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Abstract

In addition to coffee, tea is one of the most widely 
consumed hot beverages. In this paper, samples of 
elderberries and rosehips were examined for the 
presence of micro and macro elements. This paper 
aimed to examine the content of heavy metals in tea 
samples.

Samples were collected in the area of the Gacko 
thermal power plant and coal mine in Herzegovina. 
Wet digestion was used to prepare the samples. The 
analysis of micro and macro elements was conducted 
using an ICP-OES device (Inductively Coupled Plasma 
- Optical Emission Spectrometry, Agilent Technologies 
5100). 

From the obtained results, it was concluded that 
the tea samples (elderberry and rosehip) were 
abundant in macroelements such as Ca, P, K, and 
Mg. The highest levels of macro elements recorded 
for K were 17324.21 ± 67.67 mg/kg (elderberry) and 
6104.85 ± 15.77 mg/kg (rosehip). Tea samples were 
rich in microelements, including Fe, Cu, Mn, and Cr, 
in addition to macroelements. Iron had the highest 
concentration among the microelements, measuring 
25.92 ± 0.29 mg/kg in elderberry and 13.50 ± 0.50 mg/
kg in rosehip. In terms of heavy metals, the levels of 
Cd and Pb in rosehip and elderberry samples were 
below the detection limit. The rosehip samples had an 
As concentration of 3.91 ± 0.12 mg/kg, which is higher 

than the reference value, whereas for the elderberry 
samples, the As levels were below the detection limit. 

Due to the increased arsenic content in rosehip samples 
and its use as tea in human nutrition, it is necessary to 
take appropriate measures to reduce emissions from 
anthropogenic sources.

Keywords: Micro elements, Macro elements, Tea samples, 
ICP-OES method. 

1. Introduction

Tea is a popular hot beverage throughout the world, 
and the second most widely drunk beverage in the 
world, second only to water. Usually, steaming or 
boiling water is poured over dried leaves to create this 
aromatic beverage. There are two main types of tea: 
herbal tea (made from different medicinal herbs) and 
true tea, which is made from the tea plant, Camelia 
sinensis. These two categories of tea have different 
uses and purposes [1, 2]. 

While herbal tea is frequently used as a therapeutic 
agent, true tea contains caffeine and is typically used 
as a stimulant and a relaxant. It is impossible to say 
with certainty which type of tea contains the most 
caffeine because the quantity of caffeine in tea varies 
depending on many factors, such as the time of year 
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when tea is picked, the portion of the plant that is used, 
how the leaves are processed, and how the beverage is 
made [3, 4].
 
Dark purple berries are produced by the deciduous 
elderberry (Sambucus nigra). Antirrhinin, potassium 
nitrate, sambunigrin, and natural sugar are the active 
ingredients in elderberries. Due to these qualities, 
elderberry tea is used to treat fever, coughs, headaches, 
muscle aches, and the flu [5, 6]. Flavonoids included in 
elderberry extract strengthen the immune system. By 
reducing the accumulation of secretions within them, 
this extract further alleviates coughs and other signs 
of upper respiratory tract infections. Elderberry tea 
facilitates easier breathing by clearing the airways. 
Anthocyanins, which improve health, are also found in 
elderberries. These compounds inhibit the genes that 
cause inflammation [7, 8].

