition to
its use as a beverage, tea is also recognized as a drink that may have several
health benefits, primarily due to the presence of nutritional elements. But, on
the other hand, even very low concentrations of some metals could be toxic
and can cause serious biological disorders and diseases. In this paper we
investigated the content of micro and macroelements in chamomile tea sam-
ples found in a local market in Leskovac. The preparation of the samples was
done by wet digestion. Element concentrations were determined by Inductively
Coupled Plasma - Optical Emission Spectrometry (ICP-OES). Of all macroe-
lements (Na, Mg, K and Ca), the potassium concentration was the highest in
all investigated samples (18161 - 27985 mg/kg). Comparing all heavy metals
(copper, zinc, nickel, cadmium and lead) it was determined that the content of
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zinc was the highest in all samples, in the amount of 12.7-18.0 mg/kg.

Introduction

Tea is one of the most popular and most widely con-
sumed beverage in the world [1,2]. According to some esti-
mates, about 20 billion tea cups are consumed in the world
per day [3]. One of the main reasons for the popularity of
tea is its positive impact on people's health, primarily due to
the presence of nutritional elements [4,5]. Tea is defined as
a mixture of crushed or comminuted plant parts, intended
for internal or external use. Important tea ingredients are
flavonoids, tannins, catechin, caffeine and theanine, as
well as theobromine, theophylline and negligible amounts
of carbohydrates, fats and proteins [1-6].

Chamomile (Matricaria chamomilla L.) is one of the
most popular herbs. It is an annual plant with a branching
stem and the height between 20 and 50 cm. Only leaves
and flowers of the plant are used for the tea preparation.
Chamomile is used for irritability treatments, inner turmoil,
ischemia, insomnia, mental malaise, fatigue, stomach dis-
eases and intestines, kidneys, liver and gall bladder, as
well as for treating some eye and various skin diseases.
It is known that chamomile tea is rich in both organic and
inorganic components. It is a good source of potassium,
magnesium and iron [7,8]. However, except these metals,
heavy metals can also be found in teas. Due to high toxic-
ity of heavy metals and the tendency to accumulate in the
ecosystem, they can be dangerous for all living organisms.
The causes of heavy metal tea contamination can be the
soil composition, present nutrients, fertilizers and others.

Heavy metals that can most likely be tea contaminates are:
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nickel, lead, cobalt and cadmium. According to the litera-
ture data, heavy metals can be present in various concen-
trations: Ni (2.46 to 8.90 mg/g), Pb (0.03 to 14.8 mg/g), Co
(below the detection limit of 2.35 mg/g) and Cd (below the
detection limit of 0.37 mg/g) [1,7].

Bearing in mind the fact that some of the tea elements
are essential (iron, zinc, copper, chromium (ll1), cobalt and
manganese), or toxic (lead and mercury), metal determina-
tion in teas is very important in order to estimate the tea
quality, as well as allowed concentration values that have
no adverse influence on people’s health. The content of
certain metals in food is defined by the maximum con-
centration allowed, which represents the toxic substance
quantity in an average adult (70 kg) that has no toxic ef-
fect throughout the whole life comsumation [9]. Metals as
lead or cadmium have a particular impact on human health
because they accumulate in the human body. High concen-
trations of these metals in the food are linked to the devel-
opment of numerous diseases, especially cardiovascular,
renal and nervous and the bone tissue. It was shown that
these heavy metals are higly mutagenic and teratogenic [1].
The content of Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga,
In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn in chamomile
teas obtained from a local market in Leskovac is deter-
mined in this paper. The aim of the study is to determine
the nutritive elements and trace elements content by us-
ing optical emission spectrometry with inductively coupled
plasma as a source of excitation (ICP-OES).
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Experimental Se, Ti, V and Zn at the concentration of 1000 ppm was
used for the preparation of calibration solutions. The prepa-
Reagents and standard solutions ration of standard solutions was performed by diluting the

Distilled water, purified by Fisher Chemical (HPLC multistandard IV, so that the concentrations of standards
grade) was used for samples dilution. The carrier gas was for the calibration chart were in the range of expected test
Argon 5.0 (99.999% purity). In addition, the calibration elements concentrations. Table 1 shows the wavelength
standards were prepared for the above samples analysis. detection of each element in the samples, a correlation co-
The multistandard IV - standard solution (Merck) which con-  efficient (R?), the limit of detection (LOD), as well as the
tained Al, Ag, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, range of linearity.

