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In this work the level of risk of enhanced heavy metal contents in selected crop cultivated in model conditions of the pot trial after
different Pb doses addition and in real conditions (Považie area) was evaluated. We also investigated the effect of accumulation of heavy
metals content (mainly lead content) on total polyphenols content and antioxidant activity. Four variants of the experiments: control
(without Pb addition, only fertilisation) and next three variants were realised. Lead in the form of water-soluble salt of Pb(NO3)2 was
applied in gradual specific doses with 5 (variant B), 10 (variant C), 15 (variant D) multiple as the limit value by the Law no. 220/2004
Z.z. to assess the state of soil contamination. For the experiment the flax seeds cultivar Electra were used.
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. The total polyphenol content (TP) was estimated using Folin-Ciocalteau assay and the total antioxidant capacity of
legume extracts was measured using the DPPH spectrophotometrically.
All determined Pb (with exception C variant) and Cd contents were higher than maximal allowed amounts given by the Food Codex of
the Slovak Republic.In all variants with Pb addition the TP value was lower than those in the control variant. Higher levels of
polyphenolic compounds in flax seeds showed a higher antioxidant capacity values due to increased doses of lead.
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INTRODUCTION
Environmental pollution is a major cause of contamination by heavy metals in the
food chain. These metals can cause contamination of plants, vegetables, fruits
and food through the air, water, soil and plants during cultivation (Bempah et al.,
2013).
Lead is one of the most commonly occurring contaminant in the environment.
Lead is absorbed by plants when it is present in their environment, especially in
rural localities where the soil is contaminated by exhaust from cars and in areas
contaminated by fertilizers containing heavy metals (Lamhamdi et al., 2013).
Plants absorb Pb from the soil solution into root system. The highest amount of
Pb2+ is accumulated in roots in insoluble form (Wierzbicka et al., 2007). Lead
can cause a variety of physiological and biochemical defects in seed germination,
plant growth, water status and assimilation of nitrate (Sharma, Dubey, 2005;
Seregin, Kosevnikova 2008; Lamhamdi et al., 2011).
Relatively high concentrations of lead contain some species of vegetables
(spinach, lettuce, carrots), edible mushrooms and oil seeds (poppy contains 0,04
to 1,96 mg.kg-1). Although cereals indicate relatively high levels of lead, its
value do not exceed the allowable concentrations of lead (Velíšek, 2002).
Flax plants are used primarily for its fibers and the oil enriched in omega-3 fatty
acids (Hashem et al., 2011; Huis et al., 2012). Flax seed is the most valuable
source of omega-3 fatty acids, which constitute more than 50% of its fatty acids
content. These fatty acids are important for growth and development, and are
associated with the prevention of health and the treatment of heart disease,
arthritis, inflammatory and autoimmune diseases and cancer (Verghese et al.,
2011).
Recently the scientists have interested about polyphenols for their essential
functions in plant physiology (growth, reproduction, protection from pathogens,
predators), further for their antioxidant properties and utilization in the human
body, possible role in the prevention of diseases associated with oxidative stress
(cardiovascular, cancer and neurodegenerative diseases) (Mandelova, 2005).
Phenolic compounds have gained a great attention due to their antioxidant
activity and ability to bind free radicals, and so have a positive impact on human
health (Nithya et al., 2013).
The amount of polyphenols in cereals is highly variable in whole grains and bran
meal, also depends on the type of cereal (Adom, Liu, 2005). Cereals are good

sources of plant polyphenols (Li et al., 2008). The type of cultivar, growth
location, and soil contamination (Lachman et al., 2006) can influence the
content of polyphenols.
Agricultural production is the main source of foodstuffs, i tis important to
evaluate negative effects of risky elements on quality of agricultural products. On
other hand heavy metals affect plants as stress factors and can induce
polyphenols production. We investigated the effect of accumulation of heavy
metals content (mainly lead content) on total polyphenols content and antioxidant
activity established in flaxseed grown in real conditions and in model conditions
in the soil with increasing rates of the lead contamination.
MATERIAL AND METHODS
In the soil the exchangeable reaction (pH/KCl), the contents of available nutrients
(K, Mg, P) and mobile forms of Ca according Mehlich II., content of humus by
Tjurin method and content of N were determined. Pseudototal content of risk
metals including all of the forms besides residual metal fraction was assessed in
solution of aqua regia and content of mobile forms of selected heavy metals in
soil extract of NH4NO3 (c = 1 mol.dm-3). Gained results were evaluated according
Law 220/2004.
Oilseed flax was harvested at full ripeness Risky element contents in seeds were
determined after mineralization by wet way using the 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. The total polyphenol content and total antioxidant capacity of
flax seeds were determined on the spectrophotometer Shimadzu 710 (Japan).
The statistical processing of the results, we used a 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, Student onesample a paired Student's t-test).
The experiment was realised as the pot trial in the vegetation cage of the
Department of Chemistry of FBFS SUA in Nitra. Soil taken from the area of
Topoľčianky was used in containers. The tested crop was flax seed (Linum
usitatissimum) variety Electra.
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Five kilograms of soil was mixed with sand (1 kg) into plastic bowl-shaped pots.
In the bottom of the container was a small drainage layer of gravel. Basic
nutrients were added in the form of PK fertilizer. The dose of base fertilizer (PK)
- phosphorus in the form of P2O5
(13,6 g / container) and potassium as the
potassium salt (1,3 g / container). In the model conditions of vegetation pot
experiment the rate of some heavy metals accumulation in flax seeds depending
on the extent of soil contamination by specific element (lead) that were applied to
the soil in the form of solutions of its soluble salt Pb(NO3)2 was observed. The
experiment was based on four replications (variants). In a container, we planted
20 flax seeds variety Electra.
Four variants of this experiment were realised: A: control (without Pb addition),
B: 5 multiple Pb.kg-1 of soil, C: 10 multiple Pb.kg-1 of soil, D: 15 multiple Pb.kg-1
of soil of the limit value of pseudototal content of lead in solution of aqua regia
value, this is a limit value for the analytical evidence of the soil contamination by
Law No. 220/2004. Lead was added as follows:

Table 1 Variants of experiment
Variants
A
B
C
D

Fertilisation
PK
PK + 392 mg.kg-1 Pb
PK + 742 mg.kg-1 Pb
PK + 1092 mg.kg-1 Pb

RESULTS AND DISCUSSION
In Table 2 the determined values of exchangeable soil reaction, humus and macro
elements content in the soil are presented. The soil from Topoľčianky locality is
characterized by a moderate supply of humus and the acid soil reaction. The used
soil is characterized also by high content of potassium and magnesium as well as
by a moderate content of phosphorus.

Table 2 Soil reaction, humus content (%) and nutrients content (mg.kg-1) in the soil from Topoľčianky locality
pH
(KCl)

humus
%

N
mg.kg-1

P
mg.kg-1

K
mg.kg-1

Ca
mg.kg-1

Mg
mg.kg-1

5,25

2,541

2100

51,88

297

1356

252

All contents of heavy metals determined in two various extraction reagents were
lower than the limit value by Law 220/2004. Only determined Pb content on the
level of critical value was exceeded for the relationship between soil and plant
(Table 3). The soil used in the pot trial experiment was relative uncontaminated.

The average lead content in this soil corresponds to the national average. The
average lead content in the soil in Slovakia is 29 mg.kg-1, the median is 20 mg.kg1
(Čurlík, 1999).

Table 3 Heavy metals content (mg.kg-1) in the soil from Topoľčianky determined in the soil extracts by aqua regia and NH4NO3 solution (c= 1
mol.dm-3)
Soil
Aqua regia
Limit value*
NH4NO3

Critical value *

Fe

Mn

Zn

Cu

Co

Ni

Cr

Pb

Cd

21,447

536

47,9

22,1

5,1

9,9

16,45

28

0,54

---

---

150

60

15

50

70

70

0,7

0,165

1,985

0,09

0,03

0,13

0,15

0,015

0,195

0,022

--

--

2

1

--

1,5

--

0,1

0,1

*Law 220/2004
Ability to accumulate selected risky elements by flax seeds in relation to the
concentration of risky substances in soil under model conditions was verified in

this work. The results are presented in the Table 4. Graded addition of lead into
the soil resulted in its higher content in grains.

Table 4 Heavy metals content (mg.kg-1) in flax seeds in the individual variants after Pb applicaton into the soil (median, n=4)
Fe

Mn

Zn

Cu

Co

Ni

Cr

Pb

Cd

A

93,58

19,86

61,88

7,54

1,31

4,23

1,75

1,71

0,37

B

66,10

13,03

51,17

13,75

1,25

3,95

1,25

1,30

0,21

C

72,22

15,72

46,24

5,40

1,00

3,44

1,13

0,59

0,24

D

77,38

16,57

50,17

5,72

1,10

4,28

1,09

1,10

0,34

50

25

1

0,1

Limit value*

6

*Limit values for flax seeds according the Food Codex of the Slovak Republic
Differences in the levels of lead in flax seeds in different variants compared with
the control variant are statistically significant. Differences in the levels of lead in
flax seeds between B and D variants are not statistically significant.
The maximum tolerable amount stated by Food Codex SR was exceeded in each
variant for cadmium (2- 3 fold) and lead (except variant C). As it could be seen
from Table 4 intentional application of gradual doses of lead into soil affected
also content of other elements. The zinc content exceeded the limit value given
by the legislative in control (A) and B variants. In C and D variants the
determined Zn content was lower than those in the control variant. Interaction
between toxic metals and basic essential elements are very important for mineral
balance (Lopez et al., 2004). Zinc was added to the soil to reduce the intake of

other heavy metals especially of Cd as well as to increase the antioxidant activity
(Ismael et al., 2013).
Table 5 Total polyphenols contents in flax seeds expessed as mg eq. gallic
acid.kg-1 DM (median, n=6).
Variants
Total polyphenols

