
Introduction

Human activity has continuously increased the level of
heavy metals circulating in the environment. Heavy metal
pollution of the biosphere has accelerated rapidly since the
onset of the industrial revolution, and heavy metal toxicity
poses major environmental problems [1, 2]. Heavy metals
belong to types of toxic substances that have adverse
effects on health. The most common ones are Cd, Cr, Cu,
Hg, Pb, and Zn, having their atomic number greater than
20 and with metallic properties. These metals cannot be
easily degraded, and cleanup usually requires their
removal [3, 4]. 

Waste landfills are currently the most widely used
method to dispose of municipal waste, mainly in highly
populated cities. Landfills can be a source of a large num-
ber of toxic elements and compounds, i.e. heavy metals
diffuse through air fallout or leachate release. Some
research has shown that landfills spread a large number of
compounds that, since the industrial revolution, are

increasingly accumulated in soil and in litter and that in
some situations may be available for species even a con-
siderable distance from the source [5]. Toxic and heavy
metals may be leached, absorbed by vegetation, or
retained by the soil, and their toxicity depends on factors
such as concentration, speciation (the form in which they
are present in the soil), and bioavailability (the ease with
which they pass into the soil solution and thereby into the
tropic chain) [6].

The plants, which are often identified as bioaccumula-
tors, have the ability to take up soil contaminants and
deposit them in their roots, as well as in their aboveground
organs. According to Kowalska [7] it is necessary to point
out that bioaccumulating plant species are normally charac-
terized by high concentration factors, i.e. concentrations of
the toxic substances are higher in their tissues than in the
soil. Bioaccumulation factors of some plants can even reach
1000×. There are plant species capable of intensive uptake
of soil contaminants and, at the same time, are character-
ized by a significant production of biomass [7].

In this study the concentrations and the enrichment
coefficient (EC) of Cd, Cr, Cu, Ni, Pb, and Zn of plant
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species Lycopersicon esculentum and Tanacetum vulgare in
Štěpánovice municipal solid waste (MSW) landfill was
investigated with the objective to: 
(1) Get better knowledge of the accumulating capacity of

plant species for Cd, Cr, Cu, Ni, Pb, and Zn in such
environment conditions 

(2) Investigate the enrichment coefficient of the plant/soil
system 

(3) Choose a hyper accumulator that would be used as
potential plant species for cleaning heavy metals in the
future.
It was hypothesized that differences in the concentra-

tions and the enrichment coefficients of Cd, Cr, Cu, Ni, Pb,
and Zn of plant species in Štěpánovice MSW landfill exist. 

Experimental Procedures

The following two species were the object of the inves-
tigation: Tanacetum vulgare and Lycopersicon esculentum.
They have been used as indicator species in the phytomon-
itoring of pollution in the Štěpánovice MSW landfill. The
investigation was carried out in 2013, and each of the two
species was studied. Two experimental plots were set (Fig.
1) for the purpose of monitoring. The selection of experi-
mental plots was made in compliance with wider distribu-
tion of those plant species. The content of the Cd, Cr, Cu,
Ni, Pb, and Zn (mg·kg-1 dry matter (DM)) was determined
in the plant species.

Site Description

The investigated landfill (site description – location and
characterization) was described in detail in other articles [8-
10]. The site is reported to have experienced waste dispos-
al activities from 1996 until 2014 at varying rates.
Particular details of waste composition, waste quantity
stored in the landfill from 2004 to 2011, and landfill gas
management are not presented in this article. 

Tanacetum vulgare Collection and Analysis

Two samples of whole Tanacetum vulgare were col-
lected from the landfill body (Fig. 1). Height of the plants
ranged from 30 to 60 cm at the time of harvest. Plant mate-
rials were harvested at the end of May 2013. Tanacetum
vulgare were uprooted, labeled, and taken to a laboratory
for analysis. Fresh plant material was air dried between the
sheets of porous paper for about a month. Dried samples
were ground to fine powder using pestle and mortar and
were then chemically analyzed for the content of Cd, Cr,
Cu, Ni, Pb, and Zn. Concentration of heavy metals was
analyzed according to ČSN EN ISO 11885. For the deter-
mination of the contents of trace elements, the samples
were mineralized by microwave digestion with HNO3 and
H2O2.

Lycopersicon esculentum Collection and Analysis

Two whole samples of Lycopersicon esculentum were
taken from the same place as Tanacetum vulgare (Fig. 1).
Height of the plants ranged from 30 to 45 cm at the time
of harvest. Plant materials were harvested at the end of
May 2013. Samples were placed into two separate carry-
ing boxes made of perforated paper. The boxes were
labelled for easy identification and brought to the labora-
tory where they were photographed for documentation
and prepared for further research. The examined samples
of Lycopersicon esculentum were brought to the laborato-
ry for analyses. The materials were analyzed for the con-
tent of Cd, Cr, Cu, Ni, Pb, and Zn. Concentration of heavy
metals was analyzed according to ČSN EN ISO 11885.
For determining the contents of heavy metals the samples
were mineralized by microwave digestion with HNO3 and
H2O2.

