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Summary

Heavy metal contamination is one of the most important issues regarding the pollution
of agricultural soils. Among heavy metals, cadmium (Cd), chromium (Cr) lead (Pb) and
nickel (Ni) are of great concern, because they are toxic to organisms at low concentrations.
The aim of this study was to evaluate the dynamics of Cr, Cd, Pb and Ni in a greenhouse
soil-plant system under intensive cucumber production. The experiment was conducted
in a greenhouse located at the Srebrenik municipality, in the north-eastern part of Bosnia
and Herzegovina. Flame Atomic Absorption Spectrometry was used to determine the
concentrations of Cr, Cd, Pb and Ni in soil and plant samples. The concentration of total Cr
and Ni in the examined greenhouse soil was higher than the permissible values established
by the legislation in Bosnia and Herzegovina, while concentrations of Cd and Pb did not
exceed the permissible values determined by the same legislation. The concentration of
available forms of all examined heavy metals in the tested soil as well as in edible parts of the
cucumber was low regardless. These results indicate that the assessment of total heavy metals
concentration in soils (to the contrary of the assessment of their available forms) is generally
deficient in providing reliable information on the contamination of soil by heavy metals, and
thus the suitability of such soils for cucumber production.

Key words

Food crops, health, safety, vegetable

University of Sarajevo, Faculty of Agriculture and Food Sciences, Department of Plant Physiology,
Zmaja od Bosne 8, 71000 Sarajevo, Bosnia and Herzegovina

P Corresponding author: murticsenad@hotmail.com

Received: November 5, 2018 | Accepted: March 19, 2019

acs

Agric. conspec. sci. Vol. 84 (2019) No. 3 (239-243)



240 | Senad MURTIC, Cerima ZAHIROVIC

Introduction

Heavy metals are chemical elements with a density of more
than 5 g cm?, and their high concentration in soil can greatly
harm plant growth and reproduction (Jarup, 2003). Furthermore,
the uptake of heavy metals by plants and subsequent accumulation
in edible parts of plants poses a potential threat to human health.
Among heavy metals, cadmium (Cd), chromium (Cr) lead (Pb)
and nickel (Ni) are of great concern because of their ability to
negatively affect human health even in small amounts (Jaishankar
et al,, 2014). Pb has long been recognized as a causative agent of
disorders of the central and peripheral nervous systems in humans
(Sanders et al., 2009), Cd can cause damage to kidneys and bone
structure (Akesson et al., 2006), Cr has carcinogenic effects (Wang
et al,, 2017), while nickel exposure results in allergic reactions and
respiratory disorders in humans (Rudel et al., 2013).

Cd, Cr, Pb and Ni contamination of soil is a result of various
activities such as weathering of the earth's crust, mining, industrial
effluents, and sewage discharge (Ming-Ho, 2005). Also, the
changes in farming practices characterized by excessive fertilizer
and pesticide use have led to soil pollution by hazardous heavy
metals, especially in greenhouses where agricultural production
is very intensive (Jia et al., 2010). Camelo et al. (1997) pointed
out that phosphate fertilizers were an important source of heavy
metals, as a result of their production from minerals containing
certain amounts of heavy metals, especially Cd.

The presence of toxic heavy metals in soils does not necessarily
imply their adverse effects on plants and consequently human
health if they do not occur in a form that is easily absorbed by
plants. Many scientists support the fact that the available forms
of heavy metals in soils play a significant role in assessing the soil
pollution by heavy metals (Aydinalp and Marinova, 2003; Nabulo
et al., 2010). Thus, the examination of interrelations between the
total and available forms of heavy metals may help to understand
dynamics of heavy metals in soils and provide useful information
on the real contamination of the soil by heavy metals as well as the
suitability of these soils for food crops production. In addition,
when assessing the usability of a soil for agricultural production
in relation to heavy metal pollution, it is important that careful
consideration be given to the chemical properties of the soil and
their impact on the absorption of heavy metals by plant roots
(Tchounwou et al., 2012).

