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Abstract

Environmental contamination with heavy metals resulting from anthropogenic activities
affects the quality of human life. Heavy metals enter the human body mainly by ingesting
contaminated food or water. Due to the extraction of non-ferrous ores for about half a century, Copsa
Mica has been one of the most polluted cities in Europe. In this study, soil and plant samples were
collected from polluted grasslands and analyzed for cadmium (Cd), lead (Pb), zinc (Zn), and copper
(Cu) content. The mean values (mg/kg dry weight) obtained for heavy metals total content in soil
were as follows: Cd = 5.07 mg/kg D.W., Pb = 183.3 mg/kg D.W., Zn = 330.8 mg/kg D.W., and Cu =
40.3 mg/kg. Analyzing the heavy metals content in the plant, Cd recorded a mean value of 1.19
mg/kg D.W., Pb had a value of 1.75 mg/kg D.W., while Zn and Cu content recorded values of 67.8
mg/kg D.W., respectively 5.47 mg/kg D.W. According to Ministerial Order 756/1997, the values
obtained for Cd, Pb, and Zn concentrations in the soil exceeded the permitted limits while Cu
remained within normal values.
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INTRODUCTION pH, and cation exchange capacity
Pollution with heavy metals represents a (Sharma et al., 2005). Pb accumulates in
major environmental problem and affects the organs of the human body and causes
the quality of human and animal life. fertility disorders, fatigue, increased blood
Studies showed that Cd is a toxic element pressure, encephalopathy, or death
for both humans and animals and, once (Charkiewicz et al., 2020).

absorbed, has a low rate of elimination Cu is a necessary element for the normal
from the body, leading to chronic diseases development of plants, participating in
including lung, kidney, or prostate cancer various physiological processes, but in
(Wang et al., 2013; Genchi et al., 2020). high amounts, it becomes toxic and can
Food is the primary source of Cd intake, inhibit plant growth (Yruela, 2005). Soil
mostly stored in the kidneys (Jarup et al., type influences the bioavailability of Cu for
2009). Pb is easily absorbed by plants and plants.

causes several imbalances, such as Gharbi et al. (2021) reported higher
growth  retardation,  inhibiton  of amounts of Cu extracted from sandy clay
photosynthesis, and chlorosis. loam soil than from clay loam soil. Cu
The accumulation of this element in the plays an important role in the proper
plant is facilitated by certain physico- functioning of the body. Together with iron,
chemical parameters of the soil: soil type, it helps to create red blood cells and
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maintain healthy blood vessels, nerves,
and immune system (Rajeswari et al.,
2014).

Studies have shown that high amounts of
Cu in the body cause inflammation and
tissue damage, and negatively affect the
nervous system, cardiovascular systems,
hepatic function, and adrenal function
(Ashish et al., 2013).

Another micronutrient essential for plant
growth is Zn. Studies have shown that
excess Zn is more common in acid soils.
However, the phytotoxicity of Zn causes
numerous physiological and biochemical
imbalances in plants such as chlorosis,
necrosis, growth inhibition, reduced
productivity, etc. (Balafrej et al., 2020;
Kaur et al., 2021).

Peralta et al. (2001) reported in a study on
the effects of heavy metals on alfalfa plant
that root and shoot elongation was
reduced as heavy metals concentrations
were increased.

Medicago lupulina L. (black medick) is a
perennial legume from the Fabaceae
family. It is mainly used for animal fodder
and as a pasture crop due to its high
nutrient content and self-reproduction
potential (Malysheva et al., 2022; Wilson,
2005). Also, Matanzas et al. (2021) claim
that this species can translocate As and
Pb. Kong et al. (2015) demonstrated that
black medick plants accumulated more Cu
in roots compared to the shoots.

Also, black medick is an indicator plant for
the presence of Ni and Mn in soil (Ahatovi¢
Hajro et al., 2024).

MATERIALS AND METHODS

Soil and plant samples (Medicago lupulina
L.) were collected from polluted
grasslands belonging to the Copsa Mica
area and neighboring localities (Axente
Sever, Micasasa, Tarnava) to determine
the heavy metals content. Each soll
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sample was a mixture of 13 sub-samples
collected from 0-20 cm depth. The
samples were air-dried at room
temperature, crushed, and sieved. Heavy
metals were determined by atomic

absorption  spectrometry  after the
extraction using the aqua regia-
microwave digestion method. DTPA-

extractable heavy metals were exctracted
from soil (10 g) with 20 ml of extracting
solution (0.05 M DTPA, 0.01 M CaCl2 and
0.1 M tetraethylammonium adjusted to pH
7.3), according to SR ISO 14870:2002.
Black medick plant samples (aerial part)
were oven dried then milled and treated
with nitric acid in a microwave digestion
system. To determine the heavy metals
content was used atomic absorption
spectrometry (Flame GBC 932AA or
Graphite furnace GBC SavanatAAZ). The
statistical processing of the data was done
using Microsoft Excel 2010.

