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Abstract. Heavy metal toxicity in plants is well known due to their severe phytotoxic effects and also
because of their capability to accumulate in vegetables. The use of aromatic plants in remediation
techniques has increased in the context of environmental pollution issues, including metal soil
contamination. Cadmium is knowed as a toxic and bio accumulative element provided by natural or
anthropic sources. In this context, the paper presents a laboratory experimental study aiming to
evaluate the accumulating and transfer behavior of Cd in the plant organs of Sinapis alba L. (white
mustard) and in the presence of essential elements (Ca, Mg, Fe, Zn, Mn, Cu, Ni). The study involves a
comparison between white mustard cultivated in unpolluted soil and in two Cd polluted soils at values
above the alert (2.8 mg/Kg), respectively intervention threshold for soils with sensitive use (5.6 mg/kg)
according to the legislation in force in Romania. While Cd accumulated predominantly in roots (TC
values 1.46 and 2.22), its transfer to the stem and leaves was observed too, the TF values for the aerial
part of the plant being greater than 1. Moreover, the study showed that certain elements (Zn, Ca, Mg,
Mn) were found in higher concentrations in plants subjected to Cd pollution than in the control sample
indicating antagonistic effects and Cd toxicity limiting. Other essential metals, such as Cu, Fe and Ni
were found in lower concentrations in intoxicated plants compared to control plants. Their
translocation from soil in plant organs could be reduced by the Cd toxicity. Contrariwise, the mobility
of these elements from roots to leaves could support the tolerance effect of plants to Cd stress. The
study allows us to consider that Sinapis alba L. aromatic plants are suitable for soil phytoremediation
technologies used in Cd decontamination.
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1. Introduction

Natural processes, such as volcanic eruptions, continental dusts and anthropic activities namely
mining, fossil fuel burning, fertilizer production, military activities, metal processing industry, etc. lead
to emissions and accumulation of heavy metals in the ecosystem [1, 2]. Since the beginning of the
industrial revolution, the biosphere pollution with toxic metals has increased dramatically. The
widespread application of pesticides and fertilizers pose a serious problem for food production, and,
last but not least, it represents a potential threat both for agriculture and life globally [3].

The earth's surface contaminated by large amounts of metal elements such as lead (Pb), cadmium
(Cd), chromium (Cr), arsenic (As), in different combinations and concentrations, adversely affects the
health of millions of people worldwide. While some metals are necessary for life (microelements),
excessive accumulation of others in living organisms, such as heavy metals, is toxic. The most
aggressive and irreversible heavy metals toxic effects are DNA damages or carcinogenic effects on
animals and humans, due to their mutagenic potential [4].
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A real threat is that heavy metals are not degradable without outside intervention, as they remain in
soil for centuries. Heavy metal contamination has reached toxic levels in air, soil and water in many
parts of the world, and their removal has become an urgent problem in order to minimize the entering
of toxic elements into the food chain. Conventional remediation techniques (other than
bioremediation) used for in-situ and ex-situ remediation are usually costly and destructive. These
include solidification and stabilization, soil washing, electro-kinetics, chemical reduction/oxidation,
low-temperature thermal de-sorption, incineration, vitrification, pneumatic fracturing, excavation/
recovery, storage and disposal [5].

In recent years, phytoremediation has been studied in particular due to the fact that it is an
economically efficient soil detoxification method and it is in the same time an ecological method
because it uses plants which hyper accumulate metal to extract heavy metals from polluted soils [6].
Generally, in phytoremediation studies, the soil contamination with metals was evaluated based on the
plants ability to extract the metals from soil and transport them to their organs, quantified as transfer
coefficients or translocation factors. The transfer or bioaccumulation coefficient (TC) is given by the
ratio between the metal concentration in the root and the metal concentration in the soil, results
expressed in mg/kg. A value greater than 1 indicates metal bioaccumulation in the root. The higher this
coefficient, the more the plant extracts the metal and fixes it to the root [7].

The translocation coefficient (TF) represents the ratio between the metal concentration in the aerial
components (stem, leaves, or inflorescence) and the metal concentration in the plant root. In this case,
a TF value greater than 1 also indicates the bioaccumulation in that part of the plant and this should be
taken into account when assessing the risk of using the plant for therapeutic purposes [7].

Numerous aromatic plants such as Salvia officinalis, Matricaria chamomilla, Ocimum basilicum,
Lepidium sativum, Calendula officinalis were used as biological target for heavy metals
phytoremediation studies [8].

More research has shown that plants from the Brassicaceae family (including Sinapis alba) can be
used as heavy metals accumulators [9] due to their specific tolerance. Besides phytoremediation, white
mustard provides antimicrobial activity and it could be used in order to improve crop yield and soil
quality, acting as a natural fungicide and bacteriostatic [10].

