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Summary

GRABNER B., RiBARIC-LASNIK C., RomiH N., PFEIFHOFER H.W. & BatrIic F. 2011.
Bioaccumulation capacity for Pb, Cd and Zn from polluted soil in selected species of
the Brassicaceae family growing in different vegetation types. — Phyton (Horn, Aus-
tria) 50 (2): 287-300, with 1 figure.

To evaluate the response and the accumulation capacity concerning their possi-
ble use for biomonitoring of metal pollution, five species of the Brassicaceae family
were chosen as characteristic representatives of common vegetation types: Alliaria
petiolata — typical for forest edge vegetation; Capsella bursa-pastoris — typical for the
arable land; Diplotaxis tenuifolia — typical for road margins; Biscutella laevigata —
typical for closed, permanent grasslands, and Cardamine enneaphyllos — typical for
the forest ground layer vegetation. Plants were collected at the beginning of flower-
ing at three different locations in Slovenia: 1.) Vrems¢ica Mountain (SW part of Slo-
venia, presumably unpolluted site); 2.) Celje (town in the middle of Slovenia, high
contamination with metals due to the zinc industry), and 3.) Zerjav (Karavanke re-
gion of northern Slovenia with a century-old tradition of lead and zinc mining and
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smelting activity). Additionally two hybrids of oil seed rape (Brassica napus L. var.
napus) were analyzed, crop plants, sown at differently polluted locations in Celje.
Metal pollution of the soil correlated with the concentration of metals in above-
ground plant parts, offering to use these species as biomonitors of metal pollution in
different types of natural and semi-natural vegetation. They can be used for monitoring
short-term changes in heavy metal polluted arable land and urban areas as well as for
monitoring long term heavy metal pollution of forests. None of the plant species of our
investigation proved to be a feasible candidate for use in phytoremediation.

Zusammenfassung

GRABNER B., RiBARIC-LASNIK C., RomiH N., PFEIFHOFER H.W. & BatIiC F. 2011.
Bioaccumulation capacity for Pb, Cd and Zn from polluted soil in selected species of
the Brassicaceae family growing in different vegetation types. [Uber die Fihigkeit
ausgewdhlter Vertreter der Brassicaceae verschiedener Vegetationstypen, Blei, Cad-
mium und Zink aus schwermetallbelasteten Béden anzureichern.] — Phyton (Horn,
Austria) 50 (2): 287-300, 1 Abbildung.

Um zu klaren, ob sie fiir ein Biomonitoring von Schwermetallbelastungen
geeignet sind, wurden finf Arten der Brassicaceae, die in hdufigen Vegetationstypen
vorkommen, auf ihre Fahigkeit Metalle anzureichern untersucht: Alliaria petiolata —
typisch fiir Waldrander; Capsella bursa-pastoris — typisch fiir Ackerland; Diplotaxis
tenuifolia — typisch fiir Wegrander; Biscutella laevigata — typisch fiir Dauergrinland
und Cardamine enneaphyllos — typisch fiir die Krautschicht von Wildern. Die
Pflanzen wurden zu Beginn der Bliitezeit an drei verschiedenen Orten in Slowenien
gesammelt: 1.) Am Berg Vremsc¢ica (im Stidwesten Sloweniens, vermutlich ohne
Umweltverschmutzung); 2.) in der Stadt Celje (Cilli; eine Stadt in Mittelslowenien
mit hoher Schwermetallbelastung verursacht durch Zink verarbeitende Industrie)
und 3.) in Zerjav in Koroska (Unterkirnten), der Karawankenregion Nordslowe-
niens, mit einer Bleischmelze und einem iiber Jahrhunderte bestehenden Blei- und
Zinkbergwerk, das im Jahr 1994 stillgelegt wurde. Zusétzlich wurden zwei Rapssor-
ten (Brassica napus L. var. napus) untersucht, die in unterschiedlich belasteten Fla-
chen in Celje ausgesit worden waren.

Die Metallbelastung der Boden korrelierte mit der Metallkonzentration in ober-
irdischen Pflanzenteilen, weshalb diese Arten als Monitorpflanzen fiir Metallbelastung
in natiirlichen und anthropogen beeinflussten Vegetationstypen eingesetzt werden
kénnten. Sie kénnten sowohl fiir das Monitoring kurzfristiger Anderungen im Agrar-
land und auf urbanen Flichen als auch fiir ein Langzeitmonitoring der Schwerme-
tallbelastung von Wildern eingesetzt werden. Keine der untersuchten Pflanzenarten
erwies sich als brauchbarer Kandidat fiir den Einsatz in der Phytoremediation.

