
  17

Advanced technologies

Biometal and heavy metal content in the soil-nettle 
(Urtica dioica L.) system from different localities in Serbia
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The content of some biometals (Fe, K, Mg, Zn, and Mn), and two heavy metals (Pb 
and Cd) in nettle (Urtica dioica L.) and in the respective soils were determined by 
ICP-OES. The samples were collected from two locations in the vicinity of Niš and 
one from Western Serbia. The amount of vitamin C in the samples was determined 
by iodometric titration. The aim of the study was to determine the percentage of ful-
filling the daily needs for tested biometals and vitamin C by consuming nettle as tea 
or as vegetable, as well as to determine the amount of biometals that plants absorb 
from the soil. The obtained amount of Fe, K, Mg, Zn, Mn and vitamin C suggested 
that nettle can be used as an additional remedy in the treatment of anemia, and to 
alleviate the effects due to the lack of biometals. Some biometals were absorbed to 
certain saturation and some for as long as they were present in the soil.
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Introduction 

Nettle is an interesting plant species that has tradi-
tionally been used in the Balkan Peninsula for preven-
tion and treatment of nutritional anemia. It grows on a 
variety of soils and in a wide geological zone. Therefore, 
it has often been the subject of study of many authors 
[1-3]. Phytochemical studies have suggested that nettle 
leaf contains chlorophyll, flavonoids, carotenoids, vita-
mins (C, B-group, K1, etc.), triterpenoids, sterols (beta-
sitosterol), minerals, various organic acids, tannins, etc. 
Nettle stings contain amine (histamine, serotonin and 
others) [4].

Besides iron (Fe) as the most interesting bioelement, 
nettle contains other biometals. Potassium (K), magne-
sium (Mg), iron (Fe), zinc (Zn) and manganese (Mn) are 
involved in various enzymes and biomolecules. In the 
human body, they are in an ionized form as inorganic 
components (so called "minerals"), or in the form of in-
organic components within the organic biomolecules [5].

Plants take biometals from the soil mostly in the form 
of hydroxyl, chloride, carbonate or hydrate complexes of 
different solubility and bioavailability.

Excessive amounts of these metals can cause chron-
ic intoxication and major issues due to their ability to ac-
cumulate in various tissues and organs. Pb and Cd are 
not biometals, but according to their physico-chemical 
characteristics they can replace biometals in certain bio-
molecules [6].

Meers et al. [7] studied the content of Zn in nettle, 

while Konieczyński and Wesołowski [8] expanded their 
scientific work and examined Fe besides Zn. Selected 
microelements in the plants from the territory of Turkey 
were the subject of research done by Acikgoz and Kar-
nak [9].

The content of the trace elements in the samples of 
various plants among which was nettle from the territory 
of Turkey was investigated by Tokalioğlu [10], while a 
similar study for the area of Poland was carried out by 
Pytlakowska et al. [11]. Gjorgieva et al. [12] conducted a 
similar investigation for the region of Macedonia, while 
the information of the content of trace elements in plants 
used for medicinal purposes in Serbia can be found in 
the work of Mihaljev et al. [13].

Heavy metals are rarely present in the plants in con-
centrations that are high enough to be a risk of acute 
poisoning. It is necessary to determine the heavy metals 
concentration to know that the use of certain plants in 
the diet will not cause any harmful effects. On the other 
hand, it is important to find out which plant species may 
potentially be used in phytoremediation to remove heavy 
metals from the contaminated soil [14].

Başgel and Erdemoğlu [15] and Nica et al. [16] in-
vestigated the content of Cd and Pb in plants, as well as 
their potential health hazards. It was also confirmed that 
nettle can be used as an indicator of the accumulation of 
heavy metals in contaminated soils i.e. the idea of effec-
tive use of nettle in phytoremediation is justified.
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Availability of almost all biometals in the body is linked 
to the presence of vitamin C. Humans do not have the 
ability to create it, so they have to get it through the diet. 
The absorption of ascorbic acid depends on the amount 
of its input, whereby the method and temperature of stor-
age and preparation of foods play a role in the vitamin C 
content [17-20].

