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ABSTRACT 

Armenia’s capital – Yerevan is characterized by a high, steadily increasing level of traffic-
induced and dust load. For many years dominant pollutants of all environmental compartments of 
the city have been heavy metals. 

It is known that scientifically grounded urban greening both assures ecological tolerance, 
longevity and a functional use of green plantations and is the most productive and cost effective  
method of urban environment quality management. 

The goal of this research was to identify tree species having high metal uptake potential to 
include them in the system of Yerevan greening. 

The studied objects were prevalent park and street tree species. Based on the level and 
character of environmental pollution condition and ecological tolerance of plants were studied and 
leaf sampling done.  Concentrations of elements in the collected leaf samples were measured 
through the atomic-absorption method (AAnalyst 800, Perkin Elmer, USA) consistent with ISO-
8288, ISO-5666, ISO-11696 standards. Coefficients of total metal uptake by plants were calculated 
and data obtained mapped. 

A database complied as a result of the research underlay selection of ecologically tolerant 
tree species with good filtration properties and appropriate for urban areas similar to Yerevan 
which are characterized by high levels of heavy metal pollution. 
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INTRODUCTION 

It is known that urban green spaces both play a recreational, structural, designing, decorative 
and aesthetic role and perform an extremely important  sanitary and hygienic function reducing 
levels of  environmental pollution with different pollutants such as  dust, harmful gases, heavy 
metals. As plants absorb harmful substances from the environment, so they may serve not only as 
effective indicators for detection of harmful substances originated from different sources, but also 
as natural phytofilters [3-5, 12]. 

 It is known, too, that scientifically grounded greening  both assures ecological tolerance, 
longevity and a functional use of green plantations and is the most efficient  and cost effective  
method  of environmental pollution management in modern, densely populated cities exposed to 
the impact of heavy traffic and other environmental pollution sources. In turn, the quality of green 
areas largely predetermines that of urban environment and ultimately - the health of urban 
population [5-7, 11-13, 23]. 

   This is especially true in respect of Yerevan- Armenia’s capital, which for several decades 
has been exposed to high, dramatically increasing levels of different environmental pollutants 
emphasizing heavy metals [10, 16, 20, 21]. However, recent years have been marked by sharp 
reduction of Yerevan’s green spaces in the result of extensive cut-outs and unregulated site 
development, expansion of asphalt- and concrete-paved areas, poor fertility of soil, steady 
deterioration of condition of green plantations and reduction of species diversity of plants [2, 8, 9].  

So, identification and selection of plant species ecologically tolerant to present-day 
conditions of Yerevan in order to enlarge and renew the existing assortment of plants has been an 
issue of utmost importance to the city and its residents. 

The staff of Biochemistry Department CENS has been involved in such studies since 2000 
[1, 10, 14-17]. This article highlights some results of a research implemented in July-August 2007 
and 2008 and aimed at  identification and selection of park and street tree species having high 
heavy metal uptake potential to include them in the system of Yerevan greening. The research 
comprised a study of  assortment of  plants, assessment of plant condition, tree leaf sampling and 
measurement of heavy metal contents to study  tolerance of different tree species to metal 
pollution and, finally, selection of tree species with phytofiltration properties appropriate for 
Yerevan greening.  

 
MATERIAL AND METHODS  
 
In the frames of this research we studied species composition and condition of basic tree 

species growing in 10 parks and 20 streets of Yerevan. Based on the level and character of 
environmental pollution, condition and ecological tolerance of plants were studied and leaf 
sampling done. Wholly, 200 samples of leaves of the most widespread tree species Robinia 
pseudoacacia L., Fraxinus excelsior L., Populus alba L., Morus alba L. and Vitis vinifera L. were 
collected in the mid of vegetation period (July-August) 2007 from 35 sampling points scattered all 
over the city. The collected samples were treated (washed, chopped into small pieces and dying at 
a room temperature)  by the accepted methods [19] at the Central Analytical Laboratory CENS and 
then analyzed for heavy metal contents (Cu, Pb, Mn, Mo, Ni, Zn) through the atomic absorption 
method (AAnalyst 800, Perkin Elmer, US) consistent with ISO-8288, ISO-5666, ISO-11696 
standards. 