Introduction

Soil contamination by metals is a serious environmental problem
threatening human health and limiting plant productivity. Metals cause
public health problems, entering the body in food or by inhalation of dust
(Kos & LESTAN 2003). A number of studies have also shown that con-
tamination by metals reduces biodiversity in soil (DAHLIN & al. 1997). In
plants metals inhibit photosynthesis (LArsoN & al. 1998, Bazzaz & al.
1975, SINGH & al. 1994), nitrate uptake (DEVRIESE & al. 2001), respiration
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(KESSELER & BRrRAND 1995) and most other physiological processes at dif-
ferent levels of metabolism.

Plants differ regarding their tolerance to high concentrations of metals
and they have developed two strategies to cope with high concentrations of
heavy metals in the soil. One is hyperaccumulation, including transport,
chelation, and sequestration of metals in cell vacuoles by using protective
mechanisms which diminish the harmful effects. According to BAKER &
Brooks 1989 hyperaccumulators are plants that can concentrate the pol-
lutants in a minimum percentage which varies according to the pollutant
involved (for example: more than 1000 mg/kg of dry mass for nickel, cop-
per, cobalt, chromium or lead; or more than 10,000 mg/kg for zinc or
manganese). The other strategy is exclusion, i.e. the avoidance of absorp-
tion and the prevention of translocation of heavy metals from the roots to
the shoots (BAKER 1987). Hyperaccumulators are mostly plants with slow
growth and low annual yield. The ideal plant for phytoremediation should,
however, strongly accumulate heavy metals and produce biomass as much
as possible (CHANEY & al. 1998).

Some plant species can also be used as biomonitors of short term pol-
lution. Ideal as accumulative biomonitor are species where the concentra-
tion of the pollutant in the plant reflects external pollutant concentration
in the soil. Some additional criteria for the selection of the plants for bio-
monitoring are: the species should be represented in large numbers all over
the monitoring area; it should be easy to sample and to determine; and it
should have a wide geographical range (WiTTIG 1993).

In the past, more than 400 species of the genera Alyssum, Arabidopsis,
Petrisis, and Brassica (ROOSENS & al. 2003) have been investigated for both
phytoremediation and biomonitoring purposes.

Species of the Brassicaceae family, such as Brassica juncea (Indian
Mustard) (BELMOV & al. 2005, GHOSH & SINGH 2005), Arabidopsis thaliana
(PATERSON & al. 2001) and Thlaspi caerulescens (ROOSENS & al. 2003) have
been investigated for their capability to accumulate metals in their shoots for
years. Brassica napus var. napus (GRISPEN & al. 2006) and Biscutella laevi-
gata were also investigated as hyperaccummulators of zinc and cadmium
(WIERZBICKA & PIELICHOWSKA 2004). Askoy & al. 1998 also reported that
Capsella bursa-pastoris (L.) could be a possible candidate for biomonitoring.

The aim of the study was to find new bioaccumulators of the Brassi-
caceae family in different habitats in order to improve environmental bio-
monitoring. Specimens of the selected Brassicaceae species were sampled
in differently polluted regions of Slovenia. Vrems$¢ica Mountain (in SW
Slovenia) was chosen as control site in a presumably unpolluted area.
Polluted sites were chosen at two areas: Firstly, the municipality of Celje,
where many reports (BATIC 1984, DoMITROVIC-UTRANJEK 1988, LOBNIK & al.
1989) indicate heavy metal contamination as a result of past activity of the
zinc smelting and other industries in the area; and secondly, Zerjav in the
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Upper Meza Valley, the Karavanke region of northern Slovenia with a
century-old tradition of lead and zinc mining and lead smelting, leading to
heavy pollution of soil (KuGoNI¢ & KopuSar 2000).