Nettle is one of the highly valued, scientifically recog-
nized medicinal plants and, therefore, it is used in differ-
ent preparations of modern phytotherapy. Curative raw 
materials are leaf and ground part. Nettle leaf is used for 
producing various phytotherapeutic products which are 
used in the treatment of anemia, rheumatism and bene-
fits of various metabolic disorders, as well as a strength-
ening agent. The fruit of nettle contains proteins, mucus, 
fatty oil, tocopherol, etc [4].

The aim of this study was to determine other trace el-
ements except iron (K, Mg, Zn and Mn) in the plant which 
is traditionally used in the treatment of nutritional anemia 
in Serbia. Also, it was necessary to determine the level 
of fulfilling the recommended daily needs which is pro-
vided by drinking the nettle tea or consuming nettle as 
a dietary supplement in nutrition. At the same time, the 
aim was to determine the level of potential risks to hu-
man health due to the presence of highly toxic elements 
cadmium and lead, and their bioavailability.

Experimental

Reagents
All chemicals were of analytical grade, stock solutions 

were purchased from Merck (Germany), and deionized 
water of high purity was used (conductivity 0.05 µScm-1).

Sample preparation
The samples were collected at three locations by a 

standard procedure (at least 300 m from the main road, 
100 m from the local road, and 5 m from the forest road 
at the depth of 0-30 cm). The first site (L1) is located 14 
km from the center of Niš, at an altitude of 290 meters. 
The sampling place was the waterside of the stream 
where the soil is silicate (Permian sandstones). The sec-
ond sampling site (L2) is located 16 km from the center 
of Niš, at an altitude of 580 meters. The sampling place 
is humus-sandy sediment of the stream where the soil is 
limestone. The third site (L3) is located 320 km from Niš, 
at an altitude of 970 meters. The samples were taken 

from the magnesite mine tailing. Sampling was done in 
April 2013. The collected samples are exposed in the 
Herbarium of Faculty of Science and Mathematics in Niš. 
The metal content in the soil and plants were determined 
by ICP-OES. Each soil type is characterized by the EDS 
spectra using the electron microprobe technique.

Determination of metals in plant material and in respective soils 
Three probes of soil (1 g per probe with an accuracy of 

±0,0001 g) were measured and the same amount of plant 
material from each site. The samples of soil were dried in 
the oven at temperatures of 110-150 °C. The percentage 
of moisture in the samples was around 25%. One group 
of soil samples was treated with boiling water (SLnH2O) 
and the other with cold hydrochloric acid (SLnHCl). The 
samples were filtered and filtrates were standardized to 
specified volume. The metal content in the filtrates were 
determined by ICP-OES. The precipitate from the filter 
paper which remained after the treatment with cold hydro-
chloric acid was treated with hot hydrochloric acid (80 °C), 
filtered and then standardized for ICP-OES analysis.

The samples of the plant material were dried in the 
oven at temperatures of 110-150 °C, and then annealed 
at temperatures up to 500 °C. After that, the samples 
were mineralized (conc. HNO3/conc. HCl (1:2, v:v) add-
ed in portions (t = 80 °C) and finally standardized for ICP-
OES analysis [21,22,23].

Determination of vitamin C
The collected samples of nettle were air-dried and 

ground in an agate mortar. Three probes of 1.0000 g 
were measured from each location. After that, the sam-
ples were treated with boiling water for 10 min. for one 
set of samples and 30 min for another. All samples were 
then filtered.

Standard solutions of KIO3, H2SO4 and Na2S2O3 (p.a. 
analytical grade) were prepared by measuring the ap-
propriate weight of each and adding the deionized water 
to the appropriate volume. The amount of vitamin C in 
the samples was determined by iodometric titration [24].

