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Abstract. This research was performed at Petrovsky waste rock dump, the Central part of the Kryvyi Rih
iron-ore & metallurgical district (Dnipropetrovsk region, Ukraine). The macronutrients (K, Ca, Mg, P and S)
and heavy metals (Fe, Mn, Zn, Cu, Pb and Cd) contents in the leaves of three species of the trees (Ash-leaved
maple, Silver Birch and Black locust) that were collected on devastated lands were assessed. It was established
that trees which grow on the Petrovsky dump take place under evident shortage of nutrients (especially K and
P) and excess of metals (especially Fe, Mn and Zn). It is revealed that Ash-leaved maple and Black locust are
more resistant to the geochemical conditions of devastated lands. In this regard, these species of trees can be

recommended for forest restoration & reforestation on devastated lands.

1 Introduction

Devastated lands, formed as a result of human activity,
occupy vast areas: more than 2,000,000 ha worldwide,
about 200,000 ha in Ukraine and about 100,000 ha
in Germany [14, 16, 21]. These lands are as pollution
sources for the atmosphere, soil, surface water. They are
also sources of distribution of weeds [7, 22, 23].
Therefore, devastated lands pose a serious threat to human
well-being. Currently, planting trees is the most
promising way of restoring devastated lands [1, 19].
However, on these lands the ecological conditions are
very strict for trees [7, 21, 18, 22, 31]. Therefore,
investigation of chemical composition of trees that
naturally grow on devastated lands is very important.

The object of this work: to carry out a comparative
analysis of macro nutrients and heavy metals contents in
the leaves of trees spontaneously sprouting on the
devastated lands at the Kryvyi Rih District.

2 Materials and methods

The results of the studies, which were carried out at
Petrovsky waste rock dump (Fig. 1) in Central part of the
Kryvyi Rih District (Dnipropetrovsk region, Ukraine),
were used as the materials for this paper.

Petrovsky waste rock dump was formed for storage:
1) low-prospective iron ores, 2) quartzites 3) shales
4) loose rocks (clay, sand and loam). On this dump the
ecological conditions for growth and development of
woody plants are typical for Kryvyi Rih region [7]. It is
based on the structure of mine rocks, dump’s age (about
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50 years) and dump’s area (26 ha). Territories located for
30 km apart from industrial facilities and stationed in
Gurovsky forest were used as control site.

Sampling of leaves from three species (Ash-leaved
Maple Acer negundo L., Silver Birch Betula pendula
Roth. and Black Locust Robinia pseudoacacia L.), drying
and grinding of them were performed in the fall of 2019
by classical methods [5, 10, 11, 24].

For the sample preparation, to the leaf sample weight
of 100 mg 0.2 ml of H,O DI and 1.6 ml of HNOs (65%)
were added. The solution was incubated at room
temperature during 24 hours. Then, 0.6 ml of HF (4.8%)
and 0.9 ml of HCI (36%) were added to this solution.
Subsequently, the solution was placed in the microwave
oven (Mikrowellen-Laborsystem, MLS-ETHOS plus).
The microwave exposure was continued during 2 hours.
Next, H,O DI was poured into, diluting the volume of
solution to 10 ml. Finally, 0.1 ml of Internal Standart was
poured to 1 ml of mineralizate collected, after which
H,O DI was poured again diluting the volume to 10 ml.

The final determination of macronutrients (K, Ca, Mg,
P, S) and heavy metals (Fe, Mn, Zn, Cu, Pb, Cd)
concentrations was performed using the Inductively
Coupled Plasma Mass Spectrometry (ICP-MS X-Series
instrument 2, Thermo Fisher Scientific, USA).

The analytical part of our research was performed on
laboratory base of the Institute of Biosciences, Freiberg
Mining Academy and University of Technology
(Freiberg, Germany).

