Environ Sci Pollut Res (2014) 21:2325-2333
DOI 10.1007/s11356-013-2147-2

RESEARCH ARTICLE

Metal contamination in urban street sediment in Pisa (Italy)
can affect the production of antioxidant metabolites

in Taraxacum officinale Weber

Francesca Bretzel - Stefano Benvenuti - Laura Pistelli

Received: 29 March 2013 / Accepted: 9 September 2013 /Published online: 24 September 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract Taraxacum officinale Weber (dandelion) is a very
ubiquitous species, and it can grow in urban environments on
metal-polluted sediments deposited in the gutters. This study
represents a preliminary step to verify the presence of metals
in sediments collected in urban streets in Pisa and to assess the
alteration in dandelion metabolites in order to understand its
adaptation to polluted environments. The soil and sediments
were collected at three urban streets and analyzed for total and
extractable Cr, Pb, Cu, Ni, and Zn. The total values of Pb and
Zn in street sediments exceeded the limits for residential areas
of soils. Zn was the most mobile of the metals analyzed.
Floating cultivations trials were set up with dandelion seed-
lings and street sediments. The metals were analyzed in roots
and leaves. Antioxidant power, anthocyanins, polyphenols,
non-protein thiols (NP-TH) and chlorophylls were measured
in dandelion leaves. The first two parameters (anthocyanins
and antioxidant power) were higher in the polluted samples
compared to the control; chlorophyll content was lower in the
treated samples, whereas NP-TH showed no differences. NP-
TH groups determined in roots were associated with the root
content of Zn and Pb. These results indicate that dandelion can
tolerate plant stress by altering its metabolite content.
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Introduction

Eroded urban soil settles in the street gutters, and the sediment
is composed of soil, dust and can contain metals. Many
studies have reported that urban sediments collected in streets
are contaminated by trace metals. Ewen et al. (2009) found
zinc (Zn), copper (Cu), and lead (Pb) in the sediments in inner
city roads; Kremova et al. (2009) found cadmium (Cd), Cu,
nickel (Ni), Fe, and Zn in street sediments, which were higher
than in the nearby soils; and Irvine et al. (2009) found Cu, Zn,
and Pb associated with urban and traffic areas. Nevertheless,
in some cases, gutters can represent a niche for the develop-
ment of ruderal plants, such as dandelion. Taraxacum
officinale Weber (dandelion) is a common herbaceous peren-
nial plant of the Asteraceae family with a wide geographic
distribution, and it is associated with disturbance in anthropic
ecosystems and ruderal sites (Pignatti 1982); this wide distri-
bution reflects its broad ecological amplitude. Dandelion is
often found in degraded soils and in urban environment in
Italy (Benvenuti 2004), growing in very shallow spaces be-
tween the cracks in the pavements.

Some authors have reported that dandelion is able to take up
a variety of metals into its tissues, suggesting that the plant
could be used worldwide as a trace metal indicator (Kuleft and
Djingova 1984; Kabata-Pendias and Dudka 1991; Simon et al.
1996; Normandin et al. 1999). In particular, dandelion has been
proven to react quantitatively to air and soil pollution with As,
Br, Cd, Cu, Fe, Hg, Mn, Ni, Pb, Pt, Pd, Rh, and Zn (Kuleff and
Djingova 1984; Kabata-Pendias and Dudka 1991; Djingova
and Kuleff 1993; Djingova et al. 2003; Maric et al. 2013),
although the correspondence between the air—soil pollution
and the concentration in the plant is usually not simply linear.
Keane et al. (2001) also indicated that dandelion leaves strong-
ly differ in metal content according to the season, and highlight-
ed a lack of correlation between leaf and soil concentrations of
some metals (Pb, Zn, and chromium (Cr)). The roots of the
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dandelion act as a storage organ (Cyr and Bewley 1990), and
for this reason, it is likely to be the place where the plant keeps
all its excess elements, such as pollutants, but only few studies
reported the content of metals in roots (Kabata-Pendias and
Dudka 1991; Krolak 2003).