 A qualitative assessment of heavy metals in plants was done through a comparative 
analysis between actual and background concentrations. Background concentration values were 
taken from earlier researches [22]. For studying heavy metal uptake by and accumulation in plants 
we used the coefficient of man-made concentration (Cc) and a summary concentration index (SCI) 
[18]. 

Finally, a relevant database was compiled and with help of ArcView software schematic 
maps produced which reflect the sampling points and data obtained. 
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RESULTS AND DISCUSSION 
 
 The obtained results have indicated that the assortment of Yerevan park and street trees 

includes respectively some fifty and thirty species with prevalence of Acer negundo L. (19%), 
Ulmus pumila L.(13%), Robinia pseudoacacia L. (10%), Fraxinus excelsior L. (9%) and Platanus 
orientalis L. (8%) in the total amount of trees (Fig.1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: A basic assortment of tree species in Yerevan parks and streets. 

The assortment of street vs. park trees is not very diverse, the most widespread species 
being Fraxinus excelsior L. (22.8%), Ulmus pumila L. (16.3%), Quercus robur L. (14.3%), Platanus 
acerifolia Willd. and Platanus orientalis L. (9%) ( Fig.2). 

 
  
 

 
 
 
 
 
 
 
 
 
                    
 
 
 

 
Figure 2: A basic assortment of Yerevan street tree species  

 
The implemented ecological assessment allowed evaluating condition of Yerevan parks trees 

as unsatisfactory as for the studied period a share of severely weakened and dying specimens 
made 41% of a total amount of plants. In particular, in the southern district of the city which houses 
most of industrial enterprises, we detected lots of trees with visible morphological injuries. The best 
condition among the studied park trees was that of Fraxinus excelsior L. and Fraxinus 
pennsilvanica Marshall., Robinia pseudoacacia L., Acer negundo L., Koelreuteria paniculata Laxm, 
Alianthus altissima (Mill.) swingle, and among street trees - Acer negundo L, Alianthus altissima 
(Mill.) swingle, Fraxinus Excelsior L. and Fraxinus pennsilvanica Marshall.,  Populus alba L., Morus 
alba L.  

Then we initiated studies of five most widespread tree species Robinia pseudoacacia L., 
Fraxinus excelsior L., Populus alba L., Morus alba L. and Vitis vinifera L. to determine contents of 
a number of heavy metals: Cu, Mn, Pb, Ni, Mo and Zn – chemical elements holding a special 
position among dominant pollutants of the city [1, 8, 10, 20]. 
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Wholly, mean concentrations of the elements except Pb, Ni and Mo, were not excessive vs. 
the background values (Fig.3). 

 

 
Figure 3: Mean concentrations of heavy metals in the leaves of Yerevan trees (mg/kg) 

 
Heavy metals, as revealed by the research, accumulate in the leaves of arboreous plants on 

the entire territory of Yerevan and particularly in its southern, southwest and central districts. 
 

 
Figure 4: Pb, Ni and Mo concentrations in the leaves of Yerevan trees . 

 
The background contents of the metals in the leaves were rather high, whereas mean 

contents of Pb, Ni and Mo exceeded the background by 1.4-2.2; 3.5-5.3; and 3.4-4.7 times, 
respectively (Fig. 4).  

The obtained data have indicated that all the 5 studied tree species take up metals from the 
atmosphere and that only 3 of them - Robinia pseudoacacia L., Populus alba L. and Fraxinus 
excelsior L. - exhibit a high heavy metals uptake rate and tolerance to heavy metals, so data 
provided below are for  the 3 mentioned species only.  