Rosehip is the fruit of dog rose (Rosa canina), which is 
a plant from the rose family. The dog rose is a deciduous 
shrub. The  natural product  of the rosehip has been 
utilized as food since old times. It is used as a traditional 
remedy in the treatment of numerous diseases [9, 10]. 
Rosehip is one of nature’s richest sources of vitamin C. 
It contains flavonoids, pectin, and organic acids. With 
regard to its mineral content, rosehip mainly contains 
potassium, calcium, magnesium, phosphorus, 
manganese, zinc, and copper.  It is utilized to boost 
immunity and general well-being, to fortify the urinary 
tract, and in the treatment of skin conditions [11]. 
Owing to the high vitamin C content, different rosehip 
products are a potent cure used to combat infections 
and fatigue. Apart from vitamin C, it is also rich in 
beta carotene, giving it its exquisite red color, and a 
significant content of organic acids helps to stimulate 
the kidneys and promote elimination of fluids. Due to 
the significant content of tannins, rosehip syrup and 
tea may calm inflamed intestinal mucosa and reduce 
watery stools and tighten gum tissue, preventing 
bleeding and gum tenderness. Rosehip tea has an 
overall positive effect on general well-being, preventing 
hacking coughs and colds, reducing inflammation, and 
preventing water retention within the body [10, 12].
 
Although different varieties of tea (elderberry and 
rosehip) have various benefits, they can also contain 
harmful substances. Contamination of tea products 
with heavy metals can happen during the process 
of plant cultivation (soil composition, supplements, 
and fertilizers), after harvesting [13]. Geogenic/
natural sources of heavy metal contamination (soil 
composition, volcanic activity, and atmospheric 
deposition) are one of the most significant sources of 
contamination and altogether influence the biological 
system. The cause of anthropogenic contamination 
with heavy metals can be mining, toxic gases from 

industrial and commercial activities, the use of 
fertilizers, wastewater from sewage, fossil fuel refining, 
improper handling and disposal of batteries, exhaust 
fumes from cars, the use of lead-enriched engine fuels, 
etc. Plants growing on heavy-metal contaminated soils 
exhibit reduced development, as a result of changes in 
physiological and biochemical processes [14, 15, and 
16]. 

Given that the Gacko mine and thermal power plant are 
located in the Herzegovina region, this paper aimed to 
analyze the presence of micro and macro elements in 
tea samples (elderberry and rosehip). 

2. Materials and Methods

2.1 Sample preparation

Tea samples (elderberry and rosehip) were collected 
from the Herzegovina region. The  preparation  of 
the samples first involved weighing approximately 1 g of 
each sample. Subsequently, the samples were digested 
using 30 mL of 65% HNO3 in vessels, and then heated 
at a temperature of 90 0C for 12 hours. After cooling 
to room temperature, the  samples  were  diluted  with 
redistilled water, filtered  through a filter paper into a 
50 mL volumetric  flask, and brought to  volume  with 
redistilled water [17]. Each experiment was performed 
in triplicate. The  pure/control  sample  was  prepared 
using the same method.

2.2 Analysis of micro and macro elements in tea 
samples

The quantitative  assessment  of all  tests  was 
performed  utilizing  ICP-OES (Inductively 
Coupled Plasma - Optical  Emission  Spectrometry, 
Agilent Technologies 5100). The instrument setup and 
the parameters measured are depicted as follows: 
plasma power (1400 W), gas stream: coolant (813 L/
min), auxiliary (0.80 L/min), nebulizer (cross stream), 
nebulizer flow rate (0.95 L/min), pump speed: 30, and 
plasma perception: pivotal. The calibration benchmarks 
were produced to evaluate the concentrations of 
macro and micro elements. The calibration was 
performed using a multi-element standard solution 
(Multi-standard IV, Merck, Germany) containing Ag, Al, 
B, Cd, Co, Cr, Fe, Li, Mn, Ni, Pb, Zn, As, Cu, P, Sr, Ca, K, 
Mg, Na, and B at a concentration of 1000 mg/kg. The 
standard  solution  was  diluted  with  ultrapure, HPLC-
grade water. Argon served as the carrier gas. 