Table 1. Calibration parameters: A; R?; LOD and the range of linearity

Element Detection Correlation Limit of detection Linearity range
wavelength (nm) coefficient (R?) (ug/L) (mg/L)
A 224.641 0.99993 0.39 0.0145-12.00
9 328.068 0.99995 ’ 0.000399-12.00
167.078 0.99985 . 7.6x1075-2.40
Al 394.401 0.99998 7.6x10° 0.00155-12.00
B 182.641 0.99999 6.43 0.00737-12.00
249.773 0.99999 ’ 0.00643-12.00
Ba 233.527 0.99995 0.183 0.000183-12.00
Bi 190.241 0.99991 353 0.00353-12.00
223.061 0.99996 ’ 0.00368-12.00
Ca 183.801 0.99995 214 1.6-480.00
396.847 0.99946 ’ 0.00214-2.41
Cd 214.438 0.99994 0.127 0.000127-12.00
Co 228.616 0.99980 0.327 0.000327-12.00
Cr 283.563 0.99998 0.435 0.000435-12.00
Cu 224.700 0.99999 0.259 0.000907-12.00
324.754 0.99999 ' 0.000259-12.00
Fe 259.941 0.99997 0.118 0.000118-12.00
Ga 417.206 0.99994 1.7 0.0017-12.00
In 325.609 1.00000 4 0.004-12.00
K 404.721 0.99998 0.378 0.798-300.00
766.491 0.99999 ’ 0.000378-1.20
) 323.261 1.00000 ’ 0.0798-12.00
Li 670.780 0.99997 5.75x10% 5.75x10-5-1.20
M 279.553 0.99997 0.115 0.000115-6.04
9 285.213 0.99994 ’ 4.03-120.00
Mn 257.611 0.99992 3.57x1072 3.57x1075-12.00
Na 330.237 0.99994 475 7.98-480.00
598.592 0.99989 ’ 0.00475-12.00
Ni 231.604 0.99994 0.474 0.000474-12.00
Pb 220.353 0.99998 1.78 0.00178-12.00
Sr 407.771 0.99998 6.23x103 6.23x1076-2.41
Tl 190.864 0.99998 1.72 0.00172-12.00
Zn 213.856 0.99997 8.2x102 8.2x1075-12.00

Table 2. Operating conditions for ICP-OES (W)

Plasma Power (W) 1400
Gas flow (L/min)

-Coolant 13

-Auxiliary 0.80

Nebulizer type Cross flow

Nebuliser flow rate (L/min) 0.95
Pump speed (rpm) 30
Stabilization time (s) 0

Number of probes for each
measuring

Plasma observation Axial
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Sampling and sample preparation

Samples of chamomile teas were taken from dif-
ferent manufacturers (Chamomillae flos) in November
2014 from a local market in Leskovac. The preparation
of chamomile tea samples was carried out by wet diges-
tion. A chamomile tea sample (2 g) was added with 98
ml of boiling water. 25 ml of the sample was then taken
and filtered after 5, 10 and 15 minutes of stirring. The
filtered samples were diluted with another 25 mL of dis-
tilled water. After dilution, the samples were subjected to
ICP-OES analysis.

Analysis of samples
The quantitative analysis of all samples was per-
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formed on ICP-OES (Inductively Coupled Plasma - Opti-
cal Emission Spectrometry, ARCOS FHE12, SPECTRO,
Germany), according to the manufacturer’s instructions.
The instrument conditions and determined parameters
are given in Table 2.

Results and discussion

Testing results of micro and macro elements in five
different tea samples produced by different manufactur-
ers and purchased at a local market in Leskovac are
shown in Table 3.

Table 3. Measuring results of the metal presence in the tea samples (Matricaria chammomilla L.) (mg/kg).

