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Abstract

Copsa Micéa is one of the areas known, at national and international level, with a high level of
pollution, even though metallurgical activities have been stopped. Heavy metals contamination of
the environment is a worldwide concern.

This study shows the content of heavy metals (Cd, Pb, Zn and Cu) in two species of perennial grass
plants (Dactylis Glomerata L. and Festuca Rubra L.) from permanent meadows in the Copsa Mica
area.

The estimation of heavy metal content is based on a data set made in 17 points for Dactylis
Glomerata L. and 19 points for Festuca Rubra L. harvested from permanent grasslands at different
distances from the pollution source. For Dactylis Glomerata L. the Cd content varies between 0.05
mg/kg and 1.21 mg/kg, the Cu values were between 2.80 mg/kg and 5.55. The content of Pb and Zn
recorded values between 0.15 mg/kg and 49.6 mg/kg and 34.7 mg/kg and 122 mg/kg, respectively.
In Festuca Rubra L., Cd values are between 0.04 mg/kg and 3.07 mg/kg, Cu — 0.29 mg/kg and 7.53
mg/kg. Lead (Pb) and zinc (Zn) values ranged between 0.1 mg/kg and 27.5 mg/kg and 25.8 mg/kg
and 131 mg/kg, respectively.

The results of this study are important for the estimation of heavy metal accumulation in perennial
grass species in permanent grasslands, which are consumed directly by animals and indirectly by
the population.
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INTRODUCTION the maximum allowed limits (Vrincenu et
Environmental pollution is a major problem al., 2009; Gament et al., 2010; Vrincenu et
that is among the main threats to soil and al., 2022). Therefore, various plant
food and feed production (Toth et al., species in permanent grasslands,
2016). including perennial grasses, accumulate
Copsa Mica is one of the most polluted large amounts of metals.

areas with heavy metals in Romania. The concern of the academic world
Grazing in these areas affected by heavy regarding the accumulation of heavy
metal pollution can raise serious health metals in different species from the floristic
problems for animals as well as people in composition of meadows is reflected in the
the area. In this area, various studies have numerous studies carried out on this
been done on the heavy metal contents subject worldwide (Marcin et al., 2016;
(Cd, Pb, Zn and Cu) in soil and plants Razanov et al., 2018; Castro-Bedrifiana et
(vegetables, fodder plants, trees) and al., 2021; Jocséak et al., 2022; Ma et al.,
show that sometimes they are higher than 2022, De Vries et al., 2022).
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Kryzak et al (2006) show that Festuca
cultivars are good phytostabilizers for soils
contaminated with heavy metals because
they have good metal sorption properties
in root tissues with high metal tolerance
properties, and Khashij et al (2018)
demonstrate that Festuca has a high
capacity to absorb lead in the root and
then transfer it to the upper organs.
Studies by Wyszkowska et al (2022) show
that Festuca Rubra has a stable calorific
value that is not modified by high
concentrations of heavy metals (Ni, Co,
Cd) and can be grown on soils
contaminated with heavy metals, and its
aerial biomass can be used to generate
energy. High accumulation of zinc and
cadmium does not affect the growth yield
of Festuca plants (Zurek et al., 2013).
Tomaskin et al (2013) shows that the
concentration of heavy metals increases
with increasing altitude.

MATERIALS AND METHODS

This paper presents a study carried out in
2023, regarding the accumulation of heavy
metals (Cd, Cu, Pb and Zn) in perennial
grasses (Dactylis Glomerata L. and
Festuca Rubra L.) in permanent meadows
in the Copsa Mica area. Recognized area
with a high degree of history thanks to the
two industrial plattorms SOMETRA and
CARBOS.

The estimation of heavy metal
accumulation in Dactylis Glomerata L. and
Festuca Rubra L. plants was carried out on
the basis of 17 and 19 samples
respectively from the localities: Copsa
Mica, Axente Sever, Tarnava, Micasasa
and Valea Viilor (Figure 1).

Dactylis  Glomerata L. perennial
herbaceous plant, forms rare bushes with
a tall stem, with broad leaves, provided
with a large ligule, well-developed root
system. It is considered the most valuable
species among perennial grasses, with a
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high productivity index. Grows well after
mowing and grazing, very early.

Festuca Rubra L. perennial herbaceous
plant tall stem, reddish-brown, with 4-7
greenish-purple flowers. It is widespread
in dry places from the hill region to the
lower alpine floor. A good forage plants.
Sensitive to drought, very resistant to frost
and grazing.

The plant samples were identified and
harvested in the field, then dried in an
oven, chopped and milled. Plant samples
were treated with nitric acid in a microwave
digestion system. The total heavy metal
content (Cd, Cu, Pb and Zn) was
measured using atomic absorption
spectrometry (Flame GBC 932AA or
Graphite furnace GBC SavanatAAZ).
Microsoft Excel 2010 was used for
statistical data processing.