3. Results and Discussion 

Table 1 shows concentrations of micro and macro 
elements in the samples of elderberry and rosehip. 
Table 2 shows the recommended daily intake of 
minerals for children. Table 3 shows the suggested 
daily intake of minerals for adults. 
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Table 1. Concentrations of micro and macro elements in the samples (elderberry and rosehip)
Elements Concentration (mg/kg) (elderberry) Concentration (mg/kg) (rosehip)

Ag < LD < LD
Al 28.40 ± 0.70 4.63 ± 0.33
B < LD < LD

Cd < LD < LD
Co < LD < LD
Cr 9.74 ± 1.09 3.21 ± 0.15
Fe 25.92 ± 0.29 13.50 ± 0.50
Li < LD < LD

Mn 18.05 ± 0.15 32.90 ± 0.26
Ni 1.55 ± 0.05 0.25 ± 0.01
Pb < LD < LD
Zn 16.66 ± 0.31 1.20 ± 0.06
As < LD 3.91 ± 0.12
Cu 7.04 ± 0.64 2.09 ± 0.06
P 3897.99 ± 30.44 1243.82 ± 5.15
Sr 14.98 ± 0.04 15.74 ± 0.02
Ca 4608.64 ± 18.29 5813.55 ± 18.16
K 17324.21 ± 67.67 6104.85 ± 15.77

Mg 2476.86 ± 6.37 1427.96 ± 6.07
Na 287.65 ± 0.81 216.29 ± 1.23
Be < LD < LD
Ba 9.82 ± 0.02 3.45 ± 0.12

Table 2. Recommended daily mineral intake for children [18] 
Elements

(mg) 1 - 3 years 4 - 8 years
Men

9 - 13 years
Men 

14 - 18 years
Women

9 - 13 years
Women

14 - 18 years

Ca 500 800 1300 1300 1300 1300
Cr 0.0110 0.0150 0.0250 0.0350 0.0210 0.0240
Cu 0.340 0.440 0.700 0.890 0.700 0.890
Fe 7 10 8 11 8 15
K 3000 3800 4500 4700 4500 4700

Mg 80 130 240 410 240 360
Mn 1.2 1.5 1.9 2.2 1.6 1.6
Mo 0.017 0.022 0.034 0.043 0.034 0.043
Na 1000 1200 1500 1500 1500 1500
P 460 500 1250 1250 1250 1250

Se 0.02 0.03 0.04 0.055 0.04 0.055
Zn 3 5 8 11 8 9

Table 3. Recommended daily mineral intake for adults [18]
Elements

(mg)
Men

19 - 50 years
Men

> 50 years
Women

19 - 50 years
Women

> 50 years
Ca 1000 1200 1000 1200
Cr 0.0350 0.0300 0.0250 0.0200
Cu 0.900 0.900 0.900 0.900
Fe 8 8 8 8
K 4700 4700 4700 4700

Mg 400 420 310 320
Mn 2.3 2.3 1.8 1.8
Mo 0.045 0.045 0.045 0.045
Na 1500 1300 1500 1300
P 700 700 700 700

Se 0.055 0.055 0.055 0.055
Zn 11 11 8 8
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Macroelements include calcium (Ca), chlorine (Cl), 
phosphorus (P), sodium (Na), potassium (K), magnesium 
(Mg), sulfur (S), and silicon (Si). Calcium is a metallic 
element and is the most prevalent mineral found in the 
human body. It constitutes approximately 1.5 - 2.0% of 
the total body mass. The majority of calcium, about 
98%, is found in bones, while around 1% is present in 
teeth, and the remaining 1% is distributed in tissues 
and bodily fluids [19]. From the obtained results (Table 
1), it is evident that the measured concentration of Ca 
in elderberry samples is 4608.64 ± 18.29 mg/kg, and in 
rosehip samples it is 5813.55 ± 18.16 mg/kg. 

As per the guidelines (Tables 2 and 3), it is advised 
that children aged 14 - 18 should consume 1300 mg 
of calcium daily, while adults over the age of 50 should 
aim for a daily intake of 1200 mg. 

