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ABSTRACT

The concentration levels of the following metals: Cd, Pb, Zn, Mn, Fe and Ni in falling dusts, soil and dandelion
(Taraxacum officinale Webb.) were examined in selected areas of Southern Podlasie Lowland. The research was
conducted from 1995 to 1999. The metals were marked by means of the AAS technique. The deposition of Cd
and Pb metals did not exceed the values standardized in the Polish legislation, and the mean metal concentration
in the soil was the same as the natural content. The mean metal concentration in dandelion leaves and root was
within the values accepted as background in professional literature. It was proved that in agricultural lands that
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were not excessively loaded with heavy metals, the metal level in the root of the plant is of higher significance
than in the leaves when using dandelion for bio-indicatory purposes.

Key words: Southern Podlasie Lowland, heavy metals, falling dusts, soil, dandelion (Taraxacum officinale
Webb.), enrichment coefficients, bio-indication.

INTRODUCTION

In agricultural lands of Poland, the evaluation of environment pollution with heavy metals in
the aspect of falling dusts, soil and plants is hardly ever conducted. According to the norms
currently in force, the maximum allowed deposition of Pb and Cd is specified in falling dusts
(Appendix 1998). According to the recommendations of IUNG in Putawy, when determining
the degree of soil pollution with heavy metals, Cu, Ni and Zn are also taken into consideration
[16]. Plants are frequently used when estimating the degree of environment pollution with
heavy metals [4,34,10,20,30,15,29,6]. Plants are able to absorb and cumulate substantial
amounts of metals in their tissues with no visible physiological effects. The plants used for the
purposes of bio-monitoring are those occurring commonly and numerously in the scale of the
region and even the continent, and are characterized by the ability to cumulate metals in the
leaves and root. The dandelion (Taraxacum officinale Webb.), among other plants, is used as
an indicatory plant [18,32,33,3,8]. Professional literature indicates the range of the metal
content in dandelion growing in a non-polluted environment and accepted as the background
[18,32].

It is commonly known that heavy metals constitute a serious hazard for organisms. They
move easily in trophic chains and can move as easily with fine particulate matter dusts on
long distances from the emission sources [1]. It is estimated that the main sources of metal
emission in Poland are energy-production processes. [12]. The fuel combustion processes
introduce from 50 to 90% of metals [13]. The metal deposition from the atmosphere onto the
surface of the soil and plants may have a significant influence upon the balance of these
components in the soil [16].

The eastern regions of Poland, including Southern Podlasie Lowland, are one of the country’s
ecologically clean regions [31]. The main metal sources in this area are first of all the coal
combustion processes and pollution generated by communication. The incoming pollution
from the South and South-West directions have some contribution to the pollution of the
Eastern regions of Poland [14,2].

The elaboration presents investigation directed to a complex evaluation of the level of heavy
metal content in falling dusts, soil and dandelion (Taraxacum officinale Webb.) in the areas of
the South Podlasie Lowland.

MATERIAL AND METHODS

The research was conducted in the years of 1995-1999 in the area of 16 locations of Southern
Podlasie Lowland [21], where 33 measurement points were located (Fig.1). The samples were
collected from the following locations: Siedlce, Minsk Mazowiecki, Sokotéw Podlaski,
Garwolin, Deblin, Maciejowice, Trojanéw, Zelechow, Sobolew, Repki, Jablonna Lacka,
Hotowczyce, Mierzwice, Konstantynéw, Janéw Podlaski i Bohukaty. The atmospheric dusts
(dry and wet deposition) were collected into photographic trays the size of 0,1 m? once a
month or once every quarter for at least one year at the altitude of approx. 2,5 m from the land
surface. This way of collecting samples of atmospheric dusts is recommended by, for
example, the Central Laboratory of Radiological Protection in order to determine the global
beta subsidence and the radioactive nuclides content in the falling dusts [26]. The samples
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were collected in the dust emission points, the soil and the dandelion’s (Taraxacum officinale
Webb.) leaves and root. The soil samples were collected from the superficial layer up to the
depth of approx. 20 cm. In total, 217 dust samples, 124 soil and dandelion samples were

analysed in the given area.

Fig.1. The area of investigations and location of the sampling sites
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The dust samples collected, including rain water, were evaporated to dryness in a porcelain
evaporator. Subsequently, the samples were mineralised in a muffle furnace in the
temperature of 420°C for 24 hours. The mineralised samples were weighed, and then the
samples weighing <1g were dissolved hot in 2 cm’ of condensed nitrogen acid (analytically
pure) with 0,5 cm® of 30% hydrogen peroxide (analytically pure). The solution was percolated
into the measuring flasks of 50 cm’ capacity. The sediment on the filter was washed hot with
approx. 10 cm® 1 mole HNO; dm™. The content of the measuring flasks was supplemented
with distilled water up to the marking line.