In recent years, areas with greenhouses have rapidly
increased across Bosnia and Herzegovina, as well as in Srebrenik
region. Unfortunately, there is not much research in Bosnia
and Herzegovina related to heavy metals pollution problem in
greenhouse soils, especially there is no systematic investigation
of the dynamics of Cr, Cd, Pb and Ni in the soil-plant system in
intensive cucumber production. Since heavy metals may have
many adverse health effects, it is very important to study the
magnitude of heavy metal contamination in greenhouse soils, and
their impact on vegetable safety, and thus on human health.

The objective of this study was to evaluate the dynamics of
hazardous heavy metal (Cr, Cd, Pb and Ni) in the greenhouse soil-
plant system in intensive cucumber production (Cucumis sativus
L. 'Opalit F1').

Material and Methods

Study Area

The experiment was carried out from March to July 2018 in
Srebrenik, Bosnia and Herzegovina, in a typical polyethylene-
covered greenhouse with natural ventilation and two spans (25
x 9.6) covering an area of 480 m? A green knitted shade cloth
was used to diffuse light and lower greenhouse temperature
during warm days. The area under experiment in greenhouse was
divided into three equal plots. The size of each plot was 25 x 4.8 m.
According to Soil Taxonomy (FAO, 1998), examined greenhouse
soil was classified as Fluvisol, and is characterized by the following
physical properties: loam texture, granular and crumb structures
in the upper horizons and moderate water- holding capacity in
root zone. The depth of the arable soils profile was 50 - 60 cm.

Soil Sampling and Analysis

A composite soil sample was collected from the study area
in March 2018, a few weeks before planting cucumbers and it
was made by mixing several subsamples. Each subsample was
taken using a clean stainless-steel shovel at a depth of 0 - 30
cm. Homogenised composite soil sample was air-dried at room
temperature, crushed and ground using porcelain mortar and
pestle, passed through sieves (2 and 1 mm) and then stored until
analysis. Soil pH, humus content, content of available forms of
phosphorus and potassium, and content of total and available
forms of Cr, Pb, Cd and Ni were analysed.

Soil pH in H,O and 1 M KCI was determined by pH meter
according to ISO 10390 method (ISO, 2005), humus content by
oxidation with potassium dichromate in the presence of sulphuric
acid according to ISO 14235 method (ISO, 1998), available forms
of phosphorus and potassium by AL method (Egner et al., 1960),
and the total and available forms of Cr, Cd, Pb and Ni were
determined by atomic absorption spectrophotometer (AA-7000,
Shimadzu, Japan) according to the instructions specified in the
ISO 11047 method (ISO, 1998). Average values of three replicates
were taken for each heavy metal measurement in a soil sample.

Previous extraction of total heavy metals from the soil sample
was carried out as follows: 3 grams of air-dried soil (fraction
smaller than 1 mm) was weighed and placed into 250 ml flat
bottom flask, after which 28 ml freshly prepared aqua regia
(mixture of nitric and hydrochloric acid in 1:3 ratio) was added.
The flask was covered with a watch glass, allowed to stand 16 h
(overnight) at room temperature, and then refluxed on hotplate
two hours. The mixture was allowed to cool and filtered through
quantitative filter paper into a 100 ml flask, and diluted to the
mark with deionized water (ISO, 1995).

The extraction of available forms of heavy metals from the
soil sample was performed using EDTA solution according to
Trierweiler and Lindsay (1969) as follows: 10 g of air-dried soils
was placed in 100 ml plastic bottle, then 20 ml EDTA solution (0.01
M ethylenediaminetetraacetic acid (EDTA) and 1 M (NH,),CO,,
adjusted to pH 8.6) was added. The bottle was shaken for 30 min at
180 rpm in an orbital shaker, and thereafter the extract was filtered
through quantitative filter paper into a 25 ml flask and diluted to
the mark with deionized water.
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Plant Sampling and Analysis

From each examined plot five cucumber plants (whole plant
with root) were carefully collected at commercial maturity stage.
Leaves, root and fruits of each plant were separated, dried, ground
and then stored in small paper bags until measurements.

The concentration of Cr, Cd, Pb and Ni in the plant samples
(five average samples of root, leaves, stem and fruit) was
determined by atomic absorption spectrophotometer (AA-7000,
Shimadzu, Japan) according to the instructions specified in the
ISO 11047 method. The average values of three replicates were
taken for each heavy metal determination in a plant sample.

