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Abstract: Chromium belongs to the group of trace elements. Plants take it up from the substratum passively,
therefore Cr content in plants is usually correlated with its concentrations in the soil solution. Toxic effect of
chromium on plants depends both on its degree of oxidation and on the kind of compound in which it occurs.
Due to the hazard of excessive chromium accumulation in plants in the areas with its elevated contents,
particularly post-industrial and transformed areas, an on-going monitoring of this metal content in soils and
fodder plants is recommended. The investigations were conducted to define and describe chromium transfer in
the soil-plant system in the areas with various degrees of heavy metal pollution, using Surfer 8.0 programme
for the presentation of spatial distribution of the metal in plants and soil in the area under investigations. The
investigated area covered 100 km? in the vicinity of MMP (Mine and Metallurgical Plants) “Boleslaw” SA in
Bukowno near Olkusz. Samples of soil and plant material were collected in 139 localities, during the period
from June to August 2008. In each investigated point soil was sampled from two layers: 0-10 cm and 40-50
cm, together with the aboveground parts of mono- and dicotyledonous plants. In dissolved samples of plant
and soil material chromium content was assessed using atomic absorption spectrometer with inductively
coupled argon plasma (ICP-AES).

Soils from the investigated area revealed diversified contents of chromium, however no diversification
was observed between the analysed soil layers. Slightly higher values occurred in the soils from 0-10 cm
layer, particularly in the immediate vicinity of “Boleslaw” enterprise. Chromium accumulation in the mono-
and dicotyledonous plants growing around MMP “Boleslaw” enterprise revealed weak diversification. No
significant differences were observed either in the chromium accumulation in both analysed plant groups.

Keywords: chromium, mono- and dicotyledonous plants, MMP “Boleslaw” SA

' Department of Agricultural and Environmental Chemistry, University of Agriculture in Krakow, al.
A. Mickiewicza 21, 30-120 Krakéw, Poland, phone: +48 12 662 43 49, fax: +48 12 662 43 41, email:
Tomasz.Czech@ur.krakow.pl, marcin.czora@wp.pl, rrgambus@cyf-kr.edu.pl, rrwieczo@cyf-kr.edu.pl

* Corresponding author: Tomasz.Czech@ur.krakow.pl



1424 Tomasz Czech et al

Introduction

Chromium belongs to trace element group. It is passively absorbed by plants from
the substratum, so Cr content in the individual plant parts is the resultant of its
concentration in the soil solution. Plants tolerate chromium in the amounts between 1
and 24 mg - kg~' d.m. Chromium toxicity for plants depends on both the degree of its
oxidation and the kind of compounds in which it occurs [1].

The soil reaction [2], organic matter content and soil redox potential [3, 4] are the
main factors affecting this element availability to plants and the form in which it occurs
in the soil environment [1]. In the soil environment chromium occurs on two levels of
oxidation C*" — the form hardly absorbed by plants and Cr'® — the easily absorbed form
[5], but in excessive amounts both forms become toxic for plants and animals [2, 6, 7].

Excessive quantities of chromium in soil may occur in places of chromate containing
waste storage, on wood calcination sites, in places of textile manufacturing, electric and
thermal energy generating, as well as in the areas where sewage sludge are used for
fertilization [8]. Besides, soils formed from metamorphic rocks may have naturally high
concentrations of chromium of geochemical origin [1].

Due to the hazard of excessive chromium accumulation in plants and its considerable
toxicity, an on-going monitoring this metal concentrations in soils and plant material
meant for animal feed is recommended. It applies to areas with elevated heavy metal
content in soils, particularly in post-industrial and anthropogenically transformed areas,
such as among others the region in the vicinity of MMP (Mine and Metallurgical Plants)
“Boleslaw” SA in Bukowno.

Presented investigations aimed at defining and describing chromium transport in the
soil-plant system in the area under the influence of MMP “Boleslaw” SA in Bukowno
near Olkusz, using Surfer 8.0 programme for spatial distribution of the analysed metal
in the soil and plants.

Material and methods

The investigated area is situated in the southern part of Poland, on the border of the
Malopolska and Silesia regions (Fig. 1). It covers the area of 100 km? surrounding
MMP (Mine and Metallurgical Plants) “Boleslaw” SA in Bukowno near Olkusz.

