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Abstract:  Cupressus sempervirens, Ligustrum ovalifolium and Euonymus japonicus (ever green) needles were 
evaluated as the possible biomonitors of heavy metal air pollution in Damascus (Syria). The needles were 
sampled from three sites with different degrees of metal pollution (near roads). The concentrations of Pb, Zn, 
Cr, Cd, Co, Ni, and Cu were measured by using a flame atomic absorption spectrophotometer. The maximal 
values of these metals were found in Ligustrum ovalifolium in site 1. Furthermore, sites with high traffic density 
and frequency of cars stoppage showed high heavy metal concentrations. However, the comparison of 
concentrations of all metals showed that the zinc and lead had the highest concentration of all. Cupressus 
sempervirens, Ligustrum ovalifolium and Euonymus  japonicus can be successfully applied in biomonitoring of 
air pollution. 
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Introduction  

The metals are classified as “heavy metals” if in their standard state they have a specific gravity of 
more than 5 g/cm3. There are known sixty heavy metals. Heavy metals get accumulated in time in soils and 
plants and could have a negative influence on physiological activities of plants (e.g.photosynthesis, gaseous 
exchange, and nutrient absorption), determining the reductions in plant growth, dry matter accumulation and 
yield [1,2]. In small concentrations, the traces of the heavy metals in plants or animals are not toxic [3]. Lead, 
cadmium and mercury are exceptions; they are toxic even in very low concentrations [4]. 

Heavy metal pollution represents an important environmental problem due to toxic effect of metals, and 
their accumulation throughout the food chain leading to serious ecological and health problems. In developing 
countries an estimated 0.5-1.0 million peoples die prematurely each year as a result of exposure to urban air 
pollution [5]. The emission of toxic substances into the environment has spread mainly from industrialized 
countries. However, many industrial plants and especially road traffic may emit heavy metals into the 
atmosphere. LEYGONIE [6] noted that, fossil fuels contain many kinds of heavy metals which are emitted 
during the combustion of those fuels. Furthermore, the wear of auto tires, degradation of parts and especially 
paint, and metals in catalysts are all suspected. 

[7,8,9,10,11] Generally, traffic related pollutants include toxic metals like lead, cadmium, copper and 
zinc [12]. On the other hand, some trace metals are essential in plant nutrition, but plants growing in a polluted 
environment can accumulate them at high concentrations [13,14]. 

The first attempts for (in the early 1960s) biomonitoring and assessment of environmental pollution 
coming from exhaust gases of automobiles in road traffic were based on the analyses of different trees, grasses 
and vegetables that grow near highways and in the cities. Since then phytomonitoring is increasingly used as an 
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alternative to the traditional methods, for studying the regional deposition of natural and anthropogenic 
pollutants from the atmosphere to the terrestrial environment [15,16,17] An advantage of plants as biomonitors 
is that they are effective collectors which reflect the summarized effect of environmental pollution and 
accumulation of toxicants from the atmosphere (deposition, binding and solubility of metals on the leaf 
surface)[18,19]. 

Recently, different bio-indicators are used in monitoring of the air pollution especially in urban areas. 
Botanical materials such as fungi, lichens, tree rings and leaves of higher plants have been used to detect 
pollution level [20]. The use of higher plants, especially different parts of trees, for air monitoring purpose is 
becoming more and more widespread. Tree leaves have been widely used as indicator of atmospheric pollutions 
[21,22], and they are effective alternatives to the more usual monitoring methods, including mosses and lichens. 
Trees are long-lived organisms, which can take up trace elements from the soil, water, or air, and retain them 
for a long time [23]. However, the foliage of tree species from contaminated regions can be considered as an 
accumulation monitor where significant amount of chemical elements is cumulated on the leaf surface 
[24,25,26]. The aim of this study is to determine the Pb, Cd, Cu,Zn, Ni, Co and Cr concentrations in leaves of 
Cupressus sempervirens, Ligustrum ovalifolium and  Euonymus  japonicus  ( ever green) were taken from trees 
growing at urban areas of Damascus( Syria) . 