Phosphorus (P) ranks as the second most abundant 
element in the human body, accounting for about 1% 
of an adult’s body mass. The majority of phosphorus 
is found in bones and teeth, comprising over 85% 
of its total presence. The remaining phosphorus is 
found in various tissues. Phosphorus serves as a vital 
element in phospholipids and complex proteins, as 
well as in numerous enzymes that help prevent rickets. 
Additionally, phosphoric acid residues are integral 
components of nucleotides, which include DNA and 
RNA [20]. According to the obtained results (Table 1), 
the phosphorus concentrations measured in elderberry 
and rosehip samples are 3897.99 ± 30.44 mg/kg and 
1243.82 ± 5.15 mg/kg, respectively. Based on the 
guidelines provided (Tables 2 and 3), a daily intake of 
1250 mg is recommended for children aged 14–18, 
while adults over 50 years should aim for 700 mg per day. 

Sodium (Na) and its salts are present in extracellular 
fluid, blood plasma, saliva, and intestinal juices. 
Approximately 60% of the total sodium is located in 
body fluids, 10% in cells, and 30% in bones [21]. The 
sodium concentration measured in elderberry samples 
is 287.65 ± 0.81 mg/kg, and in rosehip samples is 
216.29 ± 1.23 mg/kg. The recommended daily intake of 
sodium for children aged 14 - 18 years is 1250 mg (refer 
to Table 2), while for adults over 50 years, it is 1300 mg 
(Table 3). 

Potassium (K) is predominantly found in cells (98%), 
with only a minor portion (2%) present in intercellular 
fluids. The primary function of potassium in the body is 
to regulate acid-base balance and maintain the amount 
of water in tissues [22]. The potassium concentration 
measured in elderberry samples is 17324.21 ± 67.67 
mg/kg, and in rosehip samples is 6104.85 ± 15.77 mg/
kg. The recommended daily intake of potassium for 
both children aged 14 - 18 years and adults over 50 
years is 4700 mg. 

Magnesium (Mg) is a vital macroelement, constituting 
0.05% of the overall body mass. Alongside calcium 
(Ca) and phosphorus (P), magnesium is present in 
the bones. Approximately 65% of the magnesium 
in the body is located in bones and teeth, while the 
remainder is distributed in the blood, other bodily 
fluids, and various tissues. Magnesium plays a role in 
the relaxation of skeletal muscles and the regulation 
of blood pressure [23]. The measured concentration of 
Mg in elderberry samples was 2476.86 ± 6.37 mg/kg, 
and in rosehip samples it was 1427.96 ± 6.07 mg/kg. 
The recommended daily intake of Mg for children aged 
14 - 18 is between 360 - 410 mg (depending on the 
gender), while for adults over the age of 50, it is 420 mg 
for men and 320 mg for women. 

Microelements include iron (Fe), zinc (Zn), iodine (I), 
copper (Cu), cobalt (Co), manganese (Mn), chromium 
(Cr), selenium (Se), molybdenum (Mo), and fluorine 
(F). Iron (Fe) is crucial for the proper functioning of all 
cells within the body. It is a component of hemoglobin, 
myoglobin, and several enzymes, including 
cytochromes, catalases, and peroxidases. Without iron, 
supplying the body with oxygen would not be feasible. 
Iron exists in two forms in foods: “haem” and “non-
haem”. Of the total iron present in the body, 60% is 
contained within hemoglobin [24]. The concentration 
of Fe measured in elderberry samples is 25.92 ± 0.29 
mg/kg, and in rosehip samples it is 13.50 ± 0.50 mg/
kg. For children aged 14 - 18 years, the recommended 
daily intake of Fe is between 11 and 15 mg, depending 
on gender, while for adults over 50 years, it is 8 mg. 

