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Abstract 
The main of the research was to analyze the leaf metal accumulation capabil-
ity of Platanus acerifolia (Aiton) Willd., Ailantus altissima (Mill.) Swingle, 
Robinia pseudoacacia L. and Quercus ilex L., largely distributed in Rome. In 
addition, metal concentration was analyzed in the soil, sampling sites were 
chosen in historical parks (A sites) and high traffic level sites (B sites). The 
results highlight significant higher leaf and soil metal concentrations in B 
than in A sites. The ratio between metal concentration in leaves and soils (Bi-
ological Absorption Coefficient, BAC) for all the considered sites was signifi-
cantly different among the species. Morphological and anatomical leaf traits 
of the considered species show significant differences in A and B sites in re-
sponse to traffic level. Overall, the results highlight the importance of the se-
lection of tree species in urban areas for their ability to lower pollution levels. 
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1. Introduction 

Atmospheric pollution is one of the most important problems in urban areas 
worldwide [1] [2] [3] having significant impacts on the population health, par-
ticularly in cities. In Europe, more than 85% of people are exposed to air pollu-
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tion in exceedance of the European standards [4]. Anthropogenic suspended 
particles in the atmosphere are usually associated with metals in airborne dust 
generated by traffic or industrial activity [5]. Vehicular traffic is one of the most 
significant sources of heavy metal emissions in urban areas, which has increased 
in the last years [6] [7] contributing by 57% - 75% to total emissions [8]. Air 
particulate is rich in metals, such as chromium, cadmium, copper, iron, nickel, 
lead, and zinc that can be a health hazard when incorporated into the body 
through inhalation [9]. Most of the toxic metals in the air are in form of fine 
particles, ranging from 0.003 µm to 10 µm [10]. [11] identified the association of 
traffic-related air pollution and the increase in myocardial infarction events, 
considering that heart disease and stroke are the most common reasons for 
premature death attributable to air pollution for 80% of the cases [9]. Neverthe-
less, vegetation that covers comparatively large segments of urban areas (i.e. 
private and public gardens, parks, sport fields, hedges and tree-lined avenues) is 
a valuable asset for modern cities delivering key functions and benefits [12]. In 
particular, urban green spaces play an important role from a social perspective 
by promoting physical activity, increasing people interaction [13] and reducing 
stress factors. Moreover, plants may reduce metal pollution levels by accumulat-
ing particulate matter on their surfaces [14] [15]. Particles can be deposited on 
plant surfaces and accumulated through sedimentation under the influence of 
gravity through impaction resulting from wind [16]. A large amount of these 
particles are accumulated in internal leaf tissues [17] by absorbance via roots. 
The particles can be transferred from the leaf surface to the soil by rain [18]. The 
topsoil has a large quantity of metals due to its high amount of organic substance 
[19]. The extent of metals in urban soils depends also on the deposition time as 
well as the transport rate [20]. As for plants, in comparison to annuals, trees trap 
and store more particles due to their larger total leaf surface area [21]. Neverthe-
less, each species has a different capability of particles capture [22] evergreens 
being better traps for particles than deciduous species because of their longer leaf 
longevity, which can accumulate particles throughout the year [17]. Moreover, 
deposition rates depend on air movement in the crown, transfer through the 
boundary layer adjacent to surfaces and the absorption capability of leaves. 
Thus, information on atmospheric pollution can be deduced from the concen-
tration of specific substances in plant tissues offering low-cost information about 
the environmental quality [8] [23]. Nevertheless, the basic criteria for the selec-
tion of plants for biomonitoring are that species should be present in a large 
number all over the monitoring area and widely spread, thus providing a high 
density of sampling points.  

In such context, the main objective of this research was to analyze the metal 
accumulation capability by Platanus acerifolia (Aiton) Willd., Ailantus altissima 
(Mill.) Swingle, Robinia pseudoacacia L. and Quercus ilex L., largely distributed 
in Rome. Rome is among the largest European cities with a large extension of the 
urbanized area (129.000 ha, of which 43,000 ha of greening and 50,000 ha of 
agricultural areas), 2,872,800 inhabitants [24], the dominant role of expansion 
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and a large movement of public and private means of transportation (3,505,795; 
data from Automobile Club Italy 2017) which is a significant source of pollution 
emissions. The largest pollution emission occurs during the daytime peaking in 
the first hours of the morning when traffic density is the and from autumn to 
spring, decreasing in summer when traffic density decreases. Rome is also cha-
racterized by a high volume of green areas with important historical parks [25]. 
The urbanization process in Rome has been increasing during the last years, and 
many new suburban areas have been built by scaling down free areas surround-
ing the city, which is changing into a mega city. For such characteristics, Rome 
may represent an ideal system to study the possibility of improving environ-
mental quality by the selection of plant species that may contribute to lower 
pollution levels. Our data concerning P. acerifolia, R. pseudoacacia, A. altissima 
and Q. ilex metal accumulation capability can be incorporated into a geographic 
information system available for urban greening projects and can be exported to 
other urban areas.  

2. Materials and Methods  

2.1. Study Area and Climate 

The study was carried out in Rome (41˚53'N 12˚29'E) in the period April-July 
2019. Different types of sites were selected: historical parks (A sites) and high 
traffic density sites (B sites) (Figure 1 and Table 1). Traffic density (number of 
cars min−1) was monitored in the selected streets in June 2019 (mean value of the 
first 10 days of June) from 7:30 to 10:00 (peak hours, Gratani and Varone, 2013). 
In all the considered sites were present P. acerifolia (a naturalized species), R. 
pseudoacacia and A. altissima (two invasive alien species, IAS) and Q. ilex (a 
native species). The territory of Rome is between two distinct volcanic dis-
tricts: the Albani Hills to southeast of the city and the Sabatini Mountains to 
northwest [26]. The natural vegetation of the city consists of strips of persistent 
meadows of the suburban areas, trampled down environments, shrubs, ruderal 
or nitrophylous vegetation and fragments of deciduous and evergreen woods 
[27]. Most avenues are characterized by Quercus ilex, Quercus pubescens Willd., 
Platanus acerifolia and Pinus pinea L. 

Rome is under a Mediterranean type of climate. The average total annual 
rainfall was 841 mm most of it distributed in autumn and winter. The average 
maximum air temperature of the hottest months (July and August) was 31.9˚C ± 
0.4˚C and the average minimum air temperature of the coldest month (January) 
was 4.8˚C ± 1.0˚C. The mean yearly air temperature was 16.7˚C ± 6.6˚C (Figure 
2). In the year 2019, from January to July, total rainfall was 430.5 mm with a 
peak in May (101.7 mm), the mean minimum air temperature was in January 
(3˚C) and the mean maximum air temperature in July (33.6˚C). The mean air 
humidity was 67.6% (Figure 3) (data provided by the Lazio Regional Agency for 
Development and Agricultural Innovation Meteorological Station of Rome, Lan-
ciani Street, for the period 2008-2018 and for the study period in the year 2019).  
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Figure 1. Map of the considered sites in Rome. A sites: historical parks (A1 = Caffarella Valley Park, A2 = Borghese Historical 
Park, A3 = Doria Pamphjli Historical Park); B sites: high traffic level sites (B1 = Celio Hill, B2 = Oppio Hill, B3 = Passeggiata del 
Gianicolo Street). From Google My Maps. 
 
