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Abstract: Cupressusempervirensl.igustrum ovalifolium andEuonymus japonicus (ever green) needles were
evaluated as the possible biomonitors of heavy In@tapollution in Damascus (Syria). The needleseve
sampled from three sites with different degreesefal pollution (near roads). The concentration®lof Zn,

Cr, Cd, Co, Ni, and Cu were measured by using radlatomic absorption spectrophotometer. The maximal
values of these metals were found.igustrum ovalifoliumin site 1. Furthermore, sites with high trafficdiy

and frequency of cars stoppage showed high heawal neencentrations. However, the comparison of
concentrations of all metals showed that the zind ad had the highest concentration of all. Cague
sempervirend,igustrum ovalifolium andEuonymus japonicus can be successfully applied in biomonitoring of
air pollution.
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Introduction

The metals are classified as “heavy metals” ifhiait standard state they have a specific gravity of
more than 5 g/cm3. There are known sixty heavy isieleavy metals get accumulated in time in said a
plants and could have a negative influence on plogical activities of plants (e.g.photosynthegjaseous
exchange, and nutrient absorption), determiningréaleictions in plant growth, dry matter accumulatand
yield [1,2]. In small concentrations, the tracedh® heavy metals in plants or animals are noct{8{. Lead,
cadmium and mercury are exceptions; they are ®xén in very low concentrations [4].

Heavy metal pollution represents an important emvitental problem due to toxic effect of metals, and
their accumulation throughout the food chain legdim serious ecological and health problems. Ireliging
countries an estimated 0.5-1.0 million peoplesmtmmaturely each year as a result of exposure ianuair
pollution [5]. The emission of toxic substancesitihe environment has spread mainly from industed
countries. However, many industrial plants and egflg road traffic may emit heavy metals into the
atmosphere. LEYGONIE [6] noted that, fossil fuetshmin many kinds of heavy metals which are emitted
during the combustion of those fuels. Furthermtre,wear of auto tires, degradation of parts ameaally
paint, and metals in catalysts are all suspected.

[7,8,9,10,11] Generally, traffic related pollutamslude toxic metals like lead, cadmium, copped an
zinc [12]. On the other hand, some trace metalessential in plant nutrition, but plants growingai polluted
environment can accumulate them at high conceotrs{i13,14].

The first attempts for (in the early 1960s) biontoring and assessment of environmental pollution
coming from exhaust gases of automobiles in raaificrwere based on the analyses of different frgessses
and vegetables that grow near highways and initles.cSince then phytomonitoring is increasingbgd as an
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alternative to the traditional methods, for studyithe regional deposition of natural and anthropape
pollutants from the atmosphere to the terrestri@irenment [15,16,17] An advantage of plants asriuinitors
is that they are effective collectors which reflébe summarized effect of environmental pollutiomd a
accumulation of toxicants from the atmosphere (d#jom, binding and solubility of metals on the flea
surface)[18,19].

Recently, different bio-indicators are used in nhomng of the air pollution especially in urban ase
Botanical materials such as fungi, lichens, tremgiand leaves of higher plants have been usectextd
pollution level [20]. The use of higher plants, esplly different parts of trees, for air monitagipurpose is
becoming more and more widespread. Tree leavesheerewidely used as indicator of atmospheric golts
[21,22], and they are effective alternatives torti@e usual monitoring methods, including mosseklighens.
Trees are long-lived organisms, which can takerapetelements from the soil, water, or air, andinethem
for a long time [23]. However, the foliage of trepecies from contaminated regions can be consideseth
accumulation monitor where significant amount oferciical elements is cumulated on the leaf surface
[24,25,26]. The aim of this study is to determihe Pb, Cd, Cu,Zn, Ni, Co and Cr concentrationgavés of
Cupressusempervirendl.igustrum 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 Syhi@s,a continental climate in which the winters are
cold and the summers are dry and hot. The meafictdgnsity in the streets with heavy, medium aod |
traffic.

Samples

Samples of Cupressigempervirensligustrum ovalifolium and Euonymus japonicus leaves ( ever
green) were taken from trees growing at urban asEBsmascugAlbramicka, Sitel, city center areas exposed
to heavy vehicular traffic, and with dense popuolasi ,Almazh, Site2, 6K west from city center, hasdmam
level vehicular, Alsbabahrate, Site3, 4K eastmfraity center, has medium level vehicular, in teaasons,
February and July.Each leaf was picked on the side of the crownsnfptieavy traffic streets at about 5 m
from the street.The samples were collected in clean cellulose lsmgmrately and were brought to the
laboratory on the same dakhe leaves were prepared without washed with wdtexd at 60°C, powdered and
dried again at110 °C to constant weigtat emove moistuné7].Then the dried sample after charing, was
heated in a furnace for 4h at 5500C [28]. The austef china dish were cooled in desiccator and@.56M
HNO3(65% - Merck- Germany ) was added into the tlistlissolve its conteni3{gestion procedure) [29T he
solution was filtered and transferred to a 25 naskl and diluted to the mark [30].Estimation of hemetals
was carried out on flame atomic absorption Spebwtpmeter [FAAS] Yarian SpectrAA-55 modgl

Calibration of Equipment

Concentrations of Pb, Zn, Cu, Cd, Co, Cr, and Biendetermined by atomic absorption spectroscopy
using the Spectra (AA 55 VariarBor the elements under investigation we establishedollowing sensitivity
and detection limits respectively of the used FA#paratus Pb 0.2 and 1.0 ppm, Cr 0.5 and 3.0 ppn®.Z
and 1.0 ppm, Cu 0.5 and 3.0 ppm, Zn 0.05 and @@ o 1.0 and 5.0 ppm, Ni 0.5 and 4.0 ppm.