Several studies regarding copper (Cu), nickel (Ni) and zinc (Zn) accumulation [10-12] have
concluded that, for a moderate level of contamination, white mustard could be used for remediation of
contaminated soil. A study on germination and development of mustard seeds in Cr-polluted soil
indicated that white mustard is tolerant to high Cr levels and has hyper accumulative abilities [13].
Another study that looked at the effect of aluminum (Al) whose toxicity can inhibit mustard
germination and development in acidic soils indicated that it does not accumulate in plant matter, but
productivity may be impaired [14].

Cadmium (Cd) is an environmental contaminant introduced into the soil through anthropogenic
activity. Under the stress due to Cd, hyper or non-hyper accumulative responses of plants differ
depending on their morphological responses and physiological processes, such as photosynthesis and
respiration, transport, absorption and assimilation of minerals and nitrogen, as well as water absorption
and transport, all these contributing to the ability of plants to accumulate and detoxify Cd [15]. The
cadmium in the soil can affect the plants that have reached maturity either from spontaneous or
cultivated flora. As the soil has a more acidic pH, the mobility of metals increases, so they can be
found either in the roots, in the aerial or inflorescence part of some plants [7].

Another study regarding the effect of Cd on mustard plants showed that it has an inhibitory effect
on root development without influencing the growth and development of the plant [16]. The toxic
effects of Cd on plant roots can be reduced by applying organic amendments to the soil, which lead to
an increase in soil pH, lowering the solubility of Cd, while adsorption and complexation reactions
reduce its bioavailability for vegetation [17]. The World Health Organization (WHO) imposed a limit
of 0.3 mg/kg for Cd accumulation in medicinal herbs [18]. In addition, the European Commission
established the limit of Cd in food supplements of about 1 mg/kg [19].
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This paper presents a laboratory experimental study aiming to evaluate the accumulating and
transfer behavior of Cd in the roots, stems and leaves of white mustard plants grown also in the
presence of essential elements (Ca, Mg, Fe, Zn, Mn, Cu, Ni). The study makes a comparison between
white mustard cultivated in unpolluted soil and in two Cd polluted soils at values above the alert,
respectively intervention threshold for soils with sensitive use according to the legislation in force in
Romania [20].

2. Materials and methods
2.1. Materials and reagents

Biological materials were mustard seeds, Sinapis alba L., batch number SIA230218 and
SIA100715 provided by MicroBiotests Belgium. A universal substrate for plants, type Agro CS (40 L),
was used for seeds planting. To assure the results validation, a certified reference materials (CRM)
type Multi-element 21 (Ca, Cd, Cu, Fe, Mg, Mn, Ni, Pb, Zn), 100 mg/L (traceable to NIST, Merck)
was used for metal calibration curves. A solution of 1000 mg/L Cd (CRM, Certipur, LGC) was used to
enrich the substrate.

2.2 Equipment

A Mortar Grinder RM 200 - Retsch, a Lyophilizer Christ Alpha 1-2 LD (Martin Christ GmbH,
Germany) and an Ethos Up Microwave Digestion Systems - Milestone were used for soil or plants
samples preparation before metals determination. The Inductively Coupled Plasma - Optical Emission
Spectrometry (ICP-OES) with an Optima 5300 DV Perkin Elmer spectrometer was used for
determination of the metals.

2.3. Experimental conditions

The start of the experiment - Polluted soil grown with mustard (Sinapis alba L.)

Mustard seeds and universal substrate composed of peat soil and humus for garden plants were
used. The substrate had the following characteristics mentioned by the producer: pH between 5.0 to
7.0; Niotal 1.9%, Protal 0.5%, Kiotal 0.9%, conductivity: 1.2 uS/cm and water humidity: 65%.

In order to establish the reference point of the experiment, the mustard seeds, the soil and the water
used for watering were analyzed from a physical-chemical point of view. The determinations were
performed on two replicates for each type of test, the average value (xmean) being considered the
reference value.

The metal content of mustard seeds (Table 1) indicates an initial Cd concentration of 0.13 mg/kg.
The watering tap water (Table 2), as well as the soil used to grow mustard seeds (Table 3), did not
presented an initial Cd content.

Table 1. Mustard seed analysis, mg/kg

Element Sample 1 Sample 2 "mean Element Sample 1 Sample 2 “mean
Ca 4,088 4,106 4,097 Mg 3,158 3,153 3,156
Cd 0.13 0.14 0.13 Mn 21.5 215 21.5
Cu 5.75 5.71 5.73 Ni 1.87 1.12 1.50
Fe 62.2 77.9 70.0 Zn 49.3 42.3 45.8

Table 2. Analysis of tap water used for watering
the mustard plants, pg/L

Element Tap water Element Tap water Element Tap water

Ca 41,8 Fe 39.3 Ni <1.0
Cd <0.4 Mg 4.8 Zn 16.3
Cu 5.1 Mn 2.6
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Table 3. The characteristics of the soil used in experimental tests

Parameters Measure unit  *mean Parameters Measure unit “mean

pH pH units 6.35 Cd mg/kg dm <0.08
Conductivity pS/cm 554.5 Cu mg/kg dm 12.46

Organic Carbon % 11.98 Mn mg/kg dm 357
Humidity % 39.9 Ni mg/kg dm 13.69

Total nitrogen mg/kg dm* 13,406 Zn mg/kg dm 64.33
Total phosphorus mg/kg dm 2,815 Ca mg/kg dm 108,229

Organochloride Pesticides mg/kg dm <0.01 Mg mg/kg dm 3,155
Triazine Pesticides mg/kg dm <0.03 Fe mg/kg dm 14,523

*mg/kg dry matter

The soil used in the in translocation and bioaccumulation experimental tests, the same as the one
used in our similar design study, but made for the chamomile plant [21], has a pH around 6.4, with a
Crotal/Ntotal ratio of 17.52, indicating moderate mobility of nitrogen transfer to the plant. The metal
concentration in substrate indicated normal values [20].

