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INTRODUCTION

The existence of heavy metals and metalloids such as arsenic in soil and water, which
have occurred as a result of mining in Romania is a major problem for both human health
and the entire forest food chain. Due to their high toxicity, storage capacity and
contamination, these potentially harmful elements for all ecosystems pose a real danger to
humans and animals in the contaminated area.

Pollution caused by mining and the presence of large amounts of heavy metals and
arsenic in the environment induced by human activity is one of the most important tasks of
current environmental problems. In Romania, contamination with these elements, especially
in forest areas [79], where there were mining operations, is a real challenge for research, as
is the Tarnita area, in Ostra commune, Suceava county. In the Tarnita-Ostra forest mining
area subject to the study within the doctoral thesis, the waste dumps and tailings ponds
remained, which represent a real danger for the health of the food chain. Excessive amounts
of heavy metals, such as iron, copper, zinc, lead, cadmium and metalloids such as arsenic,
have been detected both in and around the dumps. Excessive increase in the amounts of these
elements in the soil, mainly due to pollution, leads to metabolic disorders in plants also
affecting the quality of food, which could be harmful to human health [14].

The motivation of the research carried out in the doctoral thesis is represented by the
fact that contaminated soil, surface and groundwater, but also the air in the Tarnita area can
be significant major sources for the absorption of heavy metals by plants, can accumulate
through roots and leaves. . Heavy metals such as Cd, Hg, Pb, Fe and excess Cu are very toxic
to humans and the environment, with plants being considered as potential biosorbents to
remove traces of metals from the soil. Therefore, the research carried out aimed at
decontamination of soils affected by metal pollution [88], but also of extraction waters, ie
supernatants obtained from mining materials, before performing germination tests on the
species Triticum aestivum L..

Doctoral thesis entitled " Research on the effects of toxicity of soils contaminated
with heavy metals on higher plant species. Case study Triticum aestivum L. " had as main
objective the evaluation of the unfavorable effects induced to the common wheat species by
the presence of heavy metals and arsenic in the dumps and soils coming from the Tarnita

mining area. Thus , in a first phase of the doctoral research, determinations of the



concentration of heavy metals present in the samples of mining and soil waste collected from
the Tarnita area and in the samples with mining residues (toxic supernatants) were
performed, using ICP-OES spectrophotometric techniques. and AAS. Similar to research
conducted in previous years in the area of the former barite mine by Stumbea in 2013 and
then by Chicos and collaborators in 2016, were identified in the Tarnita forest area both in
landfills, in the surrounding soils, and and in tailings ponds remaining after mining
significant concentrations of heavy metals such as iron, copper, barium, zinc, lead and others
[77,11]. Also, a correlation was made between the concentrations of the main contaminants
(iron, copper, arsenic) identified in the samples and the values of germination parameters
obtained for the species Triticum aestivum L. after 3 and 7 days of treatment, respectively.
The first visible symptoms related to the toxicity of heavy metals included a slowdown in
the germination process of caryopsis, a decrease in seedling growth, a reduced growth of the
root, but also changes in root morphology, the roots being more affected than the leaves,
because they were the organs. which came into direct contact with the toxic element.
Therefore, the use of cereal crops for the management of soil contaminated with heavy
metals has become an ecological way of remediation strategy.

Also, the methods of decontamination and remediation of contaminated soils and
toxic supernatants obtained by extraction, containing heavy metals and arsenic, have been
studied and applied in the laboratory, in order to reduce their toxicity on caryopsis and
seedlings of Triticum aestivum L. . The use of the test species Triticum aestivum L. can
provide technical efficiency, first for measuring germination parameters in the presence of
contaminants, and then for removing heavy metals from polluted soils [66, 71, 85]. The
results obtained in vitro , under experimental laboratory conditions, will provide information
on the potential risks of heavy metals and arsenic in areas contaminated by wheat, ie changes
in the processes of caryopsis germination and plant growth, the effect on macromolecules or
activity. antioxidant enzymes in monocotyledonous cultures. These will help to identify the
problems that may occur when cultivating plants in contaminated areas, specifying whether
the Putna variety is suitable and resistant to be grown in the Tarnita area.

Thus, an important objective of doctoral research was to investigate methods of
decontamination of waste from landfills, soils and waters and remediation of toxic
compounds, methods that can be applied in the mining area Tarnita: physico-chemical
decontamination by extracting contaminants with water; bioremediation of toxic
supernatants / mining residues using active and inactivated yeast cultures Saccharomyces

cerevisiae Meyen ex EC Hansen; chemical decontamination of toxic supernatants / mining



residues with glutathione, as well as by hydroxide precipitation, chemical precipitation being
one of the most common and extensive remedial techniques for removing heavy metals from
industrial effluents containing these toxic metals [6].

Due to the high content of contaminants in the metalliferous mining waste from the
Tarnita mining area, another objective of the doctoral research aimed to investigate the
individual relationship of iron, copper and arsenic ions (in the form of arsenite and arsenate
ions) with the species. Triticum aestivum L. in germination experiments performed in vitro
, in laboratory conditions. In this sense, the germination of caryopsis and the growth of wheat
seedlings in the presence of said ions were determined, at low concentrations [63, 72]. The
absorption and distribution of trace elements and metals in crop plants have been studied
very carefully, due to their importance [81].

The research carried out within the same chapter of the doctoral thesis also focused
on the toxicity of the arsenic forms (arsenite and arsenate), which are found in the Tarnita
mining area. The studies were performed on the species Triticum aestivum L. Putna variety
in the presence of arsenite and arsenate solutions, in order to highlight their toxicity by
germination tests performed in laboratory conditions and to evaluate the possibility of plant
protection in arsenite ion poisoning , using glutathione.

The test species, common wheat (Triticum aestivum L.) is a plant of nutritional
importance, which can be an important means of transmitting heavy metals to higher trophic
levels. At the same time, plant residues obtained from wheat plants after soil
decontamination could be used as lignocellulosic biomass for energy production by
biochemical or thermochemical degradation, namely for the production of bioethanol, as a
partial substitute for fossil fuels [32]. is a renewable biomass rich in sugars such as starch

and lignocellulose, being the main raw material for the production of bioethanol [38].
PURPOSE AND OBJECTIVES OF THE THESIS

The purpose of the research was to identify and investigate the effects of toxicity of
soils contaminated with heavy metals and arsenic in the mining area Tarnita, Ostra
commune, Suceava county (decommissioned barite mine), on common wheat test plants -
Triticum aestivum L., Putna variety - by experimental tests performed in vitro , in laboratory
conditions, on the germination process of caryopsis and the growth process of the resulting
seedlings , expressed by specific morphological parameters (average mass, average height).

In order to fulfill the Purpose thus stated, the following specific objectives have been
formulated :



identification of areas contaminated with heavy metals in the research area,
determination of the composition of metalliferous mining waste collected from the
landfill and surrounding soils and correlation of the characteristics of samples taken from
the work area (heavy metal content, with emphasis on excess concentrations of iron,
copper and arsenic) with certain functional processes of test seedlings resulting from
wheat caryopsis germinated under experimental laboratory conditions, on environments
contaminated with heavy metals, expressed by the intensity of the determined
germination process (energy and germination capacity), as well as by the value of
specific morphological parameters ( average mass, average height );

identification of methods for decontamination of soils and waters contaminated with
heavy metals and arsenic from the mining area observed under experimental laboratory
conditions, in order to reduce their toxicity before performing germination and seedling
growth tests common wheat test - Triticum aestivum L., Putna variety, methods that can
be applied within the Tarnita area:

» physico-chemical methods, such as soil extraction with water;

» microbiological methods of bioremediation of toxic supernatants / mining
residues, using yeast cultures Saccharomyces cerevisiae Meyen ex EC Hansen,
active and inactivated;

» chemical methods of chemical decontamination of toxic supernatants / mining
residues with glutathione, as well as by hydroxide precipitation.

investigation of the effects of iron, copper and arsenic ions (in the form of arsenite and
arsenate), at lower concentrations, compared to those of metalliferous mining waste in
the Tarnita area, applying the specific technique of germination of caryopsis of Triticum
aestivum L., Putna variety in in vitro experimental conditions .

dissemination of results at scientific events and their publication in national and / or
international journals.

In accordance with the objectives pursued, in vitro experiments were carried out in

the germination of wheat caryopsis and in the growth of test seedlings in the presence of

toxicity of contaminated soils from metal mining waste dumps and experiments to remedy

the quantities of heavy metals contained in in order to inhibit the toxicity of mining residues

/ toxic supernatants before performing germination tests.

The doctoral thesis is structured in two parts:



Part | - LITERATURE STUDY - comprises a single chapter, in which they are
presented: general considerations about heavy metals and metalloids such as arsenic, as well
as soil pollution with these chemical elements, the influence of heavy metals and metalloids
on plants, with an emphasis on iron, copper and arsenic, the effect of heavy metals on test
plant species such as Triticum aestivum L.; physico-chemical methods decontamination of
soils contaminated with heavy metals by water extraction of contaminants, methods of
microbiological remediation of mining residues with yeast cultures Saccharomyces
cerevisiae Meyen ex EC Hansen and chemical methods of remediation of toxicity of mining
residues with glutathione and subsequently by precipitation with hydroxides.

Part Il - OWN RESEARCH - consisting of four chapters: one chapter comprising
Research Materials and Methods and two chapters of personal results, each including the
Research Objective, the Working Method, the Results obtained and the Preliminary
Conclusions.

The paper ends with some Conclusions general, Dissemination of the obtained results

and Bibliography .



PART | - LITERATURE STUDY

Chapter 1. Current state of research

1.1. General considerations

Heavy metals have been identified as a major research priority, in order to remedy
the polluted forest areas in Romania. Pollution of the soil with heavy metals and metalloids
is a great danger for the environment , therefore an important concern is its protection against
the toxic effects of these elements, as well as their accumulation along the food chain, which
leads to environmental problems and serious health. Some heavy metals in low
concentrations are essential for plants, but in high concentrations can cause metabolic
disorders and inhibit the growth of most plant species. Heavy metals can accumulate in the
food chain, posing a significant danger to the environment and human health [29].

Compared to iron and copper, arsenic is not essential for plants and other organisms.
Plants accumulate arsenic in the root and transport it to the stem, through active or passive
mechanisms. Exposure of plants, even at low concentrations in arsenic, can cause changes

in their morphology, physiology, but also their biochemistry [49].

1.2. The effect of heavy metals on the test species Triticum aestivum L.

Gang and collaborators studied in 2013 the effect of different concentrations of heavy
metals, such as copper, cobalt and chromium on the germination of caryopsis and the growth
of common wheat seedlings (Triticum aestivum L.) [25]. The results obtained by them
showed that at high concentrations of heavy metals there was a decrease in the percentage
of germinated caryopsis compared to the control, but the differences were not significant up
to concentrations of heavy metals of 100 ppm (Cu, Co and Cr). However, all three heavy
metals significantly reduced the seed germination capacity, compared to the control, at 200-
500 ppm concentrations (P < 0.01).

Mahmood and colleagues studied in 2007 the effect of copper at concentrations of 1-
10 ppm on the common wheat species (Triticum aestivum L.) and found that at 10 ppm
copper (10 uM) there is a reduction of more than 35% in germination. cariposelor [45].

Singh et al. (2007) studied the effect of copper at concentrations of 5-100 ppm (mg /
L) on common wheat caryopsis (Triticum aestivum L.) and found that at 100 ppm copper,

the germination capacity of the seeds is approximately 65% [72].