The soil samples collected were dried with air, the samples were homogenized and
subsequently, 5-gramm samples were weighed and mineralised in the muffle furnace in the
temperature of 420°C for 24 hours. After the mineralisation, the samples were dissolved
similarly as the dusts sediments.

The leaves and roots of the dandelion were washed thoroughly with distilled water and dried
in the air. The samples were averaged and the dry mass was collected from 2-gramm samples
of the leaves and roots. Subsequently, mineralization in the muffle furnace took place in the
temperature of 420°C for 24 hours. The next procedures were the same as for the dusts and
soil samples.

In the solutions achieved as a result of mineralization and dissolving of the remaining parts in
nitrogen acid, the quantities of the following selected elements: Cd, Pb, Cu, Zn, Mn, Fe and
Ni were marked by means of the AAS method. Marking the heavy metals with the AAS
method was conducted by means of a Carl Zeiss Jena AAS 30 device, using the acetylene —
oxygen flame in the analysis. The content of Cd and Pb in the plant samples was analysed
with the use of a graphite tray.

Apart from the metal content, the reaction of the examined soils was determined. In order to
specify the pH of soil, 10-gramm dry soil samples were weighed in the air, 25 cm® 1-mole
KCl dm™ was added. Subsequently, the reaction of the suspension was measured with a pH
meter after 24 hours.

Given the weight of the dust collected, the amount of days of sampling, the tray’s surface
(0,1 m?) and the results of the heavy metal content in the samples analysed, the following
values were calculated: daily dust deposition, daily deposition of each metal per unit of
surface and metal concentration in the falling dust. Furthermore, mean concentration of
chemical elements in the soil was calculated, and the reaction of the soil was determined.
Moreover, the concentration of metals in the leaves and root of the dandelion was specified.

On the basis of the results of metal concentration in the dusts, soil and dandelion, the
enrichment coefficients were calculated in the following arrangement: dandelion leaves/air,
dandelion root/soil and air/soil. When calculating the enrichment coefficients, the following
dependence was used [4,17]:

= CIMEme
CzME .III C:}n

C1Me — the examined element content in the examined environment
C,Me — the examined element content in the reference environment
Ci, - the reference element content in the examined environment
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Con - the reference element content in the reference environment,
when Mn was applied as the reference element.

The results of the mean contents of the elements in the analysed, for particular collection

points, samples underwent statistical analysis with the calculation of the (Pearson’s) simple

correlation coefficients between the metal concentration in the dandelion leaves and root, the

metal concentration in the dandelion root and in the soil, the metal concentration in the falling
dusts and the dandelion leaves, and the metal concentration in the falling dusts and soil. When

calculating the correlation coefficients, the "Statistica" computer programme was applied
[35].

RESEARCH RESULTS

The dusts. The mean daily metal deposition in the area under study was as follows: for

cadmium and nickel it was at the level of single pug - m™, for copper, manganese and lead, it

reached the values of several dozen pg - m™, the deposition of zinc was slightly above 800 pg
- m™ on average, and iron above 1000 pg - m™. After conversion into the annual deposition,
particular metals subsided on average in the following amounts: Cd — 0.8, Pb — 23.7, Cu— 5.8,
Zn — 296.5, Mn — 19.8, Fe — 469.5 and Ni —2.15 mg m?. As for metal concentration in the

falling dusts (ng - g'l), 1t amounted to: Cd — 42.0, Pb — 561.7, Cu — 82.9, Zn — 3442.6, Mn —

333.4, Fe —9015.4, Ni—29.9 (Table 1) in the area of Southern Podlasie Lowland.

