AGD Landscape and Environment 3 (2) 2009. 56-70.

EXAMINATION OF THE HEAVY METAL UPTAKE OF CARROT
(DAUCUS CAROTA) IN DIFFERENT SOIL TYPES

GYORGY SZABO! — KRISZTINA CZELLER!

'University of Debrecen, Department of Landscape Protection and Environmental Geography, H-
4010 Debrecen, Egyetem tér 1., Hungary, email: gyszabo555@gmail.com; pici-pok@hotmail.com

Received 26 November 2009; accepted in revised form 27 December 2009

Abstract

In this paper the heavy metal uptake of carrot (Daucus carota) is studied in sample areas with
different soil types. Our aim is to examine how the different soil types possessing different
characteristics affect the heavy metal uptake and distribution in the plant. Correlation analyses were
carried out in order to determine which of the total heavy metal concentrations and soil characteristics
(pH, CaCOs-content, humus content, granulometric composition) play the most important role in the
uptake of the Co, Cu, Fe, Ni, Mn, Zn and in the metal distribution in the examined plant. Soil and
plant samples were collected from 5 different Hungarian areas in July, 2008. In the cases of soils with
different soil characteristics, the examined plants are supposed to give varied physiological responses.
During the examination we proved that the genetic type and the heavy metal content of the soil do not
significantly affect the heavy metal uptake of carrot. The granulometric composition of the soil has
the most considerable effect but this factor only affects the rate of the metal uptake in 50% of the
examined heavy metals (Ni, Mn, Zn).
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1. Introduction

Heavy metals play an important role in plant physiology since many of them are
essential trace elements necessary for the optimal growth of the plants. The lack of
them can result in different diseases (deficiency). On the other hand, above a
certain concentration these heavy metals can have toxic effects on plants and other
elements of the food chain (on the human beings as well). Most of the publications
on the heavy metal uptake of plants studied the basic issues mentioned above. On
the one hand, the chemical and physical characteristics and the trace element
content of the soils are examined in terms of the optimal supply (Csatho, 1994;
Alloway, 1995; Kadar, 1995; Szalai, 1998, 2005; Prokisch et al. 2006). On the
other hand, they study how plant species respond to the various degrees of
pollutions (Finster et al. 2004; Bir6 and Takacs, 2006; Rékasi and Filep, 2006;
Szabo and Szegedi, 2006; Farsang, 2007; Szabd et al. 2008). Small pot experiments
are often carried out and it has advantages; however, more accurate results can be
expected if the experiments are carried out in situ where plants can grow under
natural conditions. In the cases of in-situ experiments such effects (e. g. weather,
cultivation procedures, erosion and deflation processes etc.) can take place that can
especially affect plant growth but we can not experience these effects during small
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pot experiments. Zhuang et al. (2009) traced heavy metals in the soil-plant-insect-
pig food chain and proved that the amount of Pb and Cd was reduced a bit in the
higher trophic levels but the concentration of Zn and Cu was higher and higher.
Thus, in the cases of Zn and Cu bioaccumulation was proven. It can cause serious
problems in contaminated areas especially when the lower levels of the food chain
can tolerate the accumulated metal concentration well but toxic effects can occur in
the higher levels. An example from 1957: near Toyama (Japan) rice lands were
flooded with sewage especially contaminated with Zn and Cd, derived from a Zn
mine. Cd accumulated by rice caused mass — often fatal — diseases (Yoshida et al.
1999).

According to special literature sources, vegetables (such as carrot) can accumulate
some heavy metals to such degree that can have toxic effects on human beings
(Clemens et al. 2002; Yang et al. 2009). In the case of 10 vegetables Monu et al
(2008) studied how irrigation water deriving from different sources can affect the
heavy metal uptake of plants. They observed that plants irrigated with sewage
significantly accumulated heavy metals. Regarding Cu and Zn, the most significant
accumulation was experienced in the carrot root. These researches prove that plants
respond to the considerable heavy metal contaminations with the increase of the
accumulation.

