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Abstract

High concentrations of heavy metals (Pb, Zn, As, Cd) were found in the ve-
getative and generative organs of Paulownia tomentosa (Thunb.) Steud., 1841)
in industrial production zones and along transport routes in Samarkand, Sa-
markand region of the Republic of Uzbekistan. The obtained results confirm
the potential of using this plant for phytoremediation purposes.
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1. Introduction

Paulownia tomentosa (Thunb.) Steud., 1841 (Paulownia tomentosal Paulownia
Imperialis; Paulowniaceae) is a species of woody plant that grows wild in regions
of South/Southeast Asia and is used as an ornamental plant species in urban
ecosystems [1] [2] [3].

In agriculture, P. fomentosa (Thunb.) Steud., 1841 is considered to protect
soils from erosion, restore forests in a short time, and resist adverse climatic con-
ditions in urban areas with developed transport and industrial sectors; it is also an
ideal plant for landscaping parks and around roads [2] [4].

The leaves of the plant P. tomentosa (Thunb.) Steud., 1841, with a length of
approximately ¢ = ~70 cm, absorb an average of ~4 - 22 kg of CO, per year
(first-year forests absorb 9.04 + 1.06 t of CO, per year) and release ~6 - 54 kg O,

due to their surface area [5]. This phoenix tree is also valuable as a natural ad-
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sorbent as it purifies ~1000 m’ of atmospheric air per year (one plant absorbs
~82 kg of dust) [4] [5] [6].

Thus, the rapid formation of P. tomentosa (Thunb.) Steud., 1841 biomass and
its accumulation of larger amounts of heavy metals from the soil have been
noted by many researchers [7] [8] [9] [10]. Therefore, the purpose of this re-
search was to analyse the accumulation of certain heavy metals (As, Cd, Pb, and
Zn) in the vegetative and generative organs of the plant P. fomentosa, which
grows in Samarkand, Samarkand region of the Republic of Uzbekistan.

2. Materials and Methods

This research was carried out in Samarkand, Samarkand region of the Republic
of Uzbekistan.

Significant pollution in the environment and atmospheric air has been noted
around the industrial zones, and highways of Samarkand city [11] [12]. In the
study areas, for several years, the bioecological features of a number of useful
plants have been studied under extreme conditions. During the research and
preparation of the current article, we used their results and conclusions [13] [14]
[15].

Therefore, this research, the Botanical Garden of Samarkand State University
(Samarkand city, Oliygoh St.15) (I) was chosen as a territory that is not conta-
minated with heavy metals (control group). The territory of JSC “Samarkand-
kimyo” (Samarkand city, Kimyogarlar village) (II) and the area around Rudakiy
Avenue (III) in Samarkand were chosen as the experimental groups due to their
varying degrees of heavy metals contamination (Figure 1).

The city of Samarkand is located in the central part of the Samarkand region.
Various industries are well developed in the cities, including the chemical in-
dustry. Therefore, heavy metals such as As, Pb, Cd, and Zn accumulate in the
soils of the study area. Therefore, the whole plant absorbs these elements, in-

cluding introducers too.

Figure 1. Satellite map images of the research areas. (I) Botanical Garden of Samarkand
State University (territory of Samarkand city, Oliygoh Street, 15), (II) JSC “Samarkand-
kimyo” (Samarkand, Kimyogarlar village). JSC Samarkandkimyo was established in 1949
and specializes in the production of mineral fertilizers (superphosphate, amorphous,
phosphorus extraction, calcium sulfophosphate, superphosphate, nitrogen/phosphorus,
etc.), and sulfuric acid for agriculture, (III) Rudakiy Avenue, Samarkand city.
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Heavy metals such as As, Pb, Cd, and Zn were found in the composition of
the soil of the city of Samarkand. These metals are more common in the study

area. Therefore, in our study, the development of this element was studied.

2.1. Collection of Biomaterial Test Samples

In these studies, the vegetative and generative organs of P. fomentosa (Thunb.)
Steud., 1841 were collected from the control and experimental group areas dur-

ing the growing season, between 8 and 9 o’clock in the morning [16] [17].