Manufacturer | Manufacturer Il Manufacturer Il1 Manufacturer IV Manufacturer V
Elements content. ma/ka
Tr'r’:rf 5 10 15 5 10 15 5 10 15 5 10 15 5 10 15
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 3.40 4.20 2.50 9.40 9.90 9.90 4.50 3.90 4.40 4.80 4.90 5.80 5.10 4.60 4.90
B 13.8 14.2 9.30 16.8 16.6 16.4 15.9 15.7 12.9 13.0 12.7 7.90 6.40 15.5 15.1
Ba 3.90 4.10 3.50 3.90 3.90 3.90 3.80 3.80 3.80 3.90 3.90 4.90 4.50 3.70 3.80
Bi 3.50 3.50 3.50 3.30 3.40 3.40 3.40 3.40 3.40 3.40 3.40 3.50 3.30 3.30 3.40
Ca 2814 3179 2325 2138 2258 2324 2960 2948 2599 2468 2483 2046 1667 3139 3356
Cd 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.10 0.10 0.00 0.10 0.10 0.10 0.00 0.00
Co 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu 6.30 7.30 4.70 6.30 6.40 6.30 6.70 6.60 7.10 7.70 7.70 7.00 5.70 7.00 7.00
Fe 1.90 2.20 1.50 6.00 7.00 7.40 2.90 2.50 3.10 3.20 2.90 3.00 2.30 2.70 3.10
Ga 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
In 2.10 2.10 2.00 2.80 2.80 2.80 2.20 2.10 2.70 2.80 2.80 3.50 3.10 2.30 2.10
K 22042 21979 18161 27223 25926 26008 27489 27134 25050 25789 25371 25071 23617 27985 26968
Li 1.10 1.10 1.00 0.50 0.50 0.50 0.90 0.90 0.90 0.90 0.80 0.60 0.60 0.90 0.90
Mg 2127 2275 1624 1907 1872 1898 2241 2176 2414 2390 2367 1760 1506 2365 2362
Mn 9.30 9.60 7.80 26.1 26.9 28.2 12.9 12.6 24.4 251 23.8 42.8 33.3 14.2 14.7
Na 2186 2331 1687 543 582 516 1974 1886 4151 4166 4111 591 515 1873 1886
Ni 0.00 0.00 0.00 0.20 0.30 0.30 0.00 0.00 0.00 0.00 0.00 0.50 0.10 0.00 0.00
Pb 0.50 0.60 0.20 0.30 0.40 0.20 0.40 0.40 0.30 0.20 0.20 0.30 0.20 0.30 0.20
Sr 13.7 17.4 7.2 12.9 13.6 124 13.9 14.3 14.1 14.0 15.5 16.2 13.7 13.2 14.4
Tl 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Zn 15.1 17.5 12.7 15.6 16.0 15.3 17.3 171 15.5 16.3 16.5 18.0 17.3 16.1 16.0

Based on the obtained results, it can be concluded that
the presence of silver, cobalt and chromium was not de-
tected in any sample, ie. their content in the samples was
below the detection limit (Table 3). Of all macroelements
(Na, Mg, K and Ca) the most present was potassium, fol-
lowed by sodium, calcium and magnesium. Potassium
is higly important because it is necessary for upkeep of
the acid-base balance in the body, as well as the osmotic
pressure. It plays an important role in the nerve impulse
transmission of the muscle contraction because it has the
ability to increase the muscle and nerve cells excitability.
Also, potassium has an impact on carbohydrate metabo-
lism and membrane transport [10]. The content of potas-
sium in the tea samples was in the interval from 18161
to 27985 mg/kg. The recommended daily intake of potas-
sium varies from 0.4 g for infants, 3.8 g for children aged
4-8 to 4.7 g for adolescents, women and men (Institute
of Medicine, 2004). The lack of potassium affects hyper-
tension, cardiac arrhythmia, nausea, drowsiness, muscle