The area of samples collection was divided into two zones: the first in the immediate
vicinity of the enterprise, in which two sampling points were chosen at random for
collecting 2 samples per 1 km? and the second situated at a longer distance from the
enterprise, where 1 sample was collected per 1 km”. The sampling method was so-called
square net. Soil samples were collected in 139 points determined as above from the
0-10 cm and 40-50 cm soil layers. Moreover, the above-ground parts of mono- and
dicotyledonous plants were sampled.

The following basic properties were determined in soils from both analysed layers:

— pH by potentiometric method in a suspension of 1 mol - dm™ KClI solution,

— granulometric composition by Bouyoucose-Casagrande’s method in Proszynski’s
modification,
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— organic carbon content by Tiurin’s method,
— soil sorption capacity (hydrolytic acidity and base exchange capacity by Kappen’s
method [10].

0 1 2km

Fig. 1. Sampling sites in the region close to MMP “Boleslaw” SA [9]

Also total chromium concentrations were assessed in all collected soil samples. The
samples were dissolved in a mixture of nitric and perchloric acids (2:1, v/v), after
previous organic matter mineralization in a muffle furnace at 450 °C [10].

The next stage of research involved determining the content of analysed element in
collected plant material samples. Dried and ground plant material was dry mineralized
in a muffle furnace at 450 °C for 12 hours. Incinerated samples were dissolved in nitric
acid (1:2) [4].

Each sample of both soil and plant material was analysed in two replications and to
each analysed series a blind sample was attached. If the analysis results from two
parallel replications differed from each other by more than 5 %, subsequent two
analyses of the same sample were conducted. In the dissolved plant and soil samples
chromium content was assessed using atomic emission spectrometer with inductively
coupled argon plasma ICP-AES JY 238 ULTRACE (Jobin-Yvon).

Statistical analysis and presentation of the obtained results were conducted with
the use of Microsoft Excel 2007 calculation sheet, Statistica 9.0 programme and
SURFER 8.0 programme for data visualisation. It was used to create the maps of
spatial distribution of chromium content in the analysed samples of soil and plant
material.
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Results and discussion

The soil samples presented in this paper, collected from the area of 100 km? around
MMP “Boleslaw” SA in Bukowno near Olkusz, are characterized by a diversified
cadmium, lead and zinc accumulations (from the concentrations close to assumed as
natural to very high ones [11].

Chromium contents in the vicinity of MMP “Boleslaw” SA assessed in both analysed
soil layers: 0—10 cm and 40-50 cm were within a similar range 1.46-18.12 mg and
0.97-16.18 mgCr - kg' d.m., respectively. However, diversification of the analysed
element content in the lower soil layer was clearly higher and in both layers it was
described by coefficients of variance 51.3 and 70.90 %, respectively (Table 1).

Table 1

Statistical parameters of total Cr content in soils and plants from the vicinity of MMP “Boleslaw” SA

Cr content [mg - kg ' d.m.]
Parameter Soil Plants
0-10 cm 40-50 cm Monocotyledonous | Ddicotyledonous
Minimum value 1.46 0.97 0.49 0.01
Maximum value 18.12 16.18 5.36 3.96
Arithmetic mean 7.18 4.83 1.57 1.32
Geometric mean 6.30 3.81 1.42 1.07
Median 6.23 3.52 1.35 1.07
Variation coefficient [%] 51.3 70.9 50.1 59.4

Numerical data sets describing polluted environment are usually characterised by
skewed left data distribution [12, 13], therefore the characterization of chromium
contents in the samples gathered in the vicinity of MMP “Boleslaw” SA used geometric
mean, which is more approximate to median of a data set than arithmetic mean
(Table 1). At a similar range of chromium occurrence in both investigated soil layers,
geometric mean and median of its content in the top layer (6.30 and 6.23 mg - kg_1 d.m.,
respectively) are much higher than in the samples collected from the 40—50 cm layer. If
one assumes the above-mentioned statistical characteristics for the top soil layer as 100,
then with the reference to the lower analysed soil layer they would be: 60 and 57,
respectively (Table 1). It suggests that some quantity of chromium contained in the top
soil layer might have originated from the atmosphere, from fallout of dust abundant in
this metal. The hypothesis seems additionally supported by the spatial distribution of
this element content in the soils of the investigated area (Fig. 2).