The obtained results of macronutrients and heavy
metals content in the leaves of trees were calculated in
mg*kg! of dry weight (mg*kg™' d.w.). Then the results
were processed by standard methods of variational
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statistics at the significance level of p < 0,05 [17]. Krywyi Rih City Map v

3 Results

3.1 Macronutrients and heavy metals content in
leaves at a control site

According to scientific literature [6, 8, 9] the Potassium
average content in plants is in the range from 7 500 to B i L4 il
15 000 mg*kg! d.w. We found that in a control site the TN \ /1
values Potassium concentration in the leaves of Birch and AT
Black locusts leaves were below these this range. While, .

in the maple leaves Potassium concentrations were {
appeared to be within this range (Table 1). The average $

Calcium concentrations in plants are from 12 500 to
18 000 mg*kg! d.w. [6, 8, 9, 12]. By the results of our
research, Calcium content in the Birch leaves is within
this range, while in the leaves of Black locust and Maple
the examined value is above this limit. The analysis of )
scientific literature shows, Magnesium contain in the S I
plants is 1 000-3 200 mg*kg! d.w. [6, 8, 9, 12]. At a S
control site, the Magnesium concentrations in the leaves
of all of three tree species slightly exceeded the values of
the range pointed above.

The average concentrations of Phosphorus in plants
are 1 750-2 300 mg*kg™! d.w. [6, 8, 9, 20]. Phosphorus
content in the leaves of all of tree’s species at control site
is below the values of this range. According to the
scientific literature [6, 8, 20], the average Sulfur content
is from 7 500 to 14 000 mg*kg'd.w. We found that in
control territories the Sulfur concentrations in the leaves
of all the trees were below the values of this range
(Table 1).

Thus, the Calcium and Magnesium content in the
leaves of trees from a control site is within the average
values established for all the vegetation. In our opinion,
this phenomenon may be due to the regional
biogeochemical features of Kryvyi Rih iron-ore &
metallurgical district. As it is well known, in this region,
the increased content of these macronutrients was
detected in all the objects of Nature: soil, groundwater and
surface water.

Kryvyi Rih
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Fig. 1. Location of study areas (I, II, I1I, IV, V — Study Plots)

Phosphorus and Sulfur concentrations in the leaves of
trees from a control site were below the range values of
these elements in all vegetation. This consistent pattern
can be explained by the seasonal dynamics of nutrients
concentration in the leaves of trees.

Average Ferrum content in all vegetation is
200 mg*kg"! d.w., while in the leaves of trees that have
grown outside by influence of industrial enterprises this
metal content is 150-350 mg*kg™! d.w. [2, 9, 12]. At a
control site the Ferrum content was found at the same
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interval in the leaves of Birch and Black locust. Whereas,
in the leaves of Maple a Ferrum concentration was slightly
higher than this interval values (Table 2).

Table 1. Macronutrients content in the leaves of trees from a
control site.

Macronutrients content,
Species of trees | mg*kg™! of dry weight
M | m [CV%
Potassium
Ash-leaved maple| 10 110 | 192,09 | 28,46
Silver birch 4633 | 184,00 | 21,41
Black locust 4287 | 98,60 | 18,52
Calcium
Ash-leaved maple| 17 610 |1232,70] 29,41
Silver birch 13 830 |1244,70| 22,29
Black locust 19 240 |1539,20| 25,47
Magnesium
Ash-leaved maple| 3 589 [ 260,20 | 29,12
Silver birch 2780 [ 201,69 | 31,22
Black locust 3276 | 230,01 (21,78
Phosphorus
Ash-leaved maple| 939,10 | 79,93 |35.41
Silver birch 1065,00| 86,48 |38,45
Black locust 1042,00| 95,18 |32,25
Sulfur
Ash-leaved maple| 846,00 [ 68,61 |29,54
Silver birch 650,20 | 64,37 [26,75
Black locust 933,10 | 83,05 |[21,56

M — arithmetic mean, m — standard error of mean, CV% —
coefficient of variability.

Table 2. Heavy metals content in leaves of trees from the
control site.

Macronutrients content,
Species of trees | mg*kg™! of dry weight
M | m [CV%
Ferrum
Ash-leaved maple| 521,10 | 32,26 | 29,41
Silver birch 301,70 | 21,79 | 26,89
Black locust 304,10 | 12,86 | 21,85
Manganese
Ash-leaved maple| 87,16 | 4,97 | 24,63
Silver birch 81,66 | 4,82 | 22,35
Black locust 45,49 | 2,64 | 29,54
Zinc
Ash-leaved maple| 7,22 0,09 | 3041
Silver birch 44,55 | 1,86 | 32,85
Black locust 9,50 0,20 | 31,45
Copper
Ash-leaved maple| 1,46 0,07 | 25,54
Silver birch 2,35 0,15 | 29,56
Black locust 1,38 0,05 | 28,75
Lead
Ash-leaved maple| 0,210 | 0,023 | 31,44
Silver birch 0,165 ] 0,018 | 36,85
Black locust 0,129 [ 0,014 | 35,78
Cadmium
Ash-leaved maple[ 0,007 | 0,002 | 30,29
Silver birch 0,031 | 0,006 | 31,77
Black locust 0,003 ] 0,001 | 32,45

M — arithmetic mean, m — standard error of mean, CV% —
coefficient of variability.