Less research studied the issue how plants accumulate heavy metals from slightly
contaminated or non-contaminated soils, and whether there are provable significant
differences among plants grown on different soil types, considering the
accumulated heavy metal concentration and the distribution of these metals in
plants. Kawada et al. (2002) carried out an extensive research in Japan about the
Cu accumulation of carrot. 372 plant and soil samples were collected from 232
settlements of the country. The soils of the sample areas were classified into 7
types. It was proved that although there were differences in the Cu content of the
soil types, significant difference was not observed concerning the Cu accumulation
of carrot. In some cases it was showed that the higher Cu concentration of the soil
resulted in more Cu uptake but this relation was more obvious in the cases of other
heavy metals. Based on the geographical conditions and the vegetation, the authors
divided the country into 9 provinces and they could show significant differences in
the Cu accumulation of carrot among the provinces.

Helgesen and Larsen (1998) studied the As and Cu accumulation of carrot and
found closer correlation between the As content of the soil and the As
concentration accumulated by carrot than between the Cu content of the soil and
the accumulated Cu concentration by carrot. Thus, clear connection can not always
be found between the heavy metal content of soil and the metal concentration
accumulated by plants since the transport processes are affected by other factors,
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too. Szalai (2008a) examined the heavy metal uptake of the dewberry (Rubus
caesius) and concluded on the same.

In this paper the heavy metal uptake of carrot (Daucus carota) was investigated in
5 Hungarian sample areas with different soil types, regarding six essential heavy
metals (Co, Cu, Fe, Ni, Mn, Zn). We studied whether the differences in the chosen
soil types affect the heavy metal uptake of carrot and the metal distribution in the
plant. Using correlation analysis we proposed to determine which soil
characteristics play the most important role in the uptake of the different heavy
metals. We also examined whether there is correlation between the total heavy
metal content of the soil and the metal concentrations accumulated by carrot since
the related special literature sources — as we demonstrated above - are not
unambiguous.

2. Materials and methods
5 sample areas with different soil characteristics were chosen in Hungary (Fig. 1).

@ Tiszavasvari
@ Hajdiininis

Debrecen @

Berettyojfaly @

Fig. 1. The situation of the sample areas.

The first sample area is situated in Pusztafalu, in the northern part of Hegykoz
where the soil and plant samples were collected from Luvisol. The second sample
area can be found near Tiszavasvari where the main type of soil is Chernozem with
lime incrustation formed on aeolian loess. The third sample area was designated in
Hajdunanas where the surface is also covered by Chernozem. However, here the
dominant type of soil is Chernozem with lime incrustation formed on plain loess
containing more silt and clay content; therefore it has finer granulometric
composition and higher humus content (Stefanovits, 1981). The forth sample area
is situated in the eastern part of Debrecen. This area belongs to the Nyirség; its
dominant soil type is Arenosol with relatively high humus content. The last sample
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area can be found in Berettyoujfalu, situated in the former floodplain of the River
Berettyd where the surface is covered by Gleysol.

Soil and plant samples were collected from 3 well-separated sample sites in every
sample area. Thus, we had 15 sample sites altogether. The soil samples were taken
from the depth of 0-15 cm, directly from the surroundings of the collected carrot
roots. The samples were homogenized and transported in paper bags to the
Geography Laboratory of the University of Debrecen where they were dried at
80°C in a drying oven and powdered in porcelain mortar.

The heavy metal content of the soil samples was determined according to the MSZ-
08-1722-3:1989 with acid digestion (cc. HNOs;+H,0;). The measurements were
carried out with a Perkin-Elmer 3000 FAAS appliance in the Department of
Landscape Protection and Environmental Geography, University of Debrecen.

The granulometric composition (with Koéhn-pipette, MSZ-08-0205-1978), the
humus content (after Tyurin’s scheme, MSZ-08-0210-1977) and the pH (with a
pH-meter, MSZ-08-0206-2:1978) of the soil samples were also determined. The
determination of the CaCOj; content was carried out with Scheibler-calcimeter.

5-6 carrots were collected from every sample point. The roots were cleaned and
washed properly, and then they were sliced up and dried at 80°C in a drying oven
with the leaves. The dried root and leaf samples were homogenized separately in a
porcelain mortar.

The homogenized plant samples were also digested (cc. HNO; and H,0,), then
filtered through 288 um filter papers into plastic storage tubes and diluted to 30 ml.
The heavy metal content of the digested plant samples was also determined with
the Perkin-Elmer 3000 FAAS appliance.

Excel 2003 software was applied to create the database and some diagrams.
Statistical analyses were carried out with SPSS 8.0 software and diagrams were
also made with this software. Since the examined data distribution is not normal
(according to the Kolmogorov-Smirnov test), therefore Spearman’s rho was
applied during the correlation analysis.

