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Five samples of Seville orange (Citrus aurantium) fruits from trees growing in the 
cities of Seville (Spain) and Palermo (Italy) were analysed for metal concentrations. 
Ten elements (Al, Ba, Cd, Cr, Cu, Mn, Ni, Pb, V and Zn) were determined by simul-
taneous inductively coupled plasma mass spectrometry. A sample from a rural area 
was also analysed for comparison. The effect of washing on accumulation capacity 
was also investigated, as well as the correlation between contaminants. The data show 
that Seville orange fruits do not retain high concentrations of heavy metals, except 
for barium, cadmium and zinc. Mesocarp accumulates less heavy metals than epicarp. 
Washing has a different effect on accumulation depending on the element. There is a 
positive correlation between lead and manganese concentration values.
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ing effect

Introduction

Seville or bitter orange (Citrus aurantium) is a 
member of Rutaceae originating from Asia and 
cultivated as an ornamental plant for centuries. 
The Arabs introduced it in Sicily and Spain 
(Schirarend 1998), where it has been incorpo-
rated in gardens, parks and streets. Seville is the 
Spanish city with the highest number of orange 
trees (over 25 000 according to Barbera et al. 
1998), which are primarily used as ornamentals. 
However, the fruits are yearly harvested and 
used to make marmalade and to distil the volatile 
compounds to prepare liquors and perfumes.

There is not much information on heavy 
metal accumulation in fruits (Stewart & Ross 

1969), but it is a well established fact that part 
of the heavy metals accumulated in other parts 
of the plants is sometimes found also in fruits 
(Scintalan & Tuba 1992). For instance, Stewart 
and Ross (1969) found that in apple trees there is 
some transportation of mercury, nickel and cad-
mium from leaves to fruits.

This study was undertaken to check whether 
contaminants in the urban atmosphere can be 
retained in Seville orange fruits, and whether the 
levels of this potential absorption could be harm-
ful to man, as the destination of fruits harvested 
in Seville is the elaboration of marmalade.

Five fruit samples were collected in areas 
with a rather high atmospheric contamination, 
three in the city of Seville (Spain) and three in 
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Palermo (Sicily), and were used to study concen-
trations of Al, Ba, Cd, Cr, Cu, Mn, Ni Pb V and 
Zn. These concentrations were compared with 
those in the fruits from an area far away from 
any potential source of contamination (Alcalá 
del Río).

Material and methods

Fruits of Citrus aurantium were collected in 
March and April 1999, from three sampling sites 
of Seville (Spain) and Palermo (Sicily), present-
ing a high range of traffi c and urbanization densi-
ties, and consequently subjected to high potential 
contamination. Two of the sites in Seville were 
chosen as best representing the most contami-
nated parts of the city: Palmera (Palmera) and 
Avenida Carrero Blanco (Blanco). Alcalá del 
Rio (Seville) was chosen as a control site to be 
used for comparison. This site is a fi eld far away 
from any potential source of contamination (road 
or urban traffi c, industries, heating systems, etc), 
At this site, samples of fruits from fi ve trees were 
collected in April 2001. Two sites in Palermo 
were chosen as representing localities with high 
traffi c densities: Piazza Agata (Agata) and Piazza 
Politeama (Politeama). A control site was Parco 
della Favorita (Favorita). Fruits were collected 
when fully ripe. At each sampling station, fruits 
from three trees were collected from all sides of 
the canopy at 3–5 m above ground level. 

Fruits were mixed and parts of them were 
taken at random to prepare the material to be 
studied. Pericarp samples were generated from 
each fruit cutting the piece with a stainless steel 
knife. Two parts of the fruit were chosen: the 
epicarp (peel) and the mesocarp (pulp of the 
divisions). Each epicarp sample was separated 
into two parts taken from different fruits. One 
was washed several times with distilled water 
to eliminate all solid particles deposited on the 
surface. The other was left unwashed. Six repli-
cations were done for each site.

Samples were dried overnight at 70–90 °C, 
and ground with an electric mixer. 300 mg 
subsamples were digested in open vessels in a 
microwave oven system (PROLABO A 301) 
using a mixture of 8 ml of 60% HNO

3
 and 6 mL 

of 70% HClO
4
, at a power level of 45 W. The 

concentrations of Al, Ba, Cd, Cr, Cu, Fe, Pb, Mg, 
Mn, Ni, Zn and V were determined by simulta-
neous inductively coupled plasma mass spec-
trometry (ICP/MS) (Mod. FISONS 3410).

