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Abstract

The objective of this study is to determine the level of heavy metals (As, Cr, Ni, and Pb) in the soil, as
well as their bioaccumulation in different parts of Erigeron annuus L. (krasolika) plants, in the Maljen
mountain area. Soil samples were taken from three locations, and the experimental part of the study was
conducted through vegetation trials. The content of each element was separately determined in different
parts of the plant (root, stem, and flower) in correlation with the element content in soil samples. The
concentration of heavy metals was determined using atomic absorption spectrophotometry.

The examined heavy metal content in soil samples exceeded the maximum allowed amount, indicating that
all analyzed sites belong to the category of contaminated soil. Furthermore, the degree of accumulation of
the monitored elements in different parts of the plant varied. The highest concentrations were recorded
in the stem and flower, specifically for Cd (0.785mg/L) and Co (0.805mg/L).

Pearson’s product-moment correlation coefficient was used for statistical analysis of the results. The
results on heavy metals (Pb, Cd, Ni, Co, and Cr) show that there is a positive correlation between soil
samples, roots, stems, leaves, flowers, and fruits of krasolika grown in contaminated soil. The calculated
significance level (marked as Sig. 2-tailed) suggests that the correlations calculated are statistically
significant (p > 0.05). The data show that Erigeron annuus L. grown in contaminated soil exhibits
phytoremediation potential significant for Ni, Cr, Cd, Cu, and Pb. The accumulation of heavy metals in
plants depends not only on the total content in the soil but also on the plant’s affinity and individual or
interactive effects of various soil properties.

Keywords: Contaminated soil; Erigeron annuus L; Heavy metals; Bioaccumulation; Atomic absorption
spectrophotometry

Introduction

Heavy metals are highly persistent and toxic to ecosystems, making them among the most
hazardous substances in soil. These elements are toxic to plants and can accumulate in their
tissues, entering food chains and persisting in ecosystems. The resulting contamination can
cause phytotoxic effects and negatively impact the quality of plant products. Heavy metals are
primarily of geogenic origin, originating from the lithosphere, and their concentration in soil
depends on the underlying rock composition [1].

Due to their production methods, toxicity, potential uptake by plants, and incorporation
into food chains, heavy metals are increasingly dominant environmental pollutants [1-3]. The
mobility and accumulation of heavy metals in soil are influenced by many factors, including
soil pH, organic matter content, and clay colloids [3]. The mobility and toxicity of heavy
metals in soil can be influenced by multiple factors including soil moisture, calcium-carbonate
content, hydrated oxides of iron and aluminum, cation exchange capacity, redox potential, and
groundwater level [4].
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Most toxic elements exhibit reactivity with various organic
compounds, forming stable complexes with ligands that contain
electron donors such as oxygen, sulfur, or nitrogen [5]. The toxic
effect of these elements is derived from their irreversible binding
to metabolic active sites in amino acids, polypeptides, and proteins
[5]. Currently, it is widely accepted that toxic elements primarily
impact the cellular membrane, with damage to intracellular
enzyme systems being a secondary effect in most cases [6]. These
heavy metals can enter the food chain via plant uptake and result in
cumulative exposure in the human body, where they can accumulate
in specific organs and tissues, causing harmful effects.

The intensity of metal binding in soil increases as the organic
matter content and soil pH value increase. In soil, heavy metals
have a tendency to strongly adsorb to the soil matrix and do not
break down like organic matter does through microbial activity or
chemical oxidation. The accumulation of heavy metals in soil is a
major global environmental problem, with industrial activities,
mining, and agricultural practices being the main sources.
This accumulation can result in reduced crop yields, diseases,
compromised food safety, and hinder sustainable development.
Addressing locations contaminated with heavy metals using
chemical or physical techniques presents a significant challenge.
Heavy metals can affect plants directly and indirectly, with negative
impacts on all physiological and biochemical processes of the plants.
As aresult, anatomical and morphological changes occur, leading to
a reduction in the production of organic matter and changes in the
chemical composition of the plants (Kastori, 1997).