The studies have demonstrated that for the studied period background contents of heavy 
metals in plants, except lead, nickel and molybdenum were not high as compared with accepted 
concentrations [3; 20]. Their concentrations exceeded the background values by 1.6-2.3, 4.5-5.2 
and 2.6-6,3 times respectively, whereas mean concentrations of Mn, Zn and Cu varied in the limits 
of respective background values. (Tab. 1)  
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Table 1. Mean concentrations of heavy metals in the leaves of studied tree species, mg/kg 

 

 
Elements 

 

Tree species 

Robinia pseudoacacia L. Fraxinus excelsior L. Populus alba L. 

Background Mean Background Mean Background Mean 

Cu 10.71 20.30 15.84 22.41 12.06 22.46 

Mn 75.47 72.70 75.12 74.55 81.25 83.82 

Zn 23.8 29.09 23.76 31.38 26.8 26.8 

Pb 2.0 4.64 2.5 3.94 2.0 4.61 

Ni 1.07 4.92 1.06 4.78 1.07 5.54 

Mo 0.62 1.59 0.3 1.88 0.41 1.92 

 
 
A study of peculiarities of heavy metal uptake by and accumulation in plants has indicated 

that the leaves of Robinia pseudoacacia L. accumulate predominantly Mo, Pb and Ni, white 
Populus alba L. – Mo, Mn, Ni, Zn, whereas those of Fraxinus excelsior L. accumulate almost the 
whole range of elements. 

On a base of summary concentration indices (SCI) of heavy metals in plants, schematic 
maps of plant pollution were produced.  

Data analysis has indicated that wholly, for the studied period  concentrations of heavy 
metals in plants exceeded the background by 2-3 times, whereas  threefold and higher excesses 
were detected in all the plants emphasizing white poplar and ash tree mostly in the southern, 
southwest, central and northeast districts of the city (Fig. 5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

Figure 5: Heavy metal pollution of Yerevan trees  
  

 

Populus alba L. Fraxinus excelsior L. 
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As indicated by phеnological studies carried out in the zones strongly polluted with heavy 
metals, Fraxinus excelsior L. and Robinia pseudoacacia L. are highly tolerant to heavy metal 
pollution, whereas severely weakened and dying specimens of Populus alba L. are found only 
among old trees. Visible morphological injuries were detected only in trees growing within a radius 
of 1km from immediate pollution sources: industrial enterprises of Nairit and Pure Iron and in the 
surroundings of a municipal waste disposal site.  

So, all the three studied species have a high phytofiltration potential and are ecologically 
tolerant to environmental pollution with heavy metals.  

A database complied in the result of the research underlay selection of ecologically tolerant 
park and street tree species having good phytofiltration properties and thus appropriate for 
greening Yerevan and other cities exposed to high levels of heavy metal pollution.  

 
CONCLUSIONS 
 
Finally, the obtained research results enabled us to conclude that 

 The assortment of Yerevan’s park and street trees includes some 50 and 30 species, 
respectively, the most widespread being Robinia pseudoacacia L., Fraxinus excelsior 
L., Populus alba L., Morus alba L. and Vitis vinifera L.; 

 Heavy metals can accumulate in the leaves of arboreous plants. Leaves of the 
studied arboreous species widely spread in Yerevan absorb and accumulate heavy 
metals emphasizing Pb, Ni and Mo. The highest SCI-s of heavy metals were detected 
in the south, southwest, central and northeast districts of the city;  

 Heavy metals uptake by and accumulation in plants depends on biological properties 
of a species: Robinia pseudoacacia L. more actively accumulates  Pb, Ni, Mo, white 
poplar - Mo, Zn, Mn, Ni, ash tree – almost the entire range of the elements; 

 Fraxinus excelsior L. and Robinia pseudoacacia L. exhibit high tolerance to heavy 
metal pollution and have high phytofiltration potential;  

 High heavy metal tolerance of Robinia pseudoacacia L., Populus alba L., Fraxinus 
excelsior L. allows to widely use them in strongly polluted areas of Yerevan and 
similar cities. 

 
To conclude, the three ecologically tolerant tree species selected in the result of this 

research have already been included by Yerevan Municipality in the list of plants used for greening 
most polluted districts of the city.  

 At the moment this long-term research is being continued.  
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