Results and discussion

The results of the analyses of selected biometals 
in topsoils, as well as in the plant (Urtica dioica L.) are 
shown in Tables 1 and 2. The results are given as the 
mean value of three measurements.

Table 1. The biometal content in soil samples from the localities L1, L2, L3
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EDS spectrum of the soil sample is shown in Figure 1. It 
can be seen that the soil sample contains a high percent-
age of oxygen minerals, minerals of silicon, magnesium 
and iron, and for this reason the samples which were 
treated with HCl have higher metal concentrations.

Figure 1. EDS spectrum of the soil from the locality L2

The results of the determination of metal and vitamin 
C in the plants are given in mg/g since the weight of the 
bag of purchased tea is about 1 g and in this way it was 
easier to establish the correlation.

Bioavailability of analyzed metals is shown in Figure 2. 
Bioavailability was calculated by dividing the metal con-
centration in the plant samples with the metal concentra-
tion in soil samples (PL1/SL1HCl ×100%).

Figure 2. Bioavailability of biometals and lead in the soil-plant 
system

The content of vitamin C in nettle was quite uniform 
for studied localities. After the 10 min. treatment with 
boiling water it ranged from 32 mg/g to 35 mg/g, and af-
ter the 30 min. treatment it remained almost the same (33 mg/g 
to 35 mg/g) indicating that a cup of nettle tea fulfills more 

than half of the daily need for this vitamin and helps in 
utilization of trace elements (biometals).

Table 3. The recommended daily allowance (RDA) for biomet-
als (Fe, Mn, Mg, K and Zn) for adults [25]. The percentage of 
fulfilling daily needs by consuming 50 g of fresh nettle, and the 
percentage of fulfilling the daily needs by consuming a cup of 
tea

*The percentage of fulfilling daily needs by consuming 50 g of fresh nettle was calculated from 
the results   for dry mass by taking into account 25% of moisture.

Potassium has the largest content of all biometals in 
the examined samples of plants. This element is impor-
tant because it maintains the acid-base balance in the 
human body, as well as the osmotic pressure. It plays a 
significant role in the transmission of nerve impulses in 
the muscle contractions [26,27]. Comparing the potas-
sium content in the soil and a respective plant it is obvi-
ous that the plant adopts K in a very large percentage 
so it can be concluded that the plant absorbs virtually 
all K found in the soil. Therefore, this element is highly 
bioavailable. The percentages of utilization for all three 
localities clearly show that plant samples from silicate 
soil show as much as 10 times greater value for this pa-
rameter compared to those from other soils type. The 
potassium content of 18 mg/g to 25 mg/g found in plant 
samples covers about 0.4-0.5% of recommended daily 
allowance for this biometal for adults by consuming a 
cup of tea.

Iron is one of the most important bioelements be-
cause it builds hemoglobin and myoglobin, and also 
enters the composition of enzymes that play a role in 
a respiratory function [28,29]. The highest content of 
Fe in the plant samples, as well as the samples of soil 
was found at the magnesite mine tailing. However, the 
highest percentage of utilization of Fe was found for the 
sample from humus-sandy sediment of the stream with 

Table 2. The biometal content in the plant samples from localities L1, L2, and L3
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limestone soil. The content of 0.03 mg/g to 0.14 mg/g 
shows that consuming the nettle tea fulfills 0.2-1.0% of 
RDA for iron. Considering that nettle can also be used in 
the fresh condition as a supplement in diet, the intake of 
50 g of fresh nettle would lead to fulfilling of 8.0-37.5% of 
an adult's daily needs.