Soil Sampling and Analysis

The soils were sampled at 0-15 cm depths under the
tansy Tanacetum vulgare and Lycopersicon esculentum
roots and transferred into labeled polyethylene bags for
storage and laboratory analyses (Fig. 1). Soil samples were
dried at 105ºC until constant weight, ground to fine powder,
and homogenized. The samples were collected from four
different places in both sampling areas. The materials were
analyzed for contents of Cd, Cr, Cu, Ni, Pb, and Zn.
Concentration of heavy metals was analyzed according to
ČSN EN ISO 11885.
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Table 1. Sample designation

Sample – sampling area Designation

Lycopersicon esculentum – landfill sampling area
No. 1

Sample A

Lycopersicon esculentum – landfill sampling area
No. 2

Sample B

Tanacetum vulgare – landfill sampling area No. 1 Sample C

Tanacetum vulgare – landfill sampling area No. 2 Sample D

Fig. 1. Sampling area. 
1 – landfill, 2 – drained water tank, 3 – rainwater reservoir, 4 –
entrance gate



Enrichment Coefficient for Plant/Soil System

Enrichment coefficient (EC) was calculated to assess
the accumulations of metals from soils to plants (1), and it
is described as the following formula [1, 11, 12]: 

(1)

...where EC is the enrichment coefficient for plant/soil sys-
tem; [M]plant is the concentration of a metal in the tissue of
plant (root or leaf), mg·kg-1, in dry matter; and [M]soil is the
total concentration of a metal in soils where this plant used
to grow, mg·kg-1, in dry matter.

Results and Discussion

The soil and plant samples collected from four sites
were analyzed for their metal contents. It appears that metal
concentration in different samples varies to a great extent
from sample to sample.

Table 1 describes the characteristics of samples (plant
species), location of sampling area, and sample designation. 

Fig. 1 illustrates the landfill and its immediate sur-
roundings and the marked areas of sampling. In sampling
area No. 1 sample A – Lycopersicon esculentum and sam-
ple C – Tanacetum vulgare were collected. In sampling area
No. 2 sample B – Lycopersicon esculentum and sample D
– Tanacetum vulgare were collected.

The results of enrichment coefficient for plant/soil sys-
tem are shown in Figs. 2-6. Malayeri et al. [13] grouped
plant species according to their heavy metal uptake capaci-
ties and sensitivity to metal pollution:

High accumulator plants EC > 1
Moderate accumulator plants EC < 1.0
Low accumulator plants EC < 0.1
Non-accumulator plants EC < 0.01
Fig. 2 shows graphical evaluation of the results for val-

ues of the EC mg·kg-1 DM for Cd, Cr, Cu, Ni, Pb, and Zn in
sample A (sampling area No. 1).

In sample A the values of the EC for Cr, Cu, Ni, Pb, and
Zn were lower than 0.01 mg·kg-1 DM; no accumulation
occurred. Only Cd reached EC figure of 0.0546 mg·kg-1

DM, i.e. EC < 0.1, low degree of accumulation. Fig. 3 illus-
trates graphical evaluation of the results for the EC values
(mg·kg-1 DM) for Cd, Cr, Cu, Ni, Pb, and Zn in sample B
(sampling area No. 2).

With regard to sample B the values of the EC for Cr, Ni,
and Pb reached values lower than 0.01 mg·kg-1 DM, thus
accumulation did not occur. For Cd, Cu, and Zn the EC val-
ues were EC < 0.1, therefore a slight degree of accumula-
tion was presented.

Fig. 4 shows graphical evaluation of the results for EC
values (mg·kg-1 DM) for Cd, Cr, Cu, Ni, Pb, and Zn in sam-
ple C (sampling area No. 1).

In sample C the EC values for Cr, Cu, Ni, and Pb
reached values lower than 0.1 mg·kg-1 DM, thus a slight
degree of accumulation occurred. With regard to Cd (EC =
0.7923 mg·kg-1 DM) and Zn (EC = 0.2793 mg·kg-1 DM), the
EC value was EC < 1.0 mg·kg-1 DM, i.e. a medium degree
of accumulation.

Fig. 5 illustrates graphical evaluation of the results for
the EC values (mg·kg-1 DM) for Cd, Cr, Cu, Ni, Pb, and Zn
in sample D (sampling area No. 2). As the graph indicates,
the EC values in sample D for most of the Cr, Cu, Ni, Pb,
and Zn amounted to EC values < 1.0 mg·kg-1 DM, i.e. medi-
um degree of accumulation. For Cd the EC value reached
EC = 2.56 mg·kg-1 DM, a value of EC > 1.0 mg·kg-1 DM,
thus a high degree of accumulation.

Comparison of EC values for particular samples (sam-
ple A, B, C, and D) is illustrated in Fig. 6.

When comparing the EC values of particular samples,
the highest degree of accumulation was recorded for sam-
ple D, the plant Tanacetum vulgare (sampling area No. 2).
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The EC values for sample D – compared to samples A, B,
and C – showed the highest figures of all examined heavy
metals, but particularly for Cd, the value was the highest of
all the observed samples (EC = 2.56 mg·kg-1); there was a
high degree of accumulation.

