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This article assesses the capacity of tree species, grown in the Aktobe city, to accumulate heavy metals. 
Research objects are woody plants, represented by a wide range of species grown in green plantations 
of the Aktobe city: Ulmus pinnato-ramosa, Ulmus laevis, Acer negundo, Populus tremula, Syringa 
vulgaris. Ten city plantations were examined. Sazdа village was taken as a control area located twenty 
kilometers from the city. The metal content was determined with regard to seven heavy metals (Fe, Mn, 
Cd, Pb, Zn, Cr, Cu) by spectrometry using a 720-ES Inductively Coupled Plasma-Optical Emission 
Spectrometer. The total concentration index was calculated to assess the amount of heavy metals 
accumulated in plants. The max content of heavy metals was found in Populus tremula, while the min 
content – in Ulmus pinnato-ramosa L. 

Keywords: woody plants, tree leaves, heavy metals, spectrometry, accumulation capacity.  

 
INTRODUCTION 

The chemical composition of urban vegetation 
is formed under man-induced loads applied to soil 
and air that determine the composition. In 
industrial cities, vegetation is formed under the 
influence projected by heavy metals (Norouzi, et 
al., 2015; Mahar et al., 2016; Iori et al., 2015). 

Sulfur dioxide, carbon oxide and dioxide, 
nitrogen oxides and dusts of various chemical 
composition are the main substances and 
compounds entering the city atmosphere as gas-
dust emissions from various sources. The main 
part of pollutants is concentrated in the ground 
layer of the atmosphere. Heavy metals (HM), 
released into the atmosphere by metallurgical 
enterprises, vehicles, etc., are of great danger for 
plants. The term heavy metals usually refers to 
metals with a density exceeding 5 g/cm3 or with 
an atomic number >20. Some scientists assign 

more than 40 chemical elements to HM, as their 
atomic mass exceed 50 amu (Zhao et al., 2017). 

The response of plants to contaminants can 
be traced by the difference in the ultimate 
composition of urban plants and plants growing 
outside the city, in the wild. As it was established, 
different plant species uptake HM specifically 
(Makushenko, 2006; Vedernikov, 2008). 
Biogeochemical studies established a relationship 
between the degree of damage to plants and the 
chemical elements (Pb, Va, Sr, Ag, Co, Cu, Zn) 
accumulated in them near the ferrous and non-
ferrous metal plants, and highways. As we 
recorded, 87% of trees growing at the sides of 
large highways were drying out (Kurbatova, 
Bashkin & Kasimov, 2004; Smith, 1985). 
Elements that are most dangerous for trees if 
accumulated are cobalt, chrome, copper, lead, 
zinc, cadmium and mercury (Chukparova, 2005; 
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Motyleva and Sosnina, 1996; Neverova and 
Kolmogorova, 2003). Phytotoxicity of heavy 
metals depends on their chemical properties: 
valency, ionic radius and ability to form complex 
(Farahat and Linderholm, 2015; Irshad et al., 
2015). 

In the context of industrial air pollution, woody 
leaf-losing species have a shortened leaf life and 
an accelerated seasonal development cycle. In 
most cases, plants reduce their productivity. In 
woody plants, this comes up through reduced 
growth, reduced pollen level, its deteriorated 
properties, as well as in reduced fruit-bearing 
potential and seed quality. The growth processes 
are slowing down, while the plant development 
cycle significantly changes: flowering time is 
shifted, the vegetative period is shortened, and 
leaves start to fall earlier than usual; other 
phenological stages change as well. The negative 
effect of HM on the vegetation cover can be 
considered both in terms of phytotoxicity and in 
terms of the element migration to higher trophic 
levels of the ecosystem. As various types of 
plantations differ in physiological and 
morphological traits, their capacities of 
accumulating heavy metals are also different. 
Identifying plants that can effectively accumulate 
heavy metals and stay resistant will help to 
improve the environment (Alekseev, 2000). 

Plants uptake HM mostly through soil, but 
scientists have found that various microorganisms 
take an active part in this process (Sun et al., 
2016). For example, they are involved in cadmium 
dissolution and its enter into a mobile state. Their 
action induce the formation of water-soluble metal 
complexes or the formation of physicochemical 
conditions favorable for cadmium to switch 
between the solid and liquid phases (Yakun et al., 
2016). One must also take into account that the 
uptake of chemical elements by plants is an active 
process. Passive diffusion allows accumulating 
only 2-3% of mineral components (Dimitrijević et 
al., 2016). 