Plants growing in contaminated heavy metal environments
avoid detrimental effects in different ways, which involve a
disorder of cell metabolism leading to a growth reduction and
lower biomass production (Hall 2002). Tolerance is achieved
through the activation of various defense mechanisms includ-
ing the different localization of metal ions in roots and shoots,
with an accumulation and storage in nontoxic forms
(Dickinson et al. 2009) or active transport of ions into the
vacuole, and the formation of complexes with organic acids or
peptides (Memon and Schroder 2009). Metal contamination
induces oxidative stress producing reactive oxygen species.
Therefore, to counteract this damage, plant cells deactivate
this metal stress inducing highly efficient antioxidant defense
mechanisms (Clijsters et al. 1999; Singh et al. 2004). Antiox-
idant substances and antioxidant enzymes play a vital role in
providing cellular defense against the free radicals produced
by oxidative stress (Sinha et al. 2007; Sinha and Saxena
2006). Antioxidants are often reducing agents that can remove
free radical intermediates mainly due to the availability of
their hydroxyl groups in the molecule, and inhibit other oxi-
dation reactions by being oxidized themselves (Rice-Evans
et al. 1996).

The uptake of some soil metal pollutants has been deter-
mined in many studies, but few data are available concerning
the change in metabolites content that are modified in the
presence of metal stress or tolerance. Therefore, we analyzed
the presence of some metabolites involved in stress adaptation
in the leaves to verify the influence of metal contamination on
the physiology of dandelion.

Nonenzymatic cellular antioxidant metabolites include
phenolic compounds, flavonoid anthocyanins, and also non-
protein thiols (NP-TH, e.g., cysteine, glutathione). In chamo-
mile, brassica and other species, different forms of phenolic
metabolites contribute to a tolerance to metal excess and
participate in active antioxidative protection (Kovacik and
Klejdus 2008; Mobin and Khan 2007). One of the most
important mechanisms for metal detoxification in plants is
the chelation of metals by low molecular weight proteins such
as metallothioneins and peptide ligands, the phytochelatins
(PCs) (Hall 2002; Gupta et al. 2013). The functional signifi-
cance of PCs is attributed to the presence of NP-TH groups,
responsible for the coordination of metals (Hall 2002; Maestri
et al. 2010). Thus, the presence of NP-TH groups is very
important for understanding the overall mechanism of the
tolerance to heavy metals.

Previous studies indicate that dandelion may accumulate
metals from the atmosphere as well as the soil (Kabata-Pendias
and Dudka 1991; Djingova and Kuleff 1993); for this reason, it
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has been proposed as a biomonitor of environmental metal
pollution (Kuleff and Djingova 1984; Simon et al. 1996).
Collier et al. (2010) found that dandelion clones grown in
metal-polluted sites showed morphological adaptation (reduced
total biomass), while no studies determined the primary and
secondary metabolites in dandelion to correlate the adaptation
to metals with physiological responses.

The aims of this study were (1) to quantify the metal content
in street sediments and evaluate the uptake in dandelion and (2)
to assess the adaptation mechanisms of dandelion grown on
metal-polluted street sediment, particularly the physiological
response, through the evaluation of its secondary metabolites.
For this purpose, we assessed the presence of metals (Cr, Cu,
Ni, Zn, and Pb) in the urban street sediments and in the soils
nearby, and their bioavailability; metals and physiological pa-
rameters as antioxidant power, anthocyanins, polyphenols, NP-
TH, and chlorophylls, were also measured in dandelion.

This paper will contribute to scientific knowledge about the
physiological and biochemical responses of dandelion to en-
vironmental metal present in street sediment, its defense
mechanisms, and the potential of this species to grow in
polluted environments.