The average Manganese content in all vegetation is
200 mg*kg-1 d.w. [9, 12, 20]. We found that at a control
site in the leaves of all tree species, the concentrations of
this metal were well below than this range. Zinc
concentrations in vegetation are around 30 mg*kg-1 d.w.,
and in the leaves of trees that have grown outside by
industrial enterprises influence, they are at range 25-50
mg*kg-1 d.w. [8, 9, 12, 20]. According to our research,
Zinc content in Birch leaves is within the same range. It
should also be noted that the concentrations of this metal
in the leaves of Black locust and Maple were significantly
lower (Table 2).

In the Vegetation of the World, the average Copper
contain is about 8 mg*kg! d.w. [9, 12, 20]. We found that
the concentrations of this metal in the leaves of all tree
species were significantly below this level. Average Lead
content in the vegetation is around 1,25 mg*kg! d.w. [9,
12], and in the leaves of trees it is at the level of 0,5-1,0
mg*kg! d.w. [12, 20]. The analysis of obtained results
shows that at a control site the concentrations of this metal
in the leaves of all the investigated tree species were
below these values (Table 2)

The similar consistent patterns were found for
Cadmium concentrations. In all the vegetation its content
is 0,03-0,05 mg*kg! d.w. At a control site, the
concentrations of this metal in the leaves of all the tree
species were below these values (Table 2).

Thus, at a control site in the leaves of the trees, the
only Ferrum and partially Zinc concentrations lie within
the range of average values established for the vegetation.
While, the concentrations of other metals (Manganese,
Copper, Lead and Cadmium) are 2-7 times lower than the
average values. In our opinion, this phenomenon can be
explained by the effect of regional geochemical and
biogeochemical anomaly, which is characterized by the
increased content of Ferrum and Zinc. In addition, we
believe that casual autumn dynamics of chemical
elements in plants has the effect on the concentration of
heavy metals in the leaves of trees.

3.2 Macronutrients and heavy metals content in
leaves at a devastated lands

In the devastated lands at Kryvyi Rih iron-ore &
metallurgical district, the content of Potassium in the
leaves of the trees is less than control values (Fig. 2).

We found that, in the leaves of trees from the
devastated lands at Kryvyi Rih region Potassium
concentrations were less than the control values in
Maple — by 15-70% (p <0,05), in Birch — by 15-55%
(p <0,05). In the leaves of Black locust, both potassium
content reduction (plots I III — by 10-45% (p < 0,05) less)
and accumulation of this element (plots IV — by 20%
(p <0,05) higher) were detected.

Calcium content in the leaves emerged below than
control values too (Fig. 2): in Birch — by 19-54%
(» <0,05) and in Black locust — by 51-62% (p < 0,05).
It should be noted that the concentrations of this metal in
Maple’s leaves at the plots I, IV, V were at the level of
control values, while at the plot III they were by 40%
(p <0,05) less than the control values (Fig. 2).



E3S Web of Conferences 166, 01011 (2020)
ICSF 2020

https://doi.org/10.1051/e3sconf/202016601011

Potassium

-
B
o

-
N
o

-
(=]
o

=]
o
|
|

=2
o
1
I

™
i

N B
S o
—

Element concentration, %

NN |

(=]

Acer Betula Robinia
o-C, o-1, o-ll, -1, m-1v, 8-V

Calcium

- =
SN
o o

o
o
1
|

N b
o o
1 1
| |

FESTTTSS

o

o

Element concentration,
%
o
o
f

Acer Betula Robinia

o-C, o-1l, o-1, a-1l, @-Iv, a-V

Magnesium
c
]
£ 150
c
[<}] —
2 200 =il - g
) X ] - ]
© I o x 5
£ 50 H | |1 T H
o ' B - a
g 0 - T * T o ¥
w Acer Betula Robinia

o-C, o-1, o-1I, -1, m-1V, a-V

Fig. 2. The relative K, Ca, Mg content in the leaves of trees
from the devastated lands at Kryvyi Rih district. The element
content in the control is 100%. Research areas: C — control, I,
1L, I, IV, V plots on devastated land. Acer — Ash-leaved
maple, Betula — Silver Birch, Robinia — Black locust.

