
Introduction

The present work continues investigations of dust
released from Łódź’s power plant and how it influences the
content of bioavailable heavy metals in soil in the city area
[1]. Contamination of the soil over the natural level by Pb,
Zn, Cr, and Co could be one of the indicators of anthro-
pogenic environmental pollution. Fast development of
industry, continuously increasing population, and intensifi-
cation of road traffic are regarded as the foremost causes of
ecosystem pollution in urban areas [2]. Two types of pollu-
tion sources can be distinguished: spot-like (human activity
related) and of surface origin (of both natural and anthro-
pogenic sources) [3]. Heavy metal elements present in the
soil is one of the most important signs of environmental pol-
lution. They are transferred to the soil in the form of atmos-
pheric dust [4-6]. In the city of Łódź, as in the most Polish
cities, power plants produce electrical energy and hot water
by incineration of coal. This results in the release of various
pollutants, e.g. heavy metals, that in turn contaminate soil
through dust fall. Emission of dust and gas by-products in
modern plants (or adapted ones) is reduced greatly due to fil-
tration and further conversion into nontoxic products.

Nevertheless, some part of pollutants is still released into
the atmosphere as volatile ash, soot, and metal dust.

Experimental Procedures

Soil Sample Collection and Preparation

Soil samples for analysis were collected from the sur-
face layer (0-20 cm) within the border of the city of Łódź
in 2007 along two axes: north-south and east-west, which
intersect at the power plant site. The selection of the direc-
tions of the axes and the number of samples collected on
each axis were determined by the Łódź “wind rose.”
According to the information provided by the weather sta-
tion, 41% of the wind in Łódź comes from the west and
34% from the east [7].

Therefore, a decision was made to collect samples more
frequently along the latter axis (27 collections) than along
the north-south axis (11 collections). The soil samples
referred to as EC3 were collected outside the area of the
plant on lawns in its direct vicinity. The directions of the axis
are shown in Fig. 1. The samples were collected systemati-
cally and equal distances were maintained. The samples
were usually collected in lawns in the direct vicinity of
streets or parks.
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Soil samples were collected by means of a soil sampler.
Pebbles and visible plant parts were removed. The samples
were dried for two weeks in an airy place to bring them to
an “air dry state.” Then the soil was ground in a porcelain
mortar and sifted through screens with 2 or 0.1 mm mesh
diameter. The prepared soil samples were stored in plastic
containers and used for further analyses [8].

Preparation of Soil Extracts and Mineralizates

Soil extracts in which the bioavailable elements were
determined were prepared in the following way: the
weighed portions of previously prepared soil with granula-
tion below 2 mm and mass of about 5 g (±0.001 g) were
placed in plastic beakers and 50.0 ml of 1 mol/l HCl solu-
tion was added according to the standard [9]. Then the con-
tent of the beaker was stirred with a magnetic agitator for 1
hour at a rate of about 40 rev./min. The solution was then
passed through a medium filter and the first part of the fil-
trate was rejected [9].

In order to determine total content of the metals, miner-
alization of soil for a few select samples was conducted
using a Plazmatronika mineralizer. We determined that
organic carbon content was below 20% (5-8%), so there
was no need for an additional quantity of acid to oxidative
degradation of samples in a mineralizer [10]. A concentrat-
ed HClO4 or a mixture of concentrated HNO3 and HClO4

acids (mixed in a 1:2 ratio) were used to mineralize
weighed portions of soil with granulation below 0.1 mm of

mass of about 0.5 g. When the process was finished the
solution was transferred to a 25 ml measuring flask and
diluted with distilled water [10].

Principles and Determination Procedure
for Select Elements by FAAS Method [11]

The concentration of each metal was determined in soil
extract or mineralizate by means of flame atomic absorp-
tion spectrophotometry (FAAS) in a reducing oxy-acety-
lene flame using an appropriate lamp and wavelength spe-
cific for each metal element (Cr – 357.9 nm, Fe – 248.3 nm,
Pb – 217.0 nm, Co – 240.7 nm, and Zn – 213.9 nm). Prior
to each series of measurements a calibration line was creat-
ed for each of the elements. The concentration range was
different for each element and was from 0.00 to 10 μg/ml
for Pb, from 0.00 to 4.00 μg/ml for Zn, from 0.00 to 2.50
μg/ml for Co, from 0.00 to 20.00 μg/ml for Fe, and from
0.00 to 5.00 μg/ml for Cr. All the solutions were diluted
with 1 mol/l HCl solution. Lanthanum solution (5% LaCl3)
in amounts necessary to keep its final concentration at the
level of 1% was introduced only in the case of Cr determi-
nation. 

The accuracy of the method was confirmed by the
analysis of certified reference material Light sand Soil with
normal analyte levels 7001, certificate No. 0217-CM-7001-
04. The results of the determination of lead, cobalt, zinc,
iron and chromium on the certified reference material are
presented in Table 1.
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Results and Discussion

Due to the considerable number of time-consuming
mineralization procedures, evaluation of total metal content
in the soil was conducted only for selected samples.
Nevertheless, determination of bioavailable heavy metals
was carried out for all soil samples. As there are no Polish
standards for several of the bioavailable elements evaluated
in this work, total content of metals was used as a bench-
mark for determining soil contamination. Thus, for ran-
domly selected soil samples (showing significant variation
in bioavailable element contents in extracts) total metal
content was assessed. Based on the results (Table 2), the
proportion of bioavailable metals was estimated.