Material and methods
Study area, sampling, and experimental trials

Pisa is a medium-sized town located on the very highly
populated coast of Central Tuscany (Italy) with a population
of around 90,000. Three sampling sites were chosen to collect
soil and street sediment in the main roads of the inner city area
as follows: Via Bonanno, Via Conte Fazio, and Piazza
Guerrazzi (Fig. 1). The soil samples were taken at 0-20-cm
depth, and the street sediment samples, consisting in the solid
runoff, were collected from the nearby gutters. The collected
sediments were used for growing dandelion in the experimen-
tal trial. For this purpose, the sediments were mixed with
vermiculite (ratio 1:1), added in order to create a more suitable
texture and allow the best cultivation conditions for the plants.
The control plants were grown on potting soil + vermiculite
(1:1). To exclude any possible risk of additional metal con-
tamination, we analyzed metals in the potting soil and vermic-
ulite, and they resulted, respectively, as follows (values are in
milligram per kilogram): Cu 4.9 and 0.3; Ni 12.0 and 10.0; Pb
24.2 and 13.4; Zn 18.1 and 5.3. The seeds of dandelion were
collected in the urban area of Pisa, in the summer 2008, sown in
the substrate (sediment + vermiculite) in the autumn, and grown
for 96 days in greenhouse at the Department of Agriculture,
Food and Environment of Pisa University (latitude 43°42'15"
N; longitude 10°25'38"E). The growing conditions were aver-
age temperature 20 °C, humidity 70-80 %, and 14/10 h photo-
period at approximately light intensity of 300 pmol m = s .
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The plants were grown individually in a pot of 0.5 L, and
fertilized with a Hoagland nutrient solution. The culture was
set in a floating system prepared as in Rideout and Gooden
(1998). At the end of the growing period, the plant materials
(leaves and roots) were washed, weighed, and stored at —80 °C
throughout the analysis, with the exception of the sampling for
chlorophyll determination and dry weight.

Soil, sediment, and plant analysis

Texture, pH, and cation exchange capacity (CEC) were deter-
mined from the soil samples by standard methods (ASA-SSSA
1996). The organic matter (OM) content was determined using
a CHNS analyzer Carlo Erba NA 1500. The total concentra-
tions of Pb, Cu, Ni, Cr, Cd, and Zn were measured in soil and
sediments after nitric—perchloric microwave digestion (HNOs/
HCIO,4 mixture 2.5:1 ratio) by atomic absorption spectroscopy
(Wright and Stuczynski 1996). Sediment samples were also
subject to chemical extraction with CaCl, according to Basta
and Gradwohl (2000) and Takac et al. (2009). The fractions
extracted with CaCl, represent the amount of metal immediate-
ly available that is the easily exchangeable fraction linked with
weak electrostatic forces. The plant organs were harvested and
stored as reported above. Roots, before drying, were washed in
an ultrasound bath to eliminate any soil particles that might
have remained on the surfaces, using a Branson Sonifier 250
ultrasonic processor in an ice bath for 10 min. To determine the
heavy metal content, the samples of dried vegetable tissues
were ground and then digested using acid—oxidant digestion
(HNO;/HCIO4 mixture 2.5:1 ratio), with a microwave system

“ETHOS-900” (MILESTONE S.r.1., Bergamo, Italy), equipped
with a pulsed-mode emission in Teflon vials (Tassi et al. 2008).
The following microwave program was used for plant samples:
250 W for 10 min with 5 min of ventilation. The same proce-
dure was used for soil and sediment using a different micro-
wave program: 200 W for 10 min and then, after a pause of
1 min, 250 W for 10 min followed by 5 min of ventilation. After
digestion, all the samples were made up to 25 mL with Milli-Q
water and then analyzed by flame AAS (Varian AA 240FS).

Metabolites analysis

Chlorophylls were determined spectrophotometrically
according to Moran (1982); five-leaf discs 10-mm diameter
per plant were punched, and their photosynthetic pigments
were extracted by direct immersion into 5 ml of solvent N,N-
dimethylformamide. After storing the samples in dark at 4 °C
for 24 h, the absorbance of the pigment extract was then
quantified by spectrophotometer with absorbance reading at
wavelengths 664, 647, and 625 nm. The chlorophyll a (Chla),
chlorophyll b (Chlb), and total chlorophyll contents of the
leaves were calculated on fresh weight basis. Chlorophyll
determinations were repeated three times per treatment.