The analysis of obtained results (Fig. 2) shows that the
Magnesium content was both higher and lower than the
control values. Thus, in the leaves of Birch the
accumulation of this element is predominant, the excess
of control values is by 25-70% (p <0,05). In Maple’s
leaves, Magnesium concentrations at plot II were by 14%
(» <0,05) above control and at plots I and III they were
10-55% (p < 0,05) less than control values. The content of
this element in Black locust’s leaves was within the
control values (plots II and V) or by 17% (p < 0,05) less
(plot II).
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Fig. 3. The relative P u S content in the leaves of trees from the
devastated lands at Kryvyi Rih district. The element content in
the control is 100%. Research areas: C — control, I, II, III, IV,
V plots on devastated land. Acer — Ash-leaved maple, Betula —
Silver Birch, Robinia — Black locust.

It was found that the Phosphorus content in the leaves
of trees from devastated lands at the Kryvyi Rih region
was less than control values (Fig. 3): by 21-61%
(p <0,05) for Maple and by 46-63% (p < 0,05) for Black
locust. The content of this element in the Birch’s leaves in
most cases (plots I, II, IV) was below the control values
by 44-54% (p < 0,05), but at the plot V it emerged by 55%
(p <0,05) higher than the control value.

The analysis of obtained results shows that in the
leaves of trees from the devastated lands at Kryvyi Rih
region only accumulation of Ferrum is statistically
significant (Fig. 4). Thus, the concentrations of this metal
in the leaves were higher than the control values: in Black
locust by 1,7-2,4 times (p <0,05), in Birch by 1,9-4,0
times (p < 0,05), in Maple by 1,2-5,0 times (p < 0,05).
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Manganese content exceeds the control values in
Black locust leaves (by 2,7-8,1 times (p <0,05)) and in
Birch (by 13-49 times (p < 0,05)). While, in the Maple
leaves, both accumulation of this metal (at plots I and II
by 1,5-1,7 times above the control (p <0,05)) and its
“leaching” (at plots III and IV by 15-19% below control
(p <0,05)) were found.
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In most cases, the Zinc contents in the leaves of trees
were higher than the control values: by 11-19% (p < 0,05)
in Maple, by 1,4 times (p < 0,05), in Black locust and 1,7-
3.2 times (p < 0,05) in Birch. It was also found that at plot
IIT concentrations of this metal were below the control
values: in Maple by 37% (p <0,05) and in Black locust
by 48% (p < 0,05).
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Fig. 4. The relative heavy metals content in the leaves of trees from the devastated lands at Kryvyi Rih district. The element content
in the control is 100%. Research areas: C — control, I, IL, IIL, IV, V plots on devastated land. Acer — Ash-leaved maple, Betula —

Silver Birch, Robinia — Black locust.

It is established that only Copper accumulation was
statistically significant in the leaves of Black locust. The
concentration of this metal was by 1,2-2,3 times
(p <0,05) above the control values. In the leaves of other
tree species both high and low Copper content were

detected. Thus, the concentrations of this metal exceed the
control values: by 1,4-2,0 times (p < 0,05) at plots I, 11, III
and V in Maple, by 16,9 times (p < 0,05) at plots [ and V
in Birch. At the same time, the Copper content in the
leaves was lower than the control values: by 46%
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(p <0,05) at plots III in Maple, by 31-39% at plots III and
IV in Birch.

Our findings (Fig. 4) show that Lead concentrations in
Birch leaves at all the plots were higher than the control
values by 1,6-2,3 times (p <0,05). In Maple leaves at
plots I, I, IV and V this metal’s concentrations were also
higher than control values, by 1,5-2,3 (p <0,05). But at
plot III the Lead content was below than control by 23%
(p <0,05).

In Black locust leaves, this metal accumulation was
detected only at plot V, where its content was 1,6 times
higher than control (p <0,05). At the same time at plots
III and IV, the Led concentrations were below than
control values by 14-16% (p < 0,05).