Zinc (Zn) is another essential microelement, 
constituting a part of more than 100 enzymes. It is 
also a component of the insulin molecule, it plays a 
role in carbohydrate metabolism, and is crucial for the 
synthesis of DNA and RNA. Zinc is present in bones 
and male reproductive organs, and it aids digestion 
through its role in carbohydropeptidases. It can be 
found in a variety of animal-derived foods (such 
as beef, mutton, and pork), as well as in fruits and 
vegetables [24]. Based on the obtained results (Table 
1), the concentration of Zn in elderberry samples is 
16.66 ± 0.31 mg/kg, and in rosehip samples it is 1.20 
± 0.06 mg/kg. The recommended daily intake of Zn for 
children aged 14 - 18 years is 9 - 11 mg, depending on 
gender, while for adults over 50 years, it is 11 mg for 
men and 8 mg for women. 

Copper (Cu) is an element that is present in trace 
amounts in both food and the body. The human 
body typically contains between 100 and 150 mg of 
copper. Approximately 30% of the copper consumed 
is absorbed in the stomach and intestines. This 
absorption takes place within 15 minutes following 
ingestion. The primary role of copper is to serve as 
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a potent catalyst in the operation of hemoglobin 
and erythrocytes, as well as in cellular respiration 
and energy production within cells. It is an integral 
component of bones, connective tissues, and 
muscles. Additionally, copper is involved in numerous 
enzymatic processes, influences the transmission 
of nerve impulses, and regulates histamine levels, 
which are responsible for allergic reactions in 
humans [25]. The measured concentration of copper 
(Cu) in elderberry samples is 7.04 ± 0.64 mg/kg, 
and in rosehip samples it is 2.09 ± 0.06 mg/kg. The 
recommended daily intake of copper for children 
aged 14 to 18 is 0.890 mg, while for adults over the 
age of 50, it is 0.900 mg. 

Manganese (Mn) is an element present in all cells 
and in blood plasma. It is categorized as an essential 
metal due to its role as a component of enzymes and 
its involvement in cellular energy production, protein 
and cholesterol synthesis, bone development, 
and mucopolysaccharide synthesis. Manganese 
also contributes to hemoglobin synthesis, acts as 
a growth factor, and influences the metabolism of 
calcium and phosphorus [26]. The concentration of 
manganese (Mn) measured in elderberry samples 
was 18.05 ± 0.15 mg/kg, and in rosehip samples it 
was 32.90 ± 0.26 mg/kg. For children aged 14 - 18, the 
recommended daily intake of Mn ranges from 1.6 to 
2.2 mg, depending on gender. For adults over the age 
of 50, the recommended intake is 2.3 mg for men and 
1.8 mg for women. 

Chromium (Cr+3) is known to be biologically active, 
whereas Cr+6 is considered potentially toxic within 
the body. Research has shown that chromium, in 
conjunction with two molecules of niacin and three 
molecules of amino acids (glycine, cysteine, and 
glutamic acid), constitutes the glucose tolerance 
factor (GTF), which is essential for the regulation of 
carbohydrate metabolism. Additionally, chromium 
has a mild effect on lowering HDL cholesterol levels in 
the bloodstream [26]. The concentration of chromium 
measured in elderberry samples is 9.74 ± 1.09 mg/
kg, and in rosehip samples it is 3.21 ± 0.15 mg/kg. The 
recommended daily intake of chromium for children 
aged 14 - 18 years is between 0.0240 and 0.0350 mg, 
depending on gender, while for adults over 50 years, it 
is 0.0200 mg for women and 0.0300 mg for men.
 
According to the obtained results (Table 1), it is 
evident that the samples of elderberry and rosehip are 
abundant in macroelements, including Ca, P, K, and Mg, 
as well as in microelements such as Fe, Cu, Mn, and Cr. 
The concentrations of these elements in the samples 
of elderberry and rosehip exceed the recommended 
daily values. Table 4 shows the reference values ​​of 
heavy metals in the diet. 