Results and Discussion

The heavy metals are introduced into the envirointerough so many sources which include,
decomposition of fossil fuels, smelting, glazintgotroplating,density of traffic [31, 32]. Some heavy metals
like Cd and Pb have been reported to have nokriwesimportance in human biochemistry and physiology
and consumption even at very low concentrations lwartoxic [33, 34].The chemical analysis revealed a
significant difference in Pb, Zn, Cu , Cd, Cr, GodaNi concentrations in needles samples collecten f
different sites[35]. This can be attributed to tiferent traffic density between the three sitéahle 1,2,
Figure 1,2) According toSRINIVAS [36] atmospheric metals are deposited kamtpsurfaces by rain and dust.
On the other hand, airborne pollutants can retaiteaf surfaces and some elements could enteheiatbmata
and accumulate in leaf tissues
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Table 1. Heavy metal contents (ppm % SD) in plantiFebruary .

Site plant Ni Co Cd Cr Zn Cu Pb

Site Ligustrum 0.43040.11 4.260+1.23 0.33340.1p 2.530+1/0 50.35®9#1 | 7.872+1.23 7.120+1.09
1 ovalifolium
Euonymus 0.249+0.121 3.676+1.02 0.166+0.056 0.401+0.141 QRk%.28 5.018+1.04 6.251+1.33
japonicus
Cupressus 0.196+0.097 1.648+0.891 0.061+0.013 0.211+0.089 6=0t1.03 3.824+1.0| 4.694+1.11
sempervirens
Site Ligustrum 0.334+0.102 3.246+1.09 0.20810.0138 2.007+1.p01 40x371.54| 6.271+1.23 6.083+1.72
2 ovalifolium

Euonymus 0.207+0.10 2.259+0.977 0.149+0.086 0.351+0.10 Z&@8.1 4.389+1.0§ 5.174+1.06
japonicus
Cupressus 0.135+0.096 1.403+0.99
sempervirens
Site Ligustrum 0.319+0.131 3.108+1.21] 0.174+0.093 1.616+0.p0 3B:2P0 6.052+1.22 5.335+1.11
3 ovalifolium
Euonymus 0.211+0.099 2.481+0.99
japonicus
Cupressus | 0.110+0.087 1.02840.958 0.030+0.013 0.068+0.020 33131.081 | 2.659+1.42 3.467+1.22
sempervirens

3=

0.010+0. 0.101+0.085 16582 3.752+1.1Q 4.161+1.24

o)

0.116+0.0y8 0.120+0.087 0&2+1.04 4.253+1.07 4.500+1.04

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

Site plant Ni Co Cd Cr Zn Cu Pb

Site Ligustrum 0.43440.140| 4.798+1.22 0.373#0.162 2.998+1.001 BmHx2.12 8.684+0.997| 7.666%0.54
1 ovalifolium
Euonymus 0.264+0.088| 3.993+#1.09 0.158+0.0%5 0.658+0.230 @M@3.033| 5.590+1.003 6.910+0.534
japonicu
Cupressus | 0.177+0.096| 1.850+0.056 0.083+0.026 0.298+0.044 0®*1.910| 4.444+0.999 4.837+0.662
sempervirens
Site Ligustrum 0.352+0.996| 3.824+1.043 0.250+0.098 2.115+1.010 688Bt1.45 6.754+1.011] 6.750+0.989
2 ovalifolium
Euonymus 0.27340.10 2.828+1.01] 0.191+0.035 0.513#0.102  2ZB:9411 4.448+0.996| 5.983+0.55
japonicus
Cupressus | 0.140+0.091| 1.918+0.078 0.072+0.020 0.211+0.088 041:1.088| 3.900+0.992 4.642+0.565
sempervirens
Site Ligustrum 0.33740.102| 3.556+1.20 0.183+#0.032 1.849+0.132 &B:T.32 6.906+1.001| 5.770+0.76
3 ovalifolium
Euonymus 0.238+0.069| 2.979+1.024
japonicus
Cupressus | 0.114+0.095| 1.621+0.840 0.066+0.022 0.089+0.010 093#1.202| 2.800+0.989 9.950+0.743
sempervirens