2.4. Experimental bioaccumulation and translocation tests

The experiment began in mid-April and finished two months later, in June. The approach of the
experiment was designed to highlight the Cd effect on the germination and growth process of the
mustard seeds by polluting the soil with two different concentrations of Cd (2.8 mg/kg and 5.6 mg/kg),
concentrations situated at the alert threshold for sensitive use, respectively above the intervention
threshold for sensitive use [20].

The soil used in the experiment was manually cleaned of solid materials, and the larger pieces of
soil were manually crushed. About 800 g of soil were weighed for each experiment, with an initial
humidity of about 69%.

The first experiment was considered as the control sample and a humber of 33 mustard seeds were
added to 560 g of dry soil for germination, the experiment being noted with M. In order to verify the
translocation and bioaccumulation of Cd in the mustard plants within the two tests for 2.8 mg/kg and
5.6 mg/kg Cd concentrations (M2 and Ms), the same amount of soil and seeds was used as in control
test. All experiments were conducted at an ambient temperature in the range of 20°C - 25°C, from
April to June, using natural light for about 12 hours/day.

2.5. Preparation of soil and plant samples for determining the metals concentration

The collection of soil and plant samples (whole plant with root, stem and leaves) was performed
after each month of experiment (at 30 days and at 60 days).

The soil samples were air dried, grinded in the mortar, sieved and the fraction of less than 150 pum
was retained for determining the total metal concentration. After harvesting, the plants were washed
with distilled water, measured and dried in a lyophilizer to determine the metal content.

The metal content of the soil was determined after extraction in aqua regia (15 mL of 37% HCI and
5 mL of 65% HNOs3) from approximately 1.0 g of sample. Afterwards the samples were filtered and
diluted with ultrapure water to a constant volume of 50 mL and Cd amount was determined using the
ICP-EOS technique [22].

Regarding the vegetation samples, after drying in the freeze dryer, each sample was minced, a
quantity between 0.12 g and 0.32 g was weighed and mineralized with a mixture of suprapure HNO3
and H20: in a ratio of 10:3 (v/v). The samples were initially mineralized at room temperature for 24 h
to destroy organic matter (cold digestion), followed by a microwave digestion program according to
the data presented in table 4 [23 - 25].
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Table 4. Microwave program

Power Time Temperature
Stage 1 1800 W 15 minutes up to 180° C
Stage 2 1800 W 15 minutes 180° C
Stage 3 - 10 minutes cooling

After the mineralization was completed, the samples were filtered and diluted with ultrapure water
to a constant volume of 14 mL. The metals determined both from soil and plant samples were the
target metal (Cd), but also the metals playing a role in the plant nutrition and development, namely Cu,
Fe, Mn, Ni, Zn, Ca, Mg.

3. Results and discussions
3.1. The translocation and bioaccumulation factors for Cd

Excess concentrations of Cd in soil lead to decreased germination [26]. This idea was confirmed by
our tests. The germination of the mustard seeds was differentiated in the control soil sample (Figure 1)
compared to the Cd contaminated tests. In the case of the M3 experiment, a percentage of 57.6% of the
total planted seeds germinated (Figure 3), whereas in the case of the M. experiment about 78.8% of the
seeds (Figure 2) germinated.

It should be mentioned that in the control sample the germination percentage was 84.8%.
Germination in the M test was 10% lower than in the control sample, respectively 32% lower in the
case of M3 test compared to the control sample.

Figure 1. Mustard plants, Figure 2. Mustard plants, Figure 3. Mustard plants,
control sample (M1), 4 days experiments contaminated with experiments contaminated
after germination Cd (2.8 mg/kg) (M), 4 days with Cd (5.6 mg/kg) (Mz), 4
after germination days after germination

Figures 4 and 5 show the evolution of Cd concentrations in soil and plants within the two
experiments compared to the control sample.

The Cd content in the plants from the M test has increased during the 60 days of the experiment,
the final value being 10.2 mg/kg, value at the limit of the phytotoxic concentration (10 mg/kg)[27],
with a value of the transfer rate of 3.15 for the whole plant (from the soil to the root and the aerial
part).