Research Purpose: to assess the capacity of 
tree species grown in the Aktobe city to 
accumulate heavy metals. 

 
MATERIALS AND METHODS 

The research was conducted at the beginning 
of August in 2017. Research objects are woody 
plants, represented by a wide range of species 
grown in green plantations of the Aktobe city: 
Ulmus pinnato-ramosa, Ulmus laevis, Acer 
negundo, Populus tremula, Syringa vulgaris. 
Ten city plantations were examined:  

4 streets with the most intensive traffic – the 
Abulkayir-Khana Avenue, the Aliya Moldagulova 
Avenue, the Bratyev Zhubanovykh Street and the 
Ch. Valikhanova Street;  
2 industrial areas – the Aksu Ferroalloy Plant and 
the Aktyubinsk Chromium Compounds Plant;  
4 city parks – Park of the First President of the 
Republic of Kazakhstan, the Abaya Park, the 
Retro Park and the Pushkin Park.  
Sazdа village was taken as a control area located 
twenty kilometers from the city. 
Plant samples were collected at the beginning of 
August – as the time of the maximum 
development and physiological activity of the 
photosynthetic apparatus of woody plants. Tree 
leaves have been washed with distilled water 
before they were collected from the lower third of 
crowns, from 10 generative middle-aged trees 
along the perimeter. They have been dried in an 
oven at 105 °C for 15 minutes and re- dried at 65 
°C for two hours. The Batysekoproekt Research 
Center determined the metal content in dry matter 
with regard to seven heavy metals (Fe, Mn, Cd, 
Pb, Zn, Cr, Cu) by spectrometry using a 720-ES 
Inductively Coupled Plasma-Optical Emission 
Spectrometer. The total concentration index (TCI) 
was calculated to assess the amount of heavy 
metals accumulated in plants:  
TCI = Σ (Cₒ-Ck)/Ck, 
Where: Cₒ – chemical element concentration in 
leaves from the control area,  
Ck – chemical element concentration in leaves 
from the research area.  
The statistical analysis of data was carried out 
using the Microsoft Excel. 
 
RESULTS  

The conducted research revealed high 
content of the most of selected HM in leaves 
collected from trees drown in the Aktobe city. HM 
content recorded on the busy streets and in the 
industrial areas of the Aktobe city are higher/lower 
(depending on the element) than in the same 
areas of the control city (Table 1). At some sites, 
there is a general tendency of increase in copper 
and chromium content. The max HM content is 
accumulated by the Populus tremula, most 
significantly in the industrial areas: there is an 
increase in chromium (by 7 and 3 times) and in 
copper (by 2 and 7 times). No cadmium was 
found in the control area, while in the industrial 
area its content was between 0.150-0.7 mg/kg. 
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  Table 1. HM Content in Tree Leaves 

No. 
 