2.2. Analysis of Heavy Metals in the Plant Biomaterials

Analysis of heavy metals (As, Cd, Pb, Zn) in the plant biomaterials was carried
out by standard methods [4] [9] [18]. The studied biomaterial test samples were
dried in a VWR oven (DRY-line, Germany) for 60 minutes at a temperature of
+150°C + 0.5°C and weighed according to “FA220 4N” (accuracy level ~0.2 mg;
“XY Scale”, Germany) using laboratory scales (200 mg). A’MILESTONE” se-
miautomatic device (“Ethos Easy”, Italy) were used for mineralization. Each test
sample (200 mg) was added to a test-tube for device, distilled HNO; (6 ml) using
Distillacid BSB-939-IR (Berghof, Germany) and H,O, (2 ml) as an oxidizer we
added, and the mineralization process was carried out at a temperature of
+180°C * 0.5°C for 20 minutes. The mineral mixture solution was then trans-
ferred a conical volumetric ask, and distilled water (25 ml) was added in a dis-
tiller (BIOSAN, Latvia).

In the next stage, each liquid test sample under study was analysed in special
test tubes using an Avio200 (Perkin Elmer, USA) inductively coupled plasma
optical emission spectrometer (accuracy ~10~° g). Standard heavy metals (As,
Cd, Pb, Zn) calibration solutions were also analysed in the experiments for

comparison.

2.3. Statistical Analysis

Mathematical and statistical analyses of the experimental results were carried out
using standard methods [19] [20] and the software package Origin 7.5 software
package (OriginLab Corporation, USA).

3. Results and Discussion

This research analysed the concentration of heavy metals in the biomasses of the
vegetative and generative organs of P. tomentosa (Thunb.) Steud., 1841 (Table
1).

During the studies, the amounts of Zn, Pb and Cd in the leaves of P. fomen-
tosa (Thunb.) Steud., 1841 increased in the control group, giving values of 5.8 -
9.23 mg/kg, 23.22 - 35.22 mg/kg and 0.07 mg/kg respectively. In the contami-
nated soils, these values were 205.33 mg/kg, 50.13 mg/kg, and 3.88 mg/kg, re-
spectively [10].

The potentialto use P. tomentosa for bioremediation in soils contaminated with
heavy metals (Cd, Pb, Zn, etc.) is great [9] [21].
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Table 1. Concentration (mg/kg) (M + m) of heavy metals in vegetative and generative
organs of the plant species Paulownia tomentosa (Thunb.) Steud., 1841.

Paulownia
(Paulownia Concentration (mg/kg) of heavy metals
N° tomentosa
(Thunb.) As cd Pb Zn
Steud., 1841
I (Control)
1. Root 0.72 = 0.006 2.65 = 0.04 1.17 £ 0.08 23.52 +£2.87
2. Seedling 0.27 £ 0.004 0.82 £ 0.07 2.46 = 0.07 47.73 £ 3.18
3. Leaf 0.54 £ 0.007 1.84 £ 0.05 3.24 £0.19 52.65 £ 3.38
4, Flower/Fruit 0.42 £ 0.005 0.47 £ 0.06 1.78 £ 0.18 14.25 +1.47
1I (Control)
1. Root 3.10 £ 0.08** 4.34 + 0.05** 2.45+ 0.08* 42.04 + 2.65**
2. Seedling 3.04 £ 0.05%* 1.28 £0.08* 3.76 £ 0.03* 54.45 + 2.34*
3. Leaf 3.12 £ 0.06** 3.63 £ 0.06** 6.85 £ 0.54** 86.64 +2.05*
4. Flower/Fruit 2.09 £ 0.04** 1.18 £0.04* 2.47 £0.05** 44.38 +3.16**
III (Control)
1. Root 3.24 £ 0.06** 473 +£0.04** 2.76 + 0.06* 38.18 + 1.63**
2. Seedling 3.65 +0.04%** 1.33+£0.06* 3.34+0.17** 51.25+2.35*
3. Leaf 4.07 +£0.03**  3.78 £ 0.05** 6.73 £ 0.15** 78.66 + 3.44**
4, Flower/Fruit 2.36 £ 0.05%* 1.57 £ 0.03** 2.68 +£ 0.03** 4527 +2.25*%*
Average
value from
i 2.7-3.2 0.5-4.8 0.1-5 15 - 150
certain plants
[3] [18] [21] [22]
Allowed
concentration
0.1-1 0.03-3 04-6 10
(mg/kg)

(22] [23] [24] [25]

Note: I. Botanical Garden of Samarkand State University (Samarkand, Oliygoh Street,
15), II. JSC “Samarkandkimyo” (Samarkand, Kimyogarlar village), III. Samarkand city,
Rudakiy Avenue (weather temperature t = +38°C; relative humidity 45.6%). *relative to
the control p < 0.05, **p < 0.01 (2 =3 - 4). The obtained results are consistent with the

available literature data [21].

