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ABSTRACT. Food safety and the high
demand for food have represented
worrisome problems worldwide in
recent decades. It is well known that
plants can accumulate metals from
contaminated soil and through deposits
from pollutant emissions released by
contaminated sources. Cadmium,
copper, zinc, and lead are poisonous
elements. The accumulation of heavy
metals in plants grown in polluted areas
represents a major risk to human and
animal health. Soil pollution with heavy
metals is a global problem that has an
unfavourable impact on the
environment. For this study, data
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collected from 65 individual households
located in the Copsa Mica area were
used to estimate the bioaccumulation of
four different heavy metals [cadmium
(Cd), lead (Pb), zinc (Zn), and copper
(Cu)] in onion bulbs in different
scenarios, in correlation with the total
metal content from the soil. The highest
correlation coefficients were obtained
for the regression curves established for
the estimation of Cd (r = 0.648***), Zn
(r=0.592**%) and Pb (r = 0.525%*%*) in
onion bulbs. In the case of copper (Cu),
the linear correlation coefficient was
insignificant (r = 0.088"). The mean
cadmium and lead values determined in
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the onion samples from the study area
did not exceed the maximum stable
levels for these contaminants in
vegetables.

Keywords: heavy metals; vegetables; onion;
pollution; bioaccumulation.

INTRODUCTION

One of the most popular
vegetables, onions, has a wide range of
applications. It can be eaten cooked or
raw in a salad.

Onion composition varies and is
influenced by genetic and environmental
variables. Vegetables of high quality are
crucial for human health. Nutrients are
crucial to increase agricultural output
and quality (Al-Fraihat, 2014). The main
way contaminants (heavy metals) from
the soil, including heavy metals, enter
the human body is by ingesting
contaminated food (Khan et al., 2008).
The rapid development of industrial
sectors has harmed the environment due
to increased levels of pollution, both in
the air and in the soil (Toth et al., 2016).

Moreover, the soil reaction (pH)
and CaCO; content have major effects
on metals’ toxicity and their mobility
within the soil (Waterlot et al.,, 2017).
Soil reactions influence the transport of
heavy metals from soil to plants; thus, a
higher Cd content in vegetables is
recorded in acid soils (Liu et al., 2018).
Soil represents one of the most
important factors for plant growth and
development. The interaction between
soil and plants is an example of the
abiotic and biotic relationships in an
ecosystem (Rai et al, 2019). Heavy
metal concentrations in plants are
directly proportional to soil
concentrations (Sun et al., 2013).

93

Furthermore, the intensive use of
pesticides causes an increase in the
concentration of  heavy  metals,
especially copper and zinc, in the first
layer of soil, which are then absorbed by
plants (Huang et al., 2010; Yang et al.,
2011). Various metalloids can negatively
influence human health, increasing
morbidity (Rai et al, 2019). Cd
contamination can result in serious
health consequences, such as lung
disease, gastro-intestinal issues, prostate
cancer, endocrine disorders, and heart
effects (Martinez-Sanchez et al., 2011).

Because cadmium is extremely
mobile in soil, it may be gradually and
regularly transported from polluted soils
into plants and then into foodstuffs,
exposing humans to cadmium through
contaminated aliments (Liu et al., 2018).
Lead and cadmium have been noted to
affect mostly the health of newborns and
youngsters (Cao et al, 2016). A high
zinc concentration in an organism might
compromise the human immune system
(Zhou et al., 2016). Muhammad et al.
(2011), cited by Bibi et al. (2021),
showed that a suitable zinc quantity is
vital to form more than 300 distinct
enzymes, although large amounts of this
metal can cause anaemia, whereas a
deficit results in  immunological
dysfunctions.

However, heavy metals, such as
copper and zinc, are necessary for
normal cognitive processes,
development, and growth, but exceeding
acceptable amounts might have negative
consequences (de Oliveira et al., 2014).

Excessive Pb exposure harms the
reproductive system and kidneys and
negatively influences cognitive abilities
and evolution in youngsters (Rehman et
al., 2017). A heavy metal found in high
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concentrations in industrial areas is
cadmium. An important source of
cadmium pollution is anthropological
activities (Akbari et al., 2012). Plants
rapidly absorb heavy metals (lead,
cadmium, and chromium) through their
roots and deposit them in their
comestible parts (Heidarieh et al., 2013;
Taghizadeh et al., 2017). The ability of
plants to withstand stress is a method of
reducing the damaging effects of
metalloids. Plants have developed a
technique to prevent heavy metal
accumulation in their aerial parts using
their root cells to neutralise the negative
effects of contaminants (Krzeslowska et
al., 2010).

The capacity of different plant
species to uptake and accumulate heavy
metals varies considerably, and such
discrepancies even exist among varieties
(Saumel et al.,, 2012). According to
Geremies et al. (2010), as cited by Atabay
et al. (2011), copper concentrations
between 0.1 and 0.10 mg/ml inhibited
the growth of onion leaves. The aim of
this study was to estimate the
bioaccumulation of cadmium (Cd), lead
(Pb), copper (Cu), and zinc (Zn) from
soil in onion bulbs harvested from
households located in a very polluted
area (Copsa Mica area, central
Romania).

MATERIALS AND METHODS

In 2021-2022, a study was carried out
on the heavy metal content of onion bulb
samples harvested from the Copsa Micé area
located in central Romania. Copsa Mica
represents an area with an increased risk of
pollution, especially at ground level, due to
gas emissions from the factories in the area
(Carbosin and Sometra) that operated in the
past (starting in the 1930s) for approximately
60 years.
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For this study, 65 samples of onion
bulbs (Allium cepa) were collected from
individual households in the polluted area
(Axente Sever, Agarbiciu, Bazna, Copsa
Micd, Micasasa, Soala and Tarnava). Soil
samples were collected from the topsoil (0—
20 cm), air-dried at room temperature,
crushed, and sifted through a 0.2-mm sieve
to be analysed. The heavy metal content of
the soil was determined using atomic
absorption spectrometry (AAS).