MAC 

Content, mg/kg 

Cr Fe Cu Pb Zn Cd Mn 

6.0 - 3.0 32 23.0 1.0 - 

Ulmus  
pinnato-ramosa 

1 1.11 33.17 8.08 <0.1 4.90 0.23 14.52 

2 0.65 29.4 1.8 <0.1 2.05 <0.05 11.3 

3 1.00 18.05 1.45 <0.1 1.8 <0.05 10.45 

4 1.30 53.46 3.70 <0.1 8.49 <0.05 12.74 

5 4.69 38.22 3.24 <0.1 3.78 <0.05 10.63 

6 6.19 35.25 2.30 <0.1 3.45 0.13 11.50 

7 0.75 31.71 3.98 <0.1 3.50 <0.05 21.06 

8 1.01 19.05 2.75 <0.1 3.17 <0.05 8.95 

9 0.36 13.75 1.55 <0.1 2.1 <0.05 5.9 

10 0.66 16.55 3.6 <0.1 3.47 <0.05 7.25 

11 1.31 11.5 1.3 ND 1.6 ND 23.6 

Ulmus laevis 

1 0.92 18.77 3.21 <0.1 5.14 <0.05 34.03 

2 1.05 31.47 1.45 <0.1 1.95 <0.05 17.11 

3 0.29 9.99 0.60 <0.1 1.25 <0.05 5.10 

4 1.04 36.79 3.31 <0.1 3.25 <0.05 13.67 

5 17.36 80.36 4.64 0.34 7.39 <0.05 27.28 

6 9.04 30.0 3.12 <0.1 3.26 <0.05 17.96 

7 0.50 21.4 1.64 <0.1 2.11 <0.05 27.47 

8 0.73 19.03 2.42 <0.1 2.52 <0.05 17.16 

9 0.47 13.5 2.05 <0.1 4.63 <0.05 18.6 

10 0.47 17.19 1.60 <0.1 2.25 <0.05 18.34 

11 0.82 9.03 2.80 ND 6.4 ND 35.1 

Acer negundo 

1 0.98 22.62 3.14 <0.1 5.58 <0.05 21.08 

2 0.71 22.7 1.7 <0.1 2.61 <0.05 20.6 

3 0.71 16.45 1.55 <0.1 2.8 <0.05 14.55 

4 0.91 24.05 1.35 <0.1 2.27 0.07 7.29 

5 8.99 31.91 1.85 <0.1 3.99 <0.05 31.36 

6 8.6 24.25 0.75 <0.1 0.7 <0.05 9.3 

7 0.64 17.55 2.00 <0.1 6.9 <0.05 19.7 

8 1.05 32.11 2.60 <0.1 2.35 <0.05 25.22 

9 0.77 22.95 1.95 <0.1 4.00 0.105 20.6 

10 1.46 21.1 1.45 <0.1 1.64 <0.05 16.85 

11 0,61 15.4 1.1 <0.1 3.7 <0.05 35.9 

Populus tremula 

1 6.75 31.9 2.8 <0.1 7.77 0.19 35.8 

2 0.51 14.6 3.45 <0.1 2.72 0.12 27.3 

3 0.70 21.4 4.15 <0.1 12.4 <0.05 26.1 

4 0.66 26.45 2.8 <0.1 23.95 0.15 23.3 

5 10.23 58.10 3.27 <0.1 3.74 0.150 37.89 

6 4.4 19.0 2.23 <0.1 11.6 0.7 44.5 

7 0.45 25.34 3.30 <0.1 6.05 <0.05 54.68 

8 0.60 16.7 3.1 <0.1 13.6 0.111 24.55 

9 1.80 29.6 3.6 <0.1 2.05 0.26 33.5 

10 1.2 20.75 3.35 <0.1 2.9 0.15 34.15 

11 1.43 15.5 1.5 <0.1 1.6 <0.1 61.1 

Syringa vulgaris 

1 0.50 16.36 7.34 <0.1 2.08 <0.05 18.79 

2 0.89 20.42 2.78 <0.1 1.99 0.09 55.15 

3 0.60 18.84 2.14 <0.1 1.64 <0.05 35.28 

4 0.72 18.07 1.59 <0.1 2.74 <0.05 24.9 
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5 8.35 38.05 5.1 <0.1 4.9 <0.05 14.5 

6 6.77 32.64 4.56 <0.1 3.87 <0.05 17.2 

7 0.63 13.45 1.15 <0.1 2.88 <0.05 23.85 

8 0.65 20.6 1.94 <0.1 1.59 <0.05 52.35 

9 0.60 15.05 2.09 <0.1 4.73 <0.05 18.93 

10 0.34 19.55 2.15 <0.1 1.65 <0.05 26.5 

11 0.22 12.1 2.05 <0.1 1.8 ND 58.2 

Note: 1 — Bratyev Zhubanovykh Street, 2 — Aliya Moldagulova Avenue, 
3 — Abulkayir-Khana Avenue, 4 — Ch. Valikhanova Street, 5 — Aksu Ferroalloy Plant, 6 — Aktyubinsk Chromium 
Compounds Plant, 
7 — Pushkin Park, 8 — Retro Park, 
9 - Park of the First President of the Republic of Kazakhstan, 10 — Abaya Park, 11 — control area. 
Standard error of the mean is less than 5%. 

Table 2. Elemental Series of Man-Induced Heavy Metals Accumulated by Model Trees and Soils 

Area Ultimate Composition of Model Tree Leaves Ultimate Composition of Soil 

Bratyev Zhubanovykh Street Fe > Mn > Zn > Cu > Cr > Cd Fe > Mn > Cr > Zn > Cu > Pb 

Aliya Moldagulova Avenue Fe > Mn > Zn > Cr > Cu > Cd > Pb Fe > Mn > Cr > Cu > Zn > Pb> Cd 

Abulkayir-Khana Avenue Fe > Mn > Zn > Cr > Cu > Fe >Cr >Mn >Cu >Zn > Pb 

Ch. Valikhanova Street Fe > Mn > Zn > Cu > Cr > Cd > Pb Fe >Cr >Mn >Cu >Zn > Pb> Cd 