weakness, reduced hoses mobility, lethargy, etc. Sodium,
along with potassium participates in the transfer of nerve
impulses, affects the permeability of the membrane and
maintains the muscle tone. The lack of sodium in the
body can cause a fall in blood pressure, which can lead
to general weakness and loss of appetite [10]. The sodium
content in tea samples was in the interval from 515 to 4166
mg/kg. The recommended daily intake for infants is 0.12 g, for
children aged 4-8 and 1.2 mg for adolescents, men and
women about 1.5 g (Institute of Medicine, 2004). Calcium
is an essential constituent of bones and teeth, and has a
very important role in the blood plasma and cellular mem-
branes. Calcium deficiency leads to osteomalacia and
osteoporosis in adults [11], and rachitis in children. The
required average daily dose for calcium is 1000 mg. The
presence of calcium in tea samples was in the range from
1667 to 3356 mg/kg. The recommended daily intake of
Ca for infants is 210 mg, for children aged 4-8 years 800
mg, 1300 mg for adolescents and for men and women
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from 1000 to 1200 mg, depending on the age (Institute
of Medicine, 1997). Magnesium participates in many
biochemical and physiological processes in the body. It
is necessary for the normal function of many different
enzymes [12]. It is present in bones, tissues, organs
and blood. It is also nessesery for normal muscles and
nervous system functioning, supports immunity, makes
bones strong and promotes a normal heart rhythm. The
detected presence of magnesium in the tea samples
was in the interval from 1506 to 2414 mg/kg. The recom-
mended daily intake of Mg for infants is 30 mg, for children
aged 4-8 and 130 mg for adolescents, men and women
about 400 mg (Institute of Medicine, 1997). The mag-
nesium deficiency causes a variety of neurological and
neuromuscular signs (cramps, pausing and altered mus-
cle reflexes), and affects arrhythmia and myocardial in-
farction [12]. In addition, magnesium regulates the sugar
level in blood, affects the blood pressure [13], and plays
an important role in the blood pressure regulation [14].
Magnesium plays an important role in the carbohydrate
metabolism and is considered to be an appropriate pro-
tective component for the Type Il diabetes, which affects
the release and activity of insulin, the hormone that con-
trols blood sugar levels. It is also known that a high mag-
nesium intake in the body reduces the risk of stroke [15].

High potassium, magnesium and sodium levels in
all tested samples of chamomile tea are probably due
to their high presence in the soil. It is well known that
the main source of metals in food comes from the land
on which nutritious products are grown. That brings a
clear connection between the soil composition and met-
als which get into the human body. The average potas-
sium, magnesium and sodium values are 15000, 9000
and 12000 mg/kg, respectively [16].

From the group of trace elements, the presence of
iron, copper, zinc and manganese were detected in all
tea samples. The iron content was 1.9 to 7.4 mg/kg. lron,
one of the most important trace elements, is an integral
part of hemoglobin, mioglobulina and respiratory en-
zymes [17]. It has the ability to increase resistance to dis-
ease and prevents fatigue and anemia. The symptoms
of iron deficiency can cause the feeling of tiredness, poor
appetite and reduced organism resistance [10].

The presence of copper in tea samples was also de-
tected. Copper is typically bound to the enzyme polyphe-
nol oxidase in tea drinks [1]. The copper concentration in
the assay camomile tea samples was in the range of 4.7
to 7.7 mg/kg, which is consistent with the literature data
where the obtained amount was between 2 and 20 mg/
kg [18]. The lack of copper has the effect of anemia, hair
depigmentation and bones deformities.

The amounts of zinc in all samples were between
12.7 and 18.0 mg/kg, which is less than a usual con-
centration in tea (28.2 mg/kg) [19]. Zinc is the essen-
tial biomembrane component and it is necessary for its
normal function. It is also necessary for the metabolism
of proteins and carbohydrates, prostate function, and
many other biological functions. Recent studies have
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shown that zinc is important for the brain function, and
the treatment of mental disorders (eg, schizophrenia).
It is required for DNA synthesis and plays a major role
in the development and functioning of reproductive or-
gans. In addition, zinc is an essential oligoelement, im-
portant for the membrane stabilization and the activity
of metalloenzymes. About 70 different metalloenzymes
contain zinc: superoxide dismutase, carbonic anhydrase,
lactate dehydrogenase, alkaline phosphatase, alcohol
dehydrogenase, as well as RNA and DNA polymerases
[10,21]. Zinc deficiency leads to endothelial membrane
damage [20]. Zinc increases the number of T defensive
cells and their efficiency and helps in the treatment of
infertility, stomach and wound healing. According to the
well-known data, the lack of this vital element is common
in 48% of all global population [22].

The obtained values for the manganese content (7.8-
42.8 mg/kg) were lower than the average manganese
concentrations in Pakistan teas of 175 mg/kg [19]. Man-
ganese participates in a lipid metabolism, bone forma-
tion, connective tissue disorders, energy production and
nucleotides synthesis of DNA. The patients with iron de-
ficiency can have the increased manganese resorption
which can lead to intoxication. Manganese deficiency in
the body causes loss of appetite, drowsiness and mus-
cle pain, and sometimes hallucinations.

The presence of lithium in all analyzed samples was
detected in the range of 0.5 to 1.1 mg/kg. Lithium is pre-
sent in a small quantity in the tissues and body fluids and
it is difficult to diffuse through the cell membrane [10].
It plays an important role in some enzymes functioning
(hexokinase, pyruvate kinase, etc.), such as keeping po-
tassium / sodium balance in the body.