As presented in Figure 5, after the first month the Cd values in mustard from blank M1, M2 and M3
samples were around the normal value in plants (<0.1 + 1 mg/kg) [28], but after 60 days, at the second
harvest, the total concentration exceeded the phytotoxic value of 10 mg/kg. The value recorded in
experiment Ms is two times higher than that in plants from the M2 experiment.
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Comparing the bioaccumulation model of Cd from the control sample (M1) with that of the Mo,
respectively Mz contamination experiments, it can be observed that this toxic metal accumulates
predominantly in the roots at values of the bioaccumulation coefficient ranging from 1.46 to 2.22.
Nevertheless, the Cd translocation to the stem and leaves can be noted, the TF values for the aerial part
of the plant being over 1. It should also be noticed that the values of the concentrations in the stems
(3.39 mg/kg for M2 and 9.98 mg/kg for M3) and leaves (3.57 mg/kg for M2 and 5.87 mg/kg for Ms) did
not exceed the value of the phytotoxic concentration (10 mg/kg), but the stems of the mustard samples
selected for the analysis in the M3 experiment reached this phytotoxic value (Figure 6).

In most plant species, Cd mainly accumulates in roots, the concentration being about ten times
higher than the concentration in the stems. Cd inhibits root and stem growth, affects nutrient extraction
and it frequently accumulates in agricultural crops. It is an inhibitor of photosynthesis, as an effect of
reducing the amount of chlorophyll and other pigments, but also by closing the stomata. The
accumulation of Cd in the different parts of the plant is generally done in the following order: roots >
stems > leaves > seeds [26, 29, 30].
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Elements such as copper (Cu), zinc (Zn), nickel (Ni), cobalt (Co), iron (Fe), molybdenum (Mo) and
manganese (Mn) are considered to be essential mineral nutrients, playing a significant role in gene
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expression, in the biosynthesis of proteins, nucleic acids, growth substances, chlorophyll and
secondary metabolites as well as in carbohydrate and lipid metabolism [31, 32].

In the processes of germination and development of plants subjected to the stress of metal
pollution, mechanisms of self-defense/resistance/adaptation of the plant to the metallic elements are
activated. The presence of anti-stress factors, respectively high content of Ca, Zn and Mg,
microelements necessary for the growth/development and the functioning of photosynthesis processes
allowed the development of plants even in conditions of exceeding the value of the intervention
threshold for sensitive uses in soil for Cd [33].

3.2. The translocation and bioaccumulation factors for Zn in the Cd experiments

Zinc is considered an essential metal for plant development, the normal concentration in plants
being in the range: 15 + 150 mg/kg [28]. Unlike the control test in which Zn bioaccumulated in the
root, in the two experiments of Cd contamination, Zn bioaccumulated in the stem and leaves, a fact
proven by the high values of TF (Figure 7).

Thus, in the first experiment with Cd, the translocation coefficient of Zn from root to leaf (TF =
3.01) is higher than that from root to stem (TF = 2.53). In contrast to this experiment, in the Cd
contamination test at a concentration value of 5.6 mg/kg (value above the intervention threshold for
sensitive use), Zn accumulated predominantly in the stem (TF = 3.11), compared to leaves (TC =
1.91), at values that also indicated bioaccumulation.

The cumulative concentration of Zn in the root, stem and leaves for the control sample (33.1
mg/kg) was much lower than the total value for the mustard plants used in the M2 experiment (76.7
mg/kg) and that in the M3 experiment (113.7 mg/kg). The more stress the plant undergoes due to the
toxic concentration of Cd, the higher the concentration of Zn extracted. This element is chemically
similar with Cd and have antagonistic effects, limiting Cd accumulation [34]. The total values of Zn
from mustard plants in both experiments with different Cd concentrations were below the phytotoxic
concentration value (200 mg/kg) [27].

3.3. The translocation and bioaccumulation factors for Ca and Mg in Cd experiments

Calcium is used by the plant for growth and development, being predominantly accumulated in the
leaves and stem and less in the root. While the control sample showed a concentration of 118,000
mg/kg after 60 days, the samples collected from the M2 experiment showed a concentration of 390,000
mg/kg in the whole plant (root, stem and leaves), while the plants from the M3 test have presented a
concentration of 488,000 mg/kg. The greater the stress due to the toxicity, the higher the amount of Ca
extracted to compensate for the toxic effects (Figure 8). The Cd could be limited by Ca blocker and
other protective proteins. In the situation of Ca and Fe deficiency, the Cd could be much easily
uptaken in plants [15].