Aksu Ferroalloy Plant Fe > Mn > Cr > Zn  > Cu > Cd > Pb Fe >Cr >Mn >Cu >Zn > Pb 

Aktyubinsk Chromium 
Compounds Plant 

Fe > Mn > Cr > Zn  > Cu > Cd > Pb Fe >Cr >Mn >Zn >Cu >Pb> Cd 

Pushkin Park Fe > Mn > Zn > Cu > Cr Fe >Mn >Cr>Zn>Cu>Pb> Cd 

Retro Park Fe > Mn > Zn > Cu > Cr > Cd > Pb Fe > Mn > Cr >Zn>Cu >Pb 

Park of the First President of 
the Republic of Kazakhstan 

Fe > Mn > Zn > Cu > Cr > Cd > Pb Fe > Mn > Cr >Zn>Cu >Pb 

Abaya Park Fe > Mn > Zn > Cu > Cr > Cd > Pb Fe >Cr >Mn >Zn >Cu >Pb 

Control Area Mn > Fe > Zn > Cu > Cr > Fe > Mn > Cr >Zn>Cu 

 
Table 3. Total Metal Accumulation Capacity of Tree Species Grown in the Research Area 

 

Research 
 Area 

Species 
∑HM, mg/kg  
of dry matter 

Bratyev 
 Zhubanovykh Street 

Ulmus pinnato-ramosa L. 62.01 

Ulmus laevis L. 62.07 

Acer negundo L. 53.4 

Populus tremula L. 85.14 

Syringa vulgaris L. 45.07 

Aliya Moldagulova 
 Avenue 

Ulmus pinnato-ramosa L. 45.2 

Ulmus laevis L. 53.03 

Acer negundo L. 48.32 

Populus tremula L. 48.75 

Syringa vulgaris L. 81.32 

Abulkayir-Khana  
Avenue 

Ulmus pinnato-ramosa L. 32.75 

Ulmus laevis L. 17.23 

Acer negundo L. 36.06 

Populus tremula L. 64.75 

Syringa vulgaris L. 58.5 
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Ch. Valikhanova 
 Street 

Ulmus pinnato-ramosa L. 79.69 

Ulmus laevis L. 58.06 

Acer negundo L. 35.94 

Populus tremula L. 76.31 

Syringa vulgaris L. 48.02 

Pushkin  
Park 

Ulmus pinnato-ramosa L. 61 

Ulmus laevis L. 53.12 

Acer negundo L. 46.79 

Populus tremula L. 89.82 

Syringa vulgaris L. 41.96 

Retro 
 Park 

Ulmus pinnato-ramosa L. 34.93 

Ulmus laevis L. 41.86 

Acer negundo L. 63.33 

Populus tremula L. 58.66 

Syringa vulgaris L. 77.13 

Park of the First President  
of the Republic 
 of Kazakhstan 

Ulmus pinnato-ramosa L. 23.66 

Ulmus laevis L. 39.25 

Acer negundo L. 50.37 

Populus tremula L. 70.81 

Syringa vulgaris L. 41.4 

Abaya 
 Park 

Ulmus pinnato-ramosa L. 31.53 

Ulmus laevis L. 39.85 

Acer negundo L. 42.5 

Populus tremula L. 62.5 

Syringa vulgaris L. 50.19 

Aksu Ferroalloy  
Plant 

Ulmus pinnato-ramosa L. 60.56 

Ulmus laevis L. 137.37 

Acer negundo L. 78.1 

Populus tremula L. 113.38 

Syringa vulgaris L. 71.9 

Aktyubinsk  
Chromium  

Compounds Plant 

Ulmus pinnato-ramosa L. 58.82 

Ulmus laevis L. 63.38 

Acer negundo L. 43.6 

Populus tremula L. 82.43 

Syringa vulgaris L. 65.04 

Control 
 Area 

Ulmus pinnato-ramosa L. 39.31 

Ulmus laevis L. 54.15 

Acer negundo L. 56.71 

Populus tremula L. 81.13 

Syringa vulgaris L. 74.37 
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Chromium content was at its peak in all tree 
spices grown in the industrial area, except for the 
aspens grown on the Bratyev Zhubanovykh 
Street, which leaves accumulated 4 times more 
chromium than aspens grown in the control area. 
Not all selected research sites had trees of one 
species accumulating HM – some trees from one 
did accumulate HM, while some of the same 
species from the other site did not. 