3. Results and discussion

3.1. The examination results of the soil samples

The pH of the soil samples collected from the 5 sample areas vary within a narrow
interval (Table 1): the mean values are neutral or slightly alkaline and only the pH
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values of a few samples are slightly acid. The lowest pH was measured in the
arenosol from Debrecen and the samples of the Gleysol in Berettydtjfalu have the
highest pH. Regarding the CaCOs-content, there were not significant differences
among the sample areas; the samples are slightly and moderately calcarecous. The
lowest values — harmonizing with the pH — were measured in the samples of
Debrecen and the most CaCOs was found in the samples from Berettyoujfalu.

More significant differences were found concerning the humus content: the highest
percentages were experienced in the Luvisol samples from Pusztafalu and the
samples from Debrecen contain the lowest amount of humus. Otherwise, low
humus content is generally typical of Arenosols, and Chernozem soils can contain
6-8% of humus under natural conditions but the humus contents of the examined
soil samples are below 4%, supposedly due to the intense tillage.

Table 1. Characteristics of soil samples (mean + standard deviation)

Sample area (I{I’fé) Ca(yco’ 0s hu:/': us

Pusztafalu 6.94+0.47 5.07+0.27 429+ 1.83
Tiszavasvari 7.04 £0.29 3.99+0.60 3.11+0.61
Hajdundnas 7.13+£0.16 5.24+1.93 3.96 £0.43
Debrecen 6.79 £ 0.51 3.93+0.60 2.37+0.44
Berettyoujfalu 7.25+0.04 5.80+0.73 2.77 +0.89

Considerable differences in the granulometric composition of the soil samples were
observed among the sample areas (Table 2, Fig. 2). The percentage of the sand
fraction was the highest in the samples derived from Debrecen where the
percentage of the coarse and fine sand fractions together was nearly 90%. In the
samples from Berettyoujfalu, 60% was the percentage of the two sand fractions
together but the clay fraction was also more than 10%. The percentage of clay
fraction was the highest (nearly 20%) in the Luvisol of Pusztafalu. Samples were
taken from the horizon A; and the upper part of the eluvial horizon (A;) wherefrom
most of the clay minerals are transferred to the level B. Thus, the percentage of the
clay fraction is significantly higher in the lower levels of the soil; in the upper 15
cm of the soil the percentage of 20% can be considered common regarding the
given soil type. On the other hand, the percentage of the coarse sand fraction was
also the highest in the samples of Pusztafalu but it is not incredible since the
denudation processes are intensive in upland areas, so the percentage of the coarser
fractions can easily increase here.

Table 2. The granulometric composition of the soil samples (mean + standard deviation, N=6)

Sample area granulometric composition (%)

coarse sand fine sand silt clay
Pusztafalu 16.1+2.7 28.9+4.7 35.7+2.6 19.3+2.1
Tiszavasvari 39+2.1 37.2+8.5 42.6+11.2 16.3+0.8
Hajdunanas 4.0+0.5 44.6+1.2 413+43 10.1+£3.6
Debrecen 13.4+0.9 753+5.0 9.6+5.3 1.7+1.0
Berettyoujfalu 5.6+6.0 53.2+7.1 29.9+3.0 11.3+£2.7
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Fig. 2. The granulometric composition of the soil samples

3.2. Examination of the heavy metal content of the soil and plant

In every case of the examined heavy metals we experienced that the heavy metal
concentrations were lower in the carrot leaves and roots than in the soil. This is
also confirmed by the soil-plant transfer coefficients (Fig. 3) which are determined
relevantly to the soil/leaf, and the soil/root. The coefficient is defined as the metal
concentration in the plant organs divided by the total metal concentration in the
soil. Based on the calculated coefficients it is proved that carrot leaves accumulated
more heavy metal than roots. According to the special literature sources (Kloke et
al. 1994; Alloway 1995), zinc and copper were the most mobilizable metals but the
mobility of cobalt and nickel was also significant. The Mn and Fe reserves of the
soil are relatively hardly available for carrot. For example, the Fe content of the
plant was not more than 1-2% compared to the total Fe content of the soil.