The presence of boron was detected in the range of
9.3 to 16.8 mg/kg. The biological role of boron in humans
is not yet fully understood, and it is still in the testing
phase. So far, no evidence of boron toxicity has been
found [23]. Studies of Murray (1995) showed that bo-
ron absorbtion is fastest via gastrointestinal tract, up to
90% [24]. In blood, boron is in the form of free boric acid
and is considered to have a regulatory role for some
enzymes [25]. Some clinical studies of women’s health
have shown that due to the boron lack the development
of osteoporosis in the climax is possible. Also, the ab-
sence of this element may cause attention disorders and
short-term memory [26].

In the tea samples, aluminum was detected in the
amount between 2.5 and 9.9 mg/kg. Previously, there
was no evidence of aluminum function in metabolism.
In some organisms, the reaction between cytochrome ¢
and succinyl dehydrogenase is determined by Al. Alu-
minium is also a cofactor in the guanine nucleotide bind-
ing which is necessary for the metabolism of protein. On
the other hand, the increased content of this element in
patients that suffer from kidneys diseases can signifi-
cantly damage the skeleton due to the negative impact
on the process of the bone formation, leading to occur-
rence of osteomalacia.
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The nickel concentration in all samples was less than
0.3 mg/kg, which is less than its usual concentration (be-
tween 2.9 and 22.6 mg/kg) [19]. The role of nickel has
not been fully explored yet. It is known that it helps in
pancreatic function and insulin production [10].

Heavy metals are a special group of elements with
the density between 3.5 and 5 g/cm?. Cadmium was de-
tected in several tea samples in the amount of 0.1 mg/kg.
The high Cd level in kidney may cause a tissue damage,
which further leads to kidney stones formation and pres-
surization. Cadmium has influence on the bone structure
and bone deformation. Also, cadmium is a carcinogen
that has a damaging influence on the heart and kidney.
A norminative cadmium concentration in teas is not pre-
scribed.

In addition to cadmium, the lead presence was also
detected in all samples in the range of 0.2 to 0.6 mg/
kg, which is below the maximum allowed value for tea
samples (2 mg/kg) [1]. Lead is stored in the bones and
in smaller portions in the liver, kidneys and soft tissues.
Lead poisoning affects the brain function and nervous
system, reduces the level of intelligence, perception and
memory mode. The most severe forms can cause death.
Lead can originate from fertilizers (zinc sulfate, which
is used to ensure enough of micronutrients and copper
oxychloride, which is used as a fungicide), presented as
impurity. Also, in the vicinity of roads tea plants are more
exposed to lead contamination. If the grown land of tea
plants is usually acidic, this affects the increased mobility
and metal adoption are more expressed.

Conclusion

Finally, based of the results obtained in this work, the
presence of micro and macro elements in chamomile
tea samples were within the permitted limits, including
the presence of heavy metals. All tested chamomile tea
samples showed high macro element concentrations
that can fullfill the daily needs of these nutrients.
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Posle vode, ¢aj je najrasprostranjeniji napitak Sirom sveta. Osim ove upotrebe, Caj
se takode dugo koristi u preventivne i terapeutske svrhe, posebno zbog prisustva
nutritivnih elemenata. Medutim, prisustvo nekih metala ¢ak i u malim koncentraci-

jama moze biti toksi€no i dovesti do ozbiljnih poremeéaja i oboljenja. U radu je
odreden sadrZaj mikro i makro elemenata u uzorcima €aja od kamilice. Priprema

Kljuéne reci: ¢aj od kamilice, ICP-OES,
mikro i makroelementi

uzoraka vrdena je mokrom digestijom. Koncentracije odabranih metala u rastvori-
ma posle digestije odredene su primenom opticke emisione spektrometrije sa in-
dukovano spregnutom plazmom (ICP-OES). Od ispitivanih makroelemenata (Na,
Mg, K i Ca) u ispitivanim uzorcima je primeéen najveci sadrzaj kalijuma (18161-
27985 mg/kg), dok je sadrzaj teSkih metala (bakar, cink, mangan, nikl, kadmijum
i olovo) detektovan u dozvoljenim granicama. U svim uzorcima utvrden je najvedi

sadrzaj cinka (12,7 - 18 mg/kg).