A number of studies have reported that wheat seedlings have responded rapidly to a
higher concentration of metals in terrestrial ecosystems by changing germination parameters
and disrupting root growth compared to that of the stem [30]. The change in root growth is
probably due to the consequences of direct exposure to heavy metal toxicity and the
preferential accumulation of these elements in the root, followed by slow mobility to other
vegetative organs of the plant [27]. Such an effect can be explained by the fact that the
affected roots can cause a slower movement of metals to the other vegetative organs of the
plant [21].

At concentrations of 10-100 pM, iron affects seedling growth and leaf development
[42], by producing excess reactive oxygen species [53]. It has been observed that iron
toxicity may decrease superoxide dismutase activity in wheat and rice plants [76].

Iron, in the ferrous and rarely ferric state, binds to the tetrapyrrole ring, forming
existing cytochromes in chloroplasts, which catalyze various reactions underlying
photosynthesis. At the same time, iron plays an important role in the respiration process [27].

For common wheat, the accessibility of metals is strongly influenced by soil moisture
and reaction. Thus, with the increase of humidity to about 60% of the water capacity of the
soil, the solubility of copper has a tendency to increase, and after this value begins to
decrease substantially. As for iron, as the soil moisture approaches 100% of the water
capacity, the solubility increases 20 times. Regarding the reaction of the soil, the more acidic

the pH, the solubility of heavy metals increases, especially iron.

1.3. Methods for decontamination and remediation of soil toxicity and mining

residues in the Tarnita mining area

1. 3 .1. Physico-chemical methods for decontamination of soils polluted with heavy

metals

The methods of remediation and depollution of some mining areas are dependent on
the types of soil, on the properties of the chemicals found in the respective areas, on the
depth of contamination, as well as on the natural processes that can manifest at the
contaminated place [51] .

The extraction of heavy metals from the soil and metalliferous residues is a practical
process of washing with water or various solutions, in order to purify the soils ex-situ, in
order to remove impurities. By this process soil contaminants can be removed in two ways:
either by dissolving or retaining them in the washing solution, which is subsequently treated

by conventional wastewater treatment methods, or by concentrating them in a smaller



volume of soil and then gravitational separation of particles by washing, a method similar to
the techniques used for sand and gravel [62].

1.3.2. Microbiological remediation of mining residues with yeast cultures
Saccharomyces cerevisiae Meyen ex EC Hansen active and inactivated

Among the yeasts of the genus Saccharomyces , S. cerevisiae Meyen ex EC Hansen
is of special interest as a biosorbent [22, 82]. It is a harmless yeast, widely used in the food
industry. S. cerevisiae Meyen ex EC Hansen has the ability to remove heavy metals from
aqueous solutions at low concentrations, as well as to tolerate changes in pH and temperature
during various processes [44, 84]. Biomass of S. cerevisiae Meyen ex EC Hansen can
remove heavy metals, whether it is metabolically active (alive) or inactivated (dead) [23].
The advantages of using inactivated microorganisms include the elimination of culture
media and special nutrients, thus reducing the cost of decontamination. In addition, it is
possible to regenerate and reuse biomass, with the option to immobilize it and facilitate the

mathematical modeling of the phenomena involved in the yeast-metal union [15].
1. 3. 3. Chemical methods for remediation of toxicity of mining residues

1.3.3.1. Determining the protective role of glutathione during the growth of plants

exposed to excessive levels of heavy metals and arsenic

Glutathione is considered the most powerful natural antioxidant, the best tool for cell
protection, the guarantor of the body's health [73].

In 2006, Ciobanu and collaborators showed that the germination parameters
decreased significantly when the cariposes of the species Triticum aestivum L. were treated
with Cu %" ions at a concentration of 10 2 M, and these parameters were recovered upon
addition to the solution. treatment of glutathione [13] .

GSH acts as a precursor of the synthesis of phytochelatins, peptides synthesized
posttranslationally, which play an important role in regulating the intracellular
concentrations of heavy metals and not only [31, 61, 68]. Phytochelatins retain the metal and
form a complex which is then transported in vacuoles [26, 65].

It was found that during the germination of common wheat caryopsis, glutathione at
a concentration of 10 mM shows a protective role against the toxicity of sodium arsenite,

protecting the germination process and stimulating seedling growth [8].



1. 3.3.2. Remediation of heavy metal toxicity from mining residues
by precipitation with hydroxides

The most widely used chemical precipitation technique is hydroxide precipitation
due to its relative simplicity, low cost and pH control [34]. The solubilities of the different
metal hydroxides are reduced to a minimum, in the pH range 8.0 - 11.0. Metal hydroxides
can be removed by flocculation and sedimentation.

The process of precipitating hydroxide using calcium and sodium hydroxides to
remove copper ions from wastewater was evaluated by Mirbagheri and Hosseini in 2005
[50]. The optimum pH for maximum precipitation of copper ions was approximately 12.0
for both calcium hydroxide and sodium hydroxide, and the copper concentration was
reduced from 48.51 mg/Lt00.694 mg/L..

Hydroxide treatment increased the particle size of the precipitate and significantly
improved the efficiency of heavy metal removal. The concentrations of chromium, copper,
lead and zinc in the effluents can be reduced from the initial concentration of 100.0 mg/ L
to 0.08; 0.14; 0.03 and 0.45 mg / L, respectively [10, 41].

Precipitation is a process that brings a substance from a solution to an insoluble form.
This process alters the solubility of metal ions by reacting with specific chemicals, causing
them to precipitate in solution. This approach can be adopted in the case of soils
contaminated with heavy metals, in order to convert excess metals into insoluble forms,

reduce their mobility in plants and the negative effects of their toxicity on the environment.



PART Il - OWN RESEARCH

CHAPTER 2. Research materials and methods

In an effort to solve the research purpose of this thesis, presented at the beginning of
this thesis, through the research we aimed to investigate the physiological responses of test
plants (common wheat - Triticum aerstivum L., Putna variety) both to excess heavy metals
from collected mining waste from the dump and from the soils located in the surroundings
of the former Tarnita barite mine, Ostra commune, Suceava county, as well as to the
supernatants obtained from the substrate in the respective area and decontaminated by
microbiological and, respectively, chemical methods.

In accordance with the objectives pursued, in this doctoral thesis the concentrations
of heavy metals and arsenic were determined from the samples collected from the perimeter
of the experiment by the ICP-OES method (inductively coupled plasma optical emission
spectroscopy) and the AAS (atomic absorption spectrometry) method , then performed
experiments to germinate common wheat caryopsis and grow test seedlings under the
influence of toxicity from mining waste from landfills, contaminated soils and toxic
supernatants, as well as experiments to remedy quantities of heavy metals present in them
by biological decontamination (treatments with yeast Saccharomyces cerevisiae Meyen ex
EC Hansen ) and chemical (treatments with glutathione and hydroxide precipitation) , in
order to inhibit the toxicity of mining residues before performing germination tests on plant
species test. At the same time, the effect of iron, copper and arsenic ions on the common
wheat test variety was observed, as well as the protective effect that glutathione may have
on this variety in case of toxicity caused by copper ions in excessive concentrations and,
respectively, the presence of arsenate / arsenite ions. Germination and seedling cultivation
tests were performed by in vitro experiments, in the research spaces of the Laboratory
CERNESIM - Faculty of Biology and Biochemistry Laboratory - Faculty of Chemistry,

within the "Alexandru loan Cuza™ University of lasi.

2.1. Materials
2.1.1. Biological species test
Spring wheat caryopsis (Triticum aestivum L.), Putna variety approved at the
Agricultural Development Research Station Suceava, Romania, by Gaspar and collaborators
were selected according to their size for uniformity and used in germination experiments in

the presence of mining waste and some soil samples collected from the perimeter of the
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mining operation in Tarnita, Suceava County. These common wheat caryopsis were treated
with aqueous extracts obtained from metalliferous mining waste, as well as from soil
samples collected around the mined area in question. Some aqueous extracts of these
materials were also used after their microbiological decontamination with yeast or
chemically with glutathione and, by precipitation with hydroxides, respectively. Separately,
some chemical solutions of some heavy metal salts (FeSO4, CuSOsand CuCly) and arsenic
ions in the form of NaH2AsOs and NaH2AsO4 were applied, to highlight the action of each
type of ion.

The yeast mass Saccharomyces cerevisiae Meyen ex EC Hansen biologically active
was purchased from a commercial company, SC ROMPAK SRL, Pascani, Romania and
maintained at 4 °C before use, being used in decontamination experiments due to the fact
that the literature highlights, through numerous researches, the effectiveness of yeast in

decontamination of heavy metal soils and waters [33, 43, 83].
2.2. Sampling

2.2.1. Sampling area and preparation of mining and soil waste samples

The copper and barite mine from Tarnita, closed and decommissioned since 2006,
represents a great danger for the environment. The area contaminated with heavy metal salts
and metalloids, such as arsenic compounds, as well as other elements, such as aluminum and
heavy metal compounds, is located in the commune of Ostra, on the banks of the rivers
Brateasa and Tarnicioara, the latter being a right tributary of of the Moldova River.

The huge deposits of metalliferous mining waste left after the closure of the copper
and barite mine in the Ostra-Tarnita area have severe negative effects on the environment,
being deposited in four tailings ponds: Poarta Veche, Ostra, Tarnicioara and Valea Strajii,
among all, the pond The tarmac containing the largest amount of mining waste.

In order to investigate the current state of the environment in the Tarnita area, samples
of metalliferous mining waste (DMM) were taken from the tailings dump and soil samples
collected from the vicinity of the tailings dump (approximately 30 m away from it). As
several tailings dumps were created as a result of barite mining, the sampling points are

shown in Figure 2.1.
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FIG. 2.1. Tarnita mining complex, Suceava, Romania:

(a) Positioning of tailings dumps in the Tarnita mining complex (A - Tarnicioara; B - Valea
Straja; photo from Google Earth source); (b) Waste dump in the Straja Valley area; (c)
Contaminated water around tailings dumps; (d) Tarnicioara contaminated river, located at

approx. 30 m away from the landfill.

Samples collected from the metalliferous mining waste dump and in its vicinity
(Figure 2.1, b) were taken from the surface horizons (20 - 30 cm depth), from bottom to top,
in polyethylene bags. They were conditioned by drying in an oven at 40 °C, placed on a filter
paper in a thin layer of about 2 cm, then screened through a 2 mm sieve and finally
homogenized. All samples were stored in closed polyethylene vessels, stored at + 4 °C and
analyzed by ICP-OES and AAS spectrometry.

In order to achieve the objectives of the doctoral thesis, the collected samples were
used to test the toxicity of heavy metal ions and arsenic in these samples using common
wheat caryopsis - Triticum aestivum L., Putna variety, and to identify methods for
decontamination of soils polluted with significant amounts of heavy metals, soils taken from

the copper mining area and barite Tarnita.
2.2.2. Germination tests on plants Triticum aestivum L. test, variety Putna

2.2.2.1. Disinfection of caryopsis

Disinfection of caryopsis was performed with 5% sodium hypochlorite for 5 minutes.
Subsequently, caryopsis was washed several times with MilliQ ultrapure water, until the

characteristic odor disappeared [4, 55].

2.2.2.2. Germination method of caryopsis

The experiments were performed in three repetitions, with batches of 50 caryopsis,
which were placed in sufficiently large test tubes (180 x 18 mm) to allow their mixing with

the treatment solutions , after which the treatment solution was added. corresponding to each
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sample. The mixtures in the tubes were incubated for one hour, with intermittent stirring,
long enough to soak the seeds with the treatment solutions, according to the
recommendations of ISTA (Seed Science and Technology, 1993) [48] .