Material and Methods
Experimental Design

Representative wild Brassicaceae species, growing abundantly in different ha-
bitats, were chosen: Alliaria petiolata Cav. & Grande, or garlic mustard, a biennial
species of the forest edge; Capsella bursa-pastoris (L.) Med., or shepherd’s-purse, an
annual weedy species, representative of arable land; Diplotaxis tenuifolia (L.) DC., or
wall-rocket, a ruderal perennial species, representative of road margins and lately
also cultivated for salads; Biscutella laevigata L., or buckler mustard, a perennial
representative of closed, permanent grasslands, and Cardamine enneaphyllos (L.)
Crantz., or drooping bittercress, a perennial representative of forest ground layer
vegetation. At Vremsc¢ica, garlic mustard, perennial wall-rocket, buckler mustard,
drooping bittercress and shepherd’s-purse were sampled. In Celje, garlic mustard,
perennial wall-rocket and shepherd’s-purse were sampled, and buckler mustard and
drooping bittercress at Zerjav. Plants were collected at the beginning of the flowering
season. At each locality five specimens of each plant species were sampled. Below-
and above-ground parts were separately analyzed for metals.

Two varieties of oilseed rape (Brassica napus L. var. napus), differing in height,
tolerance of climate extremes, and yield, were also sown at two locations in Celje.
The hybrid PR46 W31 is a winter crop with a high yield of grains and oil and a low
content of glucosinolates. It is medium high and very stable under different ecologi-
cal circumstances. The other hybrid, PR45 D01, is a hybrid with an implanted dwarf
gene that reduces the possibilities of frost damage. The locations were chosen due to
pollution of the soil according to the literature (ZBERT 2002). At each locality 10
plants were sampled, and below- and above-ground parts were separately analyzed
for metals. Plant samples were air-dried for 4 days at 40 °C and ground to powder.

At the time of plant sampling, soil samples in the 0 to 30 cm depth range were
taken for analysis at every spot where plants had been collected. The soil samples
were air-dried for 4 days at 30 °C and ground to powder. The concentration of cad-
mium (Cd), zinc (Zn), and lead (Pb) of both soil and plant samples were determined
using ICP mass spectrometry (Epov & al. 2007).

Metal Accumulation in Roots and Shoots

In order to assess metal accumulation traits, the content of Pb, Zn and Cd were
quantified in shoots and roots, and the ratios of shoot to root concentration (S/R)
were calculated. We also estimated the mobility of metals in the soil-plant system by
the bioaccumulation factor (BAF), calculated as the coefficient between the con-
centration in the shoot (mg/kg DM) and the concentration in the soil (mg/kg DM)
(KACHENKO & SINGH 2006).
concentration in shoot

concentration in soil

Bioaccumulation factor (BAF) =

The ratios of shoot to root concentration (S/R) and BAF enable us to compare
the uptake of metals by different species collected at differently polluted soils and to
estimate their potential use for bioremediation or biomonitoring.
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Results and Discussion

Soil Analysis

The Vremsc¢ica Mountain was chosen as an unpolluted site because
there are no major local sources of metal pollutants in the vicinity. To
our surprise (Tables 1-3), the levels of Zn, Pb and Cd were above the
allowed immission values according to Slovenian legislation (ANONYMOUS
1996). The Zn concentration in the soil exceeded the threshold value of
200 mg/kg DM at the sampling site of Capsella bursa pastoris (220 mg/
kg DM), the Pb concentration in the soil exceeded the limit value of 85
mg/kg DM at the sampling site of Alliaria petiolata (94.8 mg/kg DM),
while the Cd concentration in the soil exceeded the limit value (1 mg/kg
DM) at two localities, at the sampling site of Diplotaxis tenuifolia (1.1
mg/kg DM) and at the sampling site of Biscutella laevigata (1.1 mg/kg
DM). At other three plant sampling localities in this area the Cd content
exceeded the warning value of 2 mg/kg DM, namely at the sampling site
of A. petiolata (2.3 mg/kg DM), at the sampling site of Cardamine en-
neaphyllos (2.4 mg/kg DM) and at a sampling site of C. bursa pastoris
(2.4 mg/kg DM). In the literature there is no data of previous analysis of
the soil on Vremscica, but the study made by JErRAN & al. 1996, showed
high deposition of Zn and Cd in lichens in this area as a result of
transport from the industrial region of NW-Italy. That might also be a
reason for elevated values of metals in the soil.