The onion samples were washed until
all contaminated soil was removed from the
surface, and then they were crushed and put
in the freezer. Subsequently, they were
treated with nitric acid in a microwave
digestion system. For the determination of
heavy metal content, AAS was used (Flame
GBC 932AA or Graphite furnace GBC

SavanatAAZ).

Microsoft Excel 2002 was used for
statistical ~ processing and  graphical
representation of the data.

RESULTS

The content of heavy metals in the
soil (Table 1) ranged between 0.07 and
35.81 mg/kg for Cd, between 15 and
952 mg/kg for Pb, between 71 and
1811 mg/kg for Zn, and between 25 and
132 mg/kg for Cu.

The heavy metal concentration in
the onion bulbs (Table 2) had the
following pattern: Zn > Cu > Pb > Cd.
Zn was the heavy metal with the highest
content identified in onion bulbs (4/lium
cepa) samples, ranging from 1.0 to
11.7 mg/kg. Cu content was the second
highest, with values between 0.20 and
1.36 mg/kg. Pb and Cd content
registered values between 0.009 and
0.136 mg/kg and between 0.007 and
0.106 mg/kg, respectively.

Figure 1 shows the logarithmic
plots for power regression curves that
estimate the stochastic relationship
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between the total amounts of Cd, Pb, Zn,
and Cu in the soil and the amounts of
those metals in onion bulbs. The Cd, Pb,
and Zn contents of soil and the metal
content of onion bulbs have strong
connections, as characterised by the
power correlation.

The values of the linear correlation
coefficients for the three equations were
significantly different from zero. There
was no dependence between the two
variables under consideration because
the linear correlation coefficient only
considerably deviated from zero in the
case of Cu. The average levels of Cd and
Pb found in the 65 samples of onions
collected from the research area were
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below the upper limits set for these
pollutants in vegetables.

Table 1 — Soil heavy metals content

Heavy Min. value Max. value
metal (mg/kg) (mg/kg)
Cd 0.07 35.81
Pb 15 952
Zn 71 1811
Cu 25 132

Table 2 — Onion bulb heavy metal content
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Figure 1 - Log-log diagrams for power regression curves that estimate the stochastic
dependency between total cadmium (a), lead (b), zinc (c), and copper (d) contents in the sail
(layer 0—20 cm) and cadmium (a), lead (b), zinc (c), and copper (d) contents in onion bulbs.
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The values of the linear correlation
coefficients for the three equations were
significantly different from zero. There
was no dependence between the two
variables under consideration because
the linear correlation coefficient only
considerably deviated from zero in the
case of Cu. The average levels of Cd and
Pb found in the 65 samples of onions
collected from the research area were
below the upper limits set for these
pollutants in vegetables.

DISCUSSION

Analysing the concentration of
heavy metals in onion bulbs had the
following pattern: Zn > Cu > Pb > Cd, as
shown in Table 2. In this study, the Cd
content of onion bulbs exceeded the
maximum limit allowed in the European
Union, according to Commission
Regulation (EU)2021/1323 (0.030 mg/kg
wet matter). The analysed samples had a
high Pb content (0.10 mgkg wet
matter), also exceeding the European
limits set by Commission Regulation
(EU) 2021/1317. Bystricka et al. (2015)
reported that the Cd concentration
ranged from 0.02 to 0.05 mg/kg, while
the Pb content in all samples of the
onions ranged from 0.05 to 0.21 mg/kg.
Zn had a maximum value of 2.32 mg/kg,
and Cu registered values between 0.67
and 1.06 mg/kg in Slovakia. Bedassa et
al. (2017) indicated that onion leaves
accumulate higher amounts of heavy
metals than bulbs. The average results
obtained by Atabay et al. (2011) in
Turkey had the following values: 0.077
png/g Cd, 0.340 pg/g Cu, 0.295 pg/g Pb
and 0.594 ng/g Zn, which were similar
to our results. Nwajuaku and Nweke
(2019) demonstrated that onions are a
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very good indicator of the presence of
heavy metals. Increased heavy metal
concentrations inhibit root elongation.

A high Cd content in onion bulbs
(0.063 and 0.066 mg/kg wet matter) was
also reported by Bibi et al. (2021). Shroki
et al. (2022) showed that the Cd and Pb
content in the onion varieties analysed
exceeded the accepted standard limits in
Iran (0.05 mg/kg Cd and 0.1 mg/kg Pb).
In general, onion leaves have a higher
Zn and Cu content than onion bulbs
(Kitata et al., 2012). Cd and Pb content

from soil samples exceeded the

threshold values for sensitive land use

(Ministry Order 756/1997).
CONCLUSION

The heavy metal contents of the
onion bulbs and soil were analysed in
this study. The pattern of metal
concentration was Zn > Cu > Pb > Cd
for both types of analysed samples (soil
and onion bulbs). The Zn concentration
had the highest value in both soil (1811
mg/kg) and onion bulbs (11.7 mg/kg),
while Cd had the lowest value (soil =
35.81 mg/kg, onion bulbs 0.106
mg/kg). However, Cd and Pb exceeded
the limits set by the EU Commission
Regulation, indicating the health risk
arising from consuming onions in the
researched area (Copsa Mica, central
Romania).
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