Discussion

Environmental pollution with heavy metals poses a
grave problem to the contemporary world. The ions of
many heavy metals, such as Cu, Zn, Mn, Fe, and Ni, are
important microelements in the mineral nutrition of plants,
but at high levels and jointly with other metals, such as Cd
and Pb, they could become extremely toxic [14]. 

Owing to their ability to effectively capture and accu-
mulate chemical substances from the environment, the
plants are widely used as passive biomonitors and for phy-
toremediation [14].

Phytoremediation is a method of environmental treat-
ment that makes use of the ability of some plant species to
accumulate certain elements, including heavy metals, in
amounts exceeding the nutrition requirements of plants.
Phytoextraction is one of the elements of phytoremediation:
metals from the contaminated ground are taken up by plants
and then transported from roots to shoots and removed with
crops from a specified area of nature [15-17]. Considering
the possibilities for phytoremediation of waste landfill sites,
important are both the ability of species to accumulate high
amounts of elements per biomass unit, as well as the possi-

bility of high biomass production over a given time and
area. This is not always possible for certain plant species,
even if we provide optimal growth conditions and assume
that high accumulation of cadmium or lead, for example,
would not reduce this growth. Therefore, despite numerous
studies on plant bioaccumulators [15-20], it is difficult to
state definitively which species could be particularly useful
in environmental phytoremediation [15].

Tanacetum vulgare was selected because it is a common
and widespread plant with a high degree of adaptability and
grows spontaneously in the Štěpánovice Landfill. Tanacetum
vulgare’s wide distribution indicates high ecological plastici-
ty in different environmental conditions [21]. The wider dis-
tribution of Lycopersicon esculentum in the landfill body
explains its use as an indicator and the start of a comparative
investigation of the accumulation capacity of both pieces. 

The samples were collected in two areas directly at the
landfill body, in both sampling areas one specimen  of
Lycopersicon esculentum (soil and plant) and one of
Tanacetum vulgare (soil and plant). The concentrations of
Cd, Cr, Cu, Ni, Pb, and Zn (mg·kg-1 DM) was determined
in relation to all samples.

Based on the discovered concentrations of heavy metals
in the samples, the EC ratios for particular collected speci-
mens were calculated. The EC values for samples A and B
were lower than 0.1 mg·kg-1 DM (a slight degree of accu-
mulation), some heavy metals did not even reached values
EC < 0.01 mg·kg-1 DM, which means there was no accu-
mulation of these heavy metals. The EC values for sample
C compared to the EC values for samples A and B reached
higher figures, the degree of accumulation was low or mod-
erate (in case of heavy metals Cd and Zn). The highest val-
ues of EC were recorded for sample D in all the examined
heavy metals, but especially in heavy metal Cd, where the
value of EC amounted to 2.56 mg·kg-1 DM, which implies
a high degree of accumulation.

In terms of the determination of the EC in case of
Štěpánovice MSW landfill, better results were achieved
using the plant Tanacetum vulgare rather than by means of
the plant Lycopersicon esculentum. Since Tanacetum vul-
gare may be considered a good bioindicator, this plant was
selected for further research that will focus on more
detailed monitoring of Tanacetum vulgare in the nearest
vicinity of the landfill and at its body.

Conclusion

There have been a number of studies investigating
metal uptake in plants on contaminated landfill sites [15-20,
22, 23], but little on their role as biomarkers to identify
metal mobility for continuous monitoring purposes.
Vegetation can be used as a biomonitor of site pollution, by
identifying the mobilization of heavy metals and by pro-
viding an understanding of their bioavailability and for their
phytoremediation possibilities. 

For the phytoremediation of contaminated soils with
heavy metals, plants representing high metal accumulation
properties, high biomass production, and a high level of
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metal transportation from the root to the shoot appear to be
useful for giving the highest possible heavy metal removal
from the soil. Knowledge regarding the potential ability of
plant mineral element uptake and their accumulation in the
biomass is not sufficient, despite many studies on heavy
metal content in different plants [15].

The present study was planned to assess the status of
metal contamination in the MSW landfill area. Plants select-
ed were the Tanacetum vulgare and Lycopersicon esculen-
tum. The study area was predominantly contaminated with
Cd and Zn. The results indicated that select plant species dif-
fer greatly in their capacity of heavy metal accumulation.

This study was conducted to screen plants growing in
contaminated areas of the landfill site to determine their
potential for metal accumulation. Based on the results, it
may be concluded that Tanacetum vulgare can tolerate and
sequester Cd from the soil. None of the plants were identi-
fied as metal hyperaccumulators. However, Tanacetum vul-
gare was most effective in taking up metals and showed
higher enrichment coefficient of heavy metals, indicating
its higher accumulating ability. These plant species were
considered suitable for growing in the MSW landfill, as
they accumulate considerable quantities of heavy metals
from the soil with their root system and can be used as a
potential plant species for cleaning heavy metals.
Enrichment coefficient (EC) indicates the phytoremedia-
tion potential of Tanacetum vulgare. Phytoremediation
potential of these plant species especially needs to be inves-
tigated; further research will be undertaken.
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