After one hour, the caryopsis, together with the solution with which the treatment
was performed, were evenly distributed in Petri dishes with a diameter of 9 cm, each with
two overlapping layers of filter paper, according to ISTA recommendations (Seed Science
and Technology, 1993) [48]. To preserve the sterile working environment, we worked under
the hood of microbiological protection and PCR with vertical air flow . Petri dishes were
kept throughout the germination period in the growth chamber, equipped with a temperature,
humidity and light programming system. Experimental working parameters in the growth
chamber ( Snijders Scientific, Netherlands) temperature, humidity and light were selected so
as to correspond to the living conditions specific to the species Triticum aestivum L. [58].
For germination, the following conditions were ensured in the growing chamber:
temperature of 24 °C (x 1) and a lighting regime of 16 hours light / 8 hours darkness. The
whole germination process thus organized lasted for 7 days [20, 67].

The experiments were performed in the Laboratory CERNESIM research of the
Faculty of Biology and in the Biochemistry Laboratory within the Faculty of Chemistry,

“Alexandru lIoan Cuza” University of lasi.
2.2.3. Repair of treatment solutions for germination tests

2.2.3.1. Preparation of toxic supernatant (ST)

In order to determine the effect of the mining residues from Tarnita on the plant
species subjected to germination and seedling growth in the biological tests, samples of 1 g
of homogenized material were collected, in three repetitions, collected from the tailings in
centrifuge tubes and subjected to extraction with 10 mL of ultrapure Mili-Q water on the
ultrasonic bath for 15 minutes. For the extraction of heavy metals, the methods applied by
Rauret and collaborators in 1989 and by Deelsch were adapted. and collaborators in 2006, so
the resulting suspensions were ultracentrifuged for 5 minutes at 5000 rpm [64, 16] . The soil
and the original metallic material, as well as 1 g samples of the same solid materials from
which the water-soluble residues were removed were uniformly deposited on the filter paper
in the respective Petri dishes. The toxic supernatant was thus removed, but was used in
germination experiments to verify the effect of the extracted heavy metals on some test plant

species.
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2.2.3.2. Method of decontamination of metalliferous mining waste (DMM)

by water extraction

An amount of 1 g of DMM was taken and extracted with 10 mL of ultrapure Mili-Q
water on the ultrasonic bath for 15 minutes. The toxic supernatant obtained after
ultracentrifugation for 5 minutes at 5000 rpm was removed and the solid material from DMM
was mixed with 5 mL of milli-Q ultrapure water and used in germination tests.

For the DMM sample extracted twice, after removing the supernatant obtained after
the first extraction, 10 mL of Mili-Q ultrapure water was added to the DMM extract . The
toxic supernatant obtained by ultracentrifugation for 5 minutes at 5000 rpm was removed
and the solid extracted a second time was mixed with 5 mL of milli-Q ultrapure and also
used in germination tests.

For the DMM sample extracted three times, after removal of the supernatant obtained
after the second extraction, 10 mL of Mili-Q ultrapure was added to the DMM extract . The
toxic supernatant obtained by ultracentrifugation for 5 minutes at 5000 rpm was removed
and the DMM extract extracted for the third time was mixed with 5 mL of milli-Q ultrapure

water and used in germination tests.

2.2.3.3. Method of removal of toxic compounds from the supernatant

by hydroxide precipitation

To remedy the soil and the heavily contaminated area, it was proposed to remove the
content of heavy metals and arsenic from the washing waters by the method of precipitation
with hydroxide solutions (sodium, calcium, etc.), according to the method adapted and used
by Jang and collaborators in 2007 [37]. Thus, a 4% NaOH solution to pH 5.0 was added to
the toxic supernatant, and the mixture thus obtained was ultracentrifuged for 5 minutes at
5000 rpm. Alkalization was performed separately with the same alkaline solution to a pH of
12.0. The supernatant obtained was finally neutralized with a solution of 4% HCI and 4%
NaOH to pH 6.9-7.0 so as not to affect the germination of the test plants. After centrifugation,
to remove the precipitates obtained, all these hydroxide precipitation decontaminated
solutions were also used in biological research. The heavy metal content of all solutions was

measured by atomic absorption spectrometry (AAS).
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2.2.3.4. Method of reducing the toxicity of supernatant with yeast cultures
Saccharomyces cerevisiae Meyen ex EC Hansen

The active yeast sample used to prepare a suspension was obtained by mixing 5 g of
yeast with 10 mL milli-Q ultrapure water for one hour at room temperature, stirring
intermittently.

For the inactivated yeast sample, 5 g of yeast were treated with 10 mL of milli-Q
ultrapure water at boiling point, a procedure which was carried out by intermittent stirring
for one hour in a water bath at 100 °C. method adapted after Goksungur and collaborators,
who inactivated yeast cultures by keeping them at 121 °C for 15 minutes [28].

Active yeast was used for bioremediation of the supernatant, i.e. 5 g of yeast were
incubated for one hour with 10 mL of toxic solution (6 mL of toxic supernatant and 4 mL of
ultra-pure milli-Q water).

In order to reduce the toxicity of the supernatant containing heavy metal ions,
inactivated yeast was obtained, obtained from 5 g of yeast treated with 10 mL diluted
supernatant solution (6 mL toxic supernatant and 4 mL milli-Q ultrapure water), which was
at boiling point. ; the resulting mixture was further maintained for one hour, with intermittent
stirring, on the water bath at 100 °C.

All the cheeses obtained as above were centrifuged for 5 minutes at 5000 rpm, and 5
mL of the supernatant obtained was the sample of active / inactivated yeast and, respectively,
active / inactivated yeast and toxic supernatant (ST). For the comparison of the samples with
active yeast with those with inactivated yeast, control samples were performed in three
repetitions, with 5 mL of ultrapure milli-Q water and 50 caryopsis of common wheat.

2.3. Research methods

2.3.1. Methods of analysis by inductively coupled plasma optical emission spectroscopy

(ICP-OES) of mining and soil waste samples taken from the Tarnita area

analyzes were performed in the Biochemistry laboratory at the Faculty of Chemistry,
UAIC Iasi and in the Analytical Chemistry laboratory, University of Chemical and
Metallurgical Technology, Sofia, Bulgaria.
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2.3.2. Methods of analysis by atomic absorption spectrometry (AAS) of the samples of

mining and soil waste taken from the Tarnita area

Analyzes were performed in the Biochemistry laboratory at the Faculty of Chemistry,
UAIC Iasi and in the Laboratory of the ICAS Marian Dracea Research Station, Campulung
Moldovenesc, Suceava.

2.3.3. Analysis of germination parameters

The process by which the embryo of a caryopsis passes from the dormant to the active
state, as a result of which a seedling appears, is called germination. In the species Triticum
aestivum L. germination is unipolar, ie the root and stem come out of the caryopsis through
the same place [3].

In order to evaluate the germination parameters of caryopsis, the size and,
respectively, the mass of the resulting seedlings, germination experiments were performed
in the presence of treatment solutions, tests that lasted 3 to 7 days [20, 67].

After 3 days of treatment, the number of germinated seeds was determined
(germination energy, Eg, expressed as a percentage).

Germination energy (E ¢, %) , represents the ability of seeds to germinate (for
Triticum aestivum L. - every 3 days).

It is determined as a ratio between the number of caryopsis germinated in the first

third of the period (a) and the total number of caryopsis analyzed (n):

E, = % 100 (1)

Germination faculty (F ¢,%0) , represents the ability of the seeds to germinate
until the end of the germination period ( Triticum aestivum L. - 7 days).

It is determined as the ratio between the number of caryopsis germinated at the end
of the period taken into account as germination days (b) and the total number of caryopsis
analyzed (n):

F

=2-100 @)

After 7 days of treatment, in each Petri dish was determined the number of seedlings
formed, germinated caryopsis but from which no seedlings were formed (germination, F g,
expressed as a percentage) and non-germinated / dead caryopsis [70]. After Evers and
Bechtel (1988) and Nita et al. (2004), respectively, the seedling represents the stage of
ontogenetic development of the plant in which it has the main root with first-order secondary

roots, the hypocotyl, cotyledon, first leaf and second, and the third is barely dissolving [19,
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54]. According to Andrei et al. (2008) 2-3 days after germination, common wheat seedlings
have a short primary root or root, which through growth penetrates coleorize [3].

For each seedling resulting from germinated wheat caryopsis, the coleoptile was
harvested after 7 days of treatment, together with the first leaf, determining the average mass
(m ,, mg) and the average height of all seedlings formed (cm) in each Petri dish.

To determine the germination capacity, the normally germinated caryopsis from each
repetition were counted. It was considered that a caryopsis germinated when the root was
about 2 mm long [1, 55]. Caryopsis found swollen, rotten, moldy at the end of the

germination period were considered ungerminated.

2.3.4. Statistical data processing

To process data from germination experiments of test plants grown on environments
with heavy metal-rich mining residues, the Tukey test was used [74]. A 95% confidence
interval was used as the margin of error. For each treatment performed in three repetitions,
the germination parameters were calculated, after which the standard deviation of the
obtained values was calculated. The average of the three repetitions was compared with a
calculated D value to see if the difference was significant. For the difference to be significant,

the average of three repetitions must be greater than the calculated value D.
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Chapter 3. Heavy metal and arsenic pollution from copper and barite

mines Tarnita and decontamination methods

3.1. Heavy metals and arsenic in mining and soil waste samples from Tarnita copper

and barite mines

3.1.1. The objective of the research

The copper and barite mines in the Tarnita mining area are currently closed, but the
open-cast metalliferous ore deposits, as polluting waste, still contain, in significant
quantities, toxic chemical elements. The deposits and their immediate vicinity represent the
first area of contamination, as it contains large quantities of elements such as iron, lead,
barium, aluminum, arsenic, copper, etc. These elements are in the form of minerals such as
insoluble iron and copper sulfides, which continuously release, by oxidation and hydrolysis,
significant amounts of metal ions into the environment.

In this context, the research carried out within the doctoral thesis showed that the
Tarnita area located in Ostra commune, Suceava county is extremely polluted. The results
of the analysis of mining waste samples taken from the tailings dump, soil and wastewater
samples showed that they are heavily contaminated with heavy metals such as iron, lead
copper, cadmium, but also with arsenic-type metalloids, and the analysis of soil collected
from contaminated areas showed their acidity, their pH being between 2.04 and 7.5. The
high acidity of metalliferous waste recorded in these types of substrate could be correlated
with the availability of heavy metals and the contamination of water and soils in the vicinity

of waste landfills by leaching.

3.1.2. Determination of the concentration of heavy metals and metalloids by inductively

coupled plasma optical emission spectroscopy (ICP - OES)

The samples of metalliferous mining waste (DMM) and soil from Tarnita taken from
a depth of 20-30 cm were dried in air and then in an oven at a temperature of 40 °C. Prior to
analysis by ICP-OES and AAS spectrometry, all samples were stored at 4 °C.

ICP-OES analysis, samples of metalliferous mining waste (DMM) and soil ( 0.2-0.3
g) were extracted with 15 mL of a mixture of HNOgz : HCI acids, in a ratio of 1: 3, a mixture
maintained at boiling point for 25 minutes, and the solution obtained was filtered and
subsequently diluted to 50 mL with Milli-Q ultrapure water.
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In parallel, samples of metalliferous mining waste (DMM) and soil (1 g) were
subjected to extraction on the ultrasonic bath for 15 minutes at 5000 rpm, once, twice and
three times, respectively, with 10 mL of ultrapure water Milli-Q. The toxic supernatant
obtained after the first extraction was used to determine the concentrations of contaminants

in metalliferous mining waste or soil by ICP-OES or AAS measurements.