For example, lead was found to be 
accumulated only by the Ulmus laevis grown in 
the industrial area, and then its content is below 
the control figure. The same situation is with 
cadmium accumulation: although its content is 
less than maximum allowed, Populus tremula 
accumulates it a lot – its content was found at 
most of the sites. The min HM content is 
accumulated by the Syringa vulgaris. Some of 
them have accumulated HM in leaves at the level 
exceeding the maximum allowed. The largest 
number of elements, which content is above the 
maximum allowed, were accumulated by the 
Populus tremula: copper (at all sites), chromium 
(Bratyev Zhubanovykh Street and in the industrial 
area), zinc (Ch. Valikhanova Street). 

The Ulmus laevis, grown near the Aksu 
Ferroalloy and the Aktyubinsk Chromium 
Compounds Plants, accumulates chromium at the 
level exceeding the maximum allowed. As this 
high content of copper is accumulated by the 
Ulmus pinnato-ramosa (Bratyev Zhubanovykh 
Street, Ch. Valikhanova Street, Pushkin Park and 
Abaya Park). The investigated plants (except for 
the Populus tremula grown on the Ch. 
Valikhanova Street) do not accumulate zinc at the 
level exceeding the maximum allowed. 

The maximum Cr content (mg/kg of dry 
matter) was registered in the ash of burned Ulmus 
laevis L. (17.36), Populus tremula L.(10.23) and 
Acer negundo L.(8,99). The Cu element had a 
great effect on Ulmus pinnato-ramosa L. (8.08) 
and  Syringa vulgaris L.(7.34). Tree leaves 
accumulated Pb and Cd in small amounts not 
exceeding MAC. 

The total concentration of substances in tree 
leaves was between 0.11-1.08 mg/kg in the city. At 
the same time, such elements as Fe, Mn, Cu and 
Cr determined the overall level of contamination in 
the area (Table 2). Plant suppression is one of the 
main reasons behind the heavy metals pollution. 
The TCI of iron is between 0.23-0.35 mg/kg, the 
TCI of manganese – between 0.67-1.28 mg/kg, 
TCI of copper – between 0.2-0.5 mg/kg. 

Table 3 shows the ultimate composition 
(series of descending concentration) of model 

plants and soils from the research area.  

DISCUSSION 
The analysis revealed iron, manganese and 

copper overload in soil. The excess of iron stops 
the root system and the plant from growing (Iori et 
al., 2015; Irshad et al.,2015; Matchavariani et al., 
2015). The leaves turn darker then. If the iron 
content is extremely high, the leaves begin to die 
and crumble without any visible changes, as in the 
Aktobe city. If the iron content exceeds MAC, 
manganese, zinc, and copper are difficult to 
uptake and, therefore, there could be a shortage 
of these elements. Iron compounds can be 
admitted with sewage from metal, textile and 
paint-and-varnish manufacturing enterprises of 
the city. 

If the manganese content in plant cells 
exceeds MAC, the chlorophyll content decreases 
entailing the interveinal chlorosis that begins with 
the appearance of brown necrotic spots on the old 
leaves. Leaves crumple and fall. 

The excess of copper is also extremely 
harmful to woody plants – the plant development 
slows down, brown spots appear on the leaves, 
and then they die. The process begins with the 
lower, older leaves. 

Table 3 shows the sums of man-induced HM 
concentrations in the leaves of model plants 
grown in the research area.  

The major accumulators of man-induced 
heavy metals in the research area are Populus 
tremula L., Ulmus laevis L.and Syringa vulgaris L. 

In the context of industrial development, it 
becomes important to switch to more 
environmentally friendly production mechanisms, 
since plant defense does not handle severe 
pollution. 

CONCLUSION 
Thus, chemical composition of woody plants 

growing in the Aktobe city changes towards the 
accumulation of man-induced elements, and 
towards the excess of biophil elements, primarily 
iron and copper. 
This article revealed the species specificity of 
accumulating certain chemical elements in leaves 
by woody plants growing in the Aktobe city. The 
max content of heavy metals was found in 
Populus tremula, while the min content – in Ulmus 
pinnato-ramosa L. 
The investigated tree species can be arranged by 
TCI of accumulated HM in the following sequence: 
Ulmus laevis L.> Syringa vulgaris L.> Ulmus 
pinnato-ramosa L.> Acer negundo L.> Populus 
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tremula L. 
Woody plants grown in the industrial area had 
higher TCI indices. It was found that although 
some HM exceeded MAC, the level of their total 
accumulation (by TCI value) in leaves is estimated 
as low. 
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