Based on the number of evaluated soil samples, it was
found that better results of mineralization process were
achieved by using a mixture of HClO4 and HNO3 acids
instead of only HClO4.

The amounts of the heavy metals (extract in 1 mol/l
HCl) in the analyzed soil samples, depending on the site of
sample collection, are presented in Figs. 2-4 (the east-west
axis) and in Table 3 (the north-south axis).

The content of bioavailable Zn in soil samples (Fig. 3
and Table 3) ranges from 0.40 to 407 mg/kg. According to
the Polish Standard [9], bioavailable Zn content of over 20.5
mg/kg is considered to be high. Zinc content over that level
was observed in 64% of the samples collected on the north-
south axis and 59% of the samples from the sites along the
east-west axis. According to the 2002 Directive of the
Minister of the Environment on quality standards for soil
and land quality [12], total zinc in built-up and urbanized
areas should not exceed 300 mg/kg, in which bioavailable
zinc is about 80 mg/kg (Table 2). This value was exceeded
in 26% of the samples collected along the east-west axis and
in 45% of those taken along the north-south axis. These
areas should be considered contaminated with zinc.

The content of bioavailable Fe in the examined soil
samples is from 197 to 5,128 mg/kg (Fig. 2 and Table 3).
According to Polish Standards [13], bioavailable Fe content
exceeding 3,800 mg/kg is high and this occurs in 9% of the
samples taken along the north-south axis and in no samples
from the sites situated along the east-west axis.

The content of bioavailable Pb in soil samples (Fig. 3
and Table 3) is from 3.00 to 173 mg/kg. Since there is no
Polish Standard for the allowed content of bioavailable lead,

it was necessary to assess the degree of contamination with
this element on the basis of its total content. The results given
in Table 2 indicate that bioavailable lead constitutes from 30
to 40% of total lead. A direct relationship was observed
between total lead content and the proportion of its bioavail-
able forms. This is in accordance with results reported previ-
ously [1]. According to the ministry directive, total lead con-
centration in built-up and urbanized areas should not exceed
100 mg/kg in the surface layer of the soil [12]. This level was
exceeded in 22% of the samples taken along the east-west
axis and in 36% of those collected along the north-south axis.
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Metals
Certified value

[mg/kg]
Found

[mg/kg]
Recovery

[%]

Lead 24.1±1.7 26.1±1.1 108

Zinc 108±3.5 107±2.0 99

Cobalt 9.15±0.47 8.91±0.64 97

Chromium 71.9±5.9 66.4±5.7 92

Table 1. Comparison of the determined and certified values of
lead, zinc, cobalt, and chromium*.

*n = 5; p = 95%, n – number of samples, p – confidence level.
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Fig. 2. Content of bioavailable iron (extract of 1 mol/l  HCl) on
the east-west axis of the EC3 power plant.
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Fig. 3. Content of bioavailable zinc and lead (extract of 1 mol/l
HCl) on the east-west axis of the EC3 power plant.
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Fig. 4. Content of bioavailable chromium and cobalt (extract of
1 mol/l HCl) on the east-west axis of the EC3 power plant.
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The content of bioavailable Cr in the examined samples
ranges from 1.20 to 7.10 mg/kg (Fig. 4 and Table 3), which
calculated as total chromium (Table 2) is from 18.5 to 109
mg/kg. According to the ministry directive, the concentration
of chromium in the built-up and urbanized areas should not
exceed 150 mg/kg in the surface soil layer [12]. This level is
not exceeded in any of the areas included in the study.

The content of bioavailable Co in the soil samples is
from 0.10 to 6.10 mg/kg (Fig. 4 and Table 2), which calcu-
lated as total cobalt is about 0.70 to 41.0 mg/kg (Table 2).
Natural content of this element may vary within a wide
range from 0.1 to 34 mg/kg, according to Kabata-Pendias
[14]. According to the ministry directive, the concentration
of total cobalt in the surface layer of the soil in the built-up
and urbanized areas should not exceed 20 mg/kg [12]. This
level is exceeded in one sample collected on the east-west
axis (3% of all samples), and in one sample collected on the
north-south axis (9% of all samples).

The results indicate that the EC3 power plant is not the
principal source of heavy metals in Łódź area soils. There
is no increase in their concentration according to the Łódź
“wind rose,” which suggests the direction of the dust emis-
sion from the power plant. Higher accumulation of the met-
als was not observed in the close vicinity of the EC3 power
plant. There is, however, an apparent impact of major com-
munication arteries on the urban environment. Metal con-
tents were found to be relatively high along transportation
routes, which is in agreement with previously conducted
studies on another power plant [1].

This is consistent with reports in literature that indicate
that the most important factor influencing the accumulation
of heavy metals in soils is road transport [15-17]. Metal
content in surface soil decreases with increasing distances
from highways [18-20].
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