
1. INTRODUCTION

The contaminants which are large in number also include heavy 
metals. Relatively wide use of heavy metals in various fields of 
human activities leads to their accumulation in soil, dust particles 
in the solid waste as well as waste water. Although the soil has 
relatively high ability to absorb or resist adverse environmental 
influences, it is prone to degradation (different types of erosion, 
contamination of hazardous trace elements, acidification, etc.). It 
takes exceedingly long time for remedying the influences of these 
degradation processes. 
Therefore, the contamination of soils with heavy metals ranks 
among the most important problems of soil protection and the en-
vironment.

Cadmium
Extensive studies about the environmental toxicity of cadmium 
in contaminated soils and waters were performed [Wu et al. 
1992; Zhou 1995; Ghost, Kaviraj 2002; Evangelou et al. 2004]. 
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Abstract
The aim of this work is to evaluate the extent of risk for the transfer 
of heavy metals from contaminated soil to selected parts of crops. 
The goal is to be achieved under the model conditions of vegetation 
pot experiment. Soil taken from the area of Výčapy-Opatovce and 
three types of cereals – millet (Panicum miliaceum) cv. UNIQUM, 
oats (Avena sativa) cv. ATEGO and amaranth (Amaranthus cau-
datus) – were used. For each crop, four variants (A – control with 
basic ferilization, B, C, D) were made and cadmium in the form of 
a water-soluble salt of Cd(NO3)2 was applied in gradual specific 
doses with 5- (variant B), 10- (variant C), 15-fold (variant D) as the 
limit values by Law no. 220/2004 Z.z. to assess the state of soil 
contamination. Crops were harvested at ‘full ripeness’ and using 
the AAS method (VARIAN 240FS) the heavy metal content was 
determined by the wet mineralization of plant samples. The low-
est cadmium content in the aboveground biomass was observed in 
millet in comparison to other plants, while the highest was recorded 
in amaranth. The highest increase in the cadmium content in the 
aboveground biomass in this crop (appr. 18-fold) was noticed in 
variant C. The lowest cadmium content was also observed in millet 
seeds. The highest content of Cd in the seeds was recorded in oats 
in all variants.

Streszczenie
Celem pracy jest ocena zakresu narażenia na przemieszczenie metali 
ciężkich z zanieczyszczonej gleby na wybrane części plonów. Ocenę 
przeprowadzono w doświadczeniu z uprawą roślin w pojemnikach 
w warunkach modelowych. Zastosowano próbki gleb z obszaru Výča-
py-Opatovce oraz trzy typy zbóż: proso (Panicum miliaceum) cv. UNI-
QUM, owies (Avena sativa) cv. ATEGO oraz szarłat (Amaranthus cau-
datus). Dla każdego zboża wykonano cztery warianty eksperymentu 
(A – wariant kontrolny z normalnym nawożeniem, B, C, i D), w których 
do próbek gleb dodano kadm w postaci rozpuszczalnej soli Cd(NO3)2 

w ilości stopniowo wzrastających dawek: 5 (wariant B), 10 (wariant C), 
i 15 (wariant D) – krotności wartości granicznej ustanowionej przez 
Ustawę nr 220/2004 Z.z. w celu oceny stopnia zanieczyszczenia gleby. 
Zboża uprawiano do całkowitej dojrzałości; zawartość metali ciężkich 
oceniono z zastosowaniem metody AAS (VARIAN 240FS) na próbkach 
roślin zmineralizowanych na mokro. Najniższą zawartość kadmu w bio-
masie naziemnej stwierdzono dla prosa. Najwyższą zawartość kadmu 
w biomasie naziemnej zanotowano dla szarłatu. Najwyższy wzrost za-
wartości kadmu w biomasie naziemnej w tym zbożu (około 18-krotny) 
stwierdzono w wariancie C. Najniższą zawartość kadmu zaobserwowa-
no także w nasionach prosa. Najwyższą zawartość kadmu w nasionach 
stwierdzono dla owsa we wszystkich wariantach eksperymentu.