The concentrations of heavy metals (maximum allowable concentration/MAC)

in the vegetative/generative organs of plant species growing in different soil/climatic

conditions differ from each other.

In particular, in this research, the concentration of Cd, Pb, Zn in the soil were
0.2 - 0.66, 7.7 - 10.3; 35.1 - 41 mg/kg (MAC Cd = 0.2 - 0.66 mg/kg under the
conditions of 35.1 - 41 mg/kg; MAC Pb = 130 mg/kg (in some studies, MAC Pb
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= ~20 - 25 mg/kg (Evtukhova, 2016); and MAC Zn = 220 mg/kg). In the plant
leavesthese values were equal to 0.023 - 0.052, 0.28 - 0.31 and 17.7 - 35.1, respec-
tively [26].

It has also been established at Pb and Zn concentrations in the soil of —34.2,
and 82.4 mg/kg, respectively. Additionally, in the leaves of P. fomentosa (Thunb.)
Steud., 1841 that had grown in the same soil conditions, the concentrations of
these heavy metals were determined to be 1.07 - 3.16 and 23.4 - 44.5 mg/kg, re-
spectively [21].

In certain plants, the amounts of Pb and Zn were equal to 115.5 and 199.5
mg/kg, respectively (MACy, < 120 mg/kg; MAC,, < 400 mg/kg) [18].

According to some researchers, it has been noted that the concentration of the
elements Cd, Pb and Zn in the soil are 0.00001%, 0.000016% and 0.000000083%
(REK Sd = 0.03 mg/kg; REC Pb = 0.5 mg/kg (in some studies REC Pb = ~10
mg/kg)). In terms of concentration, amounts of these elements in the plant are
0.06, 0.27 and 10 mg/kg (hyper accumulation is defined as >0.1, >1, and >10
mg/kg, respectively) [27].

In this research, the amount of Asfound in the roots of P. fomentosa (Thunb.)
Steud., 1841 was 0.72 + 0.006 mg/kg in the control group (I. Samarkand State
University Botanical Garden (Samarkand, Oliygoh Street, 15)). In the experi-
mental groups (II. JSC “Samarkandkimyo” (Samarkand, Kimyogarlar village);
and III. Samarkand, Rudakiy avenue.), the concentrations of As were revealed to
be ~3.3 fold (330.55%) and ~3.5-fold (350%) greater than the control group, re-
spectively. In the seedlingsthe amount of As was 0.27 + 0.004 mg/kg ~10.2 fold
(1025.93%), and ~13.5-fold (1351.85%) higher, respectively. The leaves showed a
concentration of 0.54 = 0.007 mg/kg for ~4.7 fold (477.78%), and ~6.5-fold
(653.71%) increases, respectively. Finally, generative organs (flower/fruit), there
was 0.42 + 0.005 mg/kg), As, increases of ~3.9 fold (397.62%), and ~4.6 fold
(461.91%) compared to the control group, respectively.

In addition, a high concentration of As (3.12 £ 0.06 to 0.07 £ 0.03 mg/kg) was
found in the leaves of P. fomentosa (Thunb.) Steud., 1841 relative to the dry
weight. The maximum increase in seedling Ascomposition (~10.2 - 13.5 times)
was also found in the control group.

Next, 2.65 + 0.04 Cd was discovered in the roots of the control group of 7.
tomentosa (Thunb.) Steud., 1841. The experimental groups provides results that
increased by ~0.63-fold (63.77%), and ~0.78-fold (78.49%). In the seedlings, the
increases were ~0.5 fold (56.09%), and ~0.62-fold (62.19%) compared to the
control (0.82 £ 0.07 mg/kg). In the leaves, ~9.7 times (97.28%) and ~1.05-times
(105.43%) more Cd was found than that in the control (1.84 + 0.05 mg/kg). Last,
in the generative organs (flowers/fruits) compared with the control Cd level (0.47
* 0.06 mg/kg), the experimental groups saw increases of ~1.51 fold (151.06%), and
~2.34 fold (234.04%).

A high accumulation of Cd in the range of 4.34 £ 0.05 to 4.73 + 0.04 mg/kg) in
the roots of P. fomentosa (Thunb.) Steud., 1841 was noted relative to dry weight.

It was also found that the maximum increase in the content of this element oc-
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curred in the generative organs (flowers/fruits) (~1.51 - 2.34 fold increase) com-
pared with the control group.