Cadmium content in the leaves of woody plants
exceed the control values: by 9-25 times (p <0,05) in
Birch, by 5,4-6,6 times (p < 0,05) in Black locust and by
5,4-6,6 times (p < 0,05) in Maple. It should also be noted
that at plots III, the concentration of this metal is below
the control values in the leaves of Maple and Black locust
a, respectively by 32% and 45% (p < 0,05).

4 Discussions

All macronutrients that we have studied (K, Ca, Mg, P,
and S) are biologically significant chemical elements.
Therefore, these elements have a significant influence on
all the important processes of life, growth and
development of woody plant species [5, 12, 15]. In the
course of evolution, for each chemical element, a certain
interval of optimum was formed. The information about
this interval is very important for the biological evaluation
of the element content [8, 9].

According to scientific publications, the optimal
Potassium concentration in plants is from 10000 to
14 000 mg*kg' d.w., while the content of this element
exceeding 25000 mg*kg' d.w. is considered as
phytotoxic [6, 8, 9, 20]. According to the results of our
research, at a control site in the leaves of Black locust and
Birch, the Potassium concentration was below the
biological optimum (4 200-4 700 mg*kg' d.w.). The
content of this metal in the leaves of Ash-leaved maple
was slightly higher (about 10 000 mg*kg™! d.w.), but it
was at the lower level of biological optimum.

On devastated lands at Kryvyi Rih iron-ore &
metallurgical district, the Potassium concentration ranges
from 200 to 870 mg*kg' d.w., which is much less than the
values of biological optimum. This is undoubtedly
indicative of a deficiency of Potassium content for these
plants.

The average optimal Calcium concentration in plants
is between 10 000 and 20 000 mg*kg' d.w., and its
phytotoxic amount is over 40 000 mg*kg! d.w. [6, 8, 9,
20]. At the control site, the concentration of this element
was within the biological optimum. On devastated lands,
the growth and development of woody plants occur with
some deficiency of this macroelement. The Calcium
concentration in Birch leaves is 6 400-11 300 mg*kg"!
d.w., in Black locust leaves is 7 800-16 400 mg*kg™' d.w.

The average Magnesium concentration in plants
actually coincides with the range of biological optimum

(1000-3200 mg*kg! d.w.), and the phytotoxic
concentration is more than 5 500 mg*kg™! d.w. [6, 8, 9,
20]. According to the results of our studies, the content of
this metal in the leaves of trees at the control site is near
the upper limit of the biological optimum (2 800-3 600
mg*kg! d.w.), but does not exceed the threshold of its
phytotoxicity. On devastated lands, the Magnesium
concentration in the leaves of trees in most cases was
above the upper limit of the biological optimum
(3 200 mg*kg! d.w.) but was below the phytotoxicity
threshold (5 500 mg*kg-1 d.w.).

According to scientific publications, the optimal
Phosphorus concentration in plants is 1 000-3 000 mg*kg
' d.w., the content of this element greater than 5,000
mg*kg-1 d.w. is considered as phytotoxic [6, 8, 9 20]. We
found that at the control site the Phosphorus, content in
the leaves of trees was at the minimum level of its
biological  optimum  950-1 500 mg*kg! d.w.
On devastated lands, in most cases, its concentration was
much lower than the values of the biological optimum
350-750 mg*kg' d.w. This fact indicates a deficit of this
macronutrient.

The range of biological optimum for Sulfur content in
plants is 1 500-2 500 mg*kg™! d.w. and the phytotoxicity
threshold is greater than 5 000 mg*kg™' d.w. and [6, 8, 9
20]. We found that at a control site in the leaves of trees,
the Sulfur content was below the values of the biological
optimum (650-950 mg*kg™! d.w.). On devastated lands, in
all cases, the Sulfur concentration in the leaves of trees
was higher than control. However, the content of this
element, with rare exceptions (Black locust at plot II), was
in the range of biological optimum and did not exceed the
phytotoxicity threshold.

According to the scientific literature [3, 12, 13, 27],
100-250 mg*kg! d.w. Ferrum concentration in plants is
considered optimal, and the phytotoxicity threshold is
500-550 mg*kg! d.w. We find that woody plants in all
study areas contain extremely high concentrations of
Ferrum in leaves: 300-500 mg*kg! d.w at a control site
and 650-2010 mg*kg™! d.w at devastated lands. Therefore,
it can be assumed that woody plants are clearly exposed
to the phototoxic effects of high concentrations of this
metal.