Zinc represents an essential component for normal 
functioning of biomembranes. It also has a very impor-
tant role in the metabolism of proteins and carbohydrates. 
It is necessary for the synthesis of DNA, as well as in 
the normal functioning of reproductive organs [5,30]. 
The content of Zn in plants is quite uniform regardless 
of the sampling location. The amount of Zn contained in 
the respective soils was about 0.03 mg/g, which covers 
about 0.2% of the daily requirement. The percentage of 
utilization indicates that Zn belongs in highly bioavailable 
elements. There is a noticeable difference in the percent-
age of utilization between plants from different localities. 
The percentage of utilization of about 50% was found for 
the locality with the silicate soil, while the other 2 types 
of tested soil types showed the percent of utilization of 
over 100%.

Magnesium plays an important role in many bio-
chemical and physiological processes in the body so the 
daily needs of this element are high [31,32]. It belongs 
to highly bioavailable elements with the percentage of 
utilization of more than 100%. The highest content of Mg 
was found in the plant samples and soil from magnesite 
mine tailings, which was expected considering the type 
of the substrate. The concentrations of Mg in the plants 
were from 3.4 mg/g to 5.7 mg/g which shows that one 
cup of tea fulfills about 1.1-1.9% of RDA for magnesium.
Manganese participates in the metabolism of lipids. It 
also has a role in the formation of the skeleton, energy 
production and synthesis of nucleotides in DNA. It is 
closely connected with the content of Fe whereby Mn re-
sorption will increase if there is a deficit of Fe [5,33]. The 
highest content of Mn in plant samples were determined 
from the waterside of the brook where the soil is silicate, 
and in the soil samples from the magnesite mine tail-
ing. However, the highest percentage of utilization in the 
plant samples was found in the samples from humus-
sandy sediment of the stream where the soil is limestone, 
as much as 30 times higher than for plants from mag-
nesite mine tailings. This indicates that plants from this 
locality were adapted to uptake the maximum amount of 
Mn which can be found in the soil in order to satisfy their 
needs for this bioelement. The amount of Mn was from 
0.02 mg/g to 0.05 mg/g which fulfills 0.9 to 2.2% of RDA 
for male, i.e. 1.1 to 2.8% of RDA for female.

The results of the analysis of selected toxic metals in 
the soils and respective plants are shown in Table 4. The 
results are given as the mean value of three measure-
ments.

Besides biometals that are useful for the human body, 
two toxic heavy metals, Pb and Cd, were found in the sam-
ples. These two heavy metals are particularly dangerous be-
cause they tend to accumulate in the human body [14,34].

Lead accumulates in the bones, liver and kidneys. 
Poisoning by this heavy metal has serious consequenc-
es on the function of the brain and nervous system [5,34]. 
Plants accumulate Pb showing higher values for this 
heavy metals in the samples of the plants comparing 
to the same from the ground. The percentage of utiliza-
tion was approximately the same for the limestone soil 
and magnesite mine tailings and at the same time it was 
about 5 times higher than in siliceous soil. The highest 
values of Pb in plants is related to the samples from the 
magnesite mine tailings. However, it is important to note 
that these values (2.2 mg/kg to 3.4 mg/kg) are signifi-
cantly lower than the median lethal dose for lead (76.6 
mg per kg of body weight).

Table 4. The content of toxic, heavy metals in soils and plants 
from the localities L1, L2, and L3

SL1H2O, SL2H2O, SL3H2O - soil from L1, L2 and L3 treated with boiling H2O
SL1HCl, SL2HCl, SL3HCl – soil from L1, L2 and L3 treated with hot HCl, t = 80 °C
PL1,PL2, PL3 – plant material from L1, L2 and L3
u.l.d. – under the limit of detection 

Cadmium has an effect on the skeleton and bone 
deformation and its accumulation in kidneys can cause 
tissue damage. It has a devastating effect on the heart. 
Also, it is important to point out that Cd is among carci-
nogenic elements [5,34]. Cadmium was present in very 
small quantities in the investigated soil, from 0.005 mg/
kg to 0.010 mg/kg. All Cd which was taken from the soil 
by plant was precipitated in the plant, so a higher con-
centration of this metal was found in plants (0.050 mg/kg 
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to 0,095 mg/kg) than in a respective soil. These values 
are significantly below the median lethal doses for this 
metal (3.7 mg per kg of body weight). The amounts of Cd 
found in plants show that there is no danger of poisoning 
due to the consumption of tea of the analyzed nettle, but 
one should be careful when collecting the plant material.