Extraction of heavy metals from plant samples was performed
using HNO,-H,SO, solution as follows: 1 g of air-dried plant
sample was weighed and placed in 100 ml flat bottom flask, and
then 10 ml HNO, and 4 ml H,SO, were added. The flask was
covered with a watch glass, allowed to stand a few hours at room
temperature and then gently heated on a hot plate for thirty
minutes. The mixture was allowed to cool, then filtered through
quantitative filter paper into 50 ml flask and thereafter diluted
with deionized water to the mark (Lisjak et al., 2009).

Statistical Analysis

All measurements were done in triplicates for each plant sample
and the results were presented as mean * standard deviation. The
results were processed statistically using one way ANOVA and
differences between means were tested using the least significance
difference (LSD) test at P < 0.05. Means that differed at P < 0.05
were considered as significantly different.

Results

A summary of selected soil chemical properties is given in
Table 1.

Table 1. Basic chemical properties of the experimental greenhouse
soil

, PO
Parameter pHHO pHKCl 8¢ i ko0
2 matter (%) (mg 100 gV) (mg100g™)
Value 6.5 5.6 2.81 16.84 80.9

The results of chemical soil analysis showed that examined
greenhouse soil had slightly acidic reaction, medium level of
organic matter, sufficient supply of phosphorus and high supply
of potassium. In accordance with these results the following
recommendations were given and carried out identical to all
plots: 220 kg/ha superphosphate fertilizer as part of the autumn
fertilization and 100 kg ha™ urea and 300 kg ha' NPK 15:15:15
as part of fertilization during the growing season (amounts of
fertilizers were thereafter calculated for each examined soil plot
area).

Total heavy metals concentration (Cr, Cd, Pb, Ni) in average
soil sample are listed in Table 2.

The concentration of Cr and Ni in the examined greenhouse
soil were higher than the permissible value for agricultural soils
established by the legislation in Bosnia and Herzegovina (Official

Table 2. Total and available heavy metals concentrations of the exper-
imental greenhouse soil (mg kg” dry mass)

Heavy metal Total Available forms Lifl(:;ii(zftfl?e
Cr 128.48 0.21 100
Cd 0.04 0.02 15
Pb 17.68 0.51 100
Ni 104.55 2.02 40

! limit value prescribed by legislation in Bosnia and Herzegovina

Gazette of FBIH, 2009), while the concentration of Cd did not
exceed the permissible values prescribed by the same legislation.
The presence of Pb in the experimental greenhouse soil was not
detected.

Heavy metals concentration (Cr, Cd, Pb, Ni) in different parts
of cucumber plant are presented in Table 3.

Table 3. Heavy metals concentrations in plant samples (mg kg dry
mass)

Part of plant Cr Cd Pb Ni
root 20.63 £2.93*  0.87£0.21* <q.l 17.57 £2.95*
stem 2.28+091°  0.45+0.13° <q.l 2.73 +0.96"
leaves 1.81+0.82° 0.48+0.21° <q.l 3.14 + 1.00°
fruit 2.18 £1.34>  0.02+0.02¢ <q.l 3.19+£1.81°
Lsd 1.52 0.16 - 1.77

0.05

! <q.1. - below instrument quantification limit
The values marked with different letters in the same column indicate significant
differences at P < 0.05

The concentrations of Cr in cucumber fruits were higher in
comparison with the permissible value of Cr in food crops (2.3
mg kg'), recommended by FAO/WHO (2001). On the other
hand, the content of Ni and Cd in cucumber fruits did not exceed
the permissible values (4 mg kg and 0.2 mg kg™’ respectively)
prescribed by the same regulative, while the presence of Pb in
cucumber fruits was not detected. The results of this study also
showed that Cr, Ni and Cd accumulated in higher amounts in the
roots of cucumber plants, especially Cr and Ni. The Cr and Ni
concentration in the roots was several times higher in comparison
with concentration of these elements in the other parts of
cucumber.