In the case of the M3 experiment it can be observed that the mustard plants accumulated more Mg
in the stem (TFstemiroot = 3.54) than in the leaves (TFieafiroot = 1.45), which represents a different
behavior from the control test and from the M. experiment (Figure 9). Within the M2 experiment, the
bioaccumulation order is: TFieavesiroot = 3.67 > TFstemiroot = 3.37, the coefficients values being higher
than in the control sample (TFieafiroot = 3.29 > TFstemiroot = 2.27). Mg remains in the root in a low
concentration directing itself mainly towards the stem and leaves. In the mustard samples from the
control test, Mg was found in a concentration of approximately 1900 mg/kg, while in the contaminated
tests the Mg values were significantly higher: 6,500 mg/kg in M2, respectively 7,000 mg/kg in Ma.
Therefore, the same observation as in the case of Ca is also valid for Mg.
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3.4. The translocation and bioaccumulation factors for Mn and Fe in Cd experiments

A number of essential metals or micronutrients such as Cr, Co, Cu, Mn, Mo, Ni, Fe, Se and Zn are
required for optimal functioning of biological and biochemical processes in plants [34]. In the case of
Mn, it is observed that the translocation model for the control sample is also valid for the contaminated
tests samples, namely: TF ieafiroot > TFstemiroot > TC roousoit. Mn does not remain in the root; it goes
mainly towards the leaves and less in the stem. Regarding the total Mn concentrations in the plant at
60 days, the Mn concentrations are not significantly different: 37 mg/kg Mn in the M2 test,
respectively 40 mg/kg Mn in the M3 test compared to the control sample (35 mg/kg Mn). The
translocation indices are greater than 1, indicating the accumulation of Mn in the stem and leaves. In
M test: TF leaf/root = 9.4 > TFsemmoot = 1.92; for the Ms test the values of the translocation
coefficients have the following order: TFieafiroot = 3.69 > TFstem/root = 1.50 (Figure 10).

Other studies showed that Mn is a competitor for Cd using the same mechanism for transfer in
plant [33].
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In the case of Fe, the concentrations extracted from the mustard plants did not indicated
bioaccumulation in any of the polluted and control tests (Figure 11). Fe directs itself to the plant
especially in the stem and leaves. Comparing the values extracted from the control mustard plants (231
mg/kg), it is observed that in both Cd contamination tests, the plants extracted a total Fe value of about
190 mg/kg, representing a 17% decrease in the Fe concentration. Fe is an essential metal for
chlorophyll production. These results proved that Cd contamination could have effects on the normal
Fe accumulation that leading to photosynthesis inhibition [35]. After 60 days of Cd exposure, the
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transfer factors are two times higher that in control test but lower than 1, indicating adaptive or
tolerance process.

3.5. The translocation and bioaccumulation factors for Cu and Ni in Cd experiments

Cu extracted from the mustard plants grown in Cd pollution experiments recorded a value of the
translocation coefficients from root to leaves greater than 1: TF jeafiroot = 1.72 in the case of the control
sample; TF jeafiroot = 2.19 for M2 experiment and TF jeas root = 1.47 for the M3 experiment. It can be
concluded that Cu goes mainly to the leaves then to the stem and less to the root.
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Figure 12. TC and TF for Cu

Figure 13. TC and TF for Ni

From Figure 12 and Figure 13 it can be noted that the plant extracted the Cu and Ni nutrients that it
needed from the soil. The total Cu concentrations in plants are in the normal concentration range, the
values being between 8.61 + 9.42 mg/kg, but below the value of the control test (15.3 mg/kg) and
much below the phytotoxic value of 20 mg/kg [27]. The studies showed that Cd could reduce or
increase the Cu uptake in plants organs [33]. In M3 test, after 60 days, transfer factors were lower than
Mo, indicating a reduced ratio of Cu mobility in mustard plants inversely proportional to the Cd
concentration. The results showed also insignificant increases or decreases of Cu transfer comparing to
the control test indicating an adaptive plant response to Cd toxicity.

Compared to Cd, which ha no physiological function in plant development, Ni is essential for
various metabolic process including photosynthesis [36]. Our study showed that Cd toxicity reduces Ni
uptake through plants roots. Thus, total Ni concentrations in contaminated plants (6.6 - 6.8 mg/kg) are
30% lower than in the control sample (9.50 mg/kg), slightly above the normal maximum value in
plants, 5 mg/kg [28]. The Ni mobility from roots to leaves indicates a tolerance mechanism to Cd
toxicity.

4. Conclusions

In this paper, the bioaccumulation and transfer factors from a soil contaminated with Cd to the
white mustard plant (Sinapis alba L.) have been studied in correlation with several essential metals
(Ca, Zn, Mg, Mn, Cu, Fe and Ni). Cd predominantly accumulated in roots at values of the
bioaccumulation coefficient of 1.46 (M2) and 2.22 (Ms). These values increased as the initial Cd
concentration added in the growing soil also increased. Cd translocation to the stem and leaves was
observed too, the TF values for the aerial part of the plant being greater than 1. The values of the
concentrations in the stems (3.39 mg/kg for M2 and 9.98 mg/kg for M3) and from the leaves (3.57
mg/kg for M2 and 5.87 mg/kg for Ms) did not exceed the level of phytotoxic concentration (10 mg/kg),
but the stems of the mustard samples selected for analysis from the M3z experiment reached this
phytotoxic value. Mustard plants have phytoaccumulation capabilities for Cd but their utilization as
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food is not recommended because of Cd concentration exceeding the limits for aromatic or medicinal
products.