Manganese content in plants from 50 to 200 mg*kg™!
d.w. considers as optimal, and if metal content is more
than 300-400 mg*kg™! d.w. a stable phytotoxic effect was
observed [3, 10, 12, 29]. We found that at a control site a
Manganese concentrations in the leaves of trees for all
species was in the optimality range — 50-90 mg*kg™' d.w.
On devastated lands, the content of this metal in the
Maple’s leaves was slightly higher than the control values
(70-170 mg*kg! d.w.), but does not go beyond the
optimum. While, the Manganese concentrations in Black
locust’s leaves and in Birch’s leaves significantly exceed
the toxicity threshold (300-800 and 2300-5000 mg*kg'!
d.w., respectively). Hence, the plants are influenced by
Manganese phytotoxicity.

For Zinc, the optimum range of its content in plants is
10-50 mg*kg™! d.w. and its phytotoxicity threshold is 100
mg*kg! d.w. [10, 12, 26, 30]. According to our studies
results, the concentrations of this metal in the leaves of
Maple and Black locust were in the optimum range (both
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at the control site and on the devastated lands (except for
plot V)). In Birch leaves, Zinc concentrations reach 100-
280 mg*kg' d.w., which actually exceeds the
phytotoxicity threshold.

Data from scientific publications indicate that Copper
concentrations in plants of 5-10 mg*kg' d.w. are
maintained optimal, and the phytotoxical threshold is
greater than 20 mg*kg! d.w. [3, 11, 25, 26]. The results
of our studies have shown that the concentrations of this
metal in the leaves of all three tree species do not exceed
the lower threshold of the optimum zone: at a control site
— 1,4-2,4 mg*kg!' d.w. and at devastated lands — 0,8-4,6
mg*kg! d.w. Therefore, we can assume that there is a
deficiency of this important trace element.

The biological optimum range for Lead concentration
in plants is 5-10 mg*kg"' d.w., and the phytotoxical
threshold is 30 mg*kg'! d.w. [4, 11, 13, 20]. We have
found that the content of this metal in the leaves of trees
does not exceed the minimum value of the biological
optimum: 0,13-0,21 mg*kg™! d.w. at the control site and
0,1-0,48 mg*kg! d.w. at devastated lands.

According to scientific publications, the optimal
Cadmium concentration in plants is 0,005-0,020 mg*kg!
d.w., the content of this element greater than 0,200
mg*kg™! d.w. is considered as phytotoxic [3, 10, 25, 28].
We found that at a control site, the content of this metal in
the leaves of all three species was within the optimum
range: 0,0029-0,0306 mg*kg! d.w. At devastated lands,
Cadmium concentration was also in the optimum range
for Maple (0,0103-0,0234 mg*kg' d.w.) and for Black
locust (0,0029-0,0200 mg*kg™! d.w.). For Birch leaves,
the content of this metal in all cases exceeds the values of
the phytotoxicity threshold 0,2508-0,4897 mg*kg™! d.w.

Among the woody plants species that we have
investigated, the maximum concentrations of
macronutrients have been identified in Black locust and
Ash-leaved maple. The maximum concentrations of
heavy metals were found in the Silver birch.

5 Conclusions

Macronutrient (K, Ca, Mg, P, S) and heavy metals (Fe,
Mn, Zn, Cu, Pb, Cd) contents in leaves of three tree
species indicate a difficult ecological conditions on the
Petrovsky waste rock dump devastated lands at the Kryvyi
Rih iron-ore & metallurgical district. The growth and
development of trees on these devastated lands is carried
out with a clear nutrient’s shortage (especially K and P)
and metal’s excess (especially Fe, Mn and Zn).

Taking into account the revealed values of
macronutrients optimal concentrations and revealed the
heavy metals lowest content in the leaves, we assume that
Ash-leaved maple Acer negundo and Black locust
Robinia pseudoacacia (compared to the Silver Birch
Betula pendula) are more resistant to the geochemical
conditions of devastated lands. Therefore, species of trees
can be recommended for the creation of artificial tree
plantations on devastated lands.

The authors are grateful to the to the DAAD program “Scientific
Cooperation with Universities in Developing Countries” for the
opportunity to perform analytical work at the Institute of

Biosciences Laboratory, Freiberg University of Technology and
Mining Academy (Freiberg, Germany).
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