A considerable part of the research has addressed the influences 
of cadmium on crops and other agricultural plants [Zhou, Gao 
1994; Zhou, Gao 1994b; Cheng, Zhou 2002; Kukier, Chaney 2002; 
Selvi et al. 2003; Wang, Zhou 2005]. Fertilizers and their utilization 
on agricultural soil is considered to be the main source of Cd in soil 
[Tu et al. 2000]. Fertilizers are a major source of Zn, Cu and Cd 
[Nicholson et al. 2003; Rodriguez Martin et al. 2007; Ramos-Miras 
et al. 2011], as are liquid fertilizers as well as manure (or their de-
rivatives, compost, sludge) or mineral fertilizers.
Cadmium not only accumulates in the root system, but is also eas-
ily transported and stored into all tissues of plants. Cd, in particu-
lar, compared to other heavy metals is accumulated in the grain 
[Zaujec 1999].
The distribution of cadmium in individual parts of plants has a clear 
progressive character: roots> stems> leaves> grains (seeds). The 
highest amount of cadmium from the soil receives root and green-
house vegetables. The concentration of cadmium increases as 
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follows: oat < wheat < fababean < pea < sunflower < corn < radish 
< tomato < carrot < lettuce [Kočík 1995].
Increased attention about the adverse effects of cadmium on hu-
man health began from the discovery of “Itai-Itai” disease in Japan 
in 1950, which was caused by the consumption of cadmium-con-
taminated rice [Wu et al. 1992; Zhou 1995; Ghosal, Kavirádž 2002; 
Evangelou et al. 2004].
Cadmium is classified among the most important environmental 
contaminants. Cadmium accumulates in human body and causes 
disorders of the cardiovascular system and central nervous sys-
tem, kidney and liver damage, and further causes anemia and on-
cological diseases [Vollmannová 2006].

2. MATERIALS AND METHODS
The experiment was realized as pot trial in the vegetation cage 
of the Department of Chemistry of FBFS SUA in Nitra. In pot trial, 
the soil from the locality Výčapy-Opatovce near Nitra was used. 
In this experiment, three different species of pseudocereals were 
used: amaranthus (Amaranthus caudatus), oat (Avena sativa), cv. 
ATEGO, millet (Panicum miliaceum), cv. UNIQUM.
In the soil, the exchangeable reaction (pH/KCl), the contents of 
available nutrients (K, Mg, P) and mobile forms of Ca according to 
Mehlich II., content of humus by Tjurin method and content of N 
were determined. Pseudototal content of risk metals including all 
the forms besides residual metal fraction was assessed in the so-
lution of aqua regia and content of mobile forms of selected heavy 
metals in soil extract of HNO3 (c = 2 mol • dm-3). 

The vegetation pot experiment
Six kilograms of soil mixed with sand was weighed into plastic bowl-
shaped pots (with average dimensions of 20 cm and height 25 cm) 
with foraminated bottom. Basic nutrients were added in the form of 
NPK fertilizer. The dose of the base fertilizer (NPK) – nitrogen in 
the form of urea, phosphorus in the form of superphosphate and 
potassium as the potassium salt – and the quantity of water-soluble 
cadmium salt required to simulate various metallic load soil was cal-
culated. The experiment was based on four replications (variants).

Table 1. Variants of the experiment

Variants Fertilization
A NPK

B NPK + 4,9 mg Cd

C NPK + 9,1 mg Cd

D NPK + 13,5 mg Cd
Four variants of this experiment were realized – A: control (without Cd 
addition), B: 5-fold Cd • kg-1 of soil, C: 10-fold Cd • kg-1 of soil, D: 15-fold 
Cd • kg-1 of soil of the indicative B value; this is the limit value for the ana-
lytical evidence of soil contamination (by law 531/1994 – 540 (Decision 
of the Ministry of Agriculture SR).

Pseudocereals were harvested at full ripeness. The content of risky 
elements in seeds was determined by wet mineralization of plant 
samples using atomic absorption spectrometry. The flame AAS 
(AAS Varian AA Spectr DUO 240 FS/240Z/UltrAA) was used for the 
determination of heavy metal contents in soil and plant materials.
For statistical processing of the results, we used the statistical 
program STATISTICA Cz 6.0 (StatSoft, Inc., 2001), in which we 
tested the results on the level of descriptive statistical evaluation. 
To assess the relationship of risk metals in soil, seeds and biomass, 
we collected data subjected to regression analysis and correlation 
(Pearson, Spearmann, onesample and paired Student’s t-test).