Materials and Methods 

Experimental Site 

The study area is Damascus, the capital of Syria , has a continental climate in which the winters are 
cold and the summers are dry and hot. The mean traffic density in the streets with heavy, medium and low 
traffic. 

Samples 

Samples of Cupressus sempervirens, Ligustrum ovalifolium and  Euonymus  japonicus leaves ( ever 
green) were taken from trees growing at urban areas of Damascus (Albramicka, Site1, city center areas exposed 
to heavy vehicular traffic, and with dense populations ,Almazh, Site2, 6K west from city center, has medium 
level vehicular, Alsbabahrate, Site3,  4K east  from city center,  has medium level vehicular, in two seasons, 
February and July.  Each leaf was picked on the side of the crowns facing heavy traffic streets at about 5 m 
from the street. The samples were collected in clean cellulose bags separately and were brought to the 
laboratory on the same day. The leaves were prepared without washed with water, dried at 60ºC, powdered and 
dried again at110 ºC to constant weight (to remove moisture)[27].Then the dried sample after charing, was 
heated in a furnace for 4h at 550oC [28]. The contents of china dish were cooled in desiccator and 2.5 mL 6M 
HNO3(65% - Merck- Germany ) was added into the dish to dissolve its contents(Digestion procedure) [29]. The 
solution was filtered and transferred to a 25 mL flask and diluted to the mark [30].Estimation of heavy metals 
was carried out on flame atomic absorption Spectrophotometer [FAAS] (Varian SpectrAA-55 model). 

Calibration of Equipment 

Concentrations of Pb, Zn, Cu, Cd, Co,  Cr, and Ni were determined by atomic absorption spectroscopy 
using the Spectra (AA 55 Varian). For the elements under investigation we established the following sensitivity 
and detection limits respectively of the used FAAS apparatus Pb 0.2 and 1.0 ppm, Cr 0.5 and 3.0 ppm, Cd 0.2 
and 1.0 ppm, Cu 0.5 and 3.0 ppm , Zn 0.05 and 5.0 ppm, Co 1.0 and 5.0 ppm, Ni 0.5 and 4.0 ppm. 

Results and Discussion 

The heavy metals are introduced into the environment through so many sources which include, 
decomposition of fossil fuels, smelting, glazing, electroplating, density of traffic [31, 32]. Some heavy metals 
like  Cd and Pb have been reported to have noknown bio-importance in human biochemistry and physiology 
and consumption even at very low concentrations can be toxic [33, 34].The chemical analysis revealed a 
significant difference in Pb, Zn, Cu , Cd, Cr, Co and Ni concentrations in needles samples collected from 
different sites[35]. This can be attributed to the different traffic density between the three sites (Table 1,2, 
Figure 1,2). According to SRINIVAS [36] atmospheric metals are deposited on plant surfaces by rain and dust. 
On the other hand, airborne pollutants can retain on leaf surfaces and some elements could enter via the stomata 
and accumulate in leaf tissues. 
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Table 1. Heavy metal contents (ppm ± SD) in plant in February . 

Site plant Ni Co Cd Cr Zn Cu Pb 

Ligustrum 
ovalifolium 

0.430±0.11 4.260±1.23 0.333±0.12 2.530±1.0 50.359±1.67 7.872±1.23 7.120±1.09 

Euonymus  
japonicus 

0.249±0.121 3.676±1.02 0.166±0.056 0.401±0.141 44.500±1.28 5.018±1.04 6.251±1.33 

Site 
1 

Cupressus 
sempervirens 

0.196±0.097 1.648±0.891 0.061±0.013 0.211±0.089 30.651±1.03 3.824±1.0 4.694±1.11 

Ligustrum 
ovalifolium 

0.334±0.102 3.246±1.09 0.208±0.088 2.007±1.01 40.371±1.1.54 6.271±1.23 6.083±1.72 

