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The combustion of petroleum fuel and exhaust emissions are major sources of
atmospheric pollution in cities which result in the deposition of toxic substances,
particularly heavy metals, in the surface layers of soils (Albasel and Cottenie; 1985
Seaward and Richardson 1990). Lead in particular enters the environment from
the use of tetraethyl lead as an antiknock agent for petrol engines and constitutes
21% of the fine particles emitted from cars burning leaded petrol (Seaward and
Richardson 1990; Markert 1992). Antiwear protectants incorporated in lubricants
often contain Cd, Cr, Cu, Hg, Ni, Pb and/or Zn which are also released into the
environment by inefficient engines and through irresponsible dumping of engine
oils (Seaward and Richardson 1990). Zn from tyre wear and Cu from diesel
engines also add considerably to the environmental metal burden (Seaward and
Richardson 1990). The lowering of the permitted lead content of petrol and the
growing use of unleaded fuel are expected to lead to reductions in the
environmental lead burden, however, until unleaded fuel becomes universally
accepted lead contamination, particularly of roadside soils and vegetation is a
major cause for concern (Seaward and Richardson 1990). A direct relationship
between car exhaust, the Pb content of needles of Abies alba and reduced growth
has been observed (Braun and Fluckiger 1988) and lead pollution can extend
hundreds of metres from major highways (Albasel and Cottenie 1985; Braun and
Fluckiger 1988). Lead tolerance has been observed in higher plants growing on
mine waste soils (see Kabata-Pendias and Pendias 1984; Brown and Brinkmann
1992; Morishita and Boratynski 1992) and to a lesser extent on lead-contaminated
roadside soils (Tam et al. 1987; Kabata-Pendias and Pendias 1984). Automobiles
which are responsible for line sources of pollution emissions in rural and suburban
areas have a more far-reaching impact on roadside vegetation, already under
considerable stress, in urban areas (Seaward and Richardson 1990; Tam et al.
1987). Information on heavy metal effects on vegetation in urban environments
however, are scarce. Modeling and multivariate analysis of a few of the factors
involved have provided only limited data relating to plant performance in these
complex environments (see Seaward and Richardson 1990). Therefore in this
study, the extent of heavy metal pollution by Pb, Zn, Cu and Cd in soils and in
dandelion plants in the city of Thessaloniki has been examined. Plants of
Taraxacum spp. were chosen for analysis due to their prolific nature and
ubiquitous distribution.
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MATERIALS AND METHODS

Soil and plant samples were collected from sites throughout the city of
Thessaloniki, Greece located mainly along three major roads carrying traffic flow
along the East-West axis of the city (Fig. 1). Plants (5 from each site) of the same
developmental stage (flowering) were transferred to the laboratory, separated into
roots and leaves and dried to constant weight at 80 °C for 12 h. Soil collected from
the immediate vicinity of the roots (a depth of about 10 cm) was dried to constant
weight at 80 °C for 12 h.

Dried plant material (1 g) and soil (1 g) were digested with a nitric-perchloric acid
solution (4:1 v/v) for 5 h at 150 °C and the concentration of Pb, Zn, Cu and Cd
were determined in an atomic absorption spectrophotometer (Perkin Elmer 2380)
using SpectrasoL. (BDH Chemicals Ltd, Poole, England) as a standard solution.

Regression analysis, followed by analysis of covariance (Sokal and Rohlf 1981),
was used for testing the relationship between the concentration of each metal in
the plant tissue and the concentration of the same metal in the soil.

RESULTS AND DISCUSSION

The soi} concentrations of Pb, Zn and Cu at the sampling sites ranged from 1-620
mg kg'! DW for Pb, 29-590 mg kg'! DW for Zn and 25210 mg kg’ DW for Cu
(Fig. 1). Cd concentrations (<0.5 mg kg'1 DW) were below the detectable limit of
the method used. The concentrations of the metals measured in the soil followed
the order Pb>Zn>Cu at 15 sites and Zn>Pb>Cu at 9 others. The soil
concentrations of Pb, Zn and Cu were highest in the commercial centre of the city
(sites A1, A2, A3, B1 and B2) and generally decreased as the distance from the
commercial centre increased. The soil concentrations of Pb, Zn and Cu covariate
and the correlation between them is highly significant (Table 1). The plant tissue
metal concentrations ranged from 9-114 and 18-85 for Pb, 5-102 and 59-130 for Zn
and 4-71 and 13-57 for Cu, in the roots and leaves respectively (Fig. 2). There was
a positive, significant correlation between the metal concentration in the plant
tissues (roots and leaves) and the metal concentration in the soil, with the
exception of the Zn concentration in the leaves, which in almost all cases did not
correlate significantly with any of the variants (Table 1).

Table 1. Correlation analysis of the Pb, Zn and Cu concentrations in the soil (s)
and plant tissues: roots (r) and leaves (1).