The highest Cr contents were assessed in the samples collected in the immediate
vicinity of MMP “Boleslaw” SA and in the north-western part of the investigated area,
ie in the direction of a nearby “Katowice” ironworks and other energy plants and
industries of the Upper Silesia. On the other hand, analysing values of simple
correlation coefficients between chromium accumulation in both layers of the studied
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0-10 cm soil layer 40-50 cm soil layer

Fig. 2. Spatial distribution of chromium in soils from the vicinity of MMP “Boleslaw” SA

soils and their various physical and chemical properties, one should notice the strongest
relationship between the content of analysed metal and occurrence of the finest soil
fractions, described by correlation coefficients 0.72 and 0.78 in the upper and lower soil
layer, respectively (Table 2). These values are substantial at the significance level
o < 0.001. On the other hand this relationship indicates that a big part of chromium in
the studied soils may have its source in natural processes of bedrock transformations.

Table 2

Effect of soil properties on total Cr content in both analysed soil layers and in top parts
of mono- and dicotyledonous plants — expressed as simple correlation coefficients (r)

Cry content c
. Soil layer K Tior COntent
Soil property [om] Soil layer [em]
0-10 40-50 | monocotyledonous | dicotyledonous
0-10 | 0.22%* — —0.003 —0.09
pHka
40-50 — 0.25%* —-0.03 0.03
. 0-10 | 0.72%** — —0.14 —0.33%**
Content of < 0.02 mm fractions
40-50 0.78%*** —0.09 —0.20%*
. 0-10 | 0.52%** — —-0.12 —0.17*
Content of organic matter
40-50 0.22%* —0.10 —0.08
Sorofi ity [T] 0-10 | 0.43%** — —0.06 -0.18%*
orption capaci
P pacity 40-50 — 0.39%** —0.11 —0.01
0-10 0.58%** —0.21%* —0.15
Cr content
40-50 | 0.58%** — —0.04 —0.11

Simple correlation coefficient r significant at: * o < 0.05, ** o < 0.01 and *** a < 0.001.
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If the value of 20 mgCr - kg_1 d.m. of soil suggested by Kabata-Pendias et al [14] is
assumed as the highest permissible content of this metal in agricultural soils, all
analysed soil samples meet this criterion. However, it should be noted, that many areas
in the investigated terrain, a particularly in the immediate vicinity of MMP “Boleslaw”
SA, should be excluded from cultivation because of excessive accumulation of heavy
metals.

In order to determine bioavailability of chromium present in the studied soils, its
concentrations were also assessed in mono- and dicotyledonous plants, which were
growing in places where the soil was sampled.

Mean Cr contents in the analysed top parts of mono- and dicotyledonous plants were
1.42 and 1.07 mg - kg_1 d.m., respectively (Table 1). The greatest content of the studied
element, 5.36 mg - kg_1 d.m. was assessed in a sample of monocotyledonous plants; it
was about 1/3 bigger than the maximum content of this element determined in the
dicotyledonous plant top parts. Assuming 20-30 mg - kg_1 d.m. [13, 14] as the
permissible chromium content in fodder, it should be stated this value has not been
exceeded in any of the studied plant samples, so the analysed material may be used for
fodder.

Spatial distribution of the analysed element in both plant groups was approximate,
the highest Cr contents were registered in plants of both plant classes growing in points
in various places of the investigated area (Fig. 3).
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Monocotyledonus plant Dicotyledonus plant

Fig. 3. Spatial distribution of chromium content in top parts of mono- and dicotyledonous plants in the
vicinity of MMP “Boleslaw” SA

The places do not overlap the zones where the highest total chromium content in the
studied soils was registered. It means that the assessment of total chromium content in
soil cannot be an indicator for estimating its concentrations in plants growing in this
soil. Considering the monocotyledonous plants, even a significant negative correlation
(r=-0.21, o £ 0.01) was registered between this element concentrations in plants and
soil (Table 2).
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No apparent effect of the analysed properties of the studied soils on chromium
accumulation in plants was registered (Table 2). A slightly lower uptake of this metal by
plants growing in more compact soil, more abundant in organic matter was observed for
the dicotyledonous class. If, following Kabata-Pendias et al [14], one assumes that
chromium is passively absorbed from the soil solution by plants, its solubility in soil
must be affected other soil properties not investigated in the presented research or it is
a simultaneous resultant effect of several soil properties.