For anthocyanins determination, leaves were ground in one
volume methanol/HCI (v/v 99/1 %) with the addition of two-
thirds volume of distilled water. Extracts were recovered, and
one volume of chloroform was added to remove chlorophylls
through mixing and centrifugation (1 min at 14,000 g). An-
thocyanins containing in the aqueous phase were recovered
and absorption was determined spectrophotometrically at a
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wavelength 535 nm (Cheng and Breen 1991). Calculation of
anthocyanins was based on the standard curve prepared using
cyanidin chloride. The contents were expressed as milligrams
per gram dry weight. Mean values were obtained from three
independent replicates.

For the measurements of total antioxidant power and total
soluble phenolic compounds, plant leaves were extracted by
homogenization in 70 % ethanol (w/v, 1/10). After incubation
for 30 min at 4 °C, the samples were centrifuged at 15,000 g
for 10 min, then the supernatants were utilized for the further
analyses. The antioxidant power was determined by using the
ferric reducing antioxidant power (FRAP) method with minor
modification (Sz6116si and Sz6116si Varga 2002). The working
solution always freshly prepared contained 7.5 mM acetate
buffer, pH 3.6, 0.1 mM tripyridyltriazine (TPTZ), and
0.05 mM FeCl; 6H,0. At low pH, when the tripyridyltriazine
(Fe"TPTZ) complex is reduced to the ferrous form (Fe'), an
intensive blue color of (Fe"-TPTZ) can be monitored spectro-
photometrically at 593 nm. Aqueous solution of known Fe(™)
concentration was used for calibration (in a range of 100—
1,000 umol L") was used as external standard reference.

Total soluble phenolic compound content was assayed with
the method based on Folin—Ciocalteu’s phenol reagent and
spectrophotometric determination (Singleton and Rossi
1965). Sample extract (0.05 mL) was introduced in a vial,
then 0.5 mL of Folin—Ciocalteu’s reagent and 0.45 mL of
saturated sodium carbonate solution (75 g L") were added
and mixed. After incubation at room temperature for 2 h,
absorption at 765 nm was measured. Results were expressed
as milligram of chlorogenic acid per gram of fresh weight.
Quantification data were the mean of four results.

The non-protein thiols (NP-SH groups) content in tissues were
extracted and determined using the method of Ellman et al.
(1961). Plant material (0.5 g) was homogenized in 7 %
sulfosalicylic acid. After centrifugation at 10,000 g for 20 min at
4 °C, NP-SH content was measured in the supernatant by reaction
with Ellman’s reagent and absorbance was recorded at 412 nm.

Reagents, materials, and chemical instrumentation
All the reagent and chemicals are purchased by Sigma-Aldrich

(St Louis, Mo, USA). Organic solvents were purchased from
J.T. Baker (Mullinckrodt, Buker, Inc., Phillipipsburg, NI

088659). The spectrophotometric measurements were carried
out using a UV1204 UV/VIS spectrophotometer (Shimadzu).

Statistical analysis

Statistical analysis was carried out using specialized software
(Statgraphics 5.1, Statistical Graphics Corp., USA). One-way
ANOVA with a Student-Neumann—Keuls test was used to test
differences in metabolite accumulation. Means were separated
by the least significance difference test at p <0.05.