Euonymus  
japonicus 

0.207±0.10 2.259±0.977 0.149±0.086 0.351±0.10 25.689±1.11 4.389±1.05 5.174±1.06 

Site 
2 

Cupressus 
sempervirens 

0.135±0.096 1.403±0.994 0.010±0.0 0.101±0.085 16.542±1.32 3.752±1.10 4.161±1.24 

Ligustrum 
ovalifolium 

0.319±0.131 3.108±1.21 0.174±0.093 1.616±0.90 38.271±1.90 6.052±1.22 5.335±1.11 

Euonymus  
japonicus 

0.211±0.099 2.481±0.999 0.116±0.078 0.120±0.087 22.060±1.04 4.253±1.07 4.500±1.04 

Site 
3 

Cupressus 
sempervirens 

0.110±0.087 1.028±0.953 0.030±0.013 0.068±0.020 13.351±1.081 2.659±1.42 3.467±1.22 

 
 

 
Table 2. Heavy metal contents (ppm) in plant in July . 

Site plant Ni Co Cd Cr Zn Cu Pb 

Ligustrum 
ovalifolium 

0.434±0.140 4.798±1.22 0.373±0.162 2.998±1.001 50.412±2.12 8.684±0.997 7.666±0.544 

Euonymus  
japonicu 

0.264±0.088 3.993±1.09 0.158±0.055 0.658±0.230 48.560±2.033 5.590±1.003 6.910±0.534 

Site 
1 

Cupressus 
sempervirens 

0.177±0.096 1.850±0.056 0.083±0.026 0.298±0.044 31.090±1.910 4.444±0.999 4.837±0.662 

Ligustrum 
ovalifolium 

0.352±0.996 3.824±1.043 0.250±0.098 2.115±1.010 43.689±1.45 6.754±1.011 6.750±0.989 

Euonymus  
japonicus 

0.273±0.10 2.828±1.01 0.191±0.035 0.513±0.102 28.949±1.11 4.448±0.996 5.983±0.557 

Site 
2 

Cupressus 
sempervirens 

0.140±0.091 1.918±0.078 0.072±0.020 0.211±0.088 18.045±1.088 3.900±0.992 4.642±0.565 

Ligustrum 
ovalifoliu m 

0.337±0.102 3.556±1.20 0.183±0.032 1.849±0.732 38.789±1.32 6.906±1.001 5.770±0.761 

Euonymus  
japonicus 

0.238±0.069 2.979±1.024 0.125±0.089 0.240±0.066 24.215±1.070 4.640±0.0778 4.854±0.721 

Site 
3 

Cupressus 
sempervirens 

0.114±0.095 1.621±0.840 0.066±0.022 0.089±0.010 14.093±1.202 2.800±0. 989 9.950±0.743 

 
 

However, comparison of concentrations of all metals showed that the zinc one had the highest 
concentration of all. The average highest value of Zn (50.412 ppm) were detected in Ligustrum ovalifoliu m 
collected from site 1 in July, whilst the lowest (13.351 ppm) was measured in Cupressus sempervirens 
collected from the site3 in February . It was observed that the second highest values were found in Euonymus  
japonicuscollected from site 1in July (48.560 ppm). The environmental pollution of Zn greatly influences the 
concentrations of this metal in plants [36]. Zn arises mainly from atmospheric deposition and could also be 
derived from vehicular traffic[37]. Zinc levels can be enhanced in automobile exhaust, may be elevated near 
roadways due to tire wear. On the other hand, zinc is an essential element for plants and is considered as an 
important factor in the biosynthesis of enzymes, auxins and some proteins. But when their concentrations reach 
a certain level, they become toxic to plants and reports produce various physiological and biochemical changes 
in plants.   A critical toxic level of Zn in the leaves is about 100ppm [38,39]. According to these values, the 
sampling locations Zn concentrations found in our study are smaller than the normal limits. Therefore, it can 
be supposed that all the three sites studied were un polluted with Zn. 