The presence of essential metals at values within the normal range for soil increases the adaptation
and tolerance of mustard plants to Cd toxicity, through competitive or antagonist processes. The study
showed that certain metals (Zn, Ca, Mg, Mn) were found in higher concentrations in plants subjected
to Cd pollution than in the control sample indicating antagonistic effects and Cd toxicity limiting. The
greater the stress due to the toxicity, the greater the amount of extracted metal to compensate for the
toxic effects (significantly higher values in the Ms test compared to the My test). Other essential
metals, such as Cu, Fe and Ni were found in lower concentrations in intoxicated plants compared to
control plants. Their translocation from soil to plant organs could be reduced by the Cd toxicity.
Contrary, the mobility of these elements from roots to leaves could support the tolerance effect of
plants to Cd stress. The study allows us to consider that Sinapis alba L. aromatic plant is suitable for
soil phytoremediation technologies used in Cd decontamination.

Acknowledgments: The authors acknowledge the financial support offered by The National Research
Program “Nucleu” through contract no 20N/2019, Project code PN 19 04 01 01.

References

1.SANA, A, QASIM, A. ZAHIR, A.Z., SOBIA, A. HAFIZ, N.A. Phytoremediation:
Environmentally sustainable way for reclamation of heavy metal polluted soils, Ecotoxicol. Environ.
Saf., 174, 2019, 714-727.

https://doi.org/10.1016/j.ecoenv.2019.02.068.

2.GHEORGHE, S., VASILE, G.G,, STOICA, C., LAZAR, M.N., LUCACIU, |., BANCIU, A,
Phytotoxicity Tests Applied on Sewage Sludge Resulted from Urban Wastewater Treatment Plants,
2016, Rev. Chim. 67(8), 2016, 1469-1473.

3.ZHU, G., XIAO, H., GUO, Q., ZHANG, Z., ZHAO, J., YANG, D., Effects of cadmium stress on
growth and amino acid metabolism in two Composite plants, Ecotox. Environ. Safe., 2018, 300-308.
https://doi.org/10.1016/j.ecoenv.2018.04.045.

4.BAUDOUIN, C., CHARVERON, M., TARROUSE, R., GALL, Y., Environmental pollutants and
skin cancer, Cell Biol. Toxicol., 18, 2002, 341-348. https://doi.org/10.1023/A:1019540316060
5.YANYAN, G., DONGYE, Z., QILIN, W., An overview of field-scale studies on remediation of soil
contaminated with heavy metals and metalloids: Technical progress over the last decade Water Res.,
147, 2018, 440-460.

https://doi.org/10.1016/j.watres.2018.10.024.

6.DEEPAK, K. P., CHINMAY, P., HEMANTA, K.P., Toxic metal decontamination by
phytoremediation approach: Concept, challenges, opportunities and future perspectives, Environ.
Technol. Inno., 18, 2020, 100672.

https://doi.org/10.1016/j.eti.2020.100672.

7.DINU, C., VASILE, G.G., BULEANDRA, M., POPA, D.E., GHEORGHE, S., UNGUREANU,
E.M., Translocation and accumulation of heavy metals in Ocimum basilicum L. plants grown in a
mining-contaminated soil, J. Soil Sediment, 20, 2020, 2141-2154.
https://doi.org/10.1007/s11368-019-02550-w.

8.JANHVI, P., RAJESH, K.V., SAUDAN, S., Suitability of aromatic plants for phytoremediation of
heavy metal contaminated areas: a review, Int. J. Phytoremediat., 21(5), 2019, 405-418.
https://doi.org/10.1080/15226514.2018.1540546.

9.DAMIAN, F., JELEA, S.G., LACATUSU, R., MIHALLI, C., The Treatment of Soil Polluted with
Heavy Metals Using the Sinapis Alba L. and Organo Zeolitic Amendment, Carpath. J. Earth Env., 14
(2), 2019, 409 — 422.

https://doi.org/10.26471/cjees/2019/014/090.

Rev. Chim., 71 (6), 2020, 378-389 387 https://doi.org/10.37358/RC.20.6.8204


https://revistadechimie.ro/
https://doi.org/10.37358/Rev
https://www-sciencedirect-com.am.e-nformation.ro/science/journal/01476513/174/supp/C
https://doi.org/10.1016/j.ecoenv.2019.02.068
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=F4YYpmlmWwKzONNxFMT&field=AU&value=Gheorghe,%20S&ut=3571777&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=F4YYpmlmWwKzONNxFMT&field=AU&value=Vasile,%20GG&ut=824391&pos=2&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=F4YYpmlmWwKzONNxFMT&field=AU&value=Stoica,%20C&ut=2135471&pos=3&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=F4YYpmlmWwKzONNxFMT&field=AU&value=Lazar,%20MN&ut=890657&pos=4&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=F4YYpmlmWwKzONNxFMT&field=AU&value=Lucaciu,%20I&ut=1378554&pos=5&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=F4YYpmlmWwKzONNxFMT&field=AU&value=Banciu,%20A&ut=3500566&pos=6&excludeEventConfig=ExcludeIfFromFullRecPage
https://doi.org/10.1023/A:1019540316060
https://www.sciencedirect.com/science/journal/00431354
https://www.sciencedirect.com/science/journal/00431354/147/supp/C
https://doi.org/10.1016/j.watres.2018.10.024
https://www.sciencedirect.com/science/journal/23521864
https://www.sciencedirect.com/science/journal/23521864
https://doi.org/10.1016/j.eti.2020.100672
https://doi.org/10.1007/s11368-019-02550-w
https://doi.org/10.1080/15226514.2018.1540546
https://doi.org/10.26471/cjees/2019/014/090