Results and discussion
Soils and street sediments analyses

The chemical and physical characteristics of the soils near the
street sediment collecting points are shown in Table 1. Soil
texture was between loamy-sand (LS) and sandy loam (SL);
the content of sand was very high, as it is often the case in
urban soils where the content of coarse material greatly affects
the texture. Also, the other soil parameters were consistent
with similar studies on urban soils (Biasioli et al. 2006; Bretzel
and Calderisi 2006); pH was sub-alkaline (8), estimating a
very low mobility for the metals analyzed, especially Pb and
Zn (Businelli et al. 2009); CEC was around 25 cmol kg ', and
this value was consistent with the content of OM (6-9 %). The
total metal content of the soils showed that Cu, Cr, and Ni
were within the average value for Italian non-contaminated
soils (Bretzel and Calderisi 2011; Biasioli et al. 2006), where-
as Pb and Zn values in Via Bonanno and Via Conte Fazio were
>100 mg kg ', but in Piazza Guerrazzi, those metals showed
lower values, data are reported in Table 2.

Street sediment analysis showed that Cu, Cr, Ni, Pb, and Zn
were present in all the samples. Total Zn reached the highest
value in Via Bonanno (>800 mg kg ") as reported in Table 2;
this was the only case of extra content, in the other cases, all
the metals were within the average values for urban sediments
(Kremova et al. 2009; Irvine et al. 2009). Between the CaCl,
extractable values, only Zn was very high in the sample Via
Bonanno. All the other values were low (<0.5), as reported in
Table 3. The pH of street sediments was 7, revealing a very
low mobility for Cu, Pb, and Zn (Businelli et al. 2009).

Table 1 Chemical characteristics of the soil collected near the sediment sampling points

Samples pH CEC Clay Silt Sand Texture oM
H,0 cmol kg™ % % % %
Via Bonanno 8.1 25 2.7 10.3 84.9 SL 6.6
Via Conte Fazio 8.2 22 4.6 20.7 72.6 LS 9.4
Piazza Guerrazzi 7.9 27 8.6 18.3 71.1 LS 9.8

SL sandy loam; LS loamy sand
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Table 2 Total metal content of .

the soil collected near the sedi- Samples Cr B Cu B Ni B Pb L Zn B

ment sampling points and the mg kg mg kg mg kg mg kg mg kg

street sediments. Mean values .

were obtained from three inde- Soil

pendent replicates = SD Via Bonanno 27.4+10.2 41.1+€1.4 43.843.0 166+37 110£1.2
Via Conte Fazio 26.6+0.5 53.5+7.5 49.0+0.4 142+6.8 236424
Piazza Guerrazzi 28.5+1.4 37.0+0.1 50.5+1.6 43.5+1.7 79.0+0.8
Sediments
Via Bonanno 19.1£2.2 61.4+4.1 43.843.1 104+3.1 812+11.8
Via Conte Fazio 26.1£1.5 120+2.1 61.2+0.8 77.2+0.2 271+74.9
Piazza Guerrazzi 28.2+1.1 107+2.1 91.9+1.3 207+3.5 327+1.0

Some samples of street sediment showed higher metal
values compared to those of the nearby soils; this may be
due to the close deposition of metals from vehicles and to
runoff, but also to the affinity of the contaminants to the
smallest particles because of their high exchangeable surface.
In fact, the finest particles are the most subject to erosion and
though represent the major percentage of the sediment. Cu and
Ni were higher in Via Conte Fazio and Piazza Guerrazzi street
sediments than in the respective soils (Table 2). Zn and Pb
were higher only in Piazza Guerrazzi. It has been reported that
the highest concentration of metals in street sediments is due
to the percentage of the finest fraction compared to the soils
(Kremova et al. 2009). In any case, all these metals showed a
very low mobility; the values were very low in the CaCl,
extraction (Table 3). Only Zn showed a noticeable amount of
CaCl, extracted (19 mg kg '), which was consistent with the
high total content in the same samples.

Metals in plants

Only sediment, and not soil, was employed for the experi-
ments as dandelion easily grows in the cracks of the gutters,
where only sediment is present, deposited by erosion. The
plants grown in pots containing street sediments were stunted,
they had smaller leaves than the control plants. This is a
common response of dandelion grown in polluted soil
(Collier et al. 2010). The analyses of metal content in roots
revealed that they were richer in Pb and Zn than in Cu, Cr, and
Ni (Fig. 2). This was especially true for the plants grown on
Via Bonanno sediment which had the following values: Pb
>100 mg kg ' and Zn >90 mg kg '. Pb was present in Via

Conte Fazio and in the control, even though the content of Pb
was the lowest in the sediment.