The Municipality Celje and upper Meza valley were chosen as lo-
calities with highly elevated content of metals in soils due to long term
industrial activity in Celje and ore mining and smelting in the upper Meza
valley (BaTi¢ 1984, DoMITROVIC-UTRANJEK 1988, LoBNIK & al. 1989, (Ku-
GONIC & KopuSar 2000). An exception was the sampling site of B. laevigata
(Table 2) in the upper Meza valley, where the Zn content of the soil was the
lowest among all the sites investigated (63 mg/kg DM), but the content of
Pb and Cd was very high at this locality and exceeded warning values. The
reason for this discrepancy is difficult to explain and it might be ascribed
to soil heterogeneity at this specific site directly above the entrance to the
lead and zinc mine in Zerjav where soils were completely eroded during
the mining activity and no other plants grew there. At present, after
mining activity ceased, the metal content of the soil is lower than in more
distant areas, for example at the site about 2 km away from the mine en-
trance, where Cardamine enneaphyllos (a representative of forest ground
layer vegetation) was sampled in the forest. At this site the content of Pb
exceeds the critical immission value 20 times, that of Zn 2 times and that
of Cd 10 times. At this site the forest vegetation prevents erosion, thus the
heavy metals were accumulated over the years of mining and smelting ac-
tivities.
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Metal Accumulation Capacity of selected Brassicaceae Species
Lead (Pb)

The uptake of Pb by all species of our study was low with the highest
levels being detected in Biscutella laevigata (Table 1). According to
ADRIANO 2001 hyperaccumulators can amass up to 0.1% Pb (1000 mg/kg
DM) in their above-ground parts. WENZEL & JOCKWER 1999 suggested that
B. laevigata could be a candidate for a hyperaccumulator of lead, accu-
mulating up to 1090 mg/kg DM Pb in shoots on a site that had 4010 mg/kg
DM Pb. Biscutella laevigata specimens of our study grew on locations
containing 179.8 mg/kg DM Pb and accumulated 15.3 mg/kg DM Pb in
aboveground parts, which is considerably lower as compared to the study
of WENZEL & JOCKWER 1999, even if the different soil pollution is taken into
account. Also S/R and BAF are low, suggesting that this species cannot
accumulate such high concentrations of lead even on highly polluted soil.
Using the BAF we can estimate and evaluate the ability to accumulate Pb
in upper plant parts of the species and the potentially safe usage. Accord-
ing to our results the bioavailability of Pb is low at all locations and in all
species included in the study.

Cardamine enneaphyllos, containing 691.6 mg/kg DM Pb in roots and
19.7 mg/kg DM in above-ground parts, surpassed B. laevigata in accumula-
tion of Pb. However, the content of lead in soil of the sampling site of C. en-
neaphyllos was extremely high, more than 10,000 mg/kg DM Pb, i.e. 55 times
more than at the site where B. laevigata was sampled. The lowest accumu-
lation capacity was found in Alliaria petiolata which, at heavily polluted
sites in Celje (2861 mg/kg DM Pb) accumulated only 2.9 mg/kg DM Pb in
roots and 5.6 mg/kg DM in above-ground parts (S/R ratio 1.91). For com-
parison, from soils that were 16 times less polluted B. laevigata accumulated
10 times more Pb in roots and 2.7 times more in above-ground plant parts.

Based on BAFs, the plant species of our study successfully prevented
uptake of lead from the soil into above-ground plant parts. Even A. petio-
lata, whose S/R was above 1 at both locations, had a very low BAF (0.0020
in Celje). Thus we conclude that A. petiolata had an efficient mechanism to
avoid lead uptake from the polluted soil, but it had a weak avoidance me-
chanism against intra-plant translocation, once Pb had been taken up.
Considering its fast growth rate and high biomass production, A. petiolata
would be a potentially good candidate for phytoremediation, but un-
fortunately it accumulates too little metals in its above-ground parts.

Zinc (Zn)

Another species of the Brassicaceae family, Thlaspi praecox Wulf, was
found to be a hyperaccumulator of metals. It accumulated up to 1.5 % of
Zn in shoots (dry mass), as reported by REGVAR & al. 2006. Species ana-
lyzed in this study did not accumulate such high concentrations of Zn
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Table 1. Lead concentration in soil samples from Vremcica, municipality Celje and

the upper Mea valley as well as content of Pb in shoots and roots, the ratio of shoot to

root concentration (S/R) and bioaccumulation factor (BAF) of selected plant species
from the Brassicaceae family.