Figure 1. Soil and plant samples (original photo)

RESULTS AND DISCUSSIONS

Analyzing the values of the statistical
parameters that characterize the central
tendency and variability of the total content
of Cd, Pb, Zn, and Cu in soil (Table 1), it
can be observed that the minimum and
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maximum values ranged for Cd content
between 1.22 and 16.92 mg/kg D.W., for
Pb between 42 and 599 mg/kg D.W., while
the Zn and Cu contents obtained results
between 97 and 930 mg/kg D.W.,
respectively 13 and 108 mg/kg D.W. In
terms of arithmetic mean value, Zn content
recorded the highest result (330.8 mg/kg
D.W.), while Cd content had the lowest
value (5.07 mg/kg D.W.), Pb content
recorded a value of 183.3 mg/kg D.W., and
Cu 40.3 mg/kg D.W. However, Cd content
obtained the highest value for the

coefficient of variation (88%), while Zn had
the lowest (73.4%). Regarding the
geometric mean, the values ranged from
3.79 mg/kg D.W. for Cd to 266.6 mg/kg
D.W. for Zn. Cu and Pb contents had
values of 32.3 mg/kg D.W., respectively,
141.4 mg/kg D.W. Following these results
it was determined that Cd, Pb contents
exceeded the alert and intervention
thresholds for sensitive land use.
However, Zn content exceeded only the
alert threshold, while Cu was within normal
limits (Ministerial Order 756/1997).

Table 1. Values of statistical parameters that characterize the central tendency and the variability
of the total cadmium, lead, zinc and copper contents in soil (n=12)

. . . . Geometric  Arithmetic Standard Coefficient of
Variable Minimum Maximum Median o o
mean mean deviation variation
—————————————————————— Mmg/kgDW.------------ e -
Cdsoil 1.22 16.92 3.43 3.79 5.07 4.46 88.0%
Pbsoil 42 599 115 141.4 183.3 153.9 84.0%
ZNsoil 97 930 2245 266.5 330.8 242 .9 73.4%
Cusoil 13 108 29 32.2 40.3 31.6 78.4%

Table 2. Values of statistical parameters that characterize the central tendency and the variability
of the cadmium, lead, zinc, copper contents in soil — DTPA-extractable forms (n=12)

. - . . Geometric Arithmetic Standard Coefficient of
Variable Minimum Maximum Median . o
mean mean deviation variation
—————————————————————— Mg/KgD.W.- - - - - - e m oo
Cdotpa 0.83 9.11 2.30 2.53 3.36 2.72 81%
Pbotpa 14 175 39.5 495 70 58.8 84%
ZNpTPA 8 249 52 47.2 68.3 66.1 96.8%
Cuptra 1.59 15.10 4.31 4.46 5.37 3.78 70.4%
D.W. - Dry Weight
Following the minimum and maximum Analyzing the arithmetic mean, the

values of soil heavy metal contents
(DTPA- extractable forms), according to
Table 2, it can be seen that they varied as
follows: Cd (0.83-9.11 mg/kg D.W.), Pb
(14-175 mg/kg D.W.), Zn (8-249 mg/kg
D.W.) and Cu (1.59-15.10 mg/kg D.W.).
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obtained results ranged from 3.36 mg/kg
D.W. for Cd to 70 mg/kg D.W. for Pb. The
Zn content had a value of 68.3 mg/kg D.W.
while for Cu the result was 5.37 mg/kg
D.W. In terms of coefficient of variation,
the lowest result was obtained for Cu
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(70.4%) while the highest concentration geometric mean, Pb (49.5 mg/kg D.W.)
was obtained for Zn (96.8%). Cd and Pb recorded the highest result compared to
had values of 81%, respectively 84%. Cd content which had the lowest value
Analyzing the results for the standard (2.53 mg/kg D.W.). Median values ranged
deviation it can be observed that they from 2.30 mg/kg D.W. for Cd to 39.5 mg/kg
ranged from 2.72 mg/kg D.W. for Cd to d.w for Pb.

66.1 mg/kg D.W. for Pb. In the case of the

Table 3. Values of statistical parameters that characterize the central tendency and the variability of the
cadmium, lead, zinc, and copper contents in the black medick (Medicago lupulina L.) (n=12)

Variable Minimum Maximum Median Geometric Arithmetic Standard Coefficient of

mean mean deviation variation
---------------------- MGKGDW. = - - e e e e e
Cdplant 0.09 3.54 0.80 0.72 1.19 1.11 93.3%
Pbpiant 0.18 3.86 1.59 1.26 1.75 1.18 67.4%
ZNplant 26 173 53.5 58.1 67.8 44.9 66.2%
Cuplant 1.6 9.5 5.25 4.99 5.47 2.21 40.4%