Table 1. The deposition and the concentration of heavy metals in falling dust
in the chosen area of the South-Podlasie Lowland

Element The deposition of heavy metals The concentration of heavy
metals in falling dust
Mg - m= daily " mg -’ m;z year’
Mean values | Measuring | Mean values | Mean values | Measuring
+SD range +SD range
Cd 22425 0.11-9.3 0.80 42.0£61.5 0.5-253.3
Pb 65.0£63.9 3.4-305.8 23.7 561.7+672.3 31.1-
3466.3
Cu 15.9422.8 0.8-112.3 5.8 82.9+61.1
8.9-226.2
Zn 812.4+1236.1 | 6.6-4934.1 296.5 3442.6+5207.1
122.7-
Mn 54.3+25.8 4.4-93.4 19.8 333.4£156.8 20716
Fe 1286.2+1321.1 | 135.4- 469.5 9015.4+4842.8 | 63.9-701
6530.0
Ni 5.9£10.9 2.15 29.9+17.0 2282.5-
0.6-60.0 18967.3
8.0-65.0

The soil. Among the marked metals, Fe and Mn were in the highest concentration in the soil.
The mean concentration of Fe in the examined area was 2529.3 pg - g, and of Mn - 135.4 pg
- g, The concentration of Zn and Pb was at the values of tens of pg - g'; the values were 57.5
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and 23.1 respectively. Cu and Ni were in the single values of pg - g'; 4.9 and 3.6 respectively.

The reaction of the examined soils was in a broad range of pH values, from 4.61 (acid soils)
to 7.80 (basic soils) (Table 2).

Table 2. The concentration of heavy metals [ng - g"] in soil and
reaction of soils in the chosen area of the South-Podlasie Lowland

| Element | Mean values + SD Measuring range

Cd 0.3+0.11 0.06-0.52

Pb 23.1+21.2 2.1-94.3

Cu 4.914.0 0.63-18.3

Zn 57.5+£70.5 8.3-383.1

Mn 135.4 £78.3 39.5-314.7
Fe 2529.3+1740.3 567.9-6365.0
Ni 3.61£3.0 0.35-10.9

PH 6.78+0.68 4.61-7.8

Dandelion (Taraxacum officinale Webb.). Among the marked elements, Fe and Zn were in

the highest concentrations in the dandelion leaves. Their mean concentrations were 236.7 and

64.6 ng - g respectively. Similarly as zinc, Mn (28.8) and Cu (10.6) were in the values of
tens of pug - g in the leaves. Pb (4.55) and Ni (1.56) were at the level of single pg - g™, Cd

was in the lowest concentration. Its mean value was 0.37 pg - g'l. In the dandelion root, the
elements were in the decreasing concentration values, similarly as in the leaves, in the
sequence Fe>Zn>Mn>Cu>Pb>Ni>Cd. Mean concentrations of particular metals in the
dandelion root (pug - g"') amounted to: Fe — 189.9, Zn — 34.8, Mn — 21.2, Cu —8.35, Pb — 2.63:

Ni—1.04 and Cd - 0.3.

Table 3. The concentration of heavy metals in leaves and root of Taraxacum
officinale (Webb.) (ng - g-1) in the chosen area of the South-Podlasie Lowland

Element Leaves of Taraxacum officinale | Root of Taraxacum officinale
Mean values Measuring Mean values Measuring
+SD range + SD range
Cd 0.37+0.27 0.08-1.3 0.3+0.43 0.03-1.95
Pb 4.55+3.28 0.5-10.72 2.63+2.77 0.06-11.60
Cu 10.6+6.06 2.2-28.3 8.35+4.70 1.5-20,2
Zn 64.6+35.25 18.7-137.7 34.8+27.2 5.0-96.1
Mn 28.8+22.10 5.0-102.2 21.24£19.7 1.0-106.2
Fe 236.7+189.9 47.0-758.3 189.9+181.7 25.8-708.3
Ni 1.56+1.82 0.28-8.90 1.0410.92 0.14-3.80
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In order to check the existence of dependencies between the metal concentration:

e 1n dandelion leaves and root,

e in dandelion root and in soil,

o in falling dusts and in dandelion leaves,
o in falling dusts and in soil,

the correlation coefficients were calculated. Statistically significant dependencies were
noticed among:

o the content of the following elements in the dandelion leaves and root: Cd

r=0.62"7),Pb(r=0.71""),Cu(r=0.57 ), Zn(r=0.69""), Mn (r=0.71"") and Fe
(r=0.45"),

e the concentration of Cu in falling dusts and in dandelion leaves (r = 0.30),

o the content of Pb (r=0.42"), Zn (r = 0,35") in dandelion root and in the soil,

o the concentration of Zn in falling dusts, and its content in the soil (r = 0.35 *) (Table 4).

Table 4. The correlation coefficient between:

A - concentration of heavy metals in leaves and root of
Taraxacum officinale (Webb.)

B - concentration of heavy metals in root of Taraxacum
officinale (Webb.) and soil

C - concentration of heavy metals in falling dust and leaves of
Taraxacum officinale (Webb.)