Soil Roots  Shoots

Plant species S/R  BAF
P (mg/kg) (mg/kg) (mg/kg)

Low metal sites

Vremsc¢ica

Capsella bursa-pastoris 20.10 7.33 0.29 0.04 0.0144

Diplotaxis tenuifolia 32.40 5.26 0.68 0.13 0.0210

Biscutella laevigata 58.30 1.81 0.34 0.19 0.0058

Cardamine enneaphyllos 78.60 1.39 0.76 0.55 0.0097

Alliaria petiolata 94.80 0.18 0.52 2.89 0.0055

Medlog

Brassica napus L. var. napus PR46 W31  36.10 2.06 1.03 0.50 0.0285
Brassica napus L. var. napus PR45 D01 37.40 2.09 1.66 0.79 0.0444

High metal sites

Celje

Diplotaxis tenuifolia 129.60  36.49 12.36 0.34 0.0954
Capsella bursa-pastoris 2.096.00 21.21 8.33 0.39 0.0040
Alliaria petiolata 2.861.00 2.94 5.62 1.91 0.0020
Zerjav

Biscutella laevigata 179.80 210.04 15.27  0.07 0.0849
Cardamine enneaphyllos 10.000.00 691.55 19.71 0.03 0.0020
Skofja vas

Brassica napus L. var. napus PR46 W31  205.30 9.87 1.77 0.18 0.0086
Brassica napus L. var. napus PR45 D01~ 239.70 16.18 2.67 0.17 0.0111

(Table 2). The highest concentration of Zn in shoots was detected in Al-
liaria petiolata growing on a heavy polluted soil in Celje with a Zn content
of 10,000 mg/kg DM. Above-ground plant parts of this species contained
392.9 mg/kg DM Zn and also had a high S/R ratio (1.33). A similar in-
tensive uptake of Zn was observed also in Diplotaxis tenuifolia which
contained 261.6 mg/kg DM Zn in shoots. However, these plants were
growing on a considerably less polluted soil (1,058 mg/kg DM Zn).

Capsella bursa-pastoris had the smallest uptake rate of Zn at the
sampling site in Celje where it accumulated from much more polluted soils
with 4,649 mg/kg DM Zn only 24.2 mg/kg DM Zn into its above-ground
parts. This is similar to the Zn content found in A. petiolata at the Vrem-
cica site, where the soil concentration of Zn was 45 times lower.

Alliaria petiolata had an S/R ratio higher than 1 at both locations (Fig.
1). Considering the fact that Zn is an essential micronutrient, our results
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Table 2. Zinc concentration in soil samples from Vrems¢ica, municipality Celje and

the upper Meza valley as well as content of Zn in shoots and roots, the ratio of shoot

to root concentration (S/R) and bioaccumulation factor (BAF) of selected plant spe-
cies from the Brassicaceae family.

Soil Roots  Shoots

Plant species S/R  BAF
P (mg/kg) (mg/kg) (mg/kg)

Low metal sites

Zerjav

Biscutella laevigata 63.00 52.40 24.20 0.46 0.38

Vremscica

Diplotaxis tenuifolia 78.00 68.00 37.80 0.56  0.48

Biscutella laevigata 93.00 25.60 44.50 1.74  0.48

Cardamine enneaphyllos 118.00  15.90 35.10 2.21  0.30

Alliaria petiolata 147.00  20.10 25.70 1.28 0.17

Capsella bursa-pastoris 220.00 52.70 24.50 0.46 0.11

Medlog

Brassica napus L. var. napus PR 45D01  106.00 31.60 11.44 0.36 0.11
Brassica napus L. var. napus PR46 W31  115.00 40.48 12.54 0.31 0.11

High metal sites

Celje

Diplotaxis tenuifolia 612.00 490.00 151.60 0.31 0.25
Capsella bursa-pastoris 4.649.00 208.50 24.20 0.12  0.01
Alliaria petiolata 10.000.00 294.70 392.90 1.33 0.04
Zerjav

Cardamine enneaphyllos 1.058.00 70.10 261.60 3.73  0.25
Skofja vas

Brassica napus L. var. napus PR 45D01 1.310.00 184.77 52.83 0.29 0.04
Brassica napus L. var. napus PR46 W31 1.356.00 113.87  53.93 0.47 0.04

explain higher BAFs for Zn than for Pb (Tables 1 and 2). They also proved,
similar to the results obtained with Pb pollution, that plants had no effi-
cient mechanism to avoid the intra-plant movement of Zn from roots to
shoots. The low BAF (0.04) reveals that further uptake and enrichment of
Zn was successfully prevented by the plant roots.