The Pb concentrations were the highest in Ligustrum ovalifoliu m at site1 in July (7.666 ppm), and the 
lowest in Cupressus sempervirens collected from the site3 in February (3.467 ppm), whereas the second 
highest value was found inEuonymus japonicus at site 1 in July (6.910 ppm). Lead pollution on a local scale is 
caused by emissions from vehicles using leaded gasoline [39,40,41]. Lead is known as a deadly and cumulative 
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poison even when consumed in small quantities and is capable of deadening nerve receptors in man [41]. The 
relationship between lead concentrations and traffic intensity has been demonstrated in detail by many authors 
[42,43,44]. ALLEN [45] considered that the normal content of Pb in plants is less than 3ppm. In general, Pb 
concentrations in vegetation grown in industrial and urban areas have increased in recent decades owing to 
human activities and road traffic. According to our results, there is lead pollution in all samples in all sites. 

 

 
Figure 1 . Heavy metal contents (ppm) in plant in February. 

(1:Site 1 , 2: Site 2 , 3: Site 3) 
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Figure 2 . Heavy metal contents (ppm) in plant in July. 
(1:Site 1 , 2: Site 2, 3: Site 3) 

 

 
The average highest value of Cu (8.684 ppm) was found in Ligustrum ovalifoliu m in July at site1, 

whilst the lowest ((2.659 ppm) was measured inCupressus sempervirens collected from the site3 in February. 
Copper is an important component for many enzymes, which catalyze oxidation and reduction reactions. The 
main sources of Cu are home tools production, metal manipulating, road traffic and ashes [46]. KABATA-
PENDIAS & PIOTROWASKA [47] reported that the normal content of Cu in plants ranges to be 2-20 ppm, but 
in most cases it is in a narrower range of 4-12 ppm. According to these values, the Cu concentrations found in 
this study are near the normal limits. The average highest value of nickel (0.434ppm) was found in Ligustrum 
ovalifoliu m in July collected from site 1, whereas the lowest mean value was determined in inCupressus 
sempervirens in February at site  3(0.110ppm). It was observed that the second highest values were found in 
Euonymus  japonicus collected in July collected from site 1 (0.264ppm). These results indicate that the origin of 
nickel in the investigated locations is related to vehicular traffic. Ni is essential element for plants in low 
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concentrations and is absorbed easily and rapidly by them [48].According to AL-SHAYEB & SEAWARD[49] 
the highest concentrations of nickel are attributed to emissions from motor-vehicle that use nickel gasoline and 
by abrasion and corrosion of nickel from vehicle parts. 

Co content in the leaves of all the sampling places was much higher than the critical limit value [50], 
the toxic level in plant is about 0.5 ppm [51]. Our results show that the investigation area runs a risk of Co 
pollution in all samples. The maximum chromium value (2.998 ppm) in this study was found in Ligustrum 
ovalifoliu m samples collected from Site 1 in July (Table 2). It is lower than  Critical levels of Cr for the plants 
(5-10 ppm) [52], (0.006-18 ppm) [53].The main source of nvironmental Cr pollution Mining, industrial 
coolants, chromium salts manufacturing, leather tanning ,lead acid batteries, paints, E-waste, Smelting 
operations, coal- based thermal power plants, ceramics, bangle industry [54]. 

Our findings for Cd in the leaves samples showed higher levels and there is risk from cadmium in the 
investigation area. The samples have higher Cd content than critical levels for plants (0.05 ppm; [55]). The 
results showed that there was cadmium pollution in plants, main source of environmental Cd pollution is the 
ferrous-steal industry. In addition, vehicle wheels, mineral oils and usage of waste mud may introduce cadmium 
into the soil and this increases Cd levels of the plants [56,57]. 

Conclusion 

The results of this study show that the highest and the lowest concentrations of Pb, Cu, Zn,Co, Cr,Cd 
and Ni were found near the road. This indicates that the vehicular traffic has been major source of heavy metal 
contamination in urban areas. Tree leaves have been widely used as indicator of atmospheric pollutions. 
Atmospheric metals are deposited on plant surfaces by rain and dust. On the other hand, airborne pollutants can 
retain on leaf surfaces and some elements could enter via the stomata and accumulate in leaf tissues. 
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