D - concentration of heavy metals in falling dust and soil

element A B C D
Cd 0.62"
Pb 071" 0.42*
Cu 0.57" 0,30
(p<0.1)

Zn 0.69" 0.35* 0.35*
Mn 071"
Fe 0.45"

" p<0.001

“p<0.01

*p<0.05, gdzie p — poziom istotnosci

The values of enrichment coefficients calculated in the following arrangements: falling
dusts/soil, dandelion leaves/dusts, dandelion root /soil are compiled in Table 5. Among the
elements under study, in relation to the metal content in the soil, the falling dusts were most
enriched with: Cd (EC = 56.9), Zn (EC = 24.3), Cu (EC =17) and Pb (EC = 9.9) and least
enriched with Ni (EC = 3.4) and Fe (EC = 1.4). In the arrangement: metal concentration in
dandelion leaves / metal concentration in falling dusts, the enrichment coefficients were
below 1; only the enrichment coefficient value for Cu equalled 1.5. The enrichment
coefficient values for the arrangement of: dandelion root /soil indicate that the dandelion root,
in relation to the content in the soil, is enriched mainly with metals: Cu (EC = 10.9), Cd
(EC=46.3) and Zn (EC =3.9).
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Table 5. The enrichment coefficient (EC) in
relation to:

A - falling dust/soil

B - leaves of Taraxacum officinale

(Webb.)/falling dust
C - root of Taraxacum officinale (Webb.)/soil
element A B C
Cd 56.9 0.1 6.3
Pb 9.9 0.09 0.73
Cu 17.0 1.5 10.9
Zn 24.3 0.22 3.9
Fe 14 0.3 0.5
Ni 3.4 0.64 1.9
DISCUSSION

In the area of Southern Podlasie Lowland, the deposition of metals per unit of surface and
their concentration in the falling dusts were, as expected, lower than the values recorded in the
1990s in the area of Upper Silesia [6,37], higher, however, than those recorded also in the
1990s in Western Europe [24,25], and also in Lithuania [5] or Saudi Arabia [28].

The main sources of environmental pollution in the area under study are the power
engineering processes. In the Eastern areas of Mazowieckie region (the areas of Southern
Podlasie Lowland), a higher deposition and concentration of Zn and Pb dusts are recorded in
the heating season than in the summer [22]. This is also confirmed by the results available in
this elaboration. The highest enrichment coefficients values in the arrangement of: falling
dusts/soil are achieved by the metals that are the most volatile ones among the examined
elements, i.e. Cd, Pb and Zn and that reach high emission indicators from the processes of
power-engineering use of fuels [12]. Therefore, the main sources of heavy metals in the area
under study are the power engineering processes connected with fuel combustion. Both the
local sources and the incoming contamination contribute to the atmosphere pollution in the
researched area. Hryniewicz and Przybylska [14] proved that the Eastern regions of Poland
are under the influence of pollution coming from the regions of Western and South-Western
Poland.

The usefulness of the enrichment coefficients in the evaluation of the anthropogenic
environmental pollution with heavy metals is indicated in the literature [36]. It is assumed that
at the enrichment coefficient values (EC) below 2, there is no anthropogenic pollution, the
values of EC between 2 and 5 indicate temperate pollution, from 5 to 20 — significant
pollution, over 20 — high heavy metal enrichment from anthropogenic sources. In the area
under study, the enrichment coefficients reached the highest values for Cd, Zn, Cu and Pb in
the arrangement of: metal concentration in falling dusts/ metal concentration in the soil. This
confirms the fact that metals get into the environment mainly from the anthropogenic sources.

In the researched area, the exceeding of values standardized by the Polish legislature was not
recorded for the mean values in the falling dusts, i.e. the deposition of Pb and Cd (Appendix
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1998). However, some local exceeding of the norms of lead deposition was recorded in some
points and research periods.

The mean metal content in the soil for the majority of analyses corresponded to the natural
metal content in the soils. Yet in some sample collection points, a higher level of metal
content in the soil was recorded in relation to the natural content ("I" degree of soil pollution
with heavy metals) [16].

In the examined soils, higher content of Cd, Pb and Zn was recorded in comparison with the
mean contents of these elements in parent rocks adopted as the geo-chemical background [7].
Therefore, the elements that get into the atmosphere in the largest quantities from the coal
combustion processes gather in the soils in higher amounts in relation to their content in
parent rocks. This is confirmed by a statistically significant dependence (r=0.35*) that
occurred between the concentration of zinc in the falling dusts and its concentration in the
soil. This indicates that the dust deposition in Southern Podlasie Lowland has a significant
impact on the environment pollution with this element.