0,60
050 @ leaf/soil
9 O root/soil | |

0,40

0,30

0,20

0,00

Ni Cu Co Zn Fe Mn

Fig. 3. The soil-plant transfer coefficients regarding the carrot leaf and root
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Regarding the Co content of the soil samples, there were significant differences
among the sample areas. The measured concentrations were between 5.1 and 16.4
mg'kg' (Fig. 4). The cobalt concentrations accumulated in the carrot leaves and
roots did not correlate significantly with the total cobalt concentration of the soil.
This is proved by the fact that the highest Co concentration was measured in the
samples from Pusztafalu but the Co concentration of the carrot root was the lowest
here.

The Ni concentrations of the soil samples varied between 12.0 and 37.4 mgkg"
(Fig. 5). Relatively strong significant correlation (r=0.6; p<0.01) was observed
between the Ni concentrations of the soil and leaves but there was not significant
connection between the Ni content of the soil and the carrot root.
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Fig. 4. The Co content of the soil, carrot leafand Fig. 5. The Ni content of the soil, carrot leaf and
root samples root samples

The concentrations of Zn and Cu considerably exceeded the limit values in the
sample locality coded HNN1 of the sample area in Hajdunanas (Fig. 6 and 7).
These relatively high contamination values provided the opportunity to examine
how the Cu and Zn content of the soils unusually exceeding the mean values
influences the Cu and Zn accumulation of the plant. The Cu concentration in the
carrot leaf is significantly higher in the plants grown in contaminated soil but the
increase of the Cu concentration in the root was not observable. The results
harmonize with Kadar’s (1995) statements: carrot root is genetically more
protected against the harmful element accumulations; mainly leaves can
accumulate the microelements to a toxic degree. In the case of Zn the effect of the
contamination was provable neither in the leaves nor in the root. The former results
are confirmed by correlation analyses: significant (r=0.46; p<0.01) correlation was
found between the Cu concentration of the soil and the carrot leaves but the Cu
content of the soil has no significant connection with the Cu content of the root.
There was not significant correlation between the Zn concentrations of the soil and
the examined carrot organs, too.
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Fig. 6. The Cu content of the soil, carrot leafand  Fig. 7. The Zn content of the soil, carrot leaf and
root samples root samples

Although, in the case of manganese the soil-plant transfer coefficients are low
(varies between 0.01-0.2, so carrot accumulates little Mn compared to the total Mn
concentration of the soil), the Mn concentration has significant correlation with the
Mn concentrations of the carrot leaf and root (r=0.40; p<0.05 and r=0.67; p<0.01
respectively). The connection between the Mn content of the soil and the Mn
accumulation of the examined plant organs is observable in Fig. 8 and 9. Only the
Mn concentration (among the examined heavy metals) of the soil influenced
considerably the accumulated metal concentration in the carrot leaf and root.
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Fig. 9. The Mn concentrations of the carrot

Fig. 8. The Mn concentrations of the soils
leaves and roots

The soil samples from Tiszavasvari contain Fe in high concentrations (Fig. 10).
However, the plant samples collected in Tiszavasvari did not accumulate much
iron, the concentration of this metal was especially low (compared to the samples
from the other sample areas) in the leaves (Fig. 11). Correlation was found between
the Fe concentration of the soil and the plant samples only in the case of the
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samples from Debrecen since carrot could accumulate less iron (compared to the
other sample areas) from the sandy soil containing very little (3500-6500 mg-kg™)
iron. However, regarding the whole database there was not significant correlation
between the Fe concentration of the soil and the examined carrot organs.
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Fig. 11. The Fe concentrations of the carrot

Fig. 10. The Fe concentration of the soils
leaves and roots

3.3. The effects of the examined soil characterizations on the heavy metal uptake of
the carrot
3.3.1. The effects of the soil pH

Soil pH is a considerable factor in terms of the heavy metal mobilization since it
influences the solubility of the heavy metals, has effects on the stability and the
cation bond ability of the colloids as well as on the activity of micro-organisms
(Mengel, 1976; Stefanovits 1981; Szabd et al. 1987; Filep, 1988; Szalai, 2008). In
the cases of our examined metals the decrease of the soil pH causes effective metal
mobilization.

Fig. 12 shows the concentrations of the examined heavy metals in the soil samples
classified into different pH categories. It is observable that the measured Ni, Co
and Zn concentrations increase with the increasing soil pH since the mobility of
these heavy metals is decreased at alkaline pH so plants can hardly take them up
and they also resist leaching.
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Fig. 12. The mean heavy metal concentrations in the soil samples classified into different pH
categories

Although pH plays a very important role in the heavy metal transport, significant
correlation was not observed between the soil pH and the accumulated metal
concentrations in the carrot. This can be explained by the fact that the examined
heavy metals are not mobilizable at this pH range, and since the pH of the soil
samples collected in the different sample areas varied in a very narrow range,
perceptible effects on the plant accumulation could not be proved.