3.1.3. Determination of the concentration of heavy metals by

atomic absorption spectrometry (AAS)

To determine the concentration of heavy metals by the AAS method, samples with
toxic supernatant (ST) obtained after the first extraction of DMM, were treated with 4% HCI,
inaratio of 1: 8 (v/v), HCI: ST . Samples with decontaminated toxic supernatant (DMMD)
were precipitated by the addition of 4% NaOH to pH 5.0 and, after filtering the heavy metal
residue through filter paper, the clear solution was neutralized with HCI, 1: 8 (v / v), HCI :
sample. The supernatants obtained were neutralized with 4% HCI and 4% NaOH to pH 6.9-
7.0.

In parallel samples with supernatant obtained after the first extraction of the collected
soil in the vicinity of the mining waste dump (approx. 30 m) were filtered through filter
paper (SF), and the solution obtained was acidified with 4% HCI, in a ratio of 1: 8 (v / v),
HCI : sample.

After ultracentrifugation for 5 minutes at 5000 rpm, to remove the precipitates
obtained, all these solutions were samples for measuring the heavy metal content by atomic
absorption spectrometry (AAS).

3.1.4. Obtained results

Through the ICP-OES analysis, significant quantities of heavy metals such as Fe, Cu,
Pb and Zn were detected in the Tarnita forest area both in and around the metalliferous
mining landfill (Table 3.1). Of all the elements found in the landfills, iron showed the highest
concentration and, in addition, this element was found at great distances from the landfill,
its quantity becoming even higher than in the original collection site . However, the most
toxic elements found in the tailings dump were copper (3,119 mg / kg), arsenic (676 mg /
kg) and lead (2,672 mg / kg) [17]. The other elements, such as Ba (14 mg / kg) and Zn (432
mg / kg) are either less toxic or were present as trace elements. In the samples of mining
waste collected from the landfill, the elements Cr and Mn were present in the form of traces,

in quantities less than 0.7 mg / kg.
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Table 3.1. Concentration of heavy metals and metalloids in DMM and soil (mg / kg) determined by ICP-
OES: (DMM) sample of metalliferous mining waste collected from the tailings dump; (S) soil sample

collected from 30m away from the metalliferous mining waste dump.

Total concentration of heavy metals (mg / kg)
Elements Sample
DMM S

(Fe) 357,869 + 280 493,500 # 405
(Cu) 3,119 + 65 334+8
(Pb) 2,672 + 58 137 £12
(Zn) 432 +73 420 + 17
(Ba) 14 + 58 537 +5
(Cr) traces 20+7
(Mn) traces 661 + 10
(Ni) 0 29+8
(As) 676 + 13 96 + 5

The results obtained were compared with the normal standard values for heavy

metals and arsenic in soils, data presented in Table 3.2. .

Table 3.2. Normal standard values for heavy metals and arsenic in soils [57].

Heavy metal concentration (mg / kg dry matter)
(Fe) | (Cu)| (Pb) | (Zn) | (Ba) | (Mn) | (Ni) | (Cr) | (As)
- 20 20 100 200 900 20 30 5

The concentrations of heavy metals in aqueous extracts with mining residues are
shown in Table 3.3. The standard error was less than 5%. The results obtained by atomic
absorption spectrometry (AAS) for agueous extracts containing heavy metal mining residues
were compared with the allowable values for surface water samples in Romania. The

standard values of surface waters for classes 1, 2 and 3 are presented in Table 3.4 [56, 75].
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Table 3.3. Concentration of heavy metals in mining residues (mg / L) determined by AAS: DMM - sample
of metalliferous mining waste (1g DMM collected from the dump, in 10 mL H»O and treated with HCI);
DMMD - decontaminated metallic mining waste sample (DMM collected from the dump, in 10 mL H0,
precipitated with NaOH and neutralized with HCI); SF - filtered soil sample (1 g soil collected from 30 m

away from the dump, in 10 mL HO, filtered and treated with HCI).

Total concentration of heavy metals (mg/ L)
Sample
(Fe) (Cu) (Zn) (Mn)
DMM 675.63 32.14 7.07 0.38
DMMD 238.58 0.266 4.28 0.4
SF (30m) 5.86 0.276 3.35 0.009

Table 3.4. Standard values for Class 1, 2 and surface waters 3 [75].

Class Heavy metal concentration (mg/ L)
(Fo) | (Cw | @Zn) | (Mn) | (N | (Cp
1 0.3 0.05 0.03 0.5 0.1 0.5
2 1 0.05 0.03 0.3 0.1 0.5
3 1 0.05 0.03 0.4 0.1 0.5

Natural water quality problems are mainly caused by heavy metals such as Fe, Cu,
Mn and Zn [40].

As can be seen from Table 3.3, there are excessive increases in Fe (675.63 mg /L)
and Cu (32.14 mg/ L) concentrations in the toxic supernatant obtained by washing the DMM
samples collected from the tailings depot, in while Zn (7.07 mg / L) was less present. Mn
(0.38 mg / L), which is less toxic and has biological activity, was present in traces as a trace
element. Currently the concentration limits allowed in natural waters for Fe, Cu and Zn are
0.3-1mg/L,0.05mg/Land0.03mg/L (Table 3.4), values that have been far exceeded in
the case of research, a fact that demonstrates that the samples collected from the ore waste
dump are extremely toxic and present a real danger to the quality of the environment.

Regarding the concentration of iron in aqueous extracts with tailings decontaminated
by hydroxide precipitation (238.58 mg / L), but also in aqueous extracts obtained from soil
collected from 30 m away from the tailings dump (5.86 mg/ L), the values of this metal are
well above the allowable limit of 0.3-1.0 mg / L, found in surface waters. So the Fe
concentration continues to be extremely toxic, due to its extremely high values.

The concentration of zinc in both aqueous extracts of mining waste (4.28 mg / L),
which have been partially decontaminated, and in soil extracts (3.35 mg / L), are still high,

well above the values of 0 .03 mg / L, standard admissible.
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The concentration of copper exceeded the standard values allowed for surface waters
(0.05 mg / L), while the increases compared to standard values were much lower ( sterile
decontaminated - 0.266 mg / L and soil - 0.276 mg / L). However, copper ions present in the
environment were still considered toxic to human health.

The high concentrations of Fe, Cu and Zn in the aqueous extracts obtained from the
DMM and soil samples collected from Tarnita cause an increased toxicity on the food chain.
Thus, another contaminant, extremely toxic, detected in the mining waste dump and in the
surroundings was arsenic. The concentrations determined by the ICP-OES method were 676
mg / kg in the mining waste dump and 96 mg / kg in the soil samples collected from 30 m
distance from the dump [78]. Low levels of arsenic are naturally present in the soil [46]. The
concentration of arsenic in the soil allowed worldwide is around 5 mg / kg, with substantial
variations depending on the origin of the soil [47]. In the determinations carried out in the
Tarnita area, the values recorded for this metalloid were well above the allowed limit, data
indicating that these concentrations represent a real danger to human health and the

environment.

3.1.5. Preliminary conclusions

ICP-OES measurements showed that metalliferous mining landfills contain large
amounts of Fe (358 g / kg), Cu (3,119 mg / kg), As (676 mg / kg), Pb (2,672 mg / kg) and
Zn (432 mg / kg). In the Tarnita deposit subjected to spectrophotometric analysis, the
quantities of heavy metal and arsenic determined varied as follows: Fe> Cu> Pb> As> Zn>
Ba> Cr> Mn> Ni, the most toxic elements found in the dump being Fe (due to the very high
quantity), then Cu, Pb and an extremely dangerous metalloid, As. Although Fe was
quantitatively determined at the highest value, this metal was also found at a distance from
the dump (493.5 g / kg), its quantity obviously exceeding the amount in the metalliferous
mining landfill of 358 g/ kg .

In the case of soils located at a distance from dumps, the values of these elements,
with the exception of Cr and Mn, are well above the limit of the normal values allowed for
soils. These elements recorded the following values above the permissible limit: Ba (337 mg
/' kg), Zn (320 mg / kg), Cu (314 mg/ kg), As (91 mg/ kg), Pb (117 mg / kg), Ni (9 mg / kg).
In this context, we consider that certain quantitatively determined elements (Fe, Cu, As, Pb
and Zn) in the Tarnita mining operations (dump, as well as soil taken from 30 m away)
continue to be, through the high values of their extremely toxic concentration. for humans

and the environment.
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Although heavy metals in extremely toxic concentrations form aggregates in
metalliferous mining landfills, they could be easily removed by water extraction in a ratio of
1:10, under the action of ultrasound. As a result, after the first extraction with distilled water,
the toxic metals passed into the resulting supernatant.

AAS measurements performed on samples of aqueous extracts obtained from
samples collected from the mining landfill and from the surrounding soil (1g DMM / soil at
10 mL H 2 O) , respectively, showed that some heavy metals such as Fe (DMM - 675.63 mg
/L, SF (30m)-5.86 mg /L), Cu(DMM -32.14mg/ L, SF (30m)-0.276 mg/ L), Zn (DMM
-7.07mg/L), SF(30m)-3.35mg/L)and Mn (DMM - 0.38 mg/ L, SF (30m) - 0.009 mg
/L) are present in high concentrations, extremely toxic to the environment. The
concentrations of these heavy metals in DMM and soil, determined by AAS, decreased in
value after the first water extraction, but these values remained excessively high in the
samples, compared to the standard values allowed nationally for surface waters in Romania
. This has shown that many amounts of heavy metals are insoluble and cannot be extracted
with water in the form of metal ions.

As the supernatant obtained by water extraction is toxic to the environment, further
decontamination by hydroxide precipitation was further used. In the case of extracts with
decontaminated mining waste by precipitation with sodium hydroxide (DMMD), the
concentrations of gel metals continued to be very high, compared to the standard values
allowed: Fe (238.58 mg/ L), Cu (0.266 mg/L), Zn (428 mg /L) and Mn (0.4 mg/L).

The AAS measurements showed that the difference between the concentrations
determined for these heavy metals and the standard values allowed ordered the contaminants,
in descending order, as follows: Fe> Cu> Zn> Mn for the DMM extract; Fe> Zn> Cu> Mn
- for the extract obtained from DMMD; Fe> Zn> Cu - for the extract obtained from SF (30
m). The concentration of manganese in the aqueous extract of the soil collected from 30 m
away from the metalliferous mining waste dump did not exceed the allowed standard values,
0of 0.3-0.5mg/ L.

The high concentrations of Fe, Cu and Zn determined in the aqueous extracts
obtained from the samples of metalliferous mining waste and soil collected from the mining
operations Tarnita demonstrate the increased toxicity and the continuous danger that these

contaminants present for the food chain in the forest area to which the mining belongs.
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3.2 . Assessment of the toxic effect of mining residues in copper and barite mines
Tarnita by caryopsis germination and seedling growth tests on common wheat,

Triticum aestivum L., Putna variety

3.2.1. Germination tests of wheat caryopsis and seedling growth on soils in the vicinity of

the mining waste dump

3.2.1.1. The objective of the research

One of the research objectives proposed in this doctoral thesis was to study the
toxicity of soils from the mining area Tarnita [52], by conducting germination experiments
on test plant caryopsis such as Triticum aestivum L. (common wheat, spring) , experiments
performed in laboratory conditions for this purpose.

In a first experiment, the process of germination and growth of common wheat
seedlings resulting on the collected soils in the vicinity of the metal mining waste dump was
compared, compared to the garden soil (collected from the lasi area). For this, the number
of germinated caryopsis, the number of resulting seedlings, as well as their mass and size
were determined 7 days after the beginning of the experiments performed in laboratory

conditions.