The level of metal concentration in dandelion leaves and root appeared to be interesting. In
accordance with the ranges of dandelion concentrations suggested in the literature and
adopted as the background [18,32], the mean metal contents in dandelion leaves and root did
not exceed the following values respectively for: Cd — 0.1 and 0.1, Pb - 6.5 and 5.0, Cu —20.0
and 43, Zn —110 and 60, Mn — 170 and 50, Fe —550 and 300, Ni — 6.2 and 6.6 pg - g
However, when analysing the range of the marked metal concentrations in dandelion leaves
and root, it is possible to notice that in the area researched, the background concentration
values in the leaves were exceeded practically for all the researched metals and in dandelion
roots for Cd, Pb, Zn, Mn and Fe. When comparing, for example, the mean values of metal
concentration in dandelion leaves with the values recorded in Warsaw [8], several-fold lower
values were recorded in Southern Podlasie Lowland than the metal concentrations in the
samples of this plant collected near busy streets or parks of Warsaw. According to
Czarnowska and Milewska [8], traffic causes the increase of the content of Zn, Fe, Cd and Pb
in dandelion leaves. In Southern Podlasie Lowland, the enrichment coefficients in the
arrangement of: metal concentration in falling dusts/ metal concentration in dandelion leaves
reached relatively low values, usually below 1. Only for copper, the enrichment coefficient in
the arrangement in question amounted to 1.5. Also for copper, sufficiently statistically
significant correlation (r=0.30, p<0.1, n=33) was noted between the concentration of this
element in falling dusts and its concentration in dandelion leaves.

Among the examined heavy metals, copper is found in the largest quantities (approx. 30%) in
the falling dusts in the form of soluble compounds, whereas the quantity of iron is only
several per cent [23,27]. The forms of copper occurrence in falling dusts may contribute
easier to the accumulation of this element in dandelion leaves.

Among the marked elements, statistically relevant correlation between the metal
concentration in dandelion root and in the soil was recorded only for Pb (r=0.42*) and Zn
(r=0.35"). The enrichment coefficient values calculated in the arrangement of: dandelion root
/soil reached values above 1 for Cd, Cu, Zn and Ni. Burczyk et al [4] indicated higher
enrichment coefficient values in the plant/soil arrangement in comparison with the plant/air
arrangement. High correlation coefficient values in the arrangement of: dandelion leaves/root
and enrichment coefficients with metals in the arrangement of: dandelion root /soil indicate
that the main way of metal absorption by the dandelion is the root system. This way of metal
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absorption by plants was pointed by, among others, Hegemayer et al [11] and Gambus$§ [9].
The research results indicate that dandelion root is a rich source of micro-elements: Cu and
Zn. In the conditions of distinctly higher content of Cu, Zn and Cd in the soil, the dandelion
root may contribute to the de-toxication of the soil from these elements. This latter statement
requires, however, confirmation on a research material collected from the areas of higher
heavy metal contamination than Southern Podlasie Lowland.

The research results indicate that in the agricultural lands not contaminated excessively with
heavy metals, the dandelion root may be a good indicator of the metal level, predominantly Pb
and Zn in the soil. The usefulness of dandelion leaves is less significant in the evaluation of
the metal deposition value and the metal concentrations in dusts. These elements get into the
environment in the largest quantities with the power engineering processes, and reach higher
emission levels during the heating season than in the period of plant vegetation.

CONCLUSIONS

1. In selected areas of Southern Podlasie Lowland, the mean deposition of Cd and Pb
from 1995 to 1999 did not exceed the values standardised in the Polish legislature, and
the mean metal concentration in the soils corresponded to their natural content. The
mean metal concentration in dandelion leaves and root was in the range of values
suggested as the background in the literature.

2. The main sources of Cd, Pb, and Zn in the researched areas are the coal combustion
processes, which is indicated by high values of enrichment coefficients in dusts in the
arrangement of: metal concentration in dusts/metal concentration in soil. The mean
concentration of these elements in the soils exceeds the values of the geo-chemical
background.

3. In agricultural lands not loaded excessively with heavy metals, the metal level in the
root is of higher significance than in the leaves of the plant when using dandelion for
the bio-indicatory purposes. This is indicated by high enrichment coefficient values in
the arrangement of: dandelion root /soil for the following elements: Cd, Cu, Zn and Ni
and statistically significant correlation between the content of Pb and Zn in the soil
and dandelion root.
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