Conclusion

The results of determination of the biometals content 
in nettle (Urtica dioica L.) have shown that this plant, 
which has traditionally been used in the Balkan Pen-
insula in the treatment of nutritional anemia for centu-
ries, contains very high amounts of Fe and significant 
amounts of other biometals (Mg, Zn, Mn and K) which 
satisfies a certain percentage of the daily requirement for 
these trace elements.

Each of the studied soils contained a relatively high 
percentage of these elements in comparison with their 
mean content in the Earth's crust. The results showed a 
different tendency of concentrating for each of the ana-
lyzed elements. The percentage of utilization or bioavail-
ability for Fe was low (less than 5%) while for Mg and K 
it was above 100%. The percentage of utilization of Mn 
and Zn varies depending on the sampling location, al-
though in the case of Zn it can be seen that it was always 
higher than 50%.

The results have shown that nettle has a tendency to 
accumulate Pb which may be used in phytoremediation 
of polluted soil. Also, the content of heavy metals should 
be controlled when consuming the nettle tea. A special 
attention should be paid when someone individually col-
lects the plant material.

Consuming a cup of tea or fresh nettle as a dietary 
supplement can satisfy a certain percentage of the daily 
requirement for Fe and other examined biometals (K, Mg, 
Zn, and Mn). Considering that it is possible to consume 
more than one cup of tea per day, as well as consuming 
plants as a supplement, it can be concluded that nettle 
(Urtica dioica L.) is an excellent nutrient for fulfilling a 
high percentage of the recommended daily allowance for 
adults for examined biometals.
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Sadržaj biometala i teških metala u sistemu zemljište-kopriva 
(Urtica dioica L.) sa različitih lokaliteta u Srbiji

Vladimir D. Dimitrijević1, Nenad S. Krstić1, Maja N. Stanković1, Ivana Arsić2, 
Ružica S. Nikolić1
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Sadržaj nekih biometala (Fe, Mg, Zn, K i Mn), i dva teška metala (Pb i Cd) u 
biljci koprivi (Urtica dioica L.) i odgovarajućem zemljištu određen je tehnikom ICP-
OES. Uzorkovanje je vršeno sa dva lokaliteta iz okoline Niša i jednom iz Zapadne 
Srbije  Količina vitamina C u uzorcima određena jodometrijskom titracijom.. Cilj 
ispitivanja je utvrđivanje procenta ispunjenja dnevnih potreba za ispitivanim bio-
metalima i vitaminom C konzumiranjem koprive u obliku čaja ili povrća u ishra-
ni kao i utvrđivanje količine biometala koji biljke apsorbuju iz zemljišta. Količine 
pronađenog Fe, K, Mg, Zn, Mn i vitamina C ukazuju da se kopriva može koristiti 
kao pomoćno lekovito sredstvo u lečenju anemije ali i ublažavanju posledica usled 
nedostatka biometala u ishrani. Utvrđeno je da biljka lako i u velikom procentu ap-
sorbuje biometale koji se nađu u zemljištu, neke do određenog zasićenja a neke 
dok god ih ima u zemljištu na kome raste. 
Teški metali su pronađeni u vrlo niskim koncentracijama kako u zemljištu tako i 
u biljkama pa se može zaključiti da ne predstavljaju opasnost po zdravlje ljudi. 
Procenat apsorpcije Pb od strane biljaka ukazuje na to da se kopriva potencijalno 
može koristiti u fitoremedijaciji zemljišta.
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