Pbl Pbs Cur Cul Cus Znr Znl Zns
* % * % * % * * * % - * %k

Pbr

Pbl * % * % * % * % * * * %
Pbs * - *% * ¥ _ * %
Cur *¥ * % *¥ _ *%
Cul * % * _ * %
Cus * % - * %
Znr - *
Znl -

All correlations are positive. =x: highly significant, P <0.01; «: significant, P <0.05;
-: not significant, P>0.05.
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Figure 1. Map of Thessaloniki indicating the concentration of Pb, Zn and Cu in
the soil at each of the sampling sites. Each metal and its concentration is
represented by the direction and length of the line extending from the top of the
pyramid as shown in the inset, where each line represents 300 mg kg™ DW.

The best-fit regression model describing the relationship between the
concentration of each metal in the plant tissue (roots and leaves) and the
respective metal concentration in the soil (Fig. 2, dotted lines) is Py = a + bS,
where Py is the metal concentration in the plant tissue, S the concentration of the
same metal in the soil, a the intercept and b the slope of the regression line. The
values of a and b of the fitted model are given in Table 2. A very good fit exists
between the model and the data (analysis of covariance) with the exception of the
Zn concentration in the leaves. The slopes of the regression lines are significantly
greater than zero in all cases and do not differ significantly between them
(covariance analysis), while there are significant differences between the values of
the intercepts. The average concentration of Zn was greater than that of Pb and Cu
in both roots and leaves, and was greater in the leaves than in the roots, where it is
essential for the synthesis of chlorophyll and as a component of several leaf

Table 2. Parameters of the regression model Py=a+bS where, P; is the metal
concentration in the plant tissue, S the concentration of the same metal in the soil,
a the intercept, b the slope, R“ the determination coefficient and P the
significance level, for Pb, Zn and Cu (Fig. 2, dotted lines).

Pb Zn Cu
Parameter Roots Leaves Roots Leaves Roots Leaves
a 16.40 25.06 42.86 81.48 12.47 12.35
b 0.11 0.07 0.09 0.04 0.27 0.19
RZ 41.50 32.41 23.70 790 5420  70.60
P 0.00 0.02 0.09 0.15 0.00 0.00
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Figure 2. Relationship between the metal (Pb, Zn, Cu) concentration in the soil, S
and (1) the metal concentration in the plant tissue, Pt (solid squares, dotted line)
and (2) the plant/soil concentration ratio, Pt/S (open squares, solid line).

enzymes (Kabata-Pendias and Pendias 1984; Van Assche and Clijsters 1990;
Markert 1992). The linear relationship observed between the Pb, Zn and Cu
concentration in the plant tissue and the respective metal concentration in the soil
is characteristic of plants having indicator strategy. In indicator plants the uptake
of metals and their transport to the shoot are either regulated or passive uptake
occurs, such that internal metal concentrations accurately reflect external metal

concentrations (Baker 1981).



The relative accumulation or biological absorption coefficient (plant/soil
concentration ratio) when plotted against soil metal concentration has been used
to reveal whether elements are essential or non-essential in plant nutrition and
whether the substrate-plant relationship reflects metal deficiency, tolerance or
toxicity over the measured metal concentrations (Timperley et al. 1970; Baker and
Walker 1990). The model that best fitted the relationship between the plant/soil
concentration ratio and the soil concentration of Pb, Zn and Cu (Fig 2, closed
squares) is P¢/S=a+b(1/S). Parameters derived from covariance analysis are
given in Table 3. The slope for each metal and tissue differs signiﬁc:intly from zero
and to a greater extent the model describes the variation in P¢/S (R“ vary between
23.70 and 99.90). Accordin% to the model the ratio of P;/S is greater than one for
soil concentrations (mg kg™' DW ) less than 25 and 34 for Pb, 57 and 84 for Zn, 19
and 15 for Cu and for roots and leaves, respectively. Below these concentrations it
would appear that the plants experience a deficiency in the respective metal and
actively take up metal from the soil. P¢/S is greater than one for Zn at several
collection sites indicating a general Zn deficiency in the soil, while in the case of
Cu and Pb there are few or no such observaltions. For plants experiencing higher
soil metal concentrations (>100-250 mg kg DW depending on the metal) P;/S
tends to a lower limit which is in the range of 0.2-0.4 for Cu and Zn and 0.1 for Pb
indicating that the concentration of the metal in the plant is up to 40% of that in
the soil. Timperley et al. (1970) suggest that the leveling out of the curve, after the
rapid change in the gradient corresponding to metal deficiency, represents the
range of soil concentrations over which metal tolerance is exhibited by the plants.
The same authors suggest that hyperbolic shaped curves are characteristic of
essential elements, such as Cu and Zn, and linear plots parallel to the soil
concentration axis are characteristic of non-essential elements such as Ni.