Table 1. Description of the considered sites: A sites (historical parks) and B sites (high traffic density streets). 

Site Latitude and Longitude Short description 

Caffarella Valley Park 
(A1) 

(41˚50'N; 12˚33'E) 
This site extends in the southeast of the city for 190 ha inside the Appia Antica Arc-

heological Park (3.296 ha); the vegetation is constituted largely by trees. 
http://www.parcoarcheologicoappiaantica.it/luoghi/caffarella/  

Borghese Historical Park  
(A2) 

(41˚54'N; 12˚29'E) 
This site extends over 80 ha in the city center; the vegetation covers 71.8%  

of the total surface of the park of which 55.6 are woods (Gratani et al; 2016). 

Doria Pamphilj Historical Park 
(A3) 

(41˚53'N; 12˚27'E) 
This site extends for 184 ha in the west of the city; it is one of the largest  

historical park in the city; the vegetation covers 89.7% of the total surface  
70% of it being woods (Gratani et al; 2016). 

Celio Hill 
(B1) 

(41˚53'N; 12˚29'E) 
This site extends over 2 ha in the city center; it is delimited by streets  

characterized by an all-day high traffic density (95.8 cars min−1). 

Oppio Hill 
(B2) 

(41˚53'N; 12˚29'E) 
This site extends for 11 ha in the city center; it is delimited by streets,  

characterized by an all-day traffic density (59.5 cars min−1). 

Passeggiata Gianicolo Street 
(B3) 

(41˚53'N; 12˚27'E) 
This site extends from Trastevere district to Garibaldi Square. The selected  

site run alongside the Bambino Gesu’ Hospital and is characterized by  
an all-day high traffic density (65 cars min−1). 
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Figure 2. Climatic diagram according to Bagnouls and Gaussen (1953), for the period 
2008-2018. The mean monthly air temperature (T˚) and the total monthly rainfall (R) are 
shown. The area between the two curves shows the period of summer drought. (Data 
provided by the Lazio Regional Agency for Development and Agricultural Innovation 
Meteorological Station of Rome, Lanciani Street). 

 

 
Figure 3. Trend of the total monthly rainfall (R) and the mean air temperature (T) from 
January to July 2019 (Data provided by the Lazio Regional Agency for Development and 
Agricultural Innovation Meteorological Station of Rome, Lanciani Street). 

2.2. The Studied Species  

Platanus acerifolia (Aiton) Willd., Ailantus altissima (Mill.) Swingle, Robinia 
pseudoacacia L. and Quercus ilex L. were studied. 

Platanus acerifolia is a fertile hybrid, generated spontaneously among Plata-
nus orientalis L., native to south-eastern Europe-Asia Minor and Platanus occi-
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dentalis L., native to North America and introduced in Europe starting from the 
16th century [28]. P. acerifolia is particularly resistant to stress factors including 
pollution. It can reach 40 m in height and the crown has an expanded globu-
lar-oval shape. The root system is characterized by main roots deepening into 
the soil with numerous branches, and secondary roots expanding horizontally 
and more superficially [28]. P. acerifolia was introduced in Rome in the late 
1800s when the Piemontese Administration, in the ambit of the first regulatory 
plan of Roma Capitale (1873-1883), planted P. acerifolia trees in parks, squares 
and along avenues, particularly in those of the Lungotevere [29]. Ailantus 
altissima is a deciduous broad-leaved tree species native to North-Eastern China 
and North Vietnam [30]. It is widely distributed throughout many temperate re-
gions of the world including all continents with the exception of Antarctica [31]. 
A. altissima was introduced in Europe in the late 17th century [32] and it is the 
most frequent non-native species in Italian cities [33]. A. altissima is among the 
most tolerant species to high pollution levels [34]. It may occur abundantly due 
to both an efficient sexual reproduction and a clonal growth. It is a shade 
intolerant species [35] although it can establish a ramet bank that can persist un-
til a gap opens in the forest canopy; moreover, rapid establishment, growth and a 
vegetative reproduction in high light environments make disturbed areas such as 
timber harvests particularly prone to invasion by A. altissima [36]. Allelopathic 
compounds in leaves, woods and roots [37] may exacerbate competitive exclu-
sion of native species aiding in the formation of dense, monotypic stands. Robi-
nia pseudoacacia is a deciduous broad-leaved species native to north America 
[38] which is considered one of the most invasive species worldwide [39], espe-
cially in Mediterranean countries [40]. Originally introduced as a garden and 
landscape ornamental plant, this species has been widely planted in Europe [41] 
in the late 18th and early 19th century. The species was introduced in Italy in 1662 
[42]. Allelopathic substances produced in bark and roots [43] and flavonoids 
isolated from leaves (robinetin, myricetin and quercetin) can inhibit the growth 
of herbaceous species. It is a light-demanding species, which rapidly colonizes 
forest gaps from seedlings and by sprouting from stumps and roots, but it tends 
to be replaced after 15 - 30 years by larger and more competitive tree species for 
its limited competitive ability [38]. R. pseudoacacia nitrogen-fixing capability fa-
cilitates the spread in urban areas where elevated CO2 concentrations lead to a 
marked increase in nitrogen fixation [44]. Quercus ilex is a broadleaved ever-
green species native to the Central-Western Mediterranean Basin [45]. Its natu-
ral distribution occurs from Portugal and Marocco to the Aegean Islands and 
Western Turkey, expanding northward up to Italy and France. Its altitudinal 
range is variable from the coast to 1800 m a.s.l. in southern Spain, and 2900 m 
a.s.l. in Marocco in the western part of the High Atlas [45]. It is limited in its 
southern range by the longer summer drought [46] and in latitude by factors as-
sociated with low air temperature. Q. ilex occurring in mesic through xeric ha-
bitats is a shade-tolerant species [47] which is widely used for restoration of 
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heavily deforested areas and abandoned croplands in the Mediterranean Basin. 
Q. ilex has been widely used as ornamental tree in parks, gardens and avenues in 
the city of Rome since the 16th century.  

2.3. Tree Structure  

Measurements of tree structural traits were conducted in June 2019. Trees were 
selected in the considered sites (three plants per each species and per each site). 
Tree diameter at breast height (DBH, cm) was measured by callipters (Silvanus 
callipter) and by a DBH tape when the diameter was greater than 65 cm. Tree 
height and crown height (H and h, respectively) were measured by electronic 
clinometers (Haglof, Sweden).  

2.4. Leaf and Soil Sampling  

Fully expanded sun leaves were collected at the beginning of July from the ex-
ternal portion of the tree crown (south-eastern side) for leaf morphological traits 
(10 leaves per each species and per each site) anatomical traits (10 leaves per 
each species and per each site) and for mineral content analysis (30 leaves per 
each species and per each site). Soil samples were collected near the selected 
trees (500 g per each site) after removing litter, at a depth of 0-15 cm, according 
to [48]. Leaf and soil samples were stored in polyethylene bags and transferred 
immediately to the laboratory.  