Soil contamination with heavy metals is not easy to determine
and varies among different types of soil. The presence of a certain
compound, in a certain quantity, may not disturb plant production
in one type of soil, but its presence in another type of soil may

reduce the quality and quantity of the yield. In phytoremediation,
plants are used to remove pollutants from the environment. Plants
act as bioreactors, as their roots show unique and selective abilities
to take up pollutants, while the shoot is a site for translocation,
bioaccumulation, and degradation of pollutants.

Erigeron annuus (L.) Pers. is an annual herbaceous plant from
the Asteraceae family. The stem is upright, branched in the upper
part and up to 150cm tall. The root is spindle shaped. The leaves
are simple, alternately located on short petioles or sessile, narrow
and oblong in shape, up to 10 cm long, covered with sparse hairs.
The flowers are small, clustered in flower heads with a diameter of
about 2 cm at the tips of the stems, and numerous such heads form
a cluster of flowers. Blooms from June to September. The fruit is an
achene with a hairy pappus.

The critical concentrations of metals in plants, which cause a
10% reduction in dry matter, depend on the plant species, variety
or genotype, as well as the characteristics of the heavy metal. The
aim of this work was to determine the level of heavy metals in non-
carbonate alluvial (fluvial) soil (As, Cr, Ni and Pb), taken from the
Maljen mountain, and their accumulation in wild and cultivated
Erigeron annuus L. Correlation analysis established the connection
between the content of heavy metals in plant material and some
soil properties.

Materials and Methods

The soil was taken from Mount Maljen, the location of the air
spa Div¢ibare. According to the research data of Novakovi¢ Vujovi¢
& Eremija [7]. Mount Maljen, where the air spa Div¢ibare is located,
from which the samples of soil were taken, is naturally composed of
serpentine rocks that naturally contain heavy metals [8] (Figure 1).

Figure 1: Soil sampling site.

The surface area of the tested area was 1ha (100 x 100m). The
soil samples were mixed. In four experiments, each with 2kg of
soil, Erigeron annuus L were sown. From that, 1.0000g of soil was
taken and digested with aqua regia to determine the total metal
concentration (pseudo-total), 1,00g of soil was digested with a

mixture of nitric and hydrochloric acid (1:3) for 5 hours in a water
bath at 85 °C. The plant samples, after being weighed out (0.5g),
were transferred to Teflon vessels. To each vessel, 7ml of 65% nitric
acid (HNO,) and 1ml of 30% hydrogen peroxide (H,0,) were added.
Digestion was carried out according to the following program:
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temperature was increased to 200 °C for 10 minutes and then held
at 200 °C for 15 minutes [9].

Atomic absorption spectrophotometry was used to determine
the metal content absorbed by this plant from the soil. For the
statistical analysis of the results, the Pearson product moment
correlation coefficient was used. The data will be presented in both
tabular and graphical formats.

Result and Discussion

The Table 1 shows the number of heavy metals in contaminated
and uncontaminated Erigeron annuus L in each of the observed
items: soil, root, stem, leaf and flower with fruit. The goal of

The results on heavy metals (Pb, Cd, Ni, Co, Cr) indicate that
there is a correlation between the soil, roots, stems, leaves, flowers,
with fruits of Erigeron annuus L grown in contaminated conditions
[11,12] (Table 2). When interpreting statistical results, it is
important to calculate the level of significance (indicated by Sig. 2

Table 2: Pearson correlation coefficient.

correlation analysis is to determine if there is a quantitative
agreement (correlation) between the observed variations and, if so,
to what extent [10]. A scatterplot provides great help in this regard.

Table 1: Parameters for the presence of heavy metals in
sunflower soil.

Metals (mg/L) | Soil Root | Stem and Leaf | Flower with Fruit
Pb 0,243 | 0,223 0,519 0,523
Cd 0,018 | 0,004 0,785 0,462
Ni 0,404 | 0,265 1,204 1,111
Co 0,960 | 0,184 0,805 0,458
Cr 0,195 | 0,210 0,646 0,640

tailed), which indicates the degree of confidence with which we can
consider the obtained results. In this case, the calculated p-value is
0.714, which is greater than the commonly used significance level
of 0.05. Therefore, we can conclude that the correlation calculated
is not statistically significant [13] (Figure 2).

