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OF PLANTS ON ARMENIA’s URBANIZED SITES

Abstract
The article highlights peculiarities of heavy metal absorption and accumulation in plants
under conditions of large cities of Armenia. The obtained research results evidence that heavy
metals accumulate in the leaves of arboreous plants and vegetable species. The research helped
indicate heavy metal pollution - tolerant tree species to be used in target tree planting on urban
sites and supported a necessity of improving a sanitary control over farm crops growing under
conditions of Armenia’s cities.
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INTRODUCTION
The cities of Armenia - a highland country with specific climatic condition and
landforms – are marked by high levels of environmental pollution. There, major
pollutants are dominated by heavy metals which have a property to stay deposited in
soils for many years and then travel again into environmental compartments and
particularly into plants affecting thus the their growth, development and metabolic
processes [1,2, 4]. Especially harmful is accumulation of heavy metals in farm crops
and their subsequent movement into the human organism through trophic chains,
inducing thus diverse serious diseases and particularly those of genetic character [5, 7].
A severe social and economic crisis Armenia experienced in the 1990s resulted in
extensive cutout of green plantations throughout the country. To survive in extreme
conditions the population had to start home gardening in cities as well. It should noted,
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that such “urban” home gardens are often located in ecologically unfavorable parts of
Armenia’s cities, including Yerevan and Gyumri.
Yerevan – Armenia’s capital city – homes the major portion of the country’s
industrial enterprises and has been under a steadily growing impact of heavy traffic. A
specificity of Yerevan’s relief and climatic conditions notably contributes to the spread
and accumulation of diverse toxicants in soils and vegetation [6, 7].
Gyumi (former Leninakan ) – the second largest city of Armenia – was severely
destroyed by the devastating Spitak earthquake of December 1988 and since then
construction and reconstruction works have been progressing there, bringing to high
levels of pollution with diverse origin dust, debris, domestic refuse, traffic-induced
emissions [2].
The goal of this research was studying peculiarities of heavy metal absorption and
accumulation by several most widespread arboreous plants and farm species under
conditions of the cities of Yerevan and Gyumri, which would finally help improve
ecological situation in the studied cities and mitigate ecological risk to the health of
local population.

MATERIAL AND METHODS
The research was implemented in two different locations by two stages: in Gyumri in 2003-2004 and Yerevan - in 2006-2007. The studied objects were the leaves of the
most widespread arboreous species: Robinia pseudoacacia L., Fraxinus excelsior L.,
Populus alba L., Morus alba L., Vitis vinifera L and ripe specimens of vegetables and
herbs. For the entire period of research sampling was done on yearly basis. Tree leaves
were sampled only in Yerevan: from 80 points, in July and August. Vegetables and
herbs were gathered from private home gardens located in different parts of both
Yerevan and Gyumri.
All the collected samples were transported to the lab, washed with tap water and
dried at a room temperature, then grounded and decomposed in microwave oven and
analyzed for heavy metals. Concentrations of heavy metals were determined employing
the electrothermic atomization method on an AAnalyst 800 atomic-absorption
spectrometer (Perkin Elmer, USA). After, the obtained data were processed, tabulated
and plotted and then collated with those on the background concentration of metals for
leaves [8] and maximum allowable concentrations (MAC) - for vegetables [3].

RESULTS AND DISCUSSION
This article provides data only on Cu, Mn, Pb, Ni, Mo, Zn with regard for their
prevalence in the compartments of the studied cities’ environments: mean contents of
the noted elements in soils were 1.2-3.34 times excessive vs. the background in all the
studied sites [7]. With regard for heavy traffic in the both cities, we emphasized
concentrations of Pb both in the leaves of arboreous plants and farm crops.
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Data on Yerevan. 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,
southwestern and central sections [5].
Table 1. Mean concentrations of elements in leaves of arboreous plants
in Yerevan for 2006-2007, mg/kg
MEAN CONCENTRATIONS OF ELEMENTS

SPECIES

Cu

Mn

Pb

Ni

Mo

Zn

12.87*

77.28*

2.17*

1.07*

0.44*

24.79*

R.pseudoacacia

41.69

70.69

4.23

5.6

1.63

28.36

Fr.excelsior
P.alba
M.alba
V.vinifera

21.16
22.16
7.5
20

74.73
81.4
60
70

4.56
4.72
3.0
4.0

4.88
5.44
3.5
4.0

1.85
2.04
1.5
2.0

29.51
37.84
15
35

* Background values
Commonly, but for Pb, Ni and Mo, mean concentrations of the elements were not
excessive vs. the background values (Tab. 1).