D.W. - Dry Weight

Concerning the results for the values of the Regarding the arithmetic mean values, Cd
statistical parameters characterizing the content was the lowest (1.19 mg/kg D.W.),
central tendency and variability for Cd, Pb, and Pb was the second lowest (1.75 mg/kg
Zn, and Cu contents in black medick D.W.). The highest mean value was
plants, according to Table 3, Zn content obtained for Zn (67.8 mg/kg D.W.), and Cu
obtained the highest values (median = had a concentration of 5.47 mg/kg D.W.
53.5 mg/kg D.W., geometric mean = 58.1 Analyzing the standard deviation, the data
mg/kg D.W.), except for the coefficient of in Table 3 show that Cd (1.11 mg/kg D.W.)
variation (66.2%). obtained the lowest value, followed by Pb
However, Cd obtained the lowest results (1.18 mg/kg d.w.) and Cu (2.21 mg/kg
(median = 0.80 mg/kg D.W., geometric D.W.), while Zn had the highest result
mean = 0.72 mg/kg D.W.), but in terms of (44.9 mg/kg D.W.).

the coefficient of variation, it had the Vardumyan et al. (2024) analyzed black
highest value (93.3%). medick for the phytoremediation process
The heavy metal contents in the plant of Cu-polluted soils wusing different
ranged from 0.09 to 3.54 mg/kg D.W. for additives. They demonstrated that M.
Cd, from 0.18 to 3.86 mg/kg D.W. for Pb, lupulina is a good hyperaccumulator of this
Zn had values between 26 and 173 mg/kg metal.

D.W., while Cu content ranged from 1.6 to Jian et al (2019) reported that the
9.5 mg/kg D.W. Amer et al. (2012) application of 400 mg/kg of Cu and Zn
reported that M. lupulina accumulated high inhibited black medick plant growth.

amounts of Pb in roots.
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Figure 2. Log-log diagrams for power regression curves that estimate the stochastic dependency
between total cadmium content in soil (a), soil cadmium content — DTPA-extractable form (b), total
lead content in soil (c), soil lead content — DTPA-extractable form (d) and cadmium/lead contents

in Medicago lupulina plants

Figure 2 shows logarithmic diagrams for
power regression curves that estimate the
stochastic dependency between total soll
content and DTPA-extractable forms of Cd
and Pb and the amounts of those metals
in black medick plants.

According to Figures 2a and 2c, the values
of linear correlation coefficients for total
soil contents (r =603* for Cd and r = 0.579*
for Pb) were significantly different from
zero.

However, Figures 2b and 2d showed that
the correlation coefficient recorded
distinctly significant values for DTPA-
extractable forms of Cd (r = 0.723**) and
Pb (r=785**), indicating a good correlation
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between the soil metals contents and
metals content in black medick plants.
Analyzing the values of the correlation
coefficients for the total Zn and Cu content
in soil according to Figures 3a and 3c the
result was insignificant in both cases (r =
0.327 for Zn and r = 0.477 for Cu).
Concerning the results obtained for the
mobile forms of heavy metals in soil,
according to Figures 3b and 3d, the value
of Zn content (r = 787**) was distinctly
significantly different indicating a good
correlation between the Zn content in the
plant and the soil content, while the result
obtained for Cu (r = 0.499) was
insignificant.
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Figure 3. Log-log diagrams for power regression curves that estimate the stochastic dependency
between total zinc content in soil (a), soil zinc content — DTPA-extractable form (b), total copper
content in soil (c), soil copper content — DTPA-extractable form (d) and zinc/copper contents in

Medicago lupulina plants

CONCLUSIONS

The results obtained in this study indicate
that soil metals concentration influences
the metals levels in the black medick plant.
The lowest levels were recorded for Cd,
with 5.07 mg/kg D.W. in total soil content,
3.36 mg/kg D.W. in extractable form, and
3.36 mg/kg D.W. in the plant.

Pb obtained the highest level for the
extractable form (70 mg/kg D.W.) and
second highest concentration for total soil
content (183.3 mg/kg D.W.). However,
according to Ministerial Order 756/1997,
Cd and Pb exceeded the alert and
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intervention thresholds for sensitive land
use.

Zn concentration reached the highest
value for the total soil content (330.8
mg/kg D.W.) exceeding the alert threshold
for sensitive land use (Ministerial Order
756/1997). Also, in black medick plant, Zn
content had the highest level (67.8 mg/kg
D.W.).

Regarding Cu content, it was within
permitted limits, with a total soil content of
40.3 mg/kg D.W., while the concentration
for the extractable form was 5.37 mg/kg
D.W. In the plant, Cu had the second-
highest level (5.47 mg/kg D.W.). The total
heavy metals content in the soil ranked as
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follows: Zn>Pb>Cu>Cd. However, the
mobile forms in the soil were ordered as
Pb>Zn>Cu>Cd. Within the black medick
plants, the metal content followed this
order: Zn> Cu> Pb>Cd.

In conclusion, the results obtained show
that the studied area still presents a high
risk of contamination due to the levels of
heavy metals above the permissible limit.
These results suggest a potential risk of
bioaccumulation in the food chain, thus it
IS necessary to monitor these meadows in
the future and to implement remedial
measures to reduce soil metal levels.
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