Soil Root Stem and Leaf Flower with Fruit
Pearson Correlation 1 ,387 ,227 -,035
Soil Sig. (2-tailed) ,520 , 714 ,955
N 5 5 5 5
Pearson Correlation ,387 1 ,194 ,592
Root Sig. (2-tailed) ,520 ,755 ,293
N 5 5 5 5
Pearson Correlation 227 ,194 1 ,796
Stem and Leaf Sig. (2-tailed) ,714 ,755 ,107
N 5 5 5 5
Pearson Correlation -,035 ,592 ,796 1
Flower and Fruit Sig. (2-tailed) ,955 ,293 ,107
N 5 5 5 5
§ §
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Figure 2: Scatter diagram.
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Pearson correlation indicates a direct relationship between
variables as assumed by scatter plot analysis. The coefficient of
Pearson’s correlation between root and stem and leaf is 0.194,
between root and flower with fruit 0.592. A positive value of the
Pearson correlation indicates a direct relationship between the
variables as presented by the analysis of the scatter diagram. Also,
in the conducted analysis, there is a linear positive small correlation
between the two variables (r=0.194), which suggests that the linear
relationship between them is weak .

Observing the calculated level of significance (indicated by
Sig. 2 tailed) is the data that shows with how much confidence the
obtained results should be observed. In this case, p=0.955> 0.05,
so we conclude that the calculated correlation is not significant.
The increased concentration of these heavy metals in the roots and
the low value of translocation to the aerial parts indicated their
suitability for phytostabilization [14].

Based on the obtained results (Table 1), the elements Pb, Cd and
Cr showed a significant translocation from the roots of the plant to
the stem, which is a prerequisite for efficient phytoextraction and
accumulation of metals in the above-ground parts [15].

The Maximum Allowed Concentration (MAC) of heavy metals in
the soilin Serbiais defined by the Regulation on permitted quantities
of hazardous and harmful substances in the soil and methods of
their testing, published in the Official Gazette of the Republic of
Serbia (23/94) [16]. However, this regulation defines MAC only
for agricultural land, while for other types of land (industrial land,
playgrounds, parks, etc.) there is no legally prescribed maximum
content of heavy metals [17].

Conclusion

Observing the calculated level of significance (marked with
Sig. 2 tailed) is the data that shows how much confidence should
be observed in the obtained results, we can conclude that the
calculated correlations are not statistically significant (p> 0.05),
which gives us the right to state the hypothesis (H1): The results
on heavy metals (Pb, Cd, Ni, Co, Cr+6) indicate that there is a
correlation between the soil, root, leaf, flower and fruit in Erigeron
annuus L that grew in contaminated conditions, we cannot adopt
completely.

References

1. Alagi¢ S Ch, Randelovi¢ I (2015) Maximum allowed concentrations of
essential metals copper and zinc in soil, in the legislation of different
countries. Material Protection 56(4): 397-402.

2. Asgari Lajayer B, Khadem Moghadam N, Maghsoodi MR, Ghorbanpour M,
Kariman K (2019) Phytoextraction of heavy metals from contaminated

soil, water and atmosphere using ornamental plants: mechanisms and
efficiency improvement strategies. Environment Science and Pollution
Research 26(9): 8468-8484.

3. Brady KU, Kruckeberg AP, Bradshaw HD Jr (2005) Evolutionary ecology
of plant adaptation to serpentine soils. Annual Review of Ecology,
Evolution and Systematics 36: 243-266.

4. Domy CA (2001) Trace elements in terrestrial environments.
Biogeochemistry, Bioavailability, and Risks of Metals. (2" edn), Springer,
New York, USA.

5. Parmati A, Veselinovi¢ D, Grzeti¢ I, Markovi¢ D (2008) Environment and
its protection. Belgrade: Futura, Faculty of Applied Ecology, Belgrade,
Serbia.

6. Law on Nature Protection, Official Gazette of the RS, 6p. 36/09,88/2010,
91/2010, correction 14/2016, 95/2018- second law and 7172021.

7. Novakovi¢ Vujovic M, Eremija S (2020) Floristic and edaphic
characteristics of black and white pine forests on serpentinite and
peridotites in Western Serbia, Forestry Institute, Belgrade, Serbia.

8. Oberhuber W, Kofler W (2000) Topographic influences on radial growth
of Scots pine (Pinus sylvestris L.) at small spatial scales. Plant Ecology
146(2): 229-238.