3.3.2. The effects of the soil humus content

Humus plays an important role in the nutrient conservation and in the regulation of
the nutrient availability since with the increase of the humus content the soil
adsorption capacity is also increasing, and it results in the formation of metallo-
organic complexes. According to Stefanovits et al. (1999), organic complexing
agents promote the biological availability of heavy metals. But note that metallo-
organic complexes do not definitely increase automatically the concentration of the
casily soluble and available metals. It generally appears only in soils where humic
materials small molecular mass humic materials dominate. In other cases the
increase of the humus content increases the strongly bound metal concentration.
The solubility is generally increased by small molecular mass organic acids (e. g.
oxalate, malate, citrate etc).

It is observable in Fig. 13 that parallel with the increase of the humus content, the
metal concentration of the soil is also increasing in the examined soil samples. The
good adsorbing capacity of the humus is indicated by the fact that positive
significant correlation was found between the humus and the Ni, Co, Zn and Mn
content of the soil. The strongest connection (r=0.69; p<0.01) was observed
between the humus and the Zn content. It is proved by special literature sources
that Zn is strongly organophillic (Kloke, 1994; Stefanovits et al. 1999).
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Fig. 13. The mean heavy metal content in the soil samples with different humus content

Similarly to the pH, significant correlation was not proved between the humus
content and the concentration of the heavy metals accumulated by the carrot.

3.3.3. The effects of the granulometric composition

The physical characteristics of the soil are considerably influenced by the size
distribution of the mineral grains since different conditions are formed in the soil
when e. g. coarse sand fraction dominates or when fine clay fraction prevails
(Stefanovits et al. 1999). Granulometric composition also plays an important role
in terms of physiology because the bioavailable heavy metal concentration can be
different in soils with dissimilar granulometric composition but similar metal
content (Csatho, 1994).

The effects of the granulometric composition on the heavy metal concentration of
the soil can be seen in Fig. 14. It is observable that sandy soils consisting of coarser
grains and possessing small adsorbing capacity have the lowest heavy metal
concentration, and with the decrease of the grain size, the heavy metal content of
the soils is increasing. The highest metal concentration was determined in silty

loam consisting of the finest grains.
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Fig. 14. The mean heavy metal concentration in the soil samples with different granulometric

66



composition

The correlation coefficients (Table 3) also illustrate well the connection shown in
Fig. 14 since the examined heavy metals have strong positive correlation with the
silt and clay fractions. However, strong negative connection is found with the
coarse and fine sand fractions. The exception of the Cu can be explained by the fact
that some of the samples from the sample area of Hajdunanas was contaminated
with Cu (supposedly due to the close vineyard), thus the Cu content of the samples
was increased independently of the granulometric composition.

Table 3. Spearman correlation coefficients of the connection between the heavy metal content of the
soils and the granulometric composition

coarse sand fine sand silt clay
Ni 0.11 -0.85% 0.61* 0.79*
Cu -0.58%* 0.31 0.12 -0.47*
Co -0.07 -0.78%* 0.68* 0.76*
Zn -0.31 -0.34 0.59* 0.03
Fe -0.28 -0.48% 0.54* 0.65*
Mn 0.05 -0.77* 0.48* 0.87*

* Correlation is significant at the 0.01 level

The effects on the heavy metal accumulation of the carrot are not that obvious, the
provable correlations are less strong. The Ni and Mn concentrations of the carrot
leaf correlate with the clay fraction (r=0.45; p<0.05 and r=0.44; p<0.05
respectively) but only the Ni content of the leaf has significant connection with the
silt fraction (r=0.52; p<0.01). The Zn content of the leaf correlates with the coarse
sand fraction (r=0.52; p<<0.01). This harmonizes with the special literature data: the
adsorption capacity of the soils with coarser granulometric composition is lower
but heavy metals generally occur in easily mobilizable forms that makes the plant
uptake easier (Szabd et al. 1987; Csatho, 1984; Szalai, 2005). It is conceivable that
Zn appears bound to Fe and Mn oxide colloids (carrot can easily take up Zn) in the
examined soils with coarse granulometric composition.