Previous data obtained with dandelion grown in polluted
soil of Poland showed that Pb accumulation is related to scarce
Zn absorption in particular Zn concentration in soil above
200 mg kg inhibited Zn uptake (Krolak 2003).

The values of cumulation factor (FC) for Pb in the config-
uration root/sediment were different along the trials, showing
a value of 1 for Via Bonanno, 0.24 for Piazza Guerrazzi, and
0.55 for Via Conte Fazio, whereas FC values for Zn were
approximately 0.11-0.12.

Leaves collected from dandelion grown in street sediment
contained metals, particularly Pb, Zn, and Cu (Fig. 3). The levels
of detected Zn and Pb were higher than that detected in roots, as
already reported in previous papers (Krolak 2003). Davies
(1992) reported that Zn in radish plants correlated better to
exchangeable Zn in soil, while Pb correlated better to its total
in soil. This was confirmed by our study; Pb concentrated in the
roots of the dandelion, Via Conte Fazio, Piazza Guerrazzi, and
controls, showed 40-60 mg kg in the roots (Fig. 2). On the
other hand, Pb content in Via Bonanno roots showed a particular
behavior, in fact it was very high (>100 mg kg "), approximately
twice the content compared to the other samples, thus suggesting
a better uptake of Pb in the presence of high levels of Zn.

Synergistic actions have been reported between the metals
(Bjerre and Schierup 1985). On the other hand, Wei et al.
(2005) reports that Taraxacum mongolicum is a Zn excluder.
If this is the case with Taraxacum officinalis , it could explain
the relatively low content of Zn in the roots. The presence of
Zn in the street sediments seems to improve the uptake of Pb,
although Pb in the roots correlated with the total Pb in all the

Table 3 CaCl, extractable metal

content in the street sediments. Samples Cr 4 Cu » Ni 71 Pb . Zn »
Mean values were obtained from mg kg mg kg mg kg mg kg mg kg
three independent replicates = SD
Via Bonanno 0.1£0.02 0.3£0.01 0.2+0.01 0.4+0.02 19.8+2.1
Via Conte Fazio 0.1£0.01 0.1£0.01 0.1+0.02 0.6+0.03 0.5+0.03
Piazza Guerrazzi 0.1£0.01 0.3+£0.01 0.1+0.02 0.3£0.01 0.5+0.03
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Fig. 2 Metal content in roots of
dandelion grown in pot
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other samples (i.e., Via Conte Fazio, Piazza Guerrazzi, and
control). The results of the metal uptake in the roots suggest an
affinity of dandelion to Pb. In fact, the values in the roots were
higher than the Cu, Cr, Ni, and Zn values, confirming the
uptake and indicating the presence of Pb in street sediments.
The translocation factor (leaves/roots) for Zn was 1.48, Pb
1.53, and Cu 0.68. These values showed that Zn and Pb were
present in highest concentration in leaves, while Cu was
present in highest concentration in roots, as in Krolak (2003).

The correspondence between the air—soil pollution and the
concentration in plants is not usually simply linear (Keane et al.
2001), in fact it has been already described that dandelion metal
accumulation follows the soil metal levels, particularly for Cr,
Mn, Pb, and Zn (Keane et al. 2001); although for other metals
(Cd, Cu, Fe, and Ni), there is a lack of a significant relationship
between leaf and soil concentrations. In this study, the values of
leaves/sediment ratio for Pb (FC) were 1.6 for Via Bonanno,
0.37 for Piazza Guerrazzi, and 0.86 for Via Conte Fazio, whereas

Fig. 3 Metal content in leaves of

Cr Cu

FC values for Zn were in the range of 0.16-0.18. However, the
Via Bonanno street sediment had the highest level of Pb and Zn,
and the correspondence of the highest level of Pb and Zn in root
and leaves confirms the uptake and migration of metal from
sediment to the aerial part of plants.