A

B

C

D

3229,5

2536,2

2375,5

3004,4

As it could be seen from the Tables 5, the results of total polyphenols showed
that there are significant differences among variants of experiment. We can state
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that increasing levels of Pb in the soil were reflected in decreasing total
polyphenols content in flax grains in all variants in comparison to control variant
with exception D variant (the total polyphenols content slightly increased, but did
not exceed value in control). Differences in the levels of polyphenolic
compounds in flax seeds between individual variants are no statistically
significant. Neither correlations between total polyphenol content and Pb values
were not confirmed.
Bozana, Temelliho (2008) determined higher polyphenols content in flax seeds
(the average content 3830 mg.kg-1) in comparison to our results. Loginov et. al.
(2013) presented the values of total polyphenols in flax grown in optimal
conditions 2980 mg.kg-1.
Table 6 Total antioxidant capacity (TAC) in flax seeds expessed as % inhibiton
of DPPH (median, n=6).
Variants
TAC

A

B

C

D

12,94

11,64

13,21

13,84

In variant B the average TAC value was slightly lower (by 11%), while in variant
D it was (by 6,96 %) the highest in comparison to control variant A (Table 6).
Comparison of the levels of total polyphenolic compounds in the seeds of flax
with the values of total antioxidant capacity did not confirm statistically
significant correlation. Neither correlations between total antioxidant capacity
values and Pb levels were not confirmed.
Inthis work we also investigated the influence of accumulation of heavy
metals content on total polyphenols content and antioxidant
activity in flax seeds grown in real conditions of contaminated plot. Soil and flax
sample (Electra variety) was taken from Mestečko locality.
Soil and flax sample (Electra variety) was also taken from real condition –
Mestečko locality. Distance of area is 7 km from the factory Matador and 16 km
from the cement factory Považska cementáreň Ladce. Soil from this area is loam,
moderate to severe of soil type, soil type fluvisol and cambisol modal. The
investigated soil had extremely acid soil reaction with moderate suply of humus.
The used soil is characterized also by good content of potassium and a high
content of magnesium but a very low content of phosphorus. Determined Pb
content was below the level of limit value given for the soil extract by aqua regia
as well as the level of critical value given for the relationship between soil and
plant. The high amounts of Zn, Co and Cd exceeded the limit value (higher than
maximal allowed amount given by the legislative by 50 %, 18,5 % and 13,6 %
respectively).
The Pb content in the seeds of flax taken from the real conditions (Považie area)
was 2-fold higher than those in the model conditions, which may be caused by
higher content of potentially available forms of this element in the real
conditions.
The TP content was higher in seeds from Považie locality (by 74.6%) than in
model conditions using soil from the Topoľčianky locality. The similar trend was
observed at values of total antioxidant capacity (by 59 % higher than in the model
conditions). Increased content of polyphenolic compounds in real values was
also reflected in higher total antioxidant capacity levels. Higher polyphenol
content could be due to increased levels of several elements in the soil in natural
conditions in comparison to the vegetation model as a result of growth in
stressful conditions.
CONCLUSION
All determined Pb (with exception C variant) was higher than maximal allowed
amounts given by the Food Codex of the Slovak Republic. In all variants with Pb
addition the TP value was lower that those in the control variant. The determined
TP content in B and C variants was decreasing, only in D variant with addition of
highest dose of Pb this content increased but still the value was lower than the
control variant. The lowest lead content in the seeds was observed in variant C.
Higher levels of polyphenolic compounds in flax seeds showed a higher
antioxidant capacity values due to increased doses of lead. The additions of lead
into the soil have not changed significantly the total antioxidant capacity values
in the flax seeds.
The Pb content in the seeds of flax taken from the real conditions (Považie area)
was 2-fold higher than those in the model conditions, which may be caused by
higher content of potentially available forms of this element in the real
conditions.
The TP content was higher in seeds from Považie locality (by 74.6%) than in
model conditions using soil from the Topoľčianky locality. Higher polyphenol
content could be due to increased levels of several elements in the soil in natural
conditions in comparison to the vegetation model as a result of growth in
stressful conditions.
The results show that the model conditions bioassays and growing pot
experiments are suitably chosen method for detecting relations between the
contents of hazardous metals and chemoprotective compounds in food raw
materials of plant origin. These methods can also be used in the pursuit of other
addictions, their relationship and interaction of several factors in different

modifications growing conditions, soil properties, and plant material. The results
obtained from the model conditions must be supplemented by the results of
experiments had parcels and field conditions, which reflect the real state of soil,
climatic and environmental factors.
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