Cadmium (Cd)

Cadmium is a highly toxic element without any function in vascular
plants. The known hyperaccumulator of Cd (MARSCHNER 1995), Thlaspi
caerulescens, can accumulate Cd up to 100 mg/kg of shoot dry biomass. In
our study, however, the concentration of Cd in roots and shoots remained
low, even on locations with very high levels of Cd in the soil (Table 3). We
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Table 3. Cadmium concentration in soil samples from Vrems¢ica, municipality Celje
and the upper Meza valley as well as content of Cd in shoots and roots, the ratio of
shoot to root concentration (S/R) and bioaccumulation factor (BAF) of selected plant
species from the Brassicaceae family.

Soil Roots  Shoots

Plant species S/R  BAF
P (mg/kg) (mg/kg) (mg/kg)

Low metal sites

Vremsc¢ica

Diplotaxis tenuifolia 1.10 4.66 0.85 0.18  0.77

Biscutella laevigata 1.10 0.60 0.73 1.22  0.66

Alliaria petiolata 2.30 0.70 0.75 1.07  0.33

Capsella bursa-pastoris 2.40 4.69 1.04 0.22 043

Cardamine enneaphyllos 2.40 0.33 0.83 2.52  0.35

Medlog

Brassica napus L. var. napus PR 45D01 1.20 0.44 0.71 1.61  0.59
Brassica napus L. var. napus PR46 W31 1.40 0.66 0.85 1.29  0.61

High metal sites

Celje

Diplotaxistenuifolia 3.90 6.22 5.24 0.84 1.34
Alliaria petiolata 26.00 3.59 2.11 0.59 0.08
Capsella bursa-pastoris 38.40 5.48 4.38 0.80 0.11
Zerjav

Biscutella laevigata 4.50 7.39 2.64 0.36  0.59
Cardamine enneaphyllos 67.00 2.13 5.41 2.54 0.08
Skofja vas

Brassica napus L. var. napus PR46 W31 9.70 1.26 0.84 0.67  0.09
Brassica napus L. var. napus PR 45D01 10.90 0.85 0.91 1.07  0.08

detected the highest uptake of Cd in Diplotaxis tenuifolia. In Celje, where
the soil concentration of Cd was elevated (3.9 mg/kg DM), this plant species
contained 6.2 mg/kg DM Cd in roots and 5.2 mg/kg DM Cd in above-ground
plant parts. Biscutella laevigata at the site Zerjav accumulated 7.4 mg/kg
DM Cd in roots and 2.6 mg/kg DM Cd in above-ground parts growing on
soils with 4.5 mg/kg DM Cd. Alliaria petiolata and Capsella bursa-pastoris
took up similar amounts of Cd at the site in Celje, but the sampling site there
was much higher polluted with Cd. Comparing the ability of excluding Cd
from shoots, only Cardamine enneaphylos and Brassica napus PR45 D01
had S/R ratio above 1 on highly polluted soils (Fig. 1).

In most investigated species the BAF of Cd is in the same order of mag-
nitude as the BAF of Zn. The exception is Diplotaxis tenuifolia in Celje (BAF
=1.34) and on Vremcica (BAF =0.77), suggesting that it could accumulate Cd;
however, this species needs to be tested on more locations with highly Cd
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Fig. 1. Shoot/root ratio (S/R) in the chosen plant species of the Brasssicaceae family on unpolluted and polluted soil. (a) S/R ratio of Pb

in plants. (b) S/R ratio of Zn in plants. (c) S/R ratio of Cd in plants.
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polluted soils. Nevertheless, a relationship between the soil concentration of
Cd and the Cd contentin D. tenuifolia shoots was shown. Plants sampled on a
soil with a threefold Cd concentration accumulated more Cd in the shoot
compared with those sampled on less polluted soil (Table 3).