D

C

~

[y

&=

0.125+0.089 0.240+0.066 21=t1.070| 4.640+0.0778 4.854+0.721

However, comparison of concentrations of all metsti®wed that the zinc one had the highest
concentration of all. The average highest valu&mf(50.412 ppm) were detected lingustrum ovalifoliu m
collected from site 1 injuly, whilst the lowest (13.351 ppm) was measured ipré€ssussempervirens
collected from the siteB February . It was observed that the second highest valgge found inEuonymus
japonicuscollected from site 1iduly (48.560 ppm). The environmental pollution of Zreafty influences the
concentrations of this metal in plants [36]. Znsas mainly from atmospheric deposition and cousd dle
derived from vehicular traffic[37]. Zinc levels cd® enhanced in automobile exhaust, may be elevetad
roadways due to tire wear. On the other hand, &ran essential element for plants and is considasean
important factor in the biosynthesis of enzymesijrmiand some proteins. But when their concentati@ach
a certain level, they become toxic to plants ambrts produce various physiological and biochemit@nges
in plants. A critical toxic level of Zn in thedees is about 100ppm [38,39]. According to thedaes the
sampling locationsZn concentrations found in our study are smalentthe normal limits. Therefore, it can
be supposed that all the three sites studied wepmlluted with Zn.

The Pb concentrations were the highedtimustrum ovalifolium at sitel in July (7.666 ppm), and the
lowest in Cupressusempervirens collected from the sitaB February (3.467 ppm), whereas the second
highest value was foundEnonymus japonicus at site 1 in July (6.910 ppm). Lead pollution oloeal scale is
caused bymissions from vehicles using leaded gasoline [B8Y. Lead is known as a deadly and cumulative
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poison even when consumed in small quantities srmépable of deadening nerve receptors in man 4.
relationship between lead concentrations and traitensity has been demonstrated in detail by naartlors
[42,43,44]. ALLEN [45] considerethat the normal content of Pb in plants is less tBgpm. In general, Pb
concentrations in vegetation grown in industriatl amban areas have increased in recent decadeg ¢win
human activities and road traffic. According to oesults, there is lead pollution in all samplealirsites.
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Figure 1 . Heavy metal contents (ppm) in plant in Ebruary.
(1:Site 1, 2: Site 2, 3: Site 3)
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Figure 2 . Heavy metal contents (ppm) in plant in Uly.
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The average highest value of Cu (8.684 ppm) wasddn Ligustrum ovalifolium in July at sitel,
whilst the lowest ((2.659 ppm) was measured inCGagussempervirens collected from the sit@3February.
Copper is an important component for many enzymésgch catalyze oxidation and reduction reactionse T
main sources of Cu are home tools production, nmetatipulating, road traffic and ashes [46]. KABATA-
PENDIAS & PIOTROWASKA [47] reported that the norntantent of Cu in plants ranges to be 2-20 ppm, but
in most cases it is in a narrower range of 4-12 .pfocording to these values, the Cu concentrationadin
this study are near the normal limits. The avetsigbest value of nickel (0.434ppm) was found.igustrum
ovalifolium in July collected from site 1, whereas the lowestan value was determined in inCupressus
sempervirens in February at site 3(0.110ppm).ds wbserved that the second highest values wenal fiou
Euonymus japonicus collected in July collected from site 1 (0.264ppiif)ese results indicate that the origin of
nickel in the investigated locations is relatedve&hicular traffic. Ni is essential element for gkmn low
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concentrations and is absorbed easily and rapylhém [48].According to AL-SHAYEB & SEAWARDI[49]
the highest concentrations of nickel are attributedmissions from motor-vehicle that use nickedaliae and
by abrasion and corrosion of nickel from vehicletipa

Co content in the leaves of all the sampling plagas much higher than the critical limit value [50]
the toxic level in plant is about 0.5 ppm [51]. Qesults show that the investigation area runsla of Co
pollution in all samples. The maximum chromium al{2.998 ppm) in this study was found Lirgustrum
ovalifoliu m samples collected from Site 1 in July (Table R)s lower than Critical levels of Cr for the ptan
(5-10 ppm) [52], (0.006-18 ppm) [53].The main sauraf nvironmental Cr pollution Mining, industrial
coolants, chromium salts manufacturing, leathemitam ,lead acid batteries, paints, E-waste, Sneeltin
operations, coal- based thermal power plants, desatmangle industry [54].

Our findings for Cd in the leaves samples showethéni levels and there is risk from cadmium in the
investigation area. The samples have higher Cdeobrihan critical levels for plants (0.05 ppm; [65The
results showed that there was cadmium pollutioplamts, main source of environmental Cd pollutisrthe
ferrous-steal industry. In addition, vehicle wheetineral oils and usage of waste mud may introaacenium
into the soil and this increases Cd levels of thats [56,57].

Conclusion

The results of this study show that the highest taedowest concentrations of Pb, Cu, Zn,Co, Cr,Cd
and Ni were found near the road. This indicatestti@vehicular traffic has been major source @yanetal
contamination in urban areas. Tree leaves have hédely used as indicator of atmospheric pollutions
Atmospheric metals are deposited on plant surfagesain and dust. On the other hand, airborne foils can
retain on leaf surfaces and some elements coud eiat the stomata and accumulate in leaf tissues.
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