RESULTS AND DISCUSSIONS

Some of the most common grass plants
are Dactylis Glomerata L. and Festuca
Rubra L. in the study area. The studied
area includes five localities: 7 samples
were collected from Copsa Mica, 6
samples from Axente Sever, 2 samples
from Tarnava and one sample each from
Micasasa and Valea Viilor for Dactylis
Glomerata L. 8 samples were collected for
Festuca Rubra L from Axente Sever, 4
each from Copsa Mica and Valea Viilor, 2
from Tarnava and one from Micasasa
(Figure 2).

At the level of the European Union
according to EU Directive 2005/87/CE and
in Romania according to Ord. 18/2007
supplemented by Ord. 19/2009 for the
approval of sanitary, veterinary and food
safety of animal feed and unwanted
substances, setting some maximum
permissible limits by National Veterinary
and Food Safety (ANSVSA), they are
presented in Table 1.
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Figure 2 — The location studied in the Copsa Mica area (Source: Google maps).
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The characterization of heavy metals in the
17 plant samples (Dactylis Glomerata L.)
collected from the permanent grasslands
are presented in Table 2.

The content of cadmium in orchardgrass
(Dactylis Glomerata L.) planes varies 0.05
mg/kg  (minimum) and 1.21 mg/kg
(maximum) and an average value of 0.48
mg/kg. The maximum values of cadmium
exceed the maximum limit allowed in green
plants according to EU Directive
2005/87/EC AND Ord. ANSVSA. 18/2007.
Lead values range from 0.15 mg/kg to 49.6
mg/kg, with an average of 5.03 mg/kg.
According to EU Directive 2005/87/EC, the
maximum lead values are above the
maximum allowed limit in green fodder. Zinc
content is 34.7 minimum and 67.38
maximum, with an average of 67.38 mg/kg
dry matter. The Cu content varies between
2.80 mg/kg and 5.55 mg/kg, and the
arithmetic mean is 4.17 mg/kg.

The content of heavy metals in Festuca
Rubra L. plants are shown in table 3. The
content of Cd varies between 0.04 mg/kg

(minimum) and 3.07 mg/kg (maximum), with
an arithmetic mean of 0.84 mg/kg. The
maximum Cd content exceeds the
maximum limit allowed according to EU
Directive 2005/87/EC which is 1 mg/kg.
Wyszkowska (2022) shows that Festuca
rubra has a considerable accumulation
factor on cadmium-contaminated soils.
Values lead range from 0.10 mg/kg to 27.5
mg/kg and an arithmetic mean of 2.43
mg/kg. Zinc values range between 25.8
mg/kg (minimum) and 131 mg/kg
(maximum), with an average of 74.01
mg/kg. The copper content in Festuca
Rubra L. varies between 0.29 mg/kg and
7.53 mg/kg, and the average is 4.12 mg/kg.
After the average values, higher
concentrations of Cd and Zn accumulated in
Festuca Rubra L. plants and higher values
of Pb and Cu in Dactylis Glomerata L plants.
The concentration of heavy metals in
Dactylis Glomerata L. and Festuca Rubra L.
plants had the following pattern:
Zn>Cu>Pb>Cd.

Table 1. Maximum limits allowed in feed (mg/kg) for Pb and Cd according to Directive EU 2005/87/EC and
Ord. ANSVSA 18/2007

Substance Product intended for animal feed

Maximum content in mg/kg with 12 % humidity

Feed materials except:

Lead (Pb) green fodder

30

Cadmium (Cd) | Feed materials of plant origin

1

Table 2. Values of cadmium, lead, zinc, copper contents in Dactylis Glomerata L. (n=17)

Variable Cd Pb Zn ‘ Cu
mg/kg DW

Minimum 0.05 0.15 34.7 2.80

Maximum 1.21 49.6 122 5.55

Arithmetic mean 0.48 5.03 67.38 4.17

Table 3. Values of cadmium, lead, zinc, copper contents in Festuca Rubra L. (n=19)

Variable Cd Pb ’ Zn ’ Cu
mg/kg DW

Minimum 0.04 0.10 25.8 0.29

Maximum 3.07 27.5 131 7.53

Arithmetic mean 0.84 2.43 74.01 4,12
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CONCLUSIONS

This study shows that Dactylis Glomerata L.
and Festuca Rubra L. can accumulate a
large amount of heavy metal. The closer the
harvesting point is to the pollution source,
the higher the heavy metal content of the
plant. The concentration of heavy metals in
Dactylis Glomerata L. and Festuca Rubra L.
plants had the following pattern:
Zn>Cu>Pb>Cd. Higher concentrations of
Cd, Zn and Cu accumulated in Festuca
Rubra L. plants and higher concentrations
of Pb in Dactylis Glomerata L.

These results are important for estimating
the accumulation of heavy metals in
perennial grass species in permanent
grasslands, which are consumed directly by
animals and indirectly by the population.
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