Pb was present at a concentration of 1.17 + 0.08 mg/kg in the roots of control
P. tomentosa (Thunb.) Steud., 1841 plants. The experimental groups provided
results ~1.09 fold (109.4%), and ~1.35 fold (135.89%) high. The seedling in the
experimental groups contained ~5.28 times (52.85%), and ~3.57 times (35.77%)
more Pb than the control group (2.46 + 0.07 mg/kg) whereas the leaves held
~1.11 times (111.42%), and ~1.07 times (107.71%)more than the control (3.24 +
0.19 mg/kg) of the levels of Pb in the generative organs (flowers/fruits) com-
pared with the control (1.78 + 0.18 mg/kg), ~0.38 fold (38.76%), and ~0.51 fold
(50.56%).

The high accumulation of Pbin the range of 6.85 + 0.54 to 6.73 + 0.15 mg/kg)
was noted in the roots of P. tomentosa (Thunb.) Steud., 1841 relative to dry
weight. Additionally, the greatest increase in the Pbcontent was found in the ge-
nerative organs (flowers/fruits) compared with the control group (~5.28 - 3.57
fold).

Finally, 23.52 + 2.87 mg/kg Zn was found in the roots of P. tomentosa
(Thunb.) Steud., 1841 in the control group, and the experimental groups con-
tained 0.78-fold (78.74%), and ~0.62 fold 62.33%) more. In the seedlings, ~0.14
times (14.08%), and ~0.73 times (7.37%) more Zn was found in the experimental
groups than that in the control plants (47.73 + 3.18 mg/kg). The leaves showed
increases of ~0.64 fold (64.56%), and ~0.49 fold compared with the control
group (52.65 + 3.38 mg/kg), while these values in the generative organs (flow-
ers/fruits) were ~2.11 times (211.44%) and ~2.17 times (217.54%) greater than
that of the control (14.25 *+ 1.47 mg/kg). The accumulation of high concentra-
tion of Zn in the range of 78.66 + 3.44 - 86.64 + 2.05 mg/kg) in the roots of 7.
tomentosa (Thunb.) Steud., 1841 was noted in relative to dry weight. In addi-
tion, the greatest increase in the Zn content was found in the generative organs
(flowers/fruits) compared with the control group (~2.11 - 2.17 times).

Overall, the obtained results are consistent with the available literature data,
including studies that have shown relatively high concentrations of heavy metals
(Cd, Zn, Pb, etc.) in the leaves of ornamental trees and shrubs growing near in-
dustrial enterprises, highways in urban environments [16].

Due to the differences in accumulation levels of these heavy metals in the ve-
getative and generative organs of this plant, the concentrations of heavy metals
in woody/shrubby plant species in urban environments could be a convenient
indicator to assess the level of pollution influenced by the industrial-scale pro-
duction [16] [28] [29].

P. tomentosa (Thunb.) Steud., 1841 has been noted as a prospective species
for phytoremediation in contaminated with heavy metals in industrially devel-
oped zones. In particular, the accumulation of Cd in the roots of this plant, and
relatively high concentrations of Pb and Zn in the leaves have been revealed [18]
[21].
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Theaccumulation of high concentrations (flower composition 3 - 3.2, 0.1 - 6.3,
1.17 and 2.3 - 50.5 mg/kg; seedling composition 2.7 - 2.75, 0.1 - 1.75, between 1.1
- 1.17 and 0.15) of heavy metals (As, Pb, Cd, Zn) in the vegetative and generative
organs of the plant Paulownia tomentosa (Thunb.) Steud., 1841 (the accumula-
tion of Cd, Pb, Zn in the roots is relatively high and follows the order of Pb < Zn
< Cd in the vegetative organs) indicates the great potential for the use of plant
for phytoremediation purposes [3] [4].

In addition, it has been noted that the concentration of heavy metals in plants
depends elements type, their concentration in the environment, the specific bio-
accumulation properties of the plant organs, and the distance of the plant from
the pollution source [18] [30] [31] [32].

The next study is the influence on the morphological and anatomical structure
of the vegetative and generative organs of Paulownia tomentosa (Thunb.) Steud.,

1841 in the conditions of the city of Samarkand.

4. Conclusion

High concentrations of heavy metals (Pb, Zn, As, Sd) in the vegetative and ge-
nerative organs of the plant P. fomentosa (Thunb.) Steud., 1841 were found in
areas of Samarkand with industrial production and along transport routes. Based
on the analysis of the obtained results, P. fomentosa (Thunb.) Steud., 1841 was
denoted a “hyper accumulative” plant species with high potential for use for phy-

toremediation purposes.
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