Among the heavy metals accumulated in the carrot root, only manganese correlated
strongly with the granulometric composition. The Mn content of the root has strong
positive correlation (r=0.75; p<0.01) with the clay fraction but negative correlation
is observable with the sand fraction (r=-0.65; p<0.01).

4. Conclusions

Comparing the main characteristics of the soil samples collected from 5 different
sample areas it is proved that regarding pH and CaCOs;-content, there was not
significant difference among the different soil types, but examining the humus
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content and the granulometric composition considerable differences were observed.
The Luvisols and Chernozems contain more humus (3.5-4.5%) but only 2-3%
humus was found in the Gleysol and Arenosols. Regarding the granulometric
composition, sand fractions dominate in the Arenosols and Gleysol while silt and
clay fractions prevail in the Chernozems and Luvisols.

The measured heavy metal concentrations of the examined soils are higher in the
Luvisols and Chernozems, thus more heavy metal can be found in soils with finer
granulometric composition and higher humus content than in Gleysol and
Arenosols with coarser granulometric composition and lower humus content.

Our examinations show that in every case of the examined heavy metals the
concentrations found in the soil exceeded the concentrations measured in the carrot
root and leaf, thus all of the soil-plant transfer coefficients (both in the case of
leaf/soil and root/soil) were below 0.5 apart from an exception.

The calculated order of mobility is the following: Zn > Cu > Co > Ni > Mn > Fe.

Investigating the distribution of the heavy metals within the plants it is stated that
the carrot leaves accumulated heavy metals in higher concentrations than the roots.
The less metal accumulation of the consumable organ is favourable in terms of
human health since the consumption of a carrot grown in contaminated soil can
involve less toxicological risk against a plant that can accumulate heavy metals in
higher concentrations.

During the examination of the factors affecting the heavy metal uptake of the
carrot, it is proved that the total metal content of the soil has more considerable
effect on the heavy metal concentration of the leaf than that of the root. In the cases
of Ni, Cu and Mn positive significant correlation was found between the metal
content of the soil and leaves, however, the metal content of the soil correlated with
the metal concentration of the root only in the case of Mn.

Based on our results it is shown that although the pH and the humus content of the
soil significantly affect the heavy metal concentration of the soil, they have no
considerable effects on the heavy metal uptake of the carrot.

Our results confirm that the granulometric composition is one of the most
important factors in terms of the heavy metal content of the soils, and its effect on
the heavy metal uptake of the carrot is also proved regarding some metals. The Ni
and Mn uptake was more significant from soils with finer granulometric
composition. This can be explained by the fact that these metals are mainly bound
to clay minerals so they are accumulated in the finer fraction in bioavailable form.
However, positive significant correlation was found between the Zn content of the
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carrot leaf and the coarse sand fraction since Zn can be more mobilizable in sandy
soils, and it makes the metal uptake of the plants easier.

This research confirmed the special literature sources stated that the genetic soil
type and the heavy metal content of the soil do not considerably influence the
heavy metal uptake of the carrot. Granulometric composition has the most
significant effect but this factor affected the rate of the metal uptake only in 50% of
the examined heavy metals (Ni, Mn, Zn).

References

Alloway, B.J. (1995): Heavy metals in soils. Blackie Academic and Professional, London, p. 368.

Bir6, I. — Takacs, T. (2006) Adaptability study of different Glomus mosseae strains to soil heavy
metal content. Cereal Research Communications, 34 (1): 127-130.

Csatho, P. (1994): Circulation of heavy metals and other toxic elements in the soil-plant system.
Agrokémia és Talajtan Szemle 43 (3-4): 371-398. (in Hungarian)

Clemens, S. — Palmgren, M.G. — Kramer, U. (2002): A long way ahead: understanding and
engineering plant metal accumulation. TRENDS in Plant Science 7 (7): 309-315.

Farsang, A. — Cser, V. — Barta, K. — Mez6si, G. — Erdei, L. — Bartha, B. — Fekete, 1. — Pozsonyi, E.
(2007): Application of phytoremediation on extremely contaminated soils. Agrokémia és
Talajtan 56 (2): 317-332.