Discussion

In the present study, the total Cr and Ni concentrations in the
soil exceeded the limit values prescribed by legislation in Bosnia
and Herzegovina (B and H), whereas the concentrations of Pb and
Cd were considerably lower. These results are comparable to the
results of many scientists who also found a high level of Ni and Cr
concentration in soils in the wider area of Srebrenik municipality
(Cipurkovi¢ et al., 2011; Babaji¢ et al, 2017). A detailed analysis
of these studies leads to the conclusion that pollution of soil by
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Ni and Cr in the examined area is mostly of geogenic origin.
Namely, the geological structure at the area of Srebrenik
municipality is characterized by sedimentary and magmatic rocks
with Cr-enriched magnetite and ilmenite that greatly affect the
mineral composition of the soil. In complex formations of parent
material in Srebrenik area there are also Ni-rich minerals such as
ferromagnesian minerals. The abundance of Ni in rocks generally
correlates with those of Mg, Cr, Fe and Co, so in the soils with
a high concentration of Cr, high concentration of Ni may be
expected, and the preliminary results of this study support this
hypothesis. Also, it should be noted that some anthropogenic
factors such as intensive fertilization, can further contribute to
heavy metal concentration increases in the soil, and this type of
fertilization is characteristic of intensive cucumber production.
Interestingly, the concentration of Ni in examined greenhouse
soil was even more than 100% higher in relation to permissible
Ni concentrations in agricultural soils prescribed by regulations
in B and H. It is obvious that the prescribed permissible value for
Ni in agricultural soils is very strict and that the wide geological
diversity in B and H, physical and chemical properties of soils as
well as high differences in the mineral composition of the parent
material have not been thoroughly considered within above
mentioned regulations. The obtained values for the available forms
of Cr and Ni in the examined soil support this hypothesis. Namely,
these values were very low. Moreover, the amount of available Cr
and Ni in examined soil was only 0.16% and 1.9% in relation to
total concentration of these elements in the soil, respectively. One
of the reasons for the low level of available forms of Ni and Cr in
soil is certainly soil pH. The investigated soil was slightly acidic
(pH - 6.5), which is not the optimal medium for the release of
heavy metals from the soil matrix and their bioavailability for
plants. In acidic soil, the availability of heavy metals is much
higher. Namely, in acidic soils prevailing is the leaching process,
enhancing the release of Ni, Cr and generally heavy metal ions
from soil adsorption complex, thus making them more accessible
to the plant roots. Furthermore, the plants have evolved different
mechanisms to protect themselves from negative effect of toxic
heavy metals even when their availability in soil is high. One of
these mechanisms is related to limiting of their uptake from the
soil through complexion of metals with plant root exudates.

Accordingly, it is evident that the total amount of heavy
metals does not provide completely reliable information on their
mobility, availability, and toxicity in soils and thus the usability of
these soils for agriculture.

The concentration of total and available forms of Cd and Pb
in the examined soil was very low, indicating that the lithological
structure i.e. the parent material from which examined soil
formed is not rich in Pb and Cd ore deposits. In addition, chemical
properties of the examined soil characterized by slightly acidic
reaction which is not favourable for release and mobility of Cd and
Pb additionally contributed to the decrease of available forms of
Cd and Pb in soil. Accordingly, the high Cd and Pb concentrations
in food crops grown on studied soil were not expected, and the
results of analysis of Cd and Pb concentrations in cucumber plants
confirm this hypothesis. Moreover, the presence of Pb in any
examined parts of cucumber plant was not detected.

The results of this study confirmed the fact that the heavy
metals (Cr, Ni and Cd) accumulated in higher amounts in the

roots. The concentration of these heavy metals in the above-
ground parts of a cucumber was significantly lower. These results
suggest that plants possess different mechanisms not only to
prevent the entry of heavy metals into root cells, but also to limit
translocation of heavy metals from root to other parts of plant.
Heavy metal compartmentalization in different intracellular
compartments in root cells, or biosynthesis and accumulation
of several compounds aimed at metal complexation are certainly
some of these mechanisms (Singh et al., 2015).

Conclusions

This study reveals that the assessment of total amounts
of Ni and Cr in soils is generally deficient in predicting their
toxicity for plants or in providing reliable information on the
contamination of soil by these elements, and thus suitability of
such soils for agricultural production. The results of this study
lead to the conslusion that the concentration of available forms
of heavy metals in soils gives more reliable data in assessing soil
contamination by heavy metals.
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