9. (2007) US EPA 3051A: Microwave Assisted Acid Digestion of Sediments,
Sludges, Soils, and Oils.

10. Manasijevi¢ D (2011) Statistical analysis in the SPSS program (authorized
lectures). Bor: University of Belgrade, Technical Faculty in Bor, Serbia.

11. Ménok D, Kardos L, Végvari G (2019) Assessing the phytoremediation
potential of marigold species (Tagetes spp.) for various heavy metals
using laboratory test methods. Agrokémia Es Talajt 68: 139-154.

12.Rai PK, Lee SS, Zhang MM, Tsang YF, Kim KH (2019) Heavy metals in food
crops: health risks, fate, mechanisms, and management. Environment
International 125: 365-385.

13. Tangahu B, Sheikh Abdullah SR, Basri H, Idris M, Anuar N, et al. (2011)
A review on heavy metals (As, Pb, and Hg) uptake by plants through
phytoremediation. International Journal of Chemical Engineering, pp.
1-31.

14.Kazakou E, Dimitrakopoulos PG, Baker AJM, Reeves RD, Troumbis
AY (2008) Hypotheses, mechanisms and trade-offs of tolerance and
adaptation to serpentine soils: From species to ecosystem level.
Biological Reviews 83(4): 495-508.

15. Nikoli¢ RS (2011) Monitoring the effects of exposure to lead and
cadmium in the work and living environment through parameters of
standard biochemical blood analysis and liver endonuclease activity.
Chemical Industry 65(4): 403-409.

16. Rulebook on permitted quantities of dangerous and harmful substances
in the soil and methods of their examination, Official Gazette of the
Republic of Serbia”, 23/94.

17.Miloskovi¢ A (2016) Spatial monitoring of heavy metals in inland
waters of Serbia based on bioaccumulation in fish. Doctoral dissertation,
Kragujevac, Serbia.

Mod Concep Dev Agrono

Copyright © Aleksandra Govedarica-Luci¢


http://scindeks.ceon.rs/Article.aspx?artid=0351-94651504397A
http://scindeks.ceon.rs/Article.aspx?artid=0351-94651504397A
http://scindeks.ceon.rs/Article.aspx?artid=0351-94651504397A
https://pubmed.ncbi.nlm.nih.gov/30712209/
https://pubmed.ncbi.nlm.nih.gov/30712209/
https://pubmed.ncbi.nlm.nih.gov/30712209/
https://pubmed.ncbi.nlm.nih.gov/30712209/
https://pubmed.ncbi.nlm.nih.gov/30712209/
https://www.annualreviews.org/doi/10.1146/annurev.ecolsys.35.021103.105730
https://www.annualreviews.org/doi/10.1146/annurev.ecolsys.35.021103.105730
https://www.annualreviews.org/doi/10.1146/annurev.ecolsys.35.021103.105730
https://link.springer.com/article/10.1023/A:1009827628125
https://link.springer.com/article/10.1023/A:1009827628125
https://link.springer.com/article/10.1023/A:1009827628125
https://pubmed.ncbi.nlm.nih.gov/30743144/
https://pubmed.ncbi.nlm.nih.gov/30743144/
https://pubmed.ncbi.nlm.nih.gov/30743144/
https://www.hindawi.com/journals/ijce/2011/939161/
https://www.hindawi.com/journals/ijce/2011/939161/
https://www.hindawi.com/journals/ijce/2011/939161/
https://www.hindawi.com/journals/ijce/2011/939161/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.2008.00051.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.2008.00051.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.2008.00051.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.2008.00051.x
https://paperity.org/p/240161187/monitoring-the-effects-of-exposure-to-lead-and-cadmium-in-working-and-living-environment
https://paperity.org/p/240161187/monitoring-the-effects-of-exposure-to-lead-and-cadmium-in-working-and-living-environment
https://paperity.org/p/240161187/monitoring-the-effects-of-exposure-to-lead-and-cadmium-in-working-and-living-environment
https://paperity.org/p/240161187/monitoring-the-effects-of-exposure-to-lead-and-cadmium-in-working-and-living-environment

	Abstract
	Introduction
	References