Filep, Gy. (1988): Soil chemistry. Akadémiai Kiadd, Budapest, 293. p. (in Hungarian)

Finster, M.E. — Gray, K.A. — Binns, H.J. (2004): Lead levels of edibles grown in contaminated
residential soils: a field survey. Science of the Total Environment 320: 245-257

Helgesen, H. — Larsen, E.H. (1998): Bioavailability and speciation of arsenic in carrots grown in
contaminated soil. Analyst 123: 791-796.

Kawada, T. — Lee, Y. — Suzuki, S. — Rivai, LF. (2002): Copper in carrots by soil type and area in
Japan: A baseline study. Journal of Trace Elements in Medicine and Biology 16: 179-182.

Kadar, 1. 1995. Contamination of the soil-plant-animal-human food chain with chemical elements in
Hungary. Kornyezet- és természetvédelmi kutatasok, Budapest 388 p. (in Hungarian)

Kloke, A. — Sauerbeck D.R. — Vetter H. (1994): In Changing Metal Cycles and Human Health. ed.
Nriagu, J. Springer-Veriag, Berlin, p. 113.

Mengel, K. (1976): Plant nutrition and metabolism. Mezdgazdasagi Kiado, 365 p. (in Hungarian)

Monu, A. — Bala, K. — Shweta, R. — Anchal, R. — Barinder, K. — Neeraj, M. (2009): Heavy metal
accumulation in vegetables irrigated with water from different sources. Food Chemistry
111: 811-815

Prokisch, J. — Szegvari, 1. — Széles, I. — Kovacs, B. — Gyori, Z. (2006): Normalization method for
evaluation of metal contamination of soil — Cereal Research Communications 34: 263-266.

Rékasi, M. — Filep, T. (2006): Effect of microelement loads on the element fractions of soil and plant
uptake. Agrokémia és Talajtan 55 (1): 213-222.

Stefanovits P. (1981): Soil science. Mezdgazdasagi Kiadd, Budapest, 380 p. (in Hungarian)

Stefanovits, P. — Filep, Gy. — Fiileky, Gy. (1999): Soil science. Mezégazdasagi Kiadd, Budapest. 470
p. (in Hungarian)

Szabo L. - Szegedi L. (2006): Changes of availability of some microelements in heavy metal
amended soil. Cereal Research Communications 34: 303-306.

Szabo, S.A. — Regusiné Mécsényi, A. — Gyéri, D. — Szentmihalyi, S. (1987): Microelements in the
agriculture 1. Mezb6gazdasagi Kiad6, Budapest, 235 p. (in Hungarian)

69



Szabo, Sz. — Posta, J. — Gosztonyi, Gy. — Mészaros, 1. — Prokisch, J. (2008): Heavy metal content of
flood sediments and plants near the river Tisza. AGD Landscape & Environment 2 (2): 120-
131.

Szalai, Z. (1998): Trace metal pollution and microtopography in a floodplain. Geografia Fisica e
Dinamica Quaternaria, 21: 75-78.

Szalai, Z. — Baloghné Di Gléria, M. — Jakab, G. — Csutak, M. — Badonyi, K. — Téth, A. (2005): Role
of the shape of rivesbanks in the accumulating deposits’ fractionation of grain size and
heavy metal content. Foldrajzi Ertesitd 54 (1-2): 61-84. (in Hungarian)

Szalai, Z. (2008a): Effects of the biotic and abiotic factors on the bioavailability of the heavy metals
in active floodplains (with Rubus caesius). In Csorba P. Fazekas 1. (eds) Téajkutatas-
tajokologia Meridian Alapitvany, Debrecen, pp. 317-322. (in Hungarian)

Szalai, Z. (2008b): Spatial and temporal pattern of soil pH and Eh and their impact on solute iron
content in a wetland (Transdanubia, Hungary). AGD Landscape and Environment 2 (1): 34-
45.

Yang, Y. — Zhang, F.S — Li, H.F. — Jiang, R.F. (2009): Accumulation of cadmium in the edible parts
of six vegetable species grown in Cd-contaminated soils. Journal of Environmental
Management 90: 1117-1122.

Yoshida, F. — Hata, A. — Tonegawa, H. (1999): Itai-Itai disease and the countermeasures against
cadmium pollution by the Kamioka mine. Environmental Economics and Policy Studies 2:
215-229.

Zhuang, P. — Zou, H — Shu, W. (2009): Biotransfer of heavy metals along a soil-plant-insect-chicken
food chain: Field study. Journal of Environmental Sciences 21: 849-853.

70