Conclusions

1. The analysed soils in the area of influence of MMP “Boleslaw” SA engaged in
extraction and processing of lead-zinc ores, are characterized by a diversified chromium
content which does not exclude agronomic use of these soils. Increased chromium
concentrations were assessed in the soil around MMP “Boleslaw” SA and north-west of
the enterprise.

2. Solubility and bioavailability of chromium in soil to a greater extent depends on
various soil properties than on its total content in the substratum.

3. Chromium accumulation in monocotyledonous plants growing in the areas to
various extent polluted with cadmium, lead or zinc was slightly higher than in
dicotyledonous plants and in all cases did not lower the fodder value of these plants.
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ZAWARTOSC CHROMU W GLEBACH 1 ROSLINACH
W REJONIE ODDZIALYWANIA ZAKEADOW ,,BOLESLAW”
W BUKOWNIE KOLO OLKUSZA

Katedra Chemii Rolnej i Srodowiskowej
Uniwersytet Rolniczy im Hugona Kolfataja w Krakowie

Abstrakt: Chrom nalezy do grupy pierwiastkow $ladowych. Jest on pobierany z podtoza przez rosliny
biernie, przez co jego zawarto$¢ w roslinach jest zwykle skorelowana z zawartosciag chromu w roztworze
glebowym. Toksyczne dziatanie chromu na rosliny zalezy zardwno od jego stopnia utlenienia, jak réwniez od
rodzaju zwiazku w jakim wystepuje. Ze wzgledu na zagrozenie nadmierna kumulacja chromu w roslinach
w terenach z podwyzszona zawartoscia chromu, szczegdlnie poprzemystowych i przeksztatconych, zaleca si¢
stalty monitoring zawartosci tego metalu w glebach i roslinach przeznaczonym na pasz¢. Celem przepro-
wadzonych badan bylo zdefiniowanie i opisanie transferu chromu w ukladzie gleba-roslina w terenach
w roznym stopniu zanieczyszczonych metalami cigzkimi, z wykorzystaniem programu Surfer 8.0 do
prezentacji przestrzennego rozmieszczenia metalu w roslinach i glebie na terenie objgtym badaniami. Obszar
badan obejmowat 100 km® w sasiedztwie Zaktadéw Gérniczo-Hutniczych ,,Bolestaw” SA w Bukownie koto
Olkusza. Probki gleby i materiatu roslinnego zebrano w 139 miejscach, w okresie od czerwca do sierpnia
2008 r. W kazdym punkcie badan pobrano gleb¢ z dwoch poziomdéw: 0-10 i 40-50 cm oraz czgséci nadziemne
ro$lin jedno- i dwulisciennych. W roztworzonych probkach materiatu roslinnego i glebowego oznaczono
zawarto$¢ chromu przy uzyciu spektrometru emisji atomowej z indukcyjnie wzbudzong plazma argonowa
(ICP-AES).

Gleby z badanego obszaru wykazywaly zroznicowane zawartosci chromu, jednak nie stwierdzono
znacznego zroznicowania jego zawartosci pomigdzy badanymi warstwami gleb. Nieco wigksze zawartosci
wystgpowaly w glebach z warstwy 0-10 cm, zwlaszcza w bezposrednim sasiedztwie ZGH ,,Bolestaw” SA.
Zawartos¢ chromu w czegsciach nadziemnych ro$lin jedno- i dwuliSciennych rosnacych wokot ZGH
,Bolestaw” SA wykazywata stabe zréznicowanie. Nie stwierdzono takze znaczacych réznic w nagromadzeniu
chromu w obu badanych grupach roslin.

Stowa kluczowe: chrom, rosliny jedno- i dwuliscienne, ZGH ,,Bolestaw” SA
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