The overall procedure for plant analysis was 
tested with reference material (BCR 62-olive 
leaves), which produced results that were within 
the certifi ed concentration ranges for all metals 
analysed. The data were analysed with SPSS® 
Base 8.0 software package. One-way analysis of 
variance (ANOVA) was carried out to determine 
the mean concentration values of each element 
at each sampling portion which represent the 
arithmetic mean values for the six samples col-
lected in Seville and Palermo. Furthermore, it 
provides understanding of whether washing has 
a signifi cant effect on heavy metal accumulation 
in the epicarp and if there are statistical differ-
ences between the sampling sites. A Tukey test 
was performed to fi nd out in which location sig-
nifi cant differences exist for metal concentration. 
A correlation analysis was carried out to study 
relations between metals. Pearsonʼs correlation 
coeffi cients were calculated.

Results and discussion

Metal concentrations

It is very diffi cult to establish in which cases Al 
and Mn concentrations found in Seville orange 
fruits come from atmospheric pollution alone, as 
they are components in the soil and consequently 
there is a translocation of these metals from roots 
to fruits. Background concentrations for Citrus 
sinensis (orange) indicated by Kabata-Pendias 
and Pendias (1984) were 15 mg kg–1 for Al and 
1.3–1.5 mg kg–1 for Mn. The values for Al found 
in all samples can be considered as normal except 
for those in the Agata samples (Table 1). Values 
of Mn are higher in all sampling sites (Table 1).

In most samples, Ba concentration was 
higher than the background value given by 
Kabata-Pendias and Pendias (1984) for Citrus 
sinensis: 3.1 mg kg–1. However, values found 
in Favorita, a park in the centre of Palermo, are 
considerably lower. A lower Ba concentration 
was also observed in Seville in samples from 
Blanco (Table 1).
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Cadmium concentration increases quickly 
in plants grown in polluted areas and the high-
est content in polluted areas were reported for 
roots and leaves (Kabata-Pendias & Pendias 
1984). Mean concentration in orange fruits 
reported by Kabata-Pendias and Pendias (1984) 
is 0.14 mg kg–1, i.e. lower than values found in 
the present study (Table 1). The concentration 
found in the standard sample (Table 1: Alcalá del 
Río) agrees with the background values given 
by Baker (1989) and Markert (1996) for plants: 
0.005 mg kg–1.

Lead and Cr deposition in the epicarp is neg-
ligible in the samples taken from urban places, 
but the Cr content is signifi cantly higher in the 
control sample (Alcalá del Rio). According to 
Kabata-Pendias and Pendias (1984), background 
value of Pb in fruits is 3 mg kg–1. The Pb con-
centrations in all samples were lower than the 
background value (Table 1). 

According to Baker (1989) and Markert 
(1996), background concentration of Cu in 
plants is 10 mg kg–1, which means that fruits 
of Seville orange do not accumulate this metal. 
The concentration found in samples from urban 
areas does not differ from the control sample 
(Table 1).

Data for Ni and V are diffi cult to interpret 
because background values for both elements are 
not known for fruits of Seville orange, although 
they could be similar to those indicated for Citrus 
sinensis by Kabata-Pendias and Pendias (1989): 
0.39 mg kg–1 for Ni and 0.029 mg kg–1 for V. 
The background values given by Baker (1989) 
and Markert (1996) for Ni and V in plants are 
1.5 mg kg–1 and 0.5 mg kg–1. Accordingly, 
the concentrations of these two metals have 
to be considered low or not signifi cantly high 
(Table 1).

According to Baker (1989) and Markert 
(1996), background concentration of Zn in plants 
is 100 mg kg–1. Kabata-Pendias and Pendias 
(1984) reported a background concentration of 
5 mg kg–1 in fruits of Citrus sinensis, and accord-
ingly it can be assumed that this will also be the 
normal value for C. amara, as this concentration 
is similar to that found in the control sample 
(Table 1). This means that fruits of C. amara 
growing in urban areas retain Zn. The samples 
with higher Pb concentration come from Piazza Ta
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Agata (PA) and Palmera (SE), which are sites 
where traffi c intensity is very high. This is in 
agreement with the origin of Zn in an urban 
atmosphere, which derives mainly from abrasion 
of tyres and brake disks (Angoletta et al. 1993, 
Bargagli 1998, Nimis et al. 1999).