2.5. Leaf Morphology and Anatomy 

The following morphological parameters were measured for each site: leaf area 
excluding the petiole (LA, cm2), obtained by the Image Analysis System (Delta-T 
Devices, UK), leaf dry mass (DM, mg), drying at 80˚C to constant mass. Leaf 
mass per unit of leaf area (LMA, mg∙cm−2) was calculated by the ratio between 
DM and LA. Total leaf thickness (LT, μm) was analyzed by a light microscopy 
using an image analysis system (Axiovision AC software). 

2.6. Analytical Determination of Metals in Leaves and Soils 

Leaf and soil samples were submitted to a pre-scanning treatment, according to 
[49]. Leaf samples were oven dry at 70˚ for 4 hours, ground to pass 2 mm sieve. 
Compressed air was used to clean the grinder and sieve between new samples 
processing to prevent cross contamination. Soil samples were treated with the 
same procedure. All leaf and soil samples were placed in hermetic plastic bottles 
and transferred to the laboratory of the Department of Soil and Plant, Texas 
Tech University TTU (Lubbock, Texas, USA) for the scanning process by a 
Portable X-Ray Fluorescence (PXRF) Olympus Vanta M series PXRF on line 
power (110 VAC) featuring an Rh X-ray tube in a Geochemical mode. Scanning 
(dwell) time was 45 s per beam, 2 beams ere scanned sequentially such that one 
scan was complete in 90 s. Samples were massed on a 4 µm prolene thin film, 
placed on the sample stage in a test stand, covered with a Pb cup and scanned. 
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The PXRF is a non-destructive proximal sensing instrument for the determi-
nation of elements in soil [50]. The iron (Fe), copper (Cu), lead (Pb), zinc 
(Zn), strontium (Sr), cadmium (Cd), yttirium (Y), rubidium (Rb), thorium 
(Th), uranium (U), sulfur (S), arsenic (As), potassium (K), calcium (Ca) and 
manganese (Mn) concentrations were determined in leaf and soil samples 
from A and B sites. Detection limits for the elements are 5 ppm for Fe, Pb, Zn, 
Sr, Cd, Y, Rb, Th, As and Mn; 10 ppm for Cu; 25 ppm for K and Ca; 50 ppm for 
S (https://www.olympus-ims.com/it/vanta/#!cms[tab]=%2Fvanta%2Fresources). 

2.7. The Biological Absorption Coefficient (BAC) 

The Biological Absorption Coefficient (BAC) was calculated by the ratio be-
tween leaf and soil metal concentration) for all the considered species in the se-
lected sites, according to [51]. 

2.8. Statistical Analysis  

Data were analyzed by one-way analysis of variance (ANOVA) followed by the 
Tukey test for multiple comparisons to detect significance differences among 
each species collected in different sites. All statistical tests were performed using 
a statistical software package (Statistica 8.0, Statsoft, USA). The Pearson’s corre-
lation coefficient was used to analyzed the relationship between the considered 
metals in leaves of the selected species. 

3. Results 
3.1. Tree Structure 

The structural traits of the considered trees species per each of the considered 
sites are shown in Table 2. The mean value of DBH, H and h for A and B sites 
were 1.76 ± 0.52 m, 17.55 ± 3.99 m, 12.93 ± 3.91 m, respectively, for A. altissima; 
1.81 ± 0.41 m, 16.98 ± 2.98 m, 12.29 ± 2.55 m, respectively, for R. pseudoacacia; 
1.91 ± 0.38 m, 18.73 ± 2.58 m, 15.74 ± 3.28 m, respectively, for P. acerifolia and 
1.74 ± 0.06 m, 10.02 ± 0.80 m, 8.03 ± 0.94 m, respectively, for Q. ilex.  

3.2. Leaf Morphology and Anatomy 

The results of leaf morphological and anatomical analysis for all the considered 
species are shown in Table 3. LA was significantly higher for R. pseudoacacia, P. 
acerifolia, A. altissima in A sites (248.40 ± 77.13 cm2, 195.96 ± 25.58 cm2, 939.53 
± 98.21 cm2, respectively, mean value) than in B sites. Q. ilex had an opposite 
trend with the highest values in B sites (13.31 ± 3.10 cm2, mean value) than in A 
sites. DM had significant higher values in A sites (1.08 ± 0.39 g, 1.09 ± 0.27 g, 
5.42 ± 1.22 g, mean value) than in B sites for R. pseudoacacia, P. acerifolia and 
A. altissima, respectively, Q. ilex having an opposite trend with the highest value 
in B sites (0.19 ± 0.06 g, mean value) than in A sites. LMA had significantly 
higher values for P. acerifolia in A sites (5.62 ± 1.38 mg∙cm−2, mean value) than 
in B sites, Q. ilex having an opposite trend with the highest values in B sites 
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(14.08 ± 2.61 mg∙cm−2). A. altissima and R. pseudoacacia did not show signifi-
cant differences in LMA between A and B sites. LT was significantly higher in A 
sites for R. pseudoacacia, A. altissima and P. acerifolia (135.13 ± 4.00 µm, 214.10 
± 5.24 µm, 215.30 ± 16.75 µm) than in B sites, Q. ilex having an opposite trend 
with a higher values in B sites (192.57 ± 41.20 µm) than in A sites. 

3.3. Metal Concentration in Leaves 

Leaf metal concentrations of the considered trees species in the selected sites are 
shown in Table 4. The leaf metals concentration related to traffic density was 
significantly higher in B sites for all the considered species. In particular, Q. ilex 
had a significant higher concentration of Fe, Cu, Pb, Zn, Sr and S in B sites de-
creasing by 36.5%, 51.5%, 40.0%, 29.9%, 54.3% and 43.0%, respectively, in A 
sites (mean value). P. acerifolia has significantly higher Fe, Pb, Cu and Cd values 
in B sites decreasing by 53.1%, 30.8%, 31.1% and 31.6%, respectively, in A sites, 
while Rb concentration was significantly lower in B sites increasing by 95.5% in 
A sites. R. pseudoacacia had significantly higher Fe, Cu, Sr and S values in B sites 
decreasing by 34.6%, 47.4%, 38.8% and 24.1%, respectively, in A sites (mean 
value). A. altissima had a significant higher Fe, Cu and Pb in B sites decreasing 
by 37.9%, 44.9% and 42.9% in A sites (mean value), while Mn was significantly 
lower in B sites increasing by 345.5% in A sites.  

 
Table 2. Structural traits of the considered trees (mean value for each A and B sites): DBH = diameter at breast height (m); H = 
tree height (m); h = crown height (m) in the selected sites (mean value). A sites: historical parks (A1 = Caffarella Valley Park, A2 = 
Borghese Historical Park, A3 = Doria Pamphjli Historical Park), B sites: high traffic level sites (B1 = Celio Hill, B2 = Oppio Hill, 
B3 = Passeggiata del Gianicolo Street). 