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev. Chim.1949

10.SZCZYGLOWSKA,M., PIEKARSKA, A., KONIECZKA, P., NAMIESNIK, J., Use of Brassica
Plants in the Phytoremediation and Biofumigation Processes, Int J Mol Sci., 12(11), 2011, 7760-7771.
https://doi.org/10.3390/ijms12117760.

11.STANISLAWSKA-GLUBIAK, E., KORZENIOWSKA, J., Tolerance of White Mustard (Sinapsis
Alba L.) to Soil Pollution with Several Heavy Metals, Ecol. Chem. Eng. A, 18(3), 2011, 445-450.
12.ZALEWSKA, M., NOGALSKA, A., 2014. Phytoextraction potential of sunflower and white
mustard plants in  zinc-contaminated soil, Chilean J. Agric. Res., 74, 485-489.
https://doi.org/10.4067/S0718-58392014000400016.

13.POPOVICIU, D.R., PIRJOL, T.N., MICLAUS, L.S., Phytotoxic Effect and Bioaccumulation of
Chromium in White Mustard (Sinapis alba L.) Seedlings, Rev. Chim., 68(1), 2017, 40-42.

14 NEGREANU-PIRJOL, B.S., NEGREANU-PIRJOL, T., SIRBU, R., POPOVICIU, D.R,,
Bioaccumulation and Effects of Aluminum on Plant Growth in Three Culture Plants Species, Rev
Chim, 70(2), 2019, 602-604.

15.HE, S., YANG X., HE, Z., BALIGAR, V. C., Morphological and Physiological Responses of
Plants to Cadmium Toxicity: A Review, Pedosphere, 27 (3), 2017, 421-438. https://doi.org/10.1016/
$1002-0160(17)60339-4

16.MOLNAROVA, M., FARGASOVA, A., Relationship between various physiological and
biochemical parameters activated by cadmium in Sinapis alba L. and Hordeum vulgare L., Ecol. Eng.,
49, 2012, 65-72.

https://doi.org/10.1016/j.ecoleng.2012.08.025

17.KHAN, M.A., KHAN, S., KHAN, A., ALAM, M., Soil contamination with cadmium,
consequences and remediation using organic amendments, Sci. Total. Environ., 601-602, 2017, 1591-
1605.

http://dx.doi.org/10.1016/j.scitotenv.2017.06.030.

18.***World Health Organization (WHO) (2007) WHO guidelines for assessing quality of herbal
medicines with reference to contaminants and residues. World Health Organization.
https://apps.who.int/iris/handle/10665/43510.

19.***European Commission (EC) (2008) Regulation No. 629/2008 amending Regulation No.
1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs. Off. J.
L., 173(51), 6-9.

20.0Order 756/1997 regarding approval of Regulation for evaluation of environmental pollution, in
Romanian. http://legislatie.just.ro/Public/DetaliiDocument/13572.

21.SERBAN, E.A., VASILE, G.G., GHEORGHE, S., ENE, C., Effects of Toxic Metals Cd, Ni and Pb
on Matricaria Chamomilla L. Growth in a Laboratory Study, Rev. Chim., 71, 2020, in press.

22.***EN 16170:2017 — Sludge, Treated Bio-waste and Soil - Determination of Elements Using
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES).

23.CHANDRA, R., BHARAGAVA, R.N., YADAV S., MOHAN, D., Accumulation and distribution
of toxic metals in wheat (Triticum aestivum L.) and Indian mustard (Brassica campestris L.) irrigated
with distillery and tannery effluents, J. Hazard Mater, 162 (2-3), 2009, 1514-1521.
https://doi.org/10.1016/j.jhazmat.2008.06.040.

24.SOYLAK, M., TUZEN, M., NARIN, I., SARI, H., Comparison of microwave, dry and wet
digestion procedures for the determination of trace metal contents in spice samples produced in
Turkey, J. Food Drug Anal., 12(3), 2004, 254-258.

25.*** Milestone, Milestone methods for ETHOS Digestion, https: //www. milestonesrl.com/
resources/methods/ methods-ethos-digestion.