Signifi cant differences exist between loca-
tions only for Al, Ba and Mn (Table 1).

No statistically signifi cant differences in the 
concentration values found in mesocarp (pulp) 
of the samples were found between the locations 
(Table 2). When these data are compared with 
those for washed samples of epicarp (Table 1), 
it can be verifi ed that with the exception of Cu, 
metal concentration in the mesocarp is lower or 
similar to that in the epicarp for most metals. In 
the case of Al, Ba and Zn, these differences are 
rather signifi cant and seem to demonstrate that 
the highest quantity of these elements taken from 
the atmosphere is retained in the epicarp.

Washing effect

Metal concentrations are affected by washing, 
which can remove different amounts of pollut-
ants, but this varies according to the species and 
physical and chemical characters of pollutants 
(Lin & Schuepp 1996, Rea et al. 2000). Analysis 
of washed samples provides data on contami-
nants incorporated into tissues, while analysis 
of unwashed samples gives the values of surface 
contamination including particles (Alfani et al. 
2000). Concentrations of elements in washed 
and unwashed epicarp sections are shown in 
Table 1.

Results for ANOVA analysis for washed and 
unwashed samples are presented in Table 3. It 
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Table 3. F and p values of analysis of variance 
(ANOVA) between washed and unwashed samples.

Elements p F

Al 0.86 0.033
Ba 0.97 0.000
Cd 0.07 4.230
Cu 0.49 0.517
Mn 0.86 0.030
Ni 0.76 0.093
Zn 0.85 0.034



ANN. BOT. FENNICI Vol. 40 • Metal concentration in Seville orange fruits from Seville and Palermo 343

was not possible to compare washing effects for 
Cr, Pb and V because most values for these ele-
ments were below detection limits.

All p values are not statistically signifi cant 
( p > 0.05), therefore there are no signifi cant 
differences in any metal concentrations between 
unwashed and washed samples. Thus concentra-
tions are not affected by washing and elements 
are not deposited on the surface or they are not 
in soluble form.

Some studies have demonstrated that washing 
does not affect Zn concentration (Wyttenbach et 
al. 1985, Worley 1993, Alfani et al. 2000). How-
ever, other investigations showed that Zn can be 
eliminated by washing (Little 1973, Moraghan 
1991, Worley 1993, McCrimmon 1994), and this 
suggests that the effect of washing varies from 
one species to another. In a study of Scots pine 
(Pinus sylvestris) needles signifi cant differences 
were found for Cu, as washing eliminates Cu 
deposition (Zwolinski et al. 1988). This is not 
the case, however, for the samples of the studied 
Seville orange.

As Mn is not an important component of 
adhering dust (Wyttenbach et al. 1985), wash-
ing does not make any signifi cant difference. In 
some cases, including the control sample (Alcalá 
del Río), there is an even higher concentration in 
washed than in unwashed samples, which agrees 
with previous studies (Wyttenbach et al. 1985, 
Porter 1986, Worley 1993, Alfani et al. 2000).

Correlation between metal contaminants

The only positive correlation found is that 
between Pb and Mn: r = 0.58, p > 0.05. This 
could be explained by the close anthropogenic 
origin of both contaminants. Manganese and Pb 
are additives in fuel, and both are produced and 
liberated into the atmosphere by combustion of 
fuel and petrol (Monaci & Bargagli 1995, Nimis 
et al. 1999).

Conclusions

Seville orange fruits do not retain large amounts 
of pollutants, except for Ba and Zn, although for 
Ba it is diffi cult to establish whether the concen-

trations found could be harmful to man. All the 
other metals show concentrations much below 
levels that could be dangerous to health.

There are differences in metal concentration 
levels in epicarp and mesocarp, the concentra-
tion in the epicarp being higher for most ele-
ments studied. Pollution level only affects metal 
variation in epicarp portion and only for Al, Ba 
and Mn. Washing has no signifi cant effect on 
removing surface contamination for all elements 
studied. Lead and Mn are the only two metals 
showing a signifi cant correlation due to their 
anthropogenic source.
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