Table 4. Reference values of heavy metals in the 
diet

Heavy metals Reference values
As 0.3 μg/kg/day [27]
Cd 1 μg/kg/day [28]

Pb 0.26 μg/kg/day (children) [29]
0.16 μg/kg/day (adult) [29]

Heavy metals serve as a model for the emergence 
of various issues within the human body, as they 
hinder the normal progression of essential reactions. 
This category encompasses elements such as arsenic 
(As), cadmium (Cd), lead (Pb), and mercury (Hg). 
Among these, arsenic (As) is less toxic compared to 
other minerals in this group, although it impacts 
chromosomes and plays a role in cancer development. 
Arsenic tends to accumulate in the body, particularly in 
hair, skin, and certain internal organs [14]. The detected 
As levels in elderberry samples are below the detection 
threshold, while in rosehip samples, they measure 3.91 
± 0.12 mg/kg (refer to Table 1). The dietary reference 
values for As are set at 0.3 μg/kg/day. 

Cadmium (Cd) enters the food supply from natural 
sources and can displace zinc in various biochemical 
processes, thereby disrupting the function of certain 
organs. Notably, cadmium is absent in the tissues of 
newborns, but its concentration increases with age. 
The measured Cd levels in elderberry and rosehip 
samples are below the detection limit. 

Lead (Pb) is a heavy metal that exhibits the highest 
concentration among all toxic elements; however, it is 
not the most toxic when compared to cadmium and 
mercury. Lead is not found in the tissues of infants, but 
its levels rise with age [16]. The concentration of lead 
in elderberry and rosehip samples is also below the 
detection limit.
 
According to the obtained results (Table 1), it is 
evident that the levels of Cd and Pb in the samples of 
elderberry and rosehips are below the detection limit. 
The As levels in the elderberry samples are also below 
the detection limit, whereas the As level in the rosehips 
samples exceeds the reference values, measuring 3.91 
± 0.12 mg/kg (Table 1).

Brzezicha-Cirocka et al., [30], evaluated the levels of 
macro- and microelements in black tea with respect 
to its geographical origin. They analyzed 14 elements, 
including 13 (Ca, K, Mg, Na, Fe, Zn, Cu, Cr, Ni, Co, Cd, 
and Pb) using flame atomic absorption spectrometry, 
and phosphorus (P) through UV-Vis spectrometry, 
following the mineralization of the samples. Their 
findings indicated that potassium was the most 
abundant microelement in the samples analyzed, 
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while manganese exhibited the highest concentration 
among the microelements. 

Kilic and Soylak [31], conducted a study to 
determine trace element contaminants in seven 
different brands of herbal teas using ICP-MS with 
various sample preparation methods. The results 
demonstrated linearity, limits of detection (LOD), 
limits of quantification (LOQ), recovery, and trueness. 
It was found that the concentration of these elements 
was greater in the samples subjected to microwave 
digestion compared to those prepared through 
infusion. 

4. Conclusions

-  The analysis of micro and macro elements in tea 
samples (elderberry and rosehip) from the area of 
Herzegovina (Gacko) using the ICP-OEs method led to 
the following conclusions. Tea samples (elderberry and 
rosehips) are rich in macroelements, such as Ca, P, K, 
and Mg, as well as microelements, such as Fe, Cu, Mn, 
and Cr. Cadmium and lead contents in the samples, 
elderberry, and rosehips are below the detection limit. 
The content of arsenic in elderberry samples is below 
the detection limit, while in the rosehip samples it is 
higher than the reference values, and amounts to 3.91 
± 0.12 mg/kg.
- Due to the increased arsenic content in rosehip samples 
and its use as tea in human nutrition, it is necessary 
to take appropriate measures to reduce emissions 
from anthropogenic sources. This should be the task 
primarily of polluters, followed by the environmental 
management and inspection authorities, which 
are responsible for regular monitoring of heavy 
metal levels (primarily As content), regulation of 
plant cultivation practices, public education, and 
the development of remediation measures. Among 
these, phytoremediation is considered the most 
appropriate approach from technological, economic, 
and ecological perspectives.
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