Figure 1. Pb, Ni and Mo concentrations in the leaves of trees in Yerevan for 2006-2007.
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The background contents of the noted metals in the leaves were rather high, whereas
mean contents of Pb, Ni and Mo exceeded the background by 1,4-2.2; 4.6-5.25; and
34-4.7 times, respectively (Fig. 1).
Mean concentration of Pb in the samples varied 1.64 to7.65 mg/kg, notably
exceeding the background values - 2.0 mg/kg . The obtained data indicate that all the 5
studied arboreous species take up Pb predominantly from the atmosphere and that only
3 of them - Robinia pseudoacacia L., Populus alba L., and Fraxinus excelsior L. display high absorption rate and tolerance to lead. For this reason, below highlighted are
data on the 3 noted species only.
Fig. 2 gives minimal, maximal and mean values of Pb concentration in the leaves of
the noted Robinia pseudoacacia L., Populus alba L., and Fraxinus excelsior L, which
were respectively 2.15, 2.36 and 2 times excessive vs. the background values, maximum
values for all the three species varied between 6.7 and 7.63 mg/kg, and were 3.35 – 3.8
times excessive vs. the background (2.0 mg/kg).

9

M in.
M ax.
M ean
Background

8
7

C (mg/kg)

6
5
4
3
2
1
0

Robinia pse udoacacia

Populus alba

Fraxinus e xce lsior

Figure 2. Pb contents in the leaves of Robinia pseudoacacia, Populus alba,
Fraxinus excelsior for 2006-2007
The highest contents of Pb were determined in the leaves collected from the central
and southern parts of Yerevan, and the rationale behind that was heavy traffic and
operation of several industrial enterprises. Besides, in the south of Yerevan on a huge
municipal waste disposal site the determined Pb contents were 4.36 for Robinia
pseudoacacia L. and 5.0 mg/kg for Fraxinus excelsior L.- respectively 2.18 and 2.5
times excessive vs. the background. Pb concentration in the leaves of highways – lining
trees in the east and north of Yerevan was rather high, too.
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Our synchronous phenological studies also prove, that in conditions of Yerevan all
the three species and particularly Fraxinus excelsior L., are lead-tolerant and nicely
perform sanitary and hygienic functions.
A series of farm crops selected for our research in Yerevan included 3 most popular
- species: tomatoes, pepper, egg-plants and herbs: basil and parsley. In Yerevan, the
vegetation material was sampled from 30 different points.

Figure 3 Mean concentrations of heavy metals in vegetables sampled
in Yerevan in 2006- 2007, mg/kg.
As seen from Fig.3, for the studied period mean contents of all the heavy metals in
vegetables commonly overstepped maximum allowable concentrations (MAC), the
highest excesses being established for Ni, Pb and Mo – by 7.8; 5.2; and 2.26 times.
Table 2. Pb concentrations in the three studied vegetables
for 2006 and 2007(mg/kg)
Tomatoes
Concentration
0.58-3.1

Pepper

Egg-plants

Excesses vs.
Excesses vs.
Excesses vs.
Concentration
Concentration
MAC
MAC
MAC
1.16-6.2

1.2-2.35

2.4-4.7

0.92-1.44

1.84-2.88

Tab. 2 displays the limits of Pb concentration variation for different vegetables.
Minimal concentrations in vegetables varied 0.58-1.2 and maximal – 1.4-3.1 mg/kg
exceeding MAC by 2.9-6.2 times.
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Data on Gyumri. A series of farm crops selected for Gyumri included 7 vegetables:
tomatoes, pepper, beans, potatoes, carrot, beetroot, cabbage and 3 herb species: basil,
tarragon and parsley.
Collation between data for 2003-2004 and those obtained prior to our research
evidenced that mean contents of elements remained almost unchangeable, except those
of Pb, which showed a 4-fold increase (Fig.4).

Figure 4. Mean contents of elements in vegetables in Gyumri
for 2003-2004 (mg/kg)
The vegetables accumulated predominantly Cd, Ag and Pb, which mean
concentrations exceeded MAC values by 7.3; 6.8; and 3.4 times, respectively. The
obtained research data indicate that those elements accumulate predominantly by
potatoes, beetroot, beans, pepper and spicy herbs. For instance, Cd, Ag, Pb contents in
potatoes exceeded MAC values by 10.6; 3.8, and 13.3 and in basil – by 9.7, 6.7; and
5.8 times, respectively.
As seen from Fig.3, in 2004 vs. 2003 detectable was an increase in the contents of
Zn, Mn, Pb and Cd in vegetables , emphasizing those of Pb - by 2.7 times vs. 2003 and
by 11 times vs.2002. This could possibly be linked with intensification of construction
and reconstruction works in the city of Gyumri and heavy traffic with increasing
amounts of trucks and other cargo vehicles.

СONCLUSIONS
Our research enabled us to conclude that
- Heavy metals have a property to accumulate in the leaves of arboreous plants
and vegetable species,
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- Leaves of the studied arboreous species widely spread in Yerevan absorb and
accumulate heavy metals and particularly Pb, Ni and Mo,
- Dominating pollutants of vegetable species in Yerevan are Ni, Pb и Mn, and
in Gyumri – Cd, Pb, Zn,
- Pb concentrations in arboreous plants and vegetable species showed an
inclination to a steady increase particularly in recent years.
A nice heavy metal tolerance displayed by Robinia pseudoacacia L., Populus alba
L., Fraxinus excelsior L., allows to widely use them in target tree planting on the entire
territory of Yerevan and along highways in particular.
The obtained results support a necessity to strengthen a control over farm crops
grown in cities and are advised to be used while taking ecological situation
improvement actions aiming mitigation of ecological risk to the health of local people.
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