Metabolites in plants

Plants defenses towards metal toxicity implement different
strategies. Pb induces various antioxidants (enzymatic
and nonenzymatic) in many plants, as horsegram, bengalgram
(Reddy et al. 2005), privet Ligustrum ovalifolium (Gajic’
et al. 2009), and the submerged macrophyte Vallisneria
(Wang et al. 2011).

Antioxidant power and metabolites involved in stress ad-
aptation were determined in the leaves to verify the influence
of contamination on the physiology of dandelion grown on
street sediments; the results are shown in Table 4.

leaves

dandelion. Ni and Cr were under 200
the detection limit in all the
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Table 4 Determination of foliar

metabolites mg g ' FW of dande- Control Via Bonanno Via Conte Fazio Piazza Guerrazzi

lion grown in pot containing street

sediments. Mean values were Chlorophyll a 1.69+£0.09 a 1.39+0.15b 1.31+£025 b 1.33+£0.06 b

obtained from three independent Chlorophyll b 0.53+0.04 a 0.44+0.05 b 0.40+0.08 b 0.42+0.02 b

replicates + SD. Numbers Total Chlorophyll 2234013 a 1.83£023 b 1.70£033 b 1.76£0.07 b

followed by different letters in ]

the same row are statistically Ratio Chla/Chlb 3.19 3.16 3.27 3.166

different for p <0.05 Anthocyanins 0.2+0.09 a 1.10+0.19d 0.33+0.02 ab 0.58+0.06 ¢
Total soluble Polyphenols 0.421+0.024 a 0.513+£0.028 a 0.663+£0.018 b 0.523+0.011 a
Antioxidant power 25.60+1.72 a 35.58+4.38 b 49.98+4.99 b 36.96+7.29 b

The photosynthetic pigments Chla, Chlb, and total chloro-
phyll were determined in leaves collected from 96-day-old 7.
officinale plants. Control plants showed an usually higher
content of Chla and Chlb than the treated plants, with a loss
of about 20 % total Chl in stressed plants. The concentrations
of both Chla and Chlb decreased with the same ratio as the
total chlorophyll; the Chla to Chlb ratio calculated for control
plants had a rate of approximately 3.19, whereas the ratios
calculated with the values of contaminated plants ranged
between 3.16 and 3.28, with a slight increase for the Via Conte
Fazio site. The fact that this ratio was maintained means that a
hydrolysis of Chla can be ruled out.

The importance of monitoring the total Chl concentration
and Chla to Chlb ratio as an early warning system for the toxic
effect of metal accumulation in plants is well documented (Li
et al. 2009). Heavy metals can affect each component at
different levels, contributing to changes in plant physiology.
The chlorophyll values detected in our data confirm the in-
volvement of metals in the decrease of Chla and Chlb. More-
over, heavy metal accumulation had a negative effect on the
ratio of Chla/Chlb, due in particular to a faster hydrolysis ratio
of Chla compared with Chlb when plants are under stress
(Abdel-Basset et al. 1995). However, in dandelion, the ratio of
Chla to Chlb was constant in the different samples, suggesting
that dandelion activated some other physiological mechanism
for the growth in metal-contaminated street sediments.

The antioxidant power, measured with the concentration-
dependent FRAP, indicated that the stressed plants had statis-
tically higher values than the control plants. The highest value
was found in the Via Conte Fazio sample, which exhibited an
antioxidant power (ferric equivalent 49.98 mg g~' FW) twice
the control value.

Total polyphenol content displayed (Table 4) a slight in-
crease in levels in two samples (Via Bonanno and Piazza
Guerrazzi), although there were no statistical differences with
the control value (0.421 mg g ' FW). Only the Via Conte
Fazio sample exhibited the highest level (0.663 mg g' FW).
The polyphenol content seems to follow the same increase
already observed for the antioxidant power.