SPECIES  SITE DBH H  h  SPECIES  SITE DBH H  h  

A
. a

lti
ss

im
a 

A1 1.63 ± 0.38 15.43 ± 1.10 10.56 ± 1.07 

P.
 a

ce
rif

ol
ia

 

A1 1.95 ± 1.13 22.00 ± 2.92 20.08 ± 3.22 

A2 1.83 ± 0.35 25.50 ± 1.80 20.17 ± 1.89 A2 1.96 ± 0.40 16.38 ± 1.17 13.20 ± 1.79 

A3 1.54 ± 0.01 16.03 ± 1.66 10.98 ± 0.81 A3 1.75 ± 0.25 17.82 ± 1.33 15.24 ± 1.53 

B1 1.37 ± 0.06 15.00 ± 1.00 10.30 ± 0.62 B1 1.30 ± 0.12 15.65 ± 0.92 11.19 ± 1.81 

B2 2.77 ± 0.07 17.50 ± 1.50 14.73 ± 1.54 B2 2.03 ± 0.69 19.20 ± 1.61 16.31 ± 2.03 

B3 1.43 ± 0.06 15.83 ± 2.72 10.84 ± 1.65 B3 2.45 ± 0.71 21.31 ± 2.73 18.43 ± 2.41 

mean value 1.76 ± 0.52 17.55 ± 3.99 12.93 ± 3.91 mean value 1.91 ± 0.38 18.73 ± 2.58 15.74 ± 3.28 

R.
 p

se
ud

oa
ca

ci
a 

A1 1.90 ± 0.17 16.73 ± 1.78 11.46 ± 1.25 

Q
. i

le
x 

A1 1.71 ± 0.07 9.23 ± 0.59 6.76 ± 0.64 

A2 1.82 ± 0.18 17.43 ± 0.75 13.63 ± 0.80 A2 1.78 ± 0.08 11.30 ± 1.01 9.52 ± 1.06 

A3 1.27 ± 0.24 14.97 ± 1.47 10.25 ± 1.00 A3 1.81 ± 0.10 9.70 ± 0.74 8.04 ± 0.88 

B1 2.50 ± 0.30 20.50 ± 2.05 14.23 ± 1.45 B1 1.65 ± 0.05 10.52 ± 0.80 8.30 ± 0.93 

B2 1.53 ± 0.08 12.50 ± 1.19 8.75 ± 1.55 B2 1.69 ± 0.08 9.28 ± 0.63 7.33 ± 0.78 

B3 1.82 ± 0.33 19.73 ± 3.41 15.40 ± 2.38 B3 1.79 ± 0.06 10.09 ± 0.78 8.25 ± 0.90 

mean value 1.81 ± 0.41 16.98 ± 2.98 12.29 ± 2.55 mean value 1.74 ± 0.06 10.02 ± 0.80 8.03 ± 0.94 
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The Pearson’s coefficient analysis highlighted significant (p < 0.05) linear 
correlation among some of the considered metals (Table 5) in the selected spe-
cies. In particular, in P. pseudoacacia Fe was positively related with Pb; Cu with 
S and Sr; Zn with Mn; Y with Mn; Th with Ca. In A. altissima Pb was positively 
related with Sr; Zn with S; Cd with U while Y was negatively related with Rb. In 
P. acerifolia Fe was positively related with Cu, Cd and S; Cu with Cd; Pb with Cd 
while Rb was negatively related with Fe, Cu, Sr and Cd; Th with U, and S with 
Ca. In Q. ilex, Fe was positively related with Pb; Cu with Sr, Th and S; Sr with S 
and Ca; Th with S; Rb with K while Cu was negatively related with Y; Pb with 
Rb; Y with Th and S.  

3.4. Metals Concentration in Soil and BAC 

The metal concentration in soil samples for the considered sites is shown in Ta-
ble 6. Significant higher concentrations of Cu, Zn, Sr, Rb, Th, Ni, As, K and Ca 
were monitored in B sites decreasing by 54.8%, 33.9%, 43.3%, 24.7%, 29.7%, 
34.4%, 30.4%, 12.9% and 47.3% in A sites. In particular, Celio hill had the high-
est soil metal concentration for Pb (828 ppm), Ni (31 ppm), Fe (46.119), Cu 
(255), S (1561) and As (49 ppm), and Celio hill and Oppio hill a higher concen-
tration for Sr (1049 ppm and 1096 ppm, respectively).  

The Biological Absorption Coefficient (BAC) was calculated for all the consi-
dered sites (Table 7) and it was significantly different among the species for 
metals related to traffic density (Fe, Cu, Pb, Zn, Sr and S) and for natural metals 
(Mn and Y). Moreover, among the species, Q. ilex had the highest BAC for Cu 
(0.244), Pb (0.014), Y (0.388) and U (3.347), followed by P. acerifolia for Fe 
(0.028), Th (0.784), S (5.973) and Mn (0.209), by A. altissima for Sr (0.126), Rb 
(0.328) and Ca (1.293) and by R. pseudoacacia for Zn (0.342) and K (3.526).  

4. Discussion 

Contamination of aquatic and terrestrial ecosystems with metals is a major en-
vironmental problem. Although metals are naturally present in soils, contamina-
tion comes from local sources, mostly industry, agriculture, sewage sludge, waste 
incinerations and road traffic [8] [9]. Heavy metals have been seen as a key 
marker since they are not degradable by natural processes [52]. The contribution 
from different emission source sectors to air metals content depends not only on 
the amount of pollutants emitted, but also on the proximity to the emission 
source [4]. Heavy metals accumulation in plant tissues causes various morpho-
logical, physiological and biochemical responses; however, these changes vary 
among species, which underscores that the response of plants to pollution is 
species-specific. Plants may be used as bioindicators of environmental pollution 
having the advantage of high temporal and spatial resolution [9] and leaves are 
the most sensitive plant organ to be affected by pollutants [17]. The accumula-
tion of contaminants in plants reflects the cumulative effects of environmental 
pollution from both soil and atmosphere [9]. In particular, Zn is a natural ele-
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ment of soil but an excess of it is mainly due to vehicular traffic, losses of oil and 
cooling liquids, corrosion of galvanized steel safety fences [53]. Fe and Cu are 
natural constituents of soil nevertheless, their source in street dust has been as-
cribed to corrosion of the metallic parts of cars like engine wear, thrust bearing 
and brush wear [54]. Pb is a natural but minor component of the soil and is di-
rectly related to emissions from motor vehicles [55]. For the last 40 years, road 
transport emissions were considered the principal source of Pb in urban areas 
being produced by combustion of petrol in the engine. In the eighties, Pb con-
centration in the atmosphere decreased because of the restriction in the use as an 
additive in gasoline in many Countries [56], and in 1989 in Italy. Cd is an ad-
ditive in lubricating oils; Ni occurs both in organic and inorganic form in the 
soil [57], and in anthropogenic sources by its use in car brake discs and emis-
sion from cars with catalytic mufflers are the result of particles detached from 
the Al supporting substrate [58]. The contribution to ambient S derives from 
sulphur-containing fossil fuels and biofuels used for domestic heating, stationary 
power generation and transport. Regarding As, Cd, Ni and Hg there was a de-
crease in their emission in Europe between the years 2000 and 2015 [4]. Some 
effects on plants not directly caused by pollution but of which polluting agents 
are a predisposing factors can be observed, i.e. aphids grow more in polluted en-
vironments because pollutants increase the content of free amino acids [59] 
which represents a nutritional value for insects, consequently, plants are not able 
to activate mechanisms of defense [60]. 