3.2.1.2. Way of working

In order to determine the effect of soil toxicity located 30 m away from the metal
mining waste dump on the germination of caryopsis and the development of common wheat
seedlings, batches of 50 caryopsis were made in three repetitions, which were introduced in
sufficiently large test tubes (180 x 18 mm), to allow their mixing with 5 mL of ultrapure
water (milli-Q), and after an hour they were placed in Petri dishes with a diameter of 9 cm,
on double filter paper over 0 g (control), 5 g, 10 g and 20 g of soil, respectively. For

comparison, triple control tests were performed, with 5 g of garden soil and 50 test caryopsis.
3.2.1.3. Obtained results

The effect of the collected soil in the vicinity of the metalliferous mining landfill on
the germination and growth of wheat seedlings is highlighted in Figure 3.1.

The germination faculty of caryopsis grown on the soil coming from Tarnita
exploitation was 92%, respectively 82%, compared to the test batches grown on garden soil,
which registered a germination faculty of 98% (Table 3.5). Decreasing germination may

suggest that plants may not grow on the soil near mining heaps.
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Table 3.5. Germination of Triticum aestivum L. caryopsis, Putna variety and growth of test seedlings
under laboratory conditions, on soil from the vicinity of the metalliferous mining waste dump from

Tarnita mining (7 days of germination)

Treatment *) | Fo**) | Average seedling mass | Average seedling height
(%) (Mp, mg) (cm)
Control, 5mL HO | 96+1.2 79.25+1.8 12.11+0.6
5 g of garden soil 98+ 2.0 834710 1253+1.2
5 g Tarnita soil 92+13 78.91+£0.5 11.98+0.8
10 g Tarnita soil 82+£22 7757+12 11.86+1.2

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

This result indicates that toxic substances in the soil collected in the vicinity of the
mining waste dump negatively influence both the germination of caryopsis and the growth
of common wheat test seedlings: Fg(%): garden soil (98)> control (96)> 5g Tarnita soil (92)>
109 Tarnita soil (82).

FIG. 3.1. Seedling growth of Triticum aestivum L., Putna variety on soil collected from 30m distance from
the waste dump from the Tarnita mining operation at 7 days of germination, in laboratory conditions.
Treatments: a) 5 g of garden soil, b) 5 g of Tarnita soil.

Both the average mass of seedlings in the variants with 5 g and 10 g of soil collected
from Tarnita, respectively, and their average height decreased, compared to those recorded

for the working variant using garden soil.
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Table 3.6. Germination of Triticum aestivum L. caryopsis, Putna variety and growth of test seedlings on

s0il from the Tarnita mining operation in laboratory conditions, at 7 days of germination.

) Eox) Medium mass Average height
Treatment * g of seedlings of seedlings
(%)
(Mp, Mg) (cm)
Control, 5 mL H,0 9%6+1.2 78.23+19 12.13+0.3
5 g Tarnita soil 93+0.7 7547 0.5 11.22+0.1
10 g Tarnita soil 83+x13 63.36 +0.9 10.84 0.1
20 g Tarnita soil 76+£3.1 59.60 + 0.6 9.47+05

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

From the analysis of the germination parameters of the test seedlings grown on these
soils coming from Tarnita exploitation, it was found that the process of seedling growth and
development is affected, compared to the control seedling lots (mp, = 79.25 mg, height by
12.11 cm) and, respectively, with those grown on garden soil (mp = 83.47 mg, height by
12.53 cm), in the test lots grown on heavy metal soil, the mass and, respectively, the average
height of the seedlings with higher values small: 5 g Tarnita soil: my = 78.91 mg, height by
11.98 cm; 10 g Tarnita soil: mp=77.57 mg, height = 11.86 cm.

From Table 3.6 and Figure 3.2 it can be seen that the soil samples collected from the
Tarnita mining used in the experiment show a slight toxicity, because they inhibited the
germination process, especially in the case of the sample with 20 g of soil, a variant in which

the germination of wheat caryopsis decreased by 20%.

FIG. 3.2. Growing seedlings of Triticum aestivum L. , Putna variety on soil from the Tarnita mining

operation in laboratory conditions, at 7 days of germination. Treatments: a) 5 g sol, b) 20 g sol.
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Both the average mass and the average height of the seedlings decreased with the
increase of the amount of polluted soil used as substrate, compared to the control lots as
follows: mp (mg): control (78.23 ) > S5g Tarnita soil (75.47) > 10g Tarnita soil (63.36) > 20g
Tarnita soil (59.60); height (cm): control (12.13) > 5g Tarnita soil (11.22) > 10g Tarnita soil
(10.84) > 20g Tarnita soil (9.47).

So higher amounts of support soil for growing test seedlings had a clear tendency to

reduce these parameters.

3.2.1.4. Preliminary conclusions

The soils collected on the left bank of the Tarnicioara River, from about 30 m from
the metalliferous deposit, determined the decrease of the germination parameters, the growth
process of the test seedlings being negatively influenced by the excess of heavy metals in
these soils, compared to the control lots, treated with distilled water and, respectively, those
grown on garden soil.

The results obtained showed that the biology of Triticum aestivum L. (common
wheat) plants grown on soil samples collected around the metalliferous mining waste dump
from the Tarnita mining operation is significantly influenced by the quality and quantity of
heavy metal polluted soil used as substrate, growth quantities of soil and the excess of heavy
metals in its composition negatively influencing the process of germination and growth of

young seedlings thus resulting.

3.2.2. Germination tests for wheat caryopsis and seedling growth resulting from the

toxicity of metalliferous mining waste

3.2.2.1. The objective of the research

Another research objective aimed at testing the toxicity of metalliferous mining waste
(DMM) taken from the Tarnita mining area on the germination process of common wheat
caryopsis and the growth process of the resulting seedlings, in order to evaluate the
possibilities of reducing this toxicity by extraction / washing soluble contaminants in those
substrates with distilled water.

Caryopsis germination and seedling growth tests were performed on samples of
mining waste collected from the tailings dump (without extraction), as well as on samples
of mining waste subjected to double and triple extractions, respectively.

The experiments performed in laboratory conditions aimed at analyzing the

germination parameters of the test species caryopsis and analyzing the seedling growth

27



parameters thus resulting for increased variants both under stress conditions caused by the
high toxicity of samples collected from the dump and under reduced conditions. of toxicity

through the extraction of contaminants.

3.2.2.2. Way of working

In order to determine the effect of the toxicity of metalliferous mining waste (DMM)
collected from the tailings dump on the germination of caryopsis and the development of
wheat seedlings, triple samples were performed with 1 g of untreated mining waste, 1 g of
double extracted mining waste, respectively 1 g of triple extracted mining waste.

One step of soil extraction was to add 10 mL of ultrapure water (milli-Q) to 1 g of
mining waste and keep the mixture in the ultrasonic bath for 15 minutes, followed by
centrifugation at 5000 rpm for 5 minutes. The toxic supernatant obtained after centrifugation
was removed, and the mining waste remaining after extraction was used in the germination
tests, in laboratory conditions, as a germination substrate, in Petri dishes.

All samples with extracted mining waste (1 g in each test tube) were mixed with 5
ml of milli-Q ultrapure water, after which 50 test caryopsis were added. For comparison,
triple control samples were performed with 5 mL of milli-Q ultrapure water and 50 test

caryopsis.
3.2.2.3. Obtained results

During the treatment, lasting one week, the sample with mining waste, not subjected
to extraction, completely inhibited the germination of wheat husks (Figure 3.3, treatment b).

A
|N i)

{

FIG. 3.3. Germination of caryopsis and growth of seedlings of Triticum aestivum L., Putna variety in
laboratory conditions, using as substrate the metalliferous mining waste (DMM) from the Tarnita mining
operation, at 7 days of germination. Treatments: a) Control, 5 mL distilled water, b) 1 g DMM without
extraction, ¢) 1 g DMM double extract, d) 1 g DMM triple extract.
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The germination of wheat caryopsis recovered the difference in value compared to
the working variant without extraction process, after the extraction of mining waste two or
three times in succession (Figure 3.3, treatment ¢ and d), situations in which the soil used as
an experimental substrate it becomes, by repeated washing, less toxic.

The germination capacity of the caryopsis cultivated in the control variant was 95%;
this parameter decreased to 3% in the case of the variant cultivated on the substrate
represented by mining waste collected from the landfill of the Tarnita mining operation, and
by the extraction of 2 and 3 times, respectively, of the mining waste with 10 mL of ultrapure
water (milli- Q) the germination capacity of caryopsis returned to 94% and 97%, respectively
(Table 3.7). These results indicate that the toxic substances initially present in the mining
waste sample were extracted during extraction, passing into the supernatant resulting from
washing.

Table 3.7. Germination of Triticum aestivum L. caryopsis, Putna variety and growth of test seedlings on

metalliferous mining waste (DMM) collected from the landfill from the Tarnita mining operation in

laboratory conditions, at 7 days of germination

Treatment *) ) Medium mass Average helght
0 of seedlings of seedlings
(%)
(mp, mg) (cm)
Blanck, H20 95+1.2 63.5+2.3 11.3+0.4
DMM without extraction 3+12 10.3+5.6 1.6+05
DMM extracted 2 times 94 +2.0 58.6 + 5.7 10.4+0.7
DMM extracted 3 times 97 +2.3 65.5 + 5.1 10.9+0.5

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p < 0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

Both the average mass of the seedlings and their average height decreased drastically
in the samples of wheat germinated on the sample of mining waste and returned to almost
normal values (compared to the control variant - germination of caryopsis in ultrapure water
Milli-Q ) after its contaminants were extracted by washing with water 2 and 3 times,
respectively.

This experiment showed that the toxic metals left in the waste after extraction of their
water-soluble part are not toxic to plants under the given experimental conditions. However,
over time, metal sulfides may become soluble and affect plant germination. Unlike chemical

analyzes that indicated the accumulation of a large amount of toxic heavy metals in the
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analyzed mining waste, biological tests showed that their toxicity is much more obvious,
being determined only by soluble species.

3.2.2.4. Preliminary conclusions

The process of germination in laboratory conditions of common wheat caryopsis in
the variants containing substrate collected from the mining waste dump was significantly
influenced by the presence of excess heavy metals, a phenomenon highlighted by chemical
analyzes performed on this working substrate, the results thus obtained supporting
practically the statement according to which the samples of metalliferous mining waste,
through the specific chemical components contained, can completely inhibit the germination
of caryopsis test wheat variety.

Decontamination by successive extractions with distilled water reduced the level of
contaminants in the analysis substrate, which were removed by water extraction and
centrifugation, processes followed by their concentration in the extraction supernatant. As a
result, the parameters of caryopsis germination and growth of test seedlings subsequently
reverted to double extraction of mining waste samples (DMM x 2) and triple extraction
(DMM x 3) with water, respectively, to values close to those obtained in the control variant,

within the norms considered physiologically normal for the biological material analyzed.

3.2.3. Evidence of toxicity of mining residue extracts by wheat caryopsis germination

and seedling growth tests

3.2.3.1. The objective of the research

DMM samples collected from Tarnita exploitation indicated, by determinations
performed by atomic absorption spectrometry (AAS), excessive increases of iron (675.63
mg / L) and copper (32.14 mg / L) concentrations in supernatant solutions. obtained by
extractions (Table 3.3). Far exceeding the toxicity values allowed by the standards in force,
the respective supernatants are practically a real danger to the quality of the environment in
the explored area.

In this context, a research objective of the doctoral thesis aimed at studying the
toxicity of extracts in the form of supernatant, obtained from metalliferous mining waste
(DMM) taken from the Tarnita mining area, on the germination of common wheat caryopsis,
used as biological test material.