3. RESULTS AND DISCUSSION

The soil is characterized by a moderate supply of humus and ex-
tremely acid soil reaction. The used soil is characterized also by 
good content of potassium, low content of phosphorus as well as 
by a very high content of magnesium. The soil used in pot trial 
was relatively uncontaminated. Only the determined Cd content 
was on the level of limit value given for the soil extract by aqua 
regia (Table 2). The values of total risk element contents in soil 
extract by aqua regia were under the concentrations of the defined 
limit value with the exception of Cd; its total content had exceeded 
about 22.3% and the determined Co content was at the level of 
the limit value given for the soil extract by aqua regia. In Spain, 
the total average content of cadmium in the soil is 0.23 mg • kg-1 
[Rodriguez Martin et al. 2005].
The lowest intake of cadmium into biomass was observed in millet 
in comparison to other crops under different loads of soil by cad-
mium. An increase in cadmium content in the biomass of millet with 
increasing doses of cadmium in the soil compared to the other two 
crops is insignificant (2.7 mg • kg-1 Cd in D variant). The highest 
cadmium content in the biomass was recorded in amaranth. The 
highest increase of the cadmium content in the biomass of this crop 
(almost 18 fold) was observed in variant C (17.9 mg • kg-1). The bio-
mass of oats, the highest cadmium content was observed in variant 
D with the highest dose of deliberately added Cd in the soil (12-fold 
increase in comparison to the control variant). The cadmium con-
tent in the biomass of cereals produced in relatively uncontami-
nated soil varied in the range 0.47–1.28 mg • kg-1 [Tian Guo Rong 
et al. 2007]. The cadmium content in the biomass determines the 
following order of pseudocereals: amaranth ˃ oats ˃ millet.
While comparing the three crops, we evaluated the smallest 
amounts of cadmium in millet. Besides above-ground biomass, 
the lowest accumulation of Cd (0.30–0.70 mg • kg-1) was also ob-
served in seeds. As a result of the increasing doses of Cd added 
deliberately to the soil, the millet seeds showed insignificant 
increase in the cadmium content in all variants. At the highest 
doses of cadmium in the soil, its content in the seeds increased 
two-fold, which is insignificant in comparison to other crops. The 
highest content of Cd was recorded in oat seeds in all variants. 
In the seeds of oats, cadmium content increased in D variant 13-
fold compared to the control variant A (5.9 mg • kg-1). The cadmi-
um content in seeds determines the following order of cadmium 
intake by pseudocereals: oats ˃ amaranth ˃ millet. [Melicháčová 
2007] reported the average cadmium content in the seeds of am-
aranth grown in polluted soils containing cadmium at the level of 
the limit value from 0.62 to 0.88 mg • kg-1, and the cadmium con-
tent in millet seeds from 0.27 to 0.49 mg • kg-1. In polluted regions 
with cadmium content in the soil above 9 mg • kg-1, the seeds of 
amaranth measured the Cd values ranging 1.8–3.3 mg • kg-1 and 
in millet seeds 0.91–1.64 mg • kg-1.
Statistically highly significant correlation between the Cd content in 
biomass and seeds was recorded in sowing oats only in variant B 
(p ˂ 0.05), while in the case of millet the statistically highly signifi-
cant correlation was observed only in variant D. The results of am-
aranth showed no statistically significant correlation in all variants.
In all variants, we observed statistically significant differences be-
tween the high cadmium content in seeds and biomass of oat, mil-
let and cadmium content in soil (p ˂ 0.05). The difference between 
the content of cadmium in seeds and amaranth aboveground bio-
mass and cadmium content in the soil in all variants was statisti-
cally highly significant, except for variant D, where the difference 
was not statistically significant.
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Table 2. Heavy metal content in soil extract by aqua regia in mg • kg-1

Fe Mn Zn Cu Co Ni Cr Pb Cd
soil 25500 621,2 52,4 45,8 15,0 31,6 31,8 22,2 0,9

220/2004
Limit value

--- --- 150 60 15 50 70 70 0,7

4. CONCLUSION

The present results show that the deliberately added doses of cad-
mium in specific quantities into the soil are reflected in its content in 
the investigated crops, although in some crops the highest doses 
of cadmium have not expressed their increased content in the crop.
We can conclude that the highest cadmium intake had oats, espe-
cially seeds. In the seeds of oats, a 13-fold increase of cadmium 
content in comparison to the control variant was observed.
Although in today’s agriculture the biomass is not used as much 
as it was in the past, but still from the point of view of Cd cumula-
tion its use as animal feed appears risky because it demonstrat-
ed significant cadmium intake especially by amaranth biomass.

On the other hand, due to the significant accumulation of Cd in 
amaranth plants and an excessive production of the biomass, 
amaranth is potentially useful as a fytoremediation crop for the re-
habilitation of metallic polluted soils.
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Figure 1. Comparison of cadmium taken in the observed variants in cereals (oats, millet, amaranth) in the aboveground biomass (mg • kg-1).

(top left) Cadmium content in aboveground biomass of different oat variants in mg • kg-1; (top right) Cadmium content in the aboveground 
biomass of millet variants in mg • kg-1; (bottom) cadmium content in biomass of amaranth in different variants in mg • kg-1.
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Figure 2. Comparison of cadmium taken in the observed variants in cereals (oats, millet, amaranth) in their seeds (mg • kg-1).

(top left) Cadmium content in the seeds of oat variants in mg • kg-1; (top right) cadmium content in the seeds of millet variants in mg • kg-1; 
(bottom) the cadmium content of amaranth seeds in variants in mg • kg-1.
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