Table 3. Parameters of the regression model P;/S=a+b(1/S) where, P;/S is the
plant/soil concentration ratip, S the concentration of the same metal in the soil, a
the intercept, b the slope, R“ the determination coefficient and P the significance
level, for Pb, Zn and Cu (Fig. 2, solid lines).

Pb Zn Cu
Parameter Roots Leaves Roots Leaves Roots Leaves
a 0.04 -0.03 -0.18 -0.03 0.24 0.18
23.95 35.02 67.94 86.87 13.74 13.11
R2 9.90 99.90 77.10 89.50 23.70 61.40
P 0.00 0.00 0.00 0.00 0.01 0.00

Pb occurs naturally in all plants but has not been shown to be essential in plant
nutrition or metabolism (Broyer et al. 1972; Kabata-Pendias and Pendias 1984)
and is probably taken up passively by the roots (Hughes et al. 1980; Kabata-
Pendias and Pendias 1984). By the criteria of Timperley et al. (1970) Pb would
appear to behave as an essential element in this study. However, other studies have
shown that the simple distinction between essential and non-essential elements
does not always hold, as a number of elements including U, Ca, Ra, Pb and Po
have been demonstrated to behave anomalously (Sheppard and Sheppard 1985;
Simon and Ibrahim 1987). No further reduction in P¢/S indicative of toxicity
(Timperley et al. 1970) was observed for any of the metals, however the soil metal
concentration range was perhaps not wide enough for this to be observed.

Kabata-Pendias and Pendias (1984) have compiled tables of metal concentrations
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in different soil types and plant tissues from various countries. The mean
congcentrations of Pb, Zn and Cu in non-contaminated soils range from 0.1-189 mg
kg'1 DW for Pb, 17-125 mg kg'1 DW for Zn and 6-60 mg kg™" DW for Cu. The
highest metal concentrations measured in the city soils are 3.3 for Pb, 4.7 for Zn
and 3.5 for Cu times higher than the highest value given for natural ranges of non-
contaminated soils, indicating that considerable toxic levels of these metals occur
in the city. This heavy metal loading of city soils occurred in areas associated with
a high traffic density and car emissions. Pb contamination ?f roadside soils
elsewhere have been reported to range from 1115-7000 mg kg™t DW with plant
toxicity occuring in a range of 100-500 mg kg™" DW and above (Kabata-Pendias
and Pendias 1984). Zn and Cu contamination in urban gardens and parks have
been reported to range from 15-1200 ppm DW for Zn and 3-300 ppm DW for Cu
(Kabata-Pendias and Pendias 1984). Levels of Zn (>300 ppm DW) and Cu (> 100
ppm DW) in surface soils are considered to be phytotoxic (see Kabata-Pendias
and Pendias 1984).

Plant tissue metal concentrations are generally a function of the metal
concentration in the soil but the relationship differs according to plant species and
tissue (Kabata-Pendias and Pendias 1984). Natural Pb, Zn and Cu concentrations
in plan&s growing in uncontaminateld and unmineralised areas range from 0.1-10
mg kg™' DW for Pb, 12-47 mg kg”" DW for Zn and 1-10 mg kg'* DW for Cu
(Kabata-Pendias and Pendias 1984). The Pb, Zn and Cu concentrations in
Taraxacum exceed the naturally ocurring levels of these metals in other plants.
Concentrations of Pb ranging from 56-950 mg kg™ DW have been reported in
other roadside grown plants and in Poland the Cu content of dandelion tops and
roots ranged from 73-274 and 22-199 ppm DW, respectively at a distance of 0.5-2.5
km from a metal smelter (see Kabata-Pendias and Pendias 1984). However in
urban gardens, although the Zn content of radish roots ranged from 27-708 ppm
DW and leaty vegetables from 35-470 ppm DW, the respective Cu content was 2-14
and 4-19 ppm DW (Kabata-Pendias and Pendias 1984).

In conclusion, many of the measured Pb, Zn and Cu soil concentrations were in
excess of reported values for naturally occurring levels in uncontaminated soils.
There were considerable differences in the metal concentrations throughout the
city with a distribution related to traffic density and car emissions. Plant tissue
metal concentrations were a function of the soil metal concentration and therefore
exhibited a similar distribution and relation to traffic density. There was a heavy
metal loading in the city centre particularly of Pb, but also of Zn and Cu and the
highest concentrations are in the range known to be phytotoxic. Elevated levels of
Pb, Zn and Cu may lead to the inhibition of plant processes (Rolfe and Bazzaz
1975; Kabata-Pendias and Pendias 1984; Van Assche and Clijsters 1990; Brown
and Brinkmann 1992) and measurements of fluorescence parameters have
demonstrated that Taraxacum plants are stressed by pollution in areas of heavy
traffic density (Lanaras et al. 1994).
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