Laboratory germination and seedling growth tests used toxic supernatant (ST)

resulting from the first water extraction of DMM collected from the dump and toxic
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supernatant decontaminated by dilution (0 to 5 mL) and tracked both germination rate of
caryopsis, as well as the level of increase of the dimensions (length, fresh mass) of the
seedlings thus resulted in all variants of analysis: stress caused by the high toxicity of the
supernatant obtained from DMM, as well as in conditions of decreasing the concentration of
contaminants by water dilution.

3.2.3.2. Way of working

Triple samples of 1 g of DMM collected from the tailings from the Tarnita mining
operation were placed in centrifuge tubes and subjected to extraction with 10 mL of ultrapure
water (milli-Q) on the ultrasonic bath for 15 minutes. For heavy metal extraction, the
resulting suspensions were ultracentrifuged for 5 minutes at 5000 rpm. The toxic supernatant
was separated and used in germination experiments to study the effect of heavy metals on
the test plant, common wheat - Triticum aestivum L., Putna variety.

In order to determine the effect of the mining residues from the Tarnita mining
operation on the germination of caryopsis and the growth of the test seedlings, triple samples
were performed with 1, 2, 3, 4 and, respectively, 5 mL of toxic supernatant, mixed
appropriately with 4, 3, 2, 1 and 0 mL of milli-Q ultrapure water, respectively, so as to
obtain 5 mL of toxic solution for each treatment variant. All samples were placed in test
tubes with 50 grains of test wheat. For comparison, triple control samples were performed,

with 5 mL of milli-Q ultrapure water and 50 test caryopsis.

3.2.3.3. Obtained results

The results presented in Figure 3.4 and Table 3.8 show that the germination capacity
decreases from 97% in the case of control seedling batches to 67% in the use of 3 mL of
toxic supernatant and continues to decrease to 48% in the case of control seedlings. add 5
mL of toxic supernatant over the caryopsis.

The average mass of common wheat seedlings decreased progressively with
increasing volume of toxic supernatant added to the treatment solutions. Following this set
of experiments, we selected the solution containing 3 mL toxic supernatant and 2 mL
distilled water to perform microbiological decontamination experiments of the residual
substrate, using as decontamination material the yeast species Saccharomyces cerevisiae

Meyen ex EC Hansen .

31



FIG. 3.4. Germination of caryopsis and growth of seedlings of Triticum aestivum L., Putna variety in
laboratory conditions, using as substrate mining residues from the Tarnita mining operation, at 7 germination.
Treatments: a) Control, 5 mL H;0, b) 1 mL ST+4 mL H;0, ¢) 2 mL ST+3 mL H;0, d) 3 mL ST+2 mL H;0,

e)4mLST+1mLH,O,f)5mL ST. ST = toxic supernatant.

In the process of germination of wheat caryopsis in some of the resulting seedlings
was observed the absence or poor development of the root (initial root) and normal growth
of adventitious roots [2, 3, 39, 87], when common wheat caryopsis was treated with 5 mL
ST (Figure 3.5). This has been correlated with the tendency of plants to accumulate heavy
metals, especially in the roots [35].

FIG. 3.5. The effect of mining residues in the Tarnita mining area on the formation and growth of the root

and adventitious (secondary) roots in the seedlings of Triticum aestivum L., Putna variety cultivated in
experimental laboratory conditions 7 days after treatment . Treatments: a) Control, 5 mL H>O , b) 5 mL ST.

ST = toxic supernatant.

Some of the results obtained and published [78] showed that the common wheat
species is sensitive to mining residues in the Tarnita mining area. Thus, as shown in Table
3.8 and Figure 3.6, the germination capacity decreased continuously and constantly from
97% (Milli-Q ultrapure water control) to only 48% (when using 5 mL of toxic supernatant).
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At the same time, the mass of seedlings resulting at 7 days of treatment decreased from 62.1
mg / lot to only 18.9 mg / lot, that is, of 3.3 times: mp(mg): M (62.1) >1 ST (41.3) >2 ST
(37.2) >3 ST (28.8) >4 ST (21.2) >5 ST (18.9).

Table 3.8. Germination faculty of Triticum aestivum L. caryopsis, Putna variety germinated in laboratory
conditions and the average mass of seedlings thus resulting, as a result of the application of treatments with
increasing volumes of toxic supernatant (ST), at 7 days of germination.

Treatment *) Fg**) Average seedling mass

(%) (mp, mg)
Blamck, H20 97+4.6 62.1+0.4
1 mL ST +4 mL HO 91+23 41.3+2.0
2mL ST+ 3 mL H0 95+31 37.2+3.8
3mL ST +2 mL H.0O 67 £12.2 28821
4mL ST +1mL HO 5179 21.2+5.6
5mL ST 48+ 7.7 18921

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

FIG. 3.6. Seedlings of Triticum aestivum L., variety Putna at 7 germination, grown in laboratory conditions,
on the substrate with mining residues from the Tarnita mining operation. Treatments: a) Control, 5 mL H,0O,
b) 1 mL ST + 4 mL H,0, ¢) 2mL ST + 3 mL H20, d) 3mL ST + 2 mL H,0, e) 4 mL ST + 1 mL H0,

f) 5 mL ST. ST = toxic supernatant.

3.2.3.4. Preliminary conclusions

The results obtained in the germination tests showed that the germination capacity of
wheat caryopsis decreases from 97% in the control group to 67% in the use of 3 mL of toxic

supernatant and continues to decrease up to 48% in the case of added, over the common
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wheat caryopsis, only a toxic supernatant (5 mL). At the same time, the common wheat
seedlings registered a progressive reduction of the average mass, with the increase of the
volume of toxic supernatant added in the treatment variants.

In the experiments performed, the toxicity effect of the supernatant obtained from
the metalliferous mining waste was reduced by successive dilution, before performing the

germination tests, which led to the increase of the analyzed germination parameters.

3.3. Decontamination of mining residues from Tarnita minings

of copper and barite

3.3.1. Decontaminating effect of supernatant of a yeast culture Saccharomyces

cerevisiae Meyen ex EC Hansen on toxic supernatants in mining residues

The decontaminating effect of the yeast suspension Saccharomyces cerevisiae
Meyen ex EC Hansen in its natural, active and inactivated form by boiling was tested on
toxic extracts of mining residues collected from the Tarnifa mining area. Germination tests
of wheat caryopsis and resulting seedling growth have shown its effectiveness in removing
toxic elements from supernatant or soil solutions collected from this area contaminated with

various mining residues.

3.3.1.1. The objective of the research

Due to the fact that the literature presents different chemical, biological and
microbiological methods for decontamination of soils and waters of heavy metals and
metalloids, another research objective proposed in the doctoral thesis aimed to study the
reduction of toxicity of supernatants obtained from metalliferous mining waste. (DMM)
taken from the Tarnita mining area by decontamination with biologically active material
(live) and inactivated by the application of high temperatures, material represented by
supernatant obtained from yeast cultures (Saccharomyces cerevisiae Meyen ex EC Hansen).
For this purpose, germination tests were performed using common wheat caryopsis, to
highlight the degree of decontamination of the cultivation substrate by the use of yeast
supernatant, as well as its effect on the germination process of wheat caryopsis, under
experimental laboratory conditions, experiments that followed the germination parameters
of caryopsis and the modification of the morphometric indices of the seedlings thus resulting

(length, fresh mass) after biological decontamination.
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3.3.1.2. Way of working

In order to determine the heavy metal decontamination effect of the yeast
Saccharomyces cerevisiae Meyen ex EC Hansen of toxic supernatants / mining residues in
the area of the barite mine in question, the method of germination of wheat caryopsis and
seedling growth was tested. newly formed on polluted environments, originating from the
mentioned mining area, initially subjected to the process of biological decontamination with
yeast.

The decontamination experiments with active and inactivated yeast, respectively,
used as an experimental substrate the variant with dilute toxic supernatants (0 to 5 mL),
namely the mixture of 3 mL ST and 2 mL of H2O. Thus the effect of the yeast extract was
determined. active and, respectively, inactivated on the germination of caryopsis in the
presence of mining residues, represented by the toxic supernatant (1 g DMM Tarnita : 10

mL H.0).

3.3.1.3. Obtained results

The first two experiments looked at the effect of the supernatant obtained from the
active and inactivated yeast suspension, respectively, on the germination of common wheat
caryopsis.

The results obtained (figure 3.7 and table 3.9) indicated that, compared to the control
variant, there was a decrease in germination capacity, mass and, respectively, the average
height of the test seedlings, in the cultivation conditions in which caryopsis were treated with
supernatant from incubating the yeast with ultrapure water at room temperature or boiling,
followed by centrifugation, probably due to the organic substances released by the active /
inactivated yeast culture in the supernatant. Thus, the average seedling mass decreased to
55.6% in the case of caryopsis germinated on medium represented by the supernatant
obtained from the active yeast culture and, respectively, to 40.3% in the case of caryopsis
germinated on medium represented by supernatant obtained from the culture of yeast.
inactivated yeast, compared to the batches of seedlings from the control variant, germinated
in ultrapure water.

In turn, the supernatant from the inactivated yeast culture, compared to the one
obtained from the active culture, helped less the growth of the common wheat test seedlings,
in the presence of the toxicity of heavy metals from the mining residues from Tarnita.

According to the results obtained and already published [78] we can also say that the

treatment of common wheat caryopsis with the supernatant obtained from the suspension of
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active yeast (yeast incubated with water at room temperature - DA) and, respectively,
inactivated (yeast incubated with water at boiling point - DI) determined the decrease of the
germination capacity, of the mass and of the average height of the resulting test seedlings,
respectively, compared to the control batches, treated only with water (C): Fg (%): C (97) >
DA (94) > DI (85): mp (g): C (61.3) > DA (55.6) > DI (40.3); height (cm): C (10.4) > DA
(8.1) > DI (4.9).

FIG. 3.7. The effect of the supernatant obtained from the active yeast culture on the germination of caryopsis
of Triticum aestivum L., Putna variety and the growth of seedlings thus resulting in laboratory cultivation
conditions, at 7 days of germination : a) Control, H,O; b) Supernatant with active yeast; ¢) Supernatant with

inactivated yeast.

Table 3.9. The effect of the supernatant obtained from the active and inactivated yeast culture on the
germination of caryopsis of Triticum aestivum L. and the growth of seedlings thus resulting in laboratory

cultivation conditions, at 7 days of germination.

Medium Average height
Fg**) mass of seedlings
*) g
Treatment (%) of seedlings (cm)
(mp ’ g)
Control, Hz0 (C) 97 +1.2 613+ 338 104403
Supernatant
active yeast (DA) 94+34 556 £ 1.7 8.1x0.2
Supernatant
inactivated yeast (D) 85+9.9 40.3+8.2 49+15

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

At the same time, the toxic solution obtained from the metalliferous mining waste from
the Tarnita mining operation, determined the decrease of the germination faculty and

affected the growth and development of the resulting seedlings (Figure 3.8).
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FIG. 3.8. Inhibitory effect of the supernatant obtained from the active yeast culture on the toxicity of heavy
metals from mining residues in the Tarnita mining area used as a substrate for the germination of caryopsis of
Triticum aestivum L., Putna variety grown in laboratory conditions, at 7 days of germination: a) Active yeast

supernatant; b) Toxic solution; ¢) Supernatant with active yeast and toxic solution.

In turn, both the germination parameters and the development of the resulting
seedlings increased in the case of inhibition of heavy metal toxicity, probably due to the
presence of active yeast in the composition of supernatant a (Figure 3.8, Table 3.10): F 4(%):
Sol. T (71) < DA + ST (93) < DA (94); mp(g): Sol. T (29) < DA + Sol. T (42.5) < DA (55.6);
height (cm): Sol. T (2.9) < DA + Sol. T (4.9) < DA (8.1).