Conclusions

The plant species in our study belonged to different life history types.
Some of them were annual (Capsella bursa-pastoris, Brassica napus), oth-
ers biennial (Alliaria petiolata) or perennial (Diplotaxis tenuifolia, Biscu-
tella laevigata and Cardamine enneaphyllos) herbs. Apart from metal
concentrations in soils, the bioaccumulation capacity is also influenced by
plant characteristics such as life forms and their associated functional
traits, e.g. duration of vegetation period and dynamics of growth (WirTIG
1993). Higher uptake was associated with perennial species, such as the
uptake of Zn and Pb by C. enneaphyllos at the Zerjav site, and a high up-
take of Cd by D. tenuifolia and B. laevigata.

Some of the species we used in our research are edible as wild or cul-
tivated salad plants (D. tenuifolia, A. petiolata, and C. bursa-pastoris). For
example, Diplotaxis tenuifolia has lately been widely cultivated and
served as salad in Italian-like kitchens. Even though McLAUGHLIN & al.
1995 reported that fertilizer Cd concentrations had little influence on Cd
concentrations in tubers of commercially grown potato (Solanum tuber-
osum L.) crops, he also concluded that residual Cd in the soil was a major
contributor to the Cd uptake by the crops on these soils. That is why con-
tamination by metals, especially Cd, caused by mineral fertilizer should be
controlled individually for every plant species. According to Slovenian
legislation considering soil pollution (ANonyMoOUS 1996), soils in which
heavy metal content exceeds critical values (Table 4), are not allowed for
food production and soil that is under critical value, but still polluted, is
not recommended for vegetable production. As for medium polluted soil
we must refer to another law (ANoNyMoUs 1983) which states that the
concentration of Pb should not exceed 3 mg/kg and the concentration of
Cd should not exceed 0.3 mg/kg in dry vegetables (Table 4). Our in-
vestigation showed that on medium polluted soil the concentration of Pb in
shoots of D. tenuifolia exceeds the allowed level, while in A. petiolata it
does not. Consequently, A. petiolata could be grown on medium polluted
soil and used as edible plant, while D. tenuifolia could not. For Cd the si-
tuation proves to be quite different. The allowed concentration in shoots
(Table 4) was exceeded in all plant species at all locations (Table 3). To
grow any of the plants from our research for food production in medium
Cd polluted soil is not advisable.

Oilseed rape is not only used for oil production, but also for feeding
animals. In order to assess the possible use of oilseed rape, grown on pol-
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Table 4. Limit values for heavy metals in soil*, foodstuff** and animal feed*** by
Slovenian legislation.

Pb Zn Cd
(mg/kg) (mg/kg) (mg/kg)
* Warning value >85 2200 >1
Alert threshold >100 >300 >2
Critical value 2530 2720 212
** Permitted quantity of toxic substances
in dry vegetables 3 / 0.3
*** Maximum content in animal feed 30 / 1

*** Decree on the limit values, alert thresholds and critical levels of dangerous sub-
stances into the soil

*** Rules on the permissible quantities of pesticides and other toxic substances,
hormones, antibiotics and microtoxins, in foodstuffs

*** Rules on feed safety criteria

luted soil, we have to consider a third Slovenian law (ANoNyMoOUS 2006)
stating that animal fodder should not contain more than 30 mg/kg Pb and
1 mg/kg Cd (Table 4). In our study we grew oilseed rape on medium pol-
luted soil where Pb concentration in the soil did not exceed critical values
(Table 4). The concentration in shoots did not exceed allowed concentra-
tion of Pb and Cd at any location either. As a result B. napus could be
grown as animal fodder on medium polluted soil.

According to Apriano 2001, hyperaccumulators have the ability of
accumulating up to 0.001 % Cd, 0.1 % Pb and 1 % Zn dry mass in their
upper parts. None of the species included in our study could be categorized
as a hyperaccumulator and thus they cannot be used for phytoremediation
purposes. This holds true for B. napus, A. petiolata and D. tenuifolia which
otherwise would be suitable, because they can produce high biomass and
are easy to grow. The results show a correlation between the pollution of
the soil and the concentration of the metals in the above-ground plant
parts. Consequently the selected plant species can be used as biomonitors
of heavy metals in different habitat types of natural and semi-natural ve-
getation. Especially short-term changes in heavy metal pollution of culti-
vated arable land (C. bursa-pastoris, D. tenuifolia) and urban areas (A.
petiolata, D. tenuifolia) could be monitored.
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