Anthocyanins detected in plants grown on street sediments
indicated that stress conditions increased the anthocyanin
content. A slight increase in anthocyanins was observed in

Via Conte Fazio, and a strong increase in the other two
samples. In the Via Bonanno samples, the value was five
times higher than the control plants (Table 4).

Further analyses were conducted to determine NP-TH in
leaves and roots (Table 5). The leaves of three samples (Via
Bonanno, Via Conte Fazio, and Piazza Guerrazzi) showed a
lower NP-TH content than the control, but in Via Conte Fazio,
the difference was not statistically significant. NP-TH in pol-
luted roots was very similar to the control. Only Via Bonanno
content (0.268 pumol g ' FW) was statistically different.

Our results highlight that dandelion tolerates metal stress,
adopting particular strategies with an increase of the antioxi-
dant system.

The results indicated a relationship between antioxidant
compounds (antioxidant power, anthocyanins, and NP-TH)
and metal stress in via Bonanno. Anthocyanin pigments are
involved in many physiological phenomena; the induction of
anthocyanin accumulation might help in the protection of the
photosynthetic apparatus, screening it from the deleterious
effects of stress generated by superoxide radicals (Mobin
and Khan 2007). This phenomenon happens without limiting
the photosynthesis, in fact in our results, Chla/Chlb ratio is not
affected by metal stress.

Besides the general response of pigments to metal contam-
ination, dandelion seems to react in different ways to the uptake
of metals. Our results indicated that the plants that accumulated
Pb and Zn in the roots (Via Bonanno) improved the content of
NP-TH groups in roots, and anthocyanins in leaves. These data
are in accordance with Mishra et al. (2006), who indicated a

Table 5 Non-protein thiol (NP-SH) groups in leaves and roots of dan-
delion grown in pot containing street sediments. Mean values were
obtained from three independent replicates £ SD. Numbers followed by
different letters in the same row are statistically different for p <0.05

Leaves Roots
NP-SH group NP-SH group
pmol g ' FW pmol g ' FW

Control

Via Bonanno
Via Conte Fazio
Piazza Guerrazzi

0.147+0.001 ¢
0.126+0.008 b
0.135+0.035 ¢
0.093+0.027 a

0.235+0.001 a
0.268+0.005 b
0.186+0.004 a
0.198+0.011 a
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correlation between metals and the partitioning of NP-TH in
leaves and roots of Ceratophyllum.

The plants that showed a lower content of metals in roots
(Piazza Guerrazzi and Via Conte Fazio) produced a very high
content of antioxidant power and polyphenols in leaves. This
is in accordance with the activation of antioxidants as a
general response to stress. The stressed leaves of the plants
showed increases in the levels of antioxidants in varying
degrees and provided endogenous protection effects. The
use of chlorophyll content and total phenolics as physiological
and biochemical markers for the tolerance to some Pb is
recently been accepted (Gajic’ et al. 2009; Wang et al.
2011), and the results obtained with dandelion confirm the
involvement of a general oxidative stress in plants due to
metal toxicity.

Conclusion

Our results indicate that dandelion can grow on metal-
contaminated sediments by simply altering its physiological
parameters. Photosynthetic pigments, anthocyanins, and sec-
ondary metabolites such as polyphenols, NP-TH, and the
antioxidant power play a role in the defense mechanisms. In
addition, dandelion leaves appear to be the main organ for
metal accumulation, especially Pb. Consequently, this study
confirmed the possibility of using dandelion as an indicator of
Pb and Zn in the soil.

Dandelion’s ability to grow in degraded urban environment led
us to indicate dandelion as a species suitable to revegetate urban
areas. We believe this is a very interesting perspective, since few
studies have been carried out on the ability of plants, potentially
interesting for ornamental purposes, to tolerate a polluted environ-
ment and make it look beautiful at the same time.

Further investigation is necessary to better correlate the
metabolites with metal pollution in soil.
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