Table 3.10. The effect of the supernatant with active yeast and the toxic solution on the germination process
of caryopsis of Triticum aestivum L. , Putna variety and the growth of the resulting seedlings, in experimental

conditions of laboratory cultivation at 7 days of germination

Treatment *) Fg**) Medium mass | Average height
(%) of seedlings of seedlings
(Mmp, 9) (cm)
Active yeast supernatant (DA) 94 +35 55.6 £1.7 81+0.2
Toxic solution (Sol. T) 71+13.3 29.0+24 2904
Supernatant with active yeast and 93+4.2 425+1.3 49+0.3
toxic solution (DA + Sol. T)

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).
**) Fg = percentage of caryopsis germinated after 7 days.

At the same time, by incubating the toxic solution with boiling inactivated yeast
supernatant, an increase was obtained in both the germination capacity and the plant mass
and, respectively, in the average height of the common wheat seedlings (Figure 3.9 and Table
3.11): Fg (%): Sol. T (71.3) < DI (84.7) < DI + Sol. T (92); mp(g): Sol. T (29) <DI+ Sol. T
(33.3) < DI (40.3); height (cm): Sol. T (2.9) < DI + Sol. T (3.6) < DI (4.9).
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FIG. 3.9. Inhibitory effect of the supernatant obtained from inactivated yeast culture on the toxicity of heavy
metals from mining residues in the Tarnita mining area used as germination substrate for caryopsis of
Triticum aestivum L., Putna variety grown in laboratory conditions, at 7 days of germination: a) Supernatant

with inactivated yeast; b) Toxic solution; ¢) Supernatant with inactivated yeast and toxic solution.

Table 3.11. The effect of the supernatant with inactivated yeast and the toxic solution on the germination
process of Triticum aestivum L. caryopsis, Putna variety and the growth of the resulting seedlings, in

experimental conditions of laboratory cultivation at 7 days of germination.

Eoxx) Medium mass | Average height
Treatment *) go of seedlings of seedlings
(%)
(mp, 9) (cm)
Inactivated yeast (DI) 84.7+9.9 40.3+8.2 49+16
Toxic solution (Sol. T) 71.3+£13.3 29.0+ 2.4 2904
Inactivated yeast and toxic

. 920+1.9 333+18 3.6+0.2

solution (DI + Sol. T)

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).
**) Fg = percentage of caryopsis germinated after 7 days.

According to the data presented in the literature [24], it is known that yeasts can
absorb microelements from the environment, including iron. However, special physico-
chemical conditions are required to achieve an environment that promotes both the
development of yeast and the absorption of iron. Various sources of iron do not affect the
yeast biomass but, given the efficacy, cost, stability and compatibility with the metabolism
of Saccharomyces cerevisiae Meyen ex EC Hansen, this yeast species has been used in
biological decontamination experiments of toxic supernatants obtained from metal mining
waste, before carrying out germination tests on common wheat species.

Yeast Saccharomyces cerevisiae Meyen ex EC Hansen can easily grow in different
environments when iron is abundant, because it has the ability to consume this chemical

element and keep it in its essential metabolic pathways [5, 59].
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Therefore, the decontamination of soils contaminated with heavy metals around old
mining operations has been and will continue to be a challenge for the scientific world for a
long time to come.

In the experiments carried out, the yeasts proved to be an effective microorganism in
the decontamination of the toxic supernatant rich in heavy metals, favoring the germination
of wheat caryopsis and the development of test seedlings resulting in the germination

process.

3.3.1.4. Preliminary conclusions

During treatment with toxic supernatants / mining residues from the Tarnita mining
area, the toxic solution (3 mL toxic supernatant and 2 mL ultrapure water Milli-Q, Sol. T)
caused the germination parameters to decrease and affected the growth and development of
test seedlings, compared to batches treated with the active yeast supernatant (DA). In this
sense we can consider that both the germination parameters and the development of
seedlings have increased in the case of inhibition of heavy metal toxicity, probably due to
the specific composition of the supernatant with active yeast (DA + Sol.T).

Also, by incubating the toxic solution with supernatant with inactivated boiling yeast
(DI + Sol. T) an increase was obtained both in the germination capacity and in the weight
and, respectively, the average height of the common wheat test seedlings.

In the experiments performed, the supernatant with active yeast was more efficient,
compared to the one prepared from inactivated yeast, regarding the decontamination and
subsequent use of the solutions resulting from the extraction of metalliferous mining waste
(DMM) in the germination tests of wheat caryopsis and new seedling growth. formed,
probably because the latter releases large amounts of organic matter, which can disrupt the
germination process of wheat caryopsis. We consider, however, that this technical solution
can be used in the case of microbiological decontamination and soil cultivation in the coming
years, until the total degradation (mineralization) of those compounds released, probably, by

yeasts.
3.3.2. Protective effect of glutathione and toxic mining residues

3.3.2.1. The objective of the research

Glutathione, a tripeptide derived from cysteine, is an amino acid with the -SH group
in the molecule present in all living cells, with their role of protection against heavy metal

ions, organochlorine compounds, oxidants, etc. As a result of the knowledge of its properties,
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the objective of the experiments performed in laboratory conditions in this thesis is to
highlight the role of glutathione in the protection of plant organisms against the aggression
of contaminants in the mining area Tarnita. In this sense we used as a model of living
organisms the common wheat caryopsis, Triticum aestivum L., Putna variety, following their
germination parameters, as well as the tolerance of seedlings thus resulting in abiotic stress

induced by the presence of heavy metals in wastewater.

3.3.2.2. Way of working

In order to determine the protective effect of glutathione in the germination process
of wheat caryopsis in the presence of mining residues from Tarnita exploitation and the
development in the first days of the resulting seedlings, treatments were performed on

batches of 50 caryopsis, in three repetitions (Table 3.12).

Table 3.12. Working model in evaluating the protective role of glutathione on the process of germination and

growth of wheat seedlings, Triticum aestivum L., Putna variety

Treatments and Reagents Stirring Reagents S.“mrl)g
working conditions (mL) time (min.) (mL) time

' (min.)
Control, H20 5 60 - -
H,O + ST 2.5 (H20) 30 2.5 (ST) 30
GSH 10 ?M + H.0 2.5 ( GSH) 30 2.5 (H20) 30
GSH5-103M+ST 2.5 ( GSH) 30 2.5 (ST) 30
GSH 10 ?M + ST 2.5 ( GSH) 30 2.5 (ST) 30

) From time to time; GSH = glutathione; ST = toxic supernatant;
GSH 10 2M + H;0 = GSH control.

3.3.2.3. Obtained results

During the 7-day treatment period, the sample with toxic solution (water and toxic
supernatant) reduced the germination capacity of caryopsis, compared to the control groups
treated with ultrapure water Milli-Q (Control: Eg = 95%, Fg = 96 Toxic supernatant: (Eg =
88%, Fg = 90%) and, respectively, with the groups treated with GSH 10 2M (Eg = 97%, Fg
= 97%). the action of the toxic solution was affected, so that the total mass and the average
height of the seedlings, respectively the total mass of the roots registered decreases (mp =
1.41 g, height = 3.375 cm, m,= 0.57 g), compared to batches treated with Milli-Q ultrapure
water (mp = 2.28 g, height = 8.916 cm, m;= 1.873 g), and, respectively, with the lots treated
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with GSH 10 2 M (mp = 1.92 g, height = 6.974 cm, m, = 0.664 g). These reductions in
germination values could be due to the high levels of copper, iron and arsenic in the tested
supernatant, as indicated by the ICP-OES (Table 3.1) and AAS (Table 3.3) measurements.

FIG. 3.10. The effect of glutathione on the growth of test seedlings of Triticum aestivum L., Putna
variety resulting from germinated caryopsis in the presence of mining residues in the Tarnita area, in
experimental laboratory conditions (7 days of germination). Test seedling treatments:
a) GSH control, 2.5 mL sol. GSH 10 2 M, 30 min. + 2.5 mL H,0, 30 min .;
b) 2.5 mL sol. GSH 5 - 10 *M, 30 min. + 2.5 mL ST, 30 min. ;
¢) 2.5 mL sol. GSH 10 2 M, 30 min. + 2.5 mL ST, 30 min. .
GSH = glutathione; ST = toxic supernatant.

Table 3.13. Protective effect of glutathione in mining residue poisoning on test seedlings of
Triticum aestivum L., Putna variety, determined at 7 days of germination,

under experimental laboratory conditions

) y | Total weight Avgrage Total weight
Treatment *) Eg*™*) | Fg*** : height
of seedlings . of roots
(%) (%) (Mo, 0) of seedlings (mr. 9)
P g (Cm) r g

Blanck, H20 95+06 | 96+2.0 | 2.28+0.12 | 8.916+25 | 1.873 +0.09
H20 + ST 88+20 | 90+2.1 | 1.41+0.02 | 3375+2.1 | 0.570+0.06
Blanck GSH 97+13 | 97424 | 1.92+0.09 | 6974+16 | 0.644+0.1
GSH5-10°M+ST | 96+20 | 97+13 | 1.12+0.03 | 2.795+2.0 | 0.697 +0.01
GSH10?M+ST | 954+17 | 95+06 | 1.29+0.05 | 3,158 +2.0 | 0.813 + 0.03

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);

according to the Tukey test (p <0, 05).

**) Eg = percentage of germinated caryopsis after 3 days.
***) Fg = percentage of caryopsis germinated after 7 days.

GSH = glutathione; ST = toxic supernatant.
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It should be noted that the germination parameters of caryopsis showed an increasing
trend, as a result of the treatment of common wheat caryopsis with GSH of concentration
5-10 * M (Eg = 96%, Fg = 97%) and, respectively, 10 > M (Eg = 95%, Fg = 95%). The
growth of seedlings was thus affected, the total mass and average height of seedlings
registering some reductions, which can be explained taking into account the biology of wheat
plants, as well as the role of organic substances in plant development in general, observations
that can be correlated with results. and statements in the literature [69] .

Compared to the batches of control seedlings treated with GSH 10 2 M, for the
batches treated with GSH 5 - 10 3 M, respectively 10 2 M and toxic supernatant both the
germination parameters and the development of the test seedlings registered decreases in
value (Figure 3.10 and Table 3.13), only the total mass of the root register increasing.

This technique of chemical decontamination of mining residues with GSH was used,
because it was found that after the first extraction with water of metalliferous mining waste
collected from the Tarnita dump in the toxic supernatant obtained (wastewater) large

amounts of heavy metals remain.

3.3.2.4. Preliminary conclusions

The obtained results showed the role of glutathione in the germination processes of
wheat caryopsis, Putna variety and allowed an evaluation of its tolerance to abiotic stress
induced by heavy metals (Cu, Fe, Pb and Zn) present in the mining residues from the Tarnita
area.

Compared to control batches treated with ultrapure water Mili-Q (C) and control
batches treated with GSH 10 "2 M, respectively, caryopsis of the test species treated with
toxic solution (toxic supernatant and water ultrapure Mili-Q, ST) recorded a decrease in
germination parameters: E ¢ (%): GSH 10 2M (97) > C (95) > ST (88); F 4(%): GSH 10 2M
(97) > C (96) > ST (90).

Also, the growth and development of wheat seedlings treated with toxic solution was
affected, the total mass and the average height of the seedlings, respectively the total mass
of the roots registering decreases : m (g): C (2,28) > GSH 10 2 M (1.92) > ST (1.41); height
(cm): C (8,916) > GSH 10 2M (6,974) > ST (3,375); m((g): C (1.873) > GSH 10 M (0.644)
> ST (0.57).