Our results highlight differences in metals concentration in soil and leaf sam-
ples as well as in leaf morphological and anatomical traits for the considered 
species and among the considered sites. Leaf metals concentration in B sites 
(848, 26 ppm, mean values of all the metals for all the considered species) ex-
ceeds the concentration in A sites (601, 37 ppm mean value of all the metals for 
all the considered species). On average, the considered species show higher leaf 
concentration for Fe, Cu, Pb, Zn, Sr and S at Celio Hill and Oppio Hill (B sites) 
justified by the highest traffic density all day long. A lower leaf metal concentra-
tion at Passeggiata del Gianicolo Street, than the other considered B sites, can be 
justified by the larger open area of this B site, considering that pollutants are re-
leased at ground level and their upward movement is restricted due to tall 
buildings and congested thoroughfares, according to the results of [61] Among 
the considered species, Q. ilex and P. acerifolia have the highest concentration of 
metals determined by vehicular traffic than the other species. As regards to the 
soil, the highest concentration of Fe, Cu, Pb, Zn, Sr, Rb, S, Ni, Th, Ca and As 
were monitored at Celio Hill and Oppio Hill. The BAC, which reveals a variable 
and sometimes specificity of plants to absorb elements from the soil (51 Kaba-
ta-Pendias and Pendias, 2001) is the highest for metals related to vehicular traffic 
in Q. ilex for Cu (0.244) and Pb (0.014); in P. acerifolia for Fe (0.028) and S 
(5.973); in A. altissima for Sr (0.126), and in R. pseudoacacia for Zn (0.342) re-
flecting the different species ability to accumulate metals. The positive correla-
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tion among some metals confirms a common origin from vehicular traffic, ac-
cording to [25]. In particular, in P pseudoacacia Fe is related with Pb, Cu with S 
and Sr; in A. altissima Pb is related with Sr, and Zn with S; in P. acerifolia Fe is 
related with Cu, S and Cd, Cu is related with Cd, and Pb with Cd; in Q. ilex Fe is 
related with Pb, Cu with Sr and S, Sr with S. Moreover, leaves of the considered 
species which are exposed to traffic emissions show changes in some leaf mor-
phological and anatomical traits, according to [62]. In particular, P. acerifolia 
has significantly lower LA, DM, LMA and LT in B sites than in A sites, while Q. 
ilex shows an opposite trend, according to [17]. A. altissima and R. pseudoacacia 
have significantly lower LA, DM and LT in B than in A sites. These results high-
light the adaptive strategies of the considered species in response to environ-
mental factors changing. In Q. ilex the increased LA, LT and LMA in response to 
pollution in B sites may be considered a compensatory response to the lower leaf 
longevity in these sites [17]. Among the invasive alien species (IAS), A. altissima 
shows a lower leaf traits variability between A and B sites being one of the most 
tolerant species to high pollution levels [34]. 

The results as a whole underline the importance of tree species in urban 
areas for their ability to metals accumulation in leaves. Among the considered 
species, Q. ilex shows the highest metal accumulation capability. However, the 
large presence in Rome of invasive alien species (IAS), as A. altissima and R. 
pseudoacacia [27] Lucchese and Pignatti, 2009) negatively affects the presence of 
native species. In this case, the competent Authorities should intervene, in com-
pliance with the Regulation EU n. 1143/2014 issued by the European Commis-
sion which included restrictions to the introduced IAS and an obligation to es-
tablish a framework of early detect and rapid removal of IAS, allowing the reco-
lonization of the autochthonous species. In this case, Q. ilex is an autochthonous 
species that borders numerous avenues and historical parks in Rome contribut-
ing to improving urban air quality. Our data concerning tree structure, leaf 
morphological and anatomical traits and heavy metal accumulation capability 
could be used to realize an inventory available for urban tree planting programs 
to ameliorate air quality and to carry out a long-time monitoring of metal pollu-
tion for the city of Rome.  

Acknowledgements 

The authors are grateful to Professor D.C. Weindorf for performing the metals 
content analysis of leaves and soils by Vanta Olipmus M series PXRF analyzer. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this 
paper. 

References 
[1] Rodriguez-Germade, I., Kais, J.M., Rey, D., Rubio, B. and Garcia, A. (2014) The In-

https://doi.org/10.4236/ajps.2021.121010


L. Gratani et al. 
 

 

DOI: 10.4236/ajps.2021.121010 181 American Journal of Plant Sciences 
 

fluence of Weather and Climate on the Reliability of Magnetic Properties of Tree 
Leaves as Proxies for Air Pollution Monitoring. Science of the Total Environment, 
468-469, 892-902. https://doi.org/10.1016/j.scitotenv.2013.09.009 

[2] Assirey, E., Al-Qodah, Z. and Al-Ahmadi, M. (2015) Impact of Traffic Density on 
Roadside Pollution by Some Heavy Metal Ions in Madinah City, Kingdom of Saudi 
Arabia. Asian Journal of Chemistry, 27, 3770-3778.  
https://doi.org/10.14233/ajchem.2015.18973 

[3] Khosropour, E., Attarod, P. and Shirvany, A. (2019) Response of Platanus orien-
talis Leaves to Urban Pollution by Heavy Metals. Journal of Forestry Research, 30, 
1437-1445. https://doi.org/10.1007/s11676-018-0692-8 

[4] EEA European Environment Agency (2017) Air Quality in Europe. Report, Euro-
pean Environment Agency, Copenhagen. 