26.SALAMON, I., LABUN, P., SKOULA, M., FABIAN, M., Cadmium, lead and nickel accumulation
in chamomile plants grown on heavy metal-enriched soil, Acta horticulturae, 749, 2007, 231-236.
https://doi.org /10.17660/ActaHortic.2007.749.28

Rev. Chim., 71 (6), 2020, 378-389 388 https://doi.org/10.37358/RC.20.6.8204


https://revistadechimie.ro/
https://doi.org/10.37358/Rev
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szczyg%26%23x00142%3Bowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22174630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piekarska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22174630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Konieczka%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22174630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Namie%26%23x0015b%3Bnik%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22174630
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3233436/
https://dx.doi.org/10.3390%2Fijms12117760
https://doi.org/10.4067/S0718-58392014000400016
https://doi.org/10.1016/%20S1002-0160(17)60339-4
https://doi.org/10.1016/%20S1002-0160(17)60339-4
https://doi.org/10.1016/j.ecoleng.2012.08.025
http://dx.doi.org/10.1016/j.scitotenv.2017.06.030
https://apps.who.int/iris/handle/10665/43510
http://legislatie.just.ro/Public/DetaliiDocument/13572
https://doi.org/10.1016/j.jhazmat.2008.06.040
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.17660%2FActaHortic.2007.749.28?_sg%5B0%5D=sSIZJUEgADdLIthN0tJekOefexZvbjtLlsVOvRIxEwvMufH6YKe3vRsWFEZhs_LC2J1N7zzCzBDH3jId3VYFGyJ4Yg.kyFxCRjuUHLOf6rafl_IKJnahEC4sVSg-3bWoGGcvMFioI00x5P1VLut-88L78YpJXzjGFuLzbUCR6ltzDMt7Q

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev. Chim.1949

27.KASTORI, R., PETROVIC, N., ARSENIEJEVIC-MAKSIMOVIC, I., (1997) Heavy metals and
plants. In: Kastori R (ed) Heavy metals in the environment. Institute of Field and Vegetable Crops,
Novi Sad, 196-257.

28.KLOKE, A., SAUERBECK, D.R., VETTER, H., (1984) The contamination of plants and soil with
heavy metals and the transport of metals in terrestrial food chains. In: Nriagu JO (ed) Changing metal
cycles and human health. Springer-Verlag, Berlin, 131-141.

29.KOVACIK, J., GRUZ, J., KLEJDUS, B., STORK, F., HEDBAVNY, J., Accumulation of metals
and selected nutritional parameters in the field-grown chamomile anthodia, Food Chemistry, 131,
2012, 55-62.

https://doi.org/10.1016/j.foodchem.2011.08.028.

30.MASAROVICOVA, E., KRALOVA, K., KUMMEROVA, M., Principles of classification of
medicinal plants as hyper accumulators or excluders, Acta Physiologiae Plantarum, 32, 2010, 823—
829.

https://doi.org /10.1007/s11738-010-0474-1.

31.PARMAR, P., DAVE, B., SUHDIR, A., PANCHAL, K., SUBRAMANIAN, R.B., Physiological,
Biochemical and Molecular Response of Plants against Heavy Metals Stress, Int. J. Curr. Res., 5(1),
2013, 80-89.

32.10V, T., COSTESCU, M., DIAC, M., TABIAN, D., DAVID, S.M., KNIELING, A., DAMIAN,
S.1., Dangerous Chemical Agents : General and Odonto-Stomatological Aspects with Importance in
Forensic Toxicology, Rev Chim., 70(5), 2019, 1829-1834.

33.QIN, S., LIU, H., NIE, Z., RENGEL, Z., GAO W., LI, C., ZHAO, P., Toxicity of cadmium and its
competition with mineral nutrients for uptake by plants: A review, Pedosphere, 30(2), 2020, 168-180.
https://doi.org/10.1016/S1002-0160(20)60002-9.

34.HUANG, D., GONG, X., LIU, Y., ZENG, G., LAI, C., BASHIR, H., ZHOU, L., WANG, D., XU,
P., CHENG, M., WAN, J., Effects of calcium at toxic concentrations of cadmium in plants, Planta,
245, 2017, 863-873.https://doi.org /10.1007/s00425-017-2664-1.

35.GAQ, C., WANG, Y., XIAO, D.S, QIU, C.P., HAN, D.G., ZHANG, X.Z., WU, T., Han, ZH.,
Comparison of cadmium-induced iron-deficiency responses and genuine iron-deficiency responses in
Malus xiaojinensis, Plant Sci., 181, 2011, 269-274. https://doi.org/10.1016/j.plantsci.2011.05.014.
36.AMARI, T., GHNAYA, T., ABDELLY, C., Nickel, cadmium and lead phytotoxicity and potential
of halophytic plants in heavy metal extraction, S. Afr. J. Bot, 111, 2017, 99-110.
https://doi.org/10.1016/j.sajb.2017.03.011.

Manuscript received: 30.03.2020

Rev. Chim., 71 (6), 2020, 378-389 389 https://doi.org/10.37358/RC.20.6.8204


https://revistadechimie.ro/
https://doi.org/10.37358/Rev
https://doi.org/10.1016/j.foodchem.2011.08.028
https://doi.org/10.1016/S1002-0160(20)60002-9
https://doi.org/10.1016/j.plantsci.2011.05.014
https://doi.org/10.1016/j.sajb.2017.03.011