However, the germination capacity of caryopsis increased after treatment with GSH

of 5- 10 3M and 10 2 M, respectively, 30 minutes before treatment with toxic supernatant:
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E (%) : ST (88) < GSH 10 2M + ST (95) < GSH 5 - 10 M + ST (96); Fg(%): ST (90) <
GSH 10 2M + ST (95) < GSH 5 - 10 *M + ST (97).

Seedling growth in the presence of the toxic supernatant was affected, with total mass
and average seedling height decreasing. In contrast, root growth in the presence of
contaminants in the toxic supernatant, compared to the control group of GSH-grown
seedlings, was not affected:m p (g): ST (1.41) > GSH 10 ?M + ST (1.12) >GSH 5 - 10 * M
+ ST (1.12); height (cm): ST (3,375) > GSH 10 ?M + ST (3,158) > GSH 5 - 10 *M + ST
(2,795); mr(g): GSH 10 2M + ST (0.813) > GSH 5 - 10 *M + ST (0.697) > ST (0.57).

The results of the experiment showed that seedling germination and development
were strongly inhibited when wheat caryopsis was treated with toxic supernatant obtained
by extraction with Mili-Q ultrapure water from mining waste samples taken from the
contaminated area (1g DMM to 10 mL of water), followed by ultrasonication and
centrifugation. Treatment of wheat caryopsis with different concentrations of glutathione
before treatment with toxic supernatant led to increased seedlings and reduced abiotic stress

induced by the presence of heavy metals.
3.3.3. Decontamination of mining residues by hydroxide precipitation

3.3.3.1. The objective of the research

The objective of this research was to highlight the decontaminating role of sodium
hydroxide on toxic supernatants obtained by extraction from samples collected from areas
contaminated with heavy metals. Germination tests using common wheat performed in vitro,
in laboratory conditions, were previously recommended to highlight the degree of

decontamination of solutions containing heavy metals [12, 18].

3.3.3.2. Way of working

To remedy the content of heavy metals in wastewater obtained by extraction from
DMM collected from landfills in the Tarnita mining area, the hydroxide-based precipitation
method was used [9, 80]. Thus, 1 g of contaminated solid material was sonicated with 10 ml
of Mili-Q ultrapure water , and the suspension was centrifuged to obtain the toxic supernatant
(ST). It was decontaminated (STD) by precipitating heavy metal ions with a solution of
sodium hydroxide (4% NaOH) to pH 5 and pH 12.0, respectively, then ultracentrifuged at
5000 rpm for 5 minutes and treated. subsequently with 4% NaOH or 4% HCI, to neutralize
topH 7.0.
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Table 3.14 summarizes the experimental conditions provided for determining the
effect of mining residues from the Tarnita mining area decontaminated by NaOH
precipitation on the germination processes of wheat caryopsis and the growth process of the

resulting seedlings.

Table 3.14. Experimental conditions provided for the determination of the decontaminating effect,

by precipitation with NaOH, of the mining residues from the Tarnita mining area (3 repetitions).

Treatments ' Reagent 1 | Reagent 2 Stirring time (min.)
(wheat caryopsis) (mL) (mL)
Control, H20 5 - 60
ST 5 - 60
ST + H20 3 2 60
STD 5 - 60
STD + H,0 3 2 60

ST = toxic supernatant; STD = decontaminated toxic supernatant.

3.3.3.3. Obtained results

Germination experiments have shown that soil / metal samples collected from the
metal mining waste dump are highly toxic to plants, almost completely inhibiting the
germination of wheat caryopsis and seedling growth (Figure 3.11, a-2 and b-2).

In the experiments performed, the germination capacity of wheat caryopsis increased
in value after diluting the toxic supernatant with ultrapure water Mili-Q (Figure 3.11, a-3
and b-3), respectively after its precipitation with NaOH and neutralization with HCI (Figure
3.11, a). -4.5 and b-4.5).

The solution obtained after the reaction of the toxic supernatant with sodium
hydroxide, and respectively the removal of the precipitate, was used as germination substrate
and led to a significant increase in germination parameters as well as the average mass and

the average height of the resulting common wheat seedlings. (Figure 3.11 and Table 3.15).
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FIG. 3.11. The effect of decontamination of the supernatant obtained from mining residues

from the Tarnita mining area by precipitation with NaOH and neutralization on the germination

process of Triticum aestivum L. caryopsis, Putna variety and seedling growth as follows, under experimental

laboratory conditions: (a) Test seedlings at three days of treatment; (b) Test seedlings at seven days of
treatment. Treatments applied: 1) Control, 5 mL H,0; 2) 5 mL ST;
€) 3mL ST +2 mL H20; 4) 5mL STD; 5) 3 mL STD + 2 mL H.0.

ST = toxic supernatant; STD = decontaminated toxic supernatant.

Table 3.15. Reduction of supernatant toxicity by precipitation with NaOH and induced effect on the

germination process of caryopsis of Triticum aestivum L., Putna variety and the growth of seedlings thus

resulting, under experimental laboratory conditions

Medium mass | Average height
*% ) *kk )
Treatment *) EE’% ) Fg(% ) of seedlings of seedlings
(mp, mg) (cm)
Blanck, H20 97+21 97 +1.2 48.7 £ 3.6 74+16
ST 25+16 28+ 3.6 11.1+1.6 12+23
ST + H20 56+ 1.3 75+1.1 229+1.0 23+1.2
STD 91+26 91+20 57.1+2.2 6.8+2.0
STD + H,0 88+20 95+1.0 58.4+1.2 72+21

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);

**) Eg = percentage of germinated caryopsis after 3 days.

according to the Tukey test (p <0, 05).

***) Fg = percentage of caryopsis germinated after 7 days.

ST = toxic supernatant; STD = decontaminated toxic supernatant.
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3.3.3.4. Preliminary conclusions

The precipitation with hydroxide of the supernatant obtained from the mining waste
collected from Tarnita, followed by neutralization, led to a significant increase of the
germination parameters (germination capacity), as well as of the mass and, respectively, the
average height of resulting common wheat seedlings; therefore, the negative effect of the
toxic supernatant on seedling germination and growth was inhibited by precipitating some

of the contaminants with sodium hydroxide.
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Chapter 4. Relationship of Iron, Copper, Arsenic ions from copper and
barite mines Tarnita with common wheat test seedlings, Triticum

aestivum L., Putna variety

4.1. The effect of iron and copper ions on the germination process of wheat

4.1.1. The objective of the research

The objective of the experiments carried out practically, during the present thesis in
laboratory conditions, is to investigate the effect of Fe?* and Cu?* ions identified in excessive
quantities in the Tarnita area on the germination processes of common wheat, chosen as a
test species and interpretation of seedling tolerance. thus resulting in the chemical stress
induced by the respective ions in the culture medium.

4.1.2. Way of working

To determine the effect of Fe?* and Cu?* ions in low concentrations by germination
tests, the working method presented in Chapter 2.2.2 was used, using common wheat
caryopsis (Triticum aestivum L., Putna variety). In the first experiment, 5 mL of CuSO4and
FeSO4, respectively, were used as treatment solutions, applied on 50 common wheat
caryopsis, respectively of concentration 5 - 10 > M. In the second germination experiment, 5
mL solution of different salts (CuCl, and FeSQO4) were applied on 50 test caryopsis of
concentration 5 - 10 ** M. For comparison, triple control samples were performed with 5 mL

milli-Q ultrapure water applied on 50 test caryopsis.

4.1.3. Obtained results

The results obtained in the first germination experiment performed with heavy metal
solutions with a concentration of 5 - 10 > M (Table 4.1), showed that during the 7-day
treatment period the sample with Cu?* ions strongly reduced the germination of caryopsis
(Fg = 31%), compared to batches of caryopsis treated with Fe?* ions (Fg = 84%) and,
respectively, with batches of caryopsis treated, treated only with ultrapure water Mili-Q (Fg
= 97%).

Also, the growth of wheat seedlings from caryopsis treated with Cu?* ions with a
concentration of 5 - 10 3 was affected, the average mass and height of the seedlings being
lower (mp=53.71 mg, height = 7.84 cm), compared to batches of seedlings treated with Fe?*
ions (mp = 66.33 mg, height = 10.74 cm) and, respectively, with the control groups from the
Mili-Q ultrapure water treatments (mp = 77.31 mg, height = 11.97 cm).
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Table 4.1. Effect of Cu?* and Fe?* ions in germination experiments on the test species Triticum

aestivum L., Putna variety (measurements performed on the 7th day of treatment).

) Medium Average height

Treatment *) Fq Mass i

. of seedlings
(%) of seedlings
(cm)
(mp, mg)

Control, H20 97+07 | 7731+13 | 11.97+13
CuS04,5-10°M | 31413 | 5371416 | 7.84+16
FeSOs5-10°M | 84423 | 6633405 | 10.74%05

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).
**) Fg = percentage of caryopsis germinated after 7 days.

The results obtained in the second germination experiment, performed with different
salts of copper and iron ions at a concentration of 5 - 10 * M, showed that during the 7-day
treatment period, the FeSO4 sample reduced easy germination of caryopsis (Fg = 95%),
compared to batches of seedlings treated with CuClz (Fg = 97%) and, respectively, with
batches of control seedlings treated with ultrapure water Mili-Q (Fg = 99%). Thus, this
concentration can be considered a toxicity limit on wheat. At the same time, the soluble ions
of these metals in the Tarnita mining area showed values of clearly higher concentrations.

Table 4.2. The effect of low concentrations of copper and iron salts on the germination process

of Triticum aestivum L. caryopsis, Putna variety under experimental laboratory cultivation

conditions (measurements performed on the 7th day of treatment)

Medium Average height
Treatment *) Fg**) Mass of seedlings
(%) | of seedlings ) J
(mpa mg)
Control, H20 99+0.7 | 55.86+0.2 10.37 £ 0.7

CuCl2,5-10*M | 97+13 | 53.29+009 9.73+0.3

FeSO4,5-10*M | 95424 | 48.08+1.4 9.01+0.4

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p < 0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

Analyzing the data presented in Table 4.2, it can also be seen that the growth process

of wheat seedlings treated with CuCl, solution at a concentration of 5 - 10 * M was not deeply
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affected, the mass and average height of the seedlings formed being slightly lower (m, =
53.29 mg, height = 9.73 cm), compared to that recorded in the batches of control seedlings,
treated with ultrapure water Mili-Q (mp = 55.86 mg, H = 10.37 cm). In contrast, batches of
seedlings treated with FeSO 4 solution at the same concentration of 5 - 10 ** M recorded higher
decreases than in the case of copper ions (mp=48.08 mg, height =9.01 cm) . In turn, although
the chlorine ion present in the composition of copper chloride used experimentally is harmful
at high concentrations, at the concentration of 5 - 10 *M can not be incriminated for possible

toxicity.
4.1.4. Preliminary conclusions

The toxicity of copper ions was manifested by the significant decrease in the
germination parameters of wheat caryopsis, as well as by affecting the growth of seedlings
thus resulting, at a concentration of 5 - 10 2 M.

Germination tests performed with chlorides and heavy metal sulfates at low
concentrations of 5 -10 “* M showed that the copper chloride solution inhibits less
germination of common wheat caryopsis and seedling development, compared to the test
batches treated with ferrous sulfate. The phenomenon thus observed can be explained by the
physiological role of the metal ions investigated in the plant body, the copper ion being
considered an indispensable microelement in plant development [60, 86].

The practically obtained results showed that Fe?* and Cu?* ions at low concentrations