[5] Gratani, L., Crescente, M.F., Catoni, R., Guiducci, I., Bartoli, D., Piccini, G., Quon-
dam, R., Rocchi, F. and Varone, L. (2018) Quercus ilex as Bio-Monitor of Metal 
Pollution in the Area of the Termi. International Journal of Environment and Pol-
lution, 64, 328-340. https://doi.org/10.1504/IJEP.2018.099465 

[6] Colvile, R.N., Warren, R., Mindell, J. and Hutchinson, E. (2001) The Transport 
Sector as a Source of Air Pollution. Atmospheric Environment, 35, 1537-156.  
https://doi.org/10.1016/S1352-2310(00)00551-3 

[7] Gratani, L., Catoni, R., Puglilli, G., Varone, L., Crescente, M.F., Sangiorgio, S. and 
Lucchetta, F. (2016) Carbon Dioxide (CO2) Sequestration and Air Temperature 
Ameloration Provided by Urban Parks in Rome. Energy Procedia, 101, 408-415.  
https://doi.org/10.1016/j.egypro.2016.11.052 

[8] Celi, K.A., Kartal, A.A., Akdogan, A. and Kaska, Y. (2005) Determining the Heavy 
Metal Pollution in Denizli (Turkey) by Using Robinia pseudo-acacia. Environment 
International, 31, 105-112. https://doi.org/10.1016/j.envint.2004.07.004 

[9] Sawidis, T., Breuste, J., Mitrovic, M., Pavlovic, P. and Tsigaridas, K. (2011) Trees as 
Bioindicator of Heavy Metal Pollution in Three European Cities. Environmental 
Pollution, 159, 3560-3570. https://doi.org/10.1016/j.envpol.2011.08.008 

[10] Wåhlin, P., Palmgren, F. and Van Dingenen, R. (2001) Experimental Studies of Ul-
trafine Particles in Streets and the Relationship to Traffic. Atmospheric Environ-
ment, 35, 63-69. https://doi.org/10.1016/S1352-2310(00)00500-8 

[11] Peters, A., von Klot, S., Heier, M., Trentinaglia, I., Hormann, A. and Wichmann, 
H.E. (2004) Exposure to Traffic and the Onset of Myocardial Infarction. The New 
England Journal of Medicine, 51, 1721-1730.  
https://doi.org/10.1056/NEJMoa040203 

[12] Nowak, D.J. (2008) Assessing Urban Forest Structure: Summary and Conclusions. 
Arboriculture & Urban Forestry, 34, 391-392. 

[13] Dadvand, P., Nieuwenhuijsen, M.J., Esnaola, M., Forns, J., Basagaña, X., Alva-
rez-Pedrerol, M., Rivas, I., López-Vicente, M., De Castro Pascual, J.S., Jerrett, M., 
Querol, X. and Sunyer, J. (2015) Green Spaces and Cognitive Development in Pri-
mary Schoolchildren. Proceedings of the National Academy of Sciences of the 
United States of America, 112, 7937-7942. https://doi.org/10.1073/pnas.1503402112 

[14] Nowak, D.J. and Crane, D.E. (2002) Carbon Storage and Sequestration by Urban 
Trees in the USA. Environmental Pollution, 116, 381-389.  
https://doi.org/10.1016/S0269-7491(01)00214-7 

[15] Ram, K., Tripathi, S.N., Sarin, M.M. and Bhattu, D. (2014) Primary and Secondary 
Aerosols from an Urban Site (Kanpur) in the Indo-Gangetic Plain: Impact on CCN, 

https://doi.org/10.4236/ajps.2021.121010
https://doi.org/10.1016/j.scitotenv.2013.09.009
https://doi.org/10.14233/ajchem.2015.18973
https://doi.org/10.1007/s11676-018-0692-8
https://doi.org/10.1504/IJEP.2018.099465
https://doi.org/10.1016/S1352-2310(00)00551-3
https://doi.org/10.1016/j.egypro.2016.11.052
https://doi.org/10.1016/j.envint.2004.07.004
https://doi.org/10.1016/j.envpol.2011.08.008
https://doi.org/10.1016/S1352-2310(00)00500-8
https://doi.org/10.1056/NEJMoa040203
https://doi.org/10.1073/pnas.1503402112
https://doi.org/10.1016/S0269-7491(01)00214-7


L. Gratani et al. 
 

 

DOI: 10.4236/ajps.2021.121010 182 American Journal of Plant Sciences 
 

CN Concentrations and Optical Properties. Atmospheric Environment, 89, 
655-663. https://doi.org/10.1016/j.atmosenv.2014.02.009 

[16] Nowak, D.J. (2004) Assessing Environmental Functions and Values of Veteran Tree. 
In: Nicolotti, G. and Gonthier, Eds., Processing of the International Congress on the 
Protection and Exploitation of Veteran Trees, Region Piemonte and University of 
Torino, Torino, 45-59. 

[17] Gratani, L., Crescente, M.F. and Petruzzi, M. (2000) Relationship between Leaf 
Life-Span and Photosynthetic Activity of Quercus ilex L. in Polluted Urban Areas 
(Rome). Environmental Pollution, 110, 19-28.  
https://doi.org/10.1016/S0269-7491(99)00285-7 

[18] Sæbø, A., Popek, R., Nawrot, B., Hanslin, H.M., Gawronska, H. and Gawronski, 
S.W. (2012) Plant Species Differences in Particulate Matter Accumulation on Leaf 
Surfaces. Science of the Total Environment, 427-428, 347-354.  
https://doi.org/10.1016/j.scitotenv.2012.03.084 

[19] Gu, Y.G., Gao, Y.P. and Lin, Q. (2016) Contamination, Bioaccessibility and Human 
Health Risk of Heavy Metals in Exposed-Lawn Soils from 28 Urban Parks in South-
ern China’s Largest City, Guangzhou. Applied Geochemestry, 67, 52-58.  
https://doi.org/10.1016/j.apgeochem.2016.02.004 

[20] Rodriguez-Seijo, A., Andrade, M.L. and Vega, F.A. (2015) Origin and Spatial Dis-
tribution of Metals in Urban Soils. Journal of Soils Sedimentary, 17, 1514-1526. 

[21] Brack, C.L. (2002) Pollution Mitigation and Carbon Sequestration by an Urban 
Forest. Environmental Pollution, 116, 195-200.  
https://doi.org/10.1016/S0269-7491(01)00251-2 

[22] Baraldi, R., Rapparini, F., Tosi, G. and Ottoni, S. (2010) New Aspects on the Impact 
of Vegetation in Urban Environment. Acta Horticulturae, 881, 543-546.  
https://doi.org/10.17660/ActaHortic.2010.881.88 

[23] Gratani, L., Crescente, M.F., Varone, L., Puglielli, G., Catoni, R. and Bonito, A. (2017) 
Carbon Storage by Mediterranean Vegetation Developing inside a Protected Area. 
Rendiconti Lincei Scienze fisiche e Naturali. Accademia dei Lincei, 28, 425-433.  
https://doi.org/10.1007/s12210-017-0612-4 

[24] Roma Capitale (2012) Relazione sullo Stato dell’Ambiente. Natura e verde pubblico. 
Dipartimento Tutela ambientale e del Verde-Protezione Civile. 

[25] Gratani, L., Varone, L. and Crescente, M.F. (2009) Urban Trees and Air Ameliora-
tion Capability. In: Demidov, S. and Bonnet, J., Eds., Traffic Related Air Pollution 
and Internal Combustion Engines, Nova Science Publishers, Hauppauge, 161-178. 

[26] Funiciello, R., Lombardi, L., Marra, F. and Parotto, M. (1995) Seismic Damage and 
Geological Heterogeneity in Rome’s Colosseum Area: Are They Related? Annali di 
Geofisica, 38, 927-937. 

[27] Lucchese, F. and Pignatti, E. (2009) La vegetazione nelle aree archeologiche di Roma 
e della Campagna Romana. Quaderni di Botanica Ambientale Applicata, 20, 3-89. 

[28] Pignatti, S. (2017) Flora d’Italia. Edagricole. Portale della Flora d’Italia.  
http://dryades.units.it/Roma  

[29] De Santis, L. (1997) Gli Alberi di Roma. Newton and Compton, Roma. 

[30] Rebbeck, J. and Jolliff, J. (2018) How Long Do Seeds of the Invasive Tree, Ailanthus 
altissima Remain Viable? Forest Ecology and Management, 429, 175-179.  
https://doi.org/10.1016/j.foreco.2018.07.001 

[31] Kowarik, I. and Saumel, I. (2007) Biological Flora of Central Europe: Ailanthus al-
tissima (Mill.) Swingle. Perspectives in Plant Ecology, Evolution and Systematics, 8, 

https://doi.org/10.4236/ajps.2021.121010
https://doi.org/10.1016/j.atmosenv.2014.02.009
https://doi.org/10.1016/S0269-7491(99)00285-7
https://doi.org/10.1016/j.scitotenv.2012.03.084
https://doi.org/10.1016/j.apgeochem.2016.02.004
https://doi.org/10.1016/S0269-7491(01)00251-2
https://doi.org/10.17660/ActaHortic.2010.881.88
https://doi.org/10.1007/s12210-017-0612-4
http://dryades.units.it/Roma
https://doi.org/10.1016/j.foreco.2018.07.001


L. Gratani et al. 
 

 

DOI: 10.4236/ajps.2021.121010 183 American Journal of Plant Sciences 
 

207-237. https://doi.org/10.1016/j.ppees.2007.03.002 

[32] Sheppard, A.W., Shaw, R.H. and Sforza, R. (2006) Top 20 Environmental Weeds for 
Classical Biological Control in Europe: A Review of Opportunities, Regulations and 
Other Barriers to Adoption. Weed Research, 46, 93-117.  
https://doi.org/10.1111/j.1365-3180.2006.00497.x 

[33] Celesti Grapow, L., Caneva, G. and Pacini, A. (2001) La Flora del Colosseo (Roma). 
Webbia, 56, 321-342. https://doi.org/10.1080/00837792.2001.10670719 

[34] Kovacs, M., Opauszky, I., Klincsek, P.K. and Podani, J. (1982) The Leaves of City 
Trees as Accumulation Indicators. In: Steubing, L.S. and Jäger, H.J., Eds., Monitor-
ing of Air Pollutants by Plants: Methods and Problems, Dr. W. Junk, The Hague, 
149-153. 

[35] Marek, M. (1988) Photosynthetic Characteristics of Ailanthus Leaves. Photosynthe-
tica, 22, 179-183. 

[36] Call, L.J. and Nilsen, E.T. (2003) Analysis of Spatial Patterns and Spatial Association 
between the Invasive Tree-of-Heaven (Ailanthus altissima) and the Native Black 
Locust (Robinia pseudoacacia). American Midland Naturalist, 150, 1-14.  
https://doi.org/10.1674/0003-0031(2003)150[0001:AOSPAS]2.0.CO;2 

[37] Heisey, R.M. (1996) Identification of an Allelopathic Compound from Ailanthus al-
tissima (Simaroubaceae) and Characterization of Its Herbicidal Activity. American 
Journal of Botany, 83, 192-200. https://doi.org/10.1002/j.1537-2197.1996.tb12697.x 

[38] Cierjacks, A., Kowarik, I., Joshi, J, Hempel, S., Ristow, M., von der Lippe, M. and 
Weber, E. (2013) Biological Flora of the British Isles: Robinia pseudoacacia. Journal 
of Ecology, 273, 1-18. 

[39] Richardson, D.M. and Rejmánek, M. (2011) Trees and Shrubs as Invasive Alien 
Species—A Global Review. Diversity and Distribution, 17, 788-809.  
https://doi.org/10.1111/j.1472-4642.2011.00782.x 

[40] Arianoutsou, M., Delipetrou, P., Vilà, M., Dimitrakopoulos, P.G., Celesti-Grapow, 
L., Wardell-Johnson, G., Henderson, L., Fuentes, N., Ugarte-Mendes, E. and Rundel, 
P.W. (2013) Comparative Patterns of Plant Invasions in the Mediterranean Biome. 
PLoS ONE, 8, e79174. https://doi.org/10.1371/journal.pone.0079174 

[41] Kowarik, I. (2010) Biologische Invasionen. Neophyten und Neozoen in Mitteleuropa. 
2nd Edition, Ulmer, Stuttgart. 

[42] Blasi, C., Alessandrini, A., Conti, F. and Abbate, G. (2005) An Annotated Checklist 
of the Italian Vascular Flora. Palombi Editore. 

[43] Waks, C. (1936) The Influence of Extract from Robinia pseudoacacia on the Growth 
of Barley. Publications of the Faculty of Sciences, Charles University Prague, 150, 
84-85.  

[44] Feng, Z., Dyckmans, J. and Flessa, H. (2004) Effects of Elevated Carbon Dioxide 
Concentration on Growth and N2 Fixation of Young Robinia pseudoacacia. Tree 
Physiology, 24, 323-330. https://doi.org/10.1093/treephys/24.3.323 

[45] Barbero, M., Loisel, R. and Quézel, P. (1992) Biogeography, Ecology and History of 
Mediterranean Quercus ilex Ecosystems. Vegetation, 99-100, 19-34.  
https://doi.org/10.1007/BF00118207 

[46] Terradas, J. and Savé, R. (1992) The Influence of Summer and Winter Stress and Wa-
ter Relationships on the Distribution of Quercus ilex L. Vegetation, 99-100, 137-145.  
https://doi.org/10.1007/BF00118219 

[47] Villar-Salvador, P., Planelles, R., Oliet, J., PeÑuelas-Rubira, J.L., Jacobs, D.F. and 
GonzÁlez, M. (2004) Drought Tolerance and Transplanting Performance of Holm 

https://doi.org/10.4236/ajps.2021.121010
https://doi.org/10.1016/j.ppees.2007.03.002
https://doi.org/10.1111/j.1365-3180.2006.00497.x
https://doi.org/10.1080/00837792.2001.10670719
https://doi.org/10.1674/0003-0031(2003)150%5b0001:AOSPAS%5d2.0.CO;2
https://doi.org/10.1002/j.1537-2197.1996.tb12697.x
https://doi.org/10.1111/j.1472-4642.2011.00782.x
https://doi.org/10.1371/journal.pone.0079174
https://doi.org/10.1093/treephys/24.3.323
https://doi.org/10.1007/BF00118207
https://doi.org/10.1007/BF00118219


L. Gratani et al. 
 

 

DOI: 10.4236/ajps.2021.121010 184 American Journal of Plant Sciences 
 

Oak (Quercus ilex) Seedlings after Drought Hardening in the Nursery. Tree Physi-
ology, 24, 1147-1155. https://doi.org/10.1093/treephys/24.10.1147 

[48] Nadgórska-Socha, A., Kandziora-Ciupa, M., Trzęsicki, M. and Barczyka, G. (2017) 
Air Pollution Tolerance Index and Heavy Metal Bioaccumulation in Selected Plant 
Species from Urban Biotopes. Chemosphere, 183, 471-482.  
https://doi.org/10.1016/j.chemosphere.2017.05.128 

[49] McGladdery, C., Weindorf, D.C., Chakraborty, S., Li, B., Paulette, L., Podar, D., 
Pearson, D., Kusi, N.Y.O. and Duda, B. (2018) Elemental Assessment of Vegetation 
via Portable X-Ray Fluorescence (PXRF) Spectrometry. Journal of Environmental 
Management, 210, 210-225. https://doi.org/10.1016/j.jenvman.2018.01.003 

[50] Weindorf, D.C., Paulette, L. and Man, T.A. (2013) In-Situ Assessment of Metal 
Contamination via Portable X-Ray Fluorescence Spectroscopy: Zlatna, Romania. 
Environmental Pollution, 182, 92-100. https://doi.org/10.1016/j.envpol.2013.07.008 

[51] Kabata-Pendias, A. and Pendias, H. (2001) Trace Elements in Soils and Plants. 3rd 
Edition, CRC Press, Boca Raton, 403. https://doi.org/10.1201/9781420039900 

[52] Amiard, J.C., Amiard-Triquet, C. and Meayer, C. (1995) Experimental Study of 
Bioaccumulation, Toxicity, and Regulation of Some Trace Metals in Various Estua-
rine and Coastal Organisms. In: Salanki, J., Ed., Proceedings of the Symposium on 
Heavy Metals in Water Organisms, Akademiai Kiado, Budapest, 313-324. 

[53] Vanni, G., Cardelli, R., Marchini, F. and Saviozzi, A. (2015) Are the Physiological 
and Biochemical Characteristics in Dandelion Plants Growing in an Urban Area 
(Pisa, Italy) Indicative of Soil Pollution? Water Air Soil Pollution, 22, 124.  
https://doi.org/10.1007/s11270-014-2256-7 

[54] Al-Khashman, O.A. and Shawabkeh, R. (2006) Metal Distribution in Soils around 
the Cement Factory in Southern Jordan. Environmental Pollution, 140, 387-394.  
https://doi.org/10.1016/j.envpol.2005.08.023 

[55] Koeppe, D.E. (1981) Lead: Understanding the Minimal Toxicity of Lead in Plants. 
In: Leep, N.W., Ed., Effects of Trace Metals on Plant Function, Effects of Trace 
Metals on Plants, Vol. 1, Applied Science Publishers, London, 55-76.  
https://doi.org/10.1007/978-94-011-7339-1_2 

[56] Geagea, M.L., Stille, P., Millet, M. and Perrone, Th. (2007) REE Characteristics and 
Pb, Sr and Nd Isotopic Compositions of Steel Plant Emissions. Science of the Total 
Environment, 373, 404-419. https://doi.org/10.1016/j.scitotenv.2006.11.011 

[57] Anjum, N.A., Sofo, A., Scopa, A., Roychoudhury, A., Gill, S.S., Iqbal, M., Lukatkin, 
A.S., Pereira, E., Duarte, A.C. and Ahmad, I. (2015) Lipids and Proteins—Major 
Targets of Oxidative Modifications in Abiotic Stressed Plants. Environmental Sci-
ence and Pollution Research, 22, 4099-4121.  
https://doi.org/10.1007/s11356-014-3917-1 

[58] Doğanlar, Z.B. and Atmaca, M. (2011) Influence of Airborne Pollution on Cd, Zn, 
Pb, Cu, and Al Accumulation and Physiological Parameters of Plant Leaves in An-
takya (Turkey). Water, Air, & Soil Pollution, 214, 509-523.  
https://doi.org/10.1007/s11270-010-0442-9 

[59] Dohmen, G.P. (1985) Secondary Effects of Air Pollution: Enhanced Aphid Growth. 
Environmental Pollution, 39, 227-234.  
https://doi.org/10.1016/0143-1471(85)90099-6 

[60] Bolsinger, M. and Fluckiger, W. (1989) Ambient Air Pollution Induced Changes in 
Aminoacid Pattern of Phloem Sap in Host Plants-Relevance to Aphid Infestation. 
Environmental Pollution, 56, 209-216.  
https://doi.org/10.1016/0269-7491(89)90038-9 

https://doi.org/10.4236/ajps.2021.121010
https://doi.org/10.1093/treephys/24.10.1147
https://doi.org/10.1016/j.chemosphere.2017.05.128
https://doi.org/10.1016/j.jenvman.2018.01.003
https://doi.org/10.1016/j.envpol.2013.07.008
https://doi.org/10.1201/9781420039900
https://doi.org/10.1007/s11270-014-2256-7
https://doi.org/10.1016/j.envpol.2005.08.023
https://doi.org/10.1007/978-94-011-7339-1_2
https://doi.org/10.1016/j.scitotenv.2006.11.011
https://doi.org/10.1007/s11356-014-3917-1
https://doi.org/10.1007/s11270-010-0442-9
https://doi.org/10.1016/0143-1471(85)90099-6
https://doi.org/10.1016/0269-7491(89)90038-9


L. Gratani et al. 
 

 

DOI: 10.4236/ajps.2021.121010 185 American Journal of Plant Sciences 
 

[61] Pal, A., Kulshreshtha, K., Ahmad, K.J. and Behl, H.M. (2002) Do Leaf Surface Cha-
racters Play a Role in Plant Resistance to Auto-Exhaust Pollution. Flora-Morphology, 
Distribution, Functional Ecology of Plants, 197, 47-55.  
https://doi.org/10.1078/0367-2530-00014 

[62] Pourkhabbaz, A., Rastin, N., Olbrich, A., Langenfeld-Heyser, R. and Polle, A. (2010) 
Influence of Environmental Pollution on Leaf Properties of Urban Plane Trees, Pla-
tanus orientalis L. Bulletin of Environmental Contamination and Toxicology, 85, 
251-255. https://doi.org/10.1007/s00128-010-0047-4 

 
 

https://doi.org/10.4236/ajps.2021.121010
https://doi.org/10.1078/0367-2530-00014
https://doi.org/10.1007/s00128-010-0047-4

	Metal Accumulation Capability by Platanus acerifolia (Aiton) Willd., Ailantus altissima (Mill.) Swingle, Robinia pseudoacacia L. and Quercus ilex L., Largely Distributed in the City of Rome
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods 
	2.1. Study Area and Climate
	2.2. The Studied Species 
	2.3. Tree Structure 
	2.4. Leaf and Soil Sampling 
	2.5. Leaf Morphology and Anatomy
	2.6. Analytical Determination of Metals in Leaves and Soils
	2.7. The Biological Absorption Coefficient (BAC)
	2.8. Statistical Analysis 

	3. Results
	3.1. Tree Structure
	3.2. Leaf Morphology and Anatomy
	3.3. Metal Concentration in Leaves
	3.4. Metals Concentration in Soil and BAC

	4. Discussion
	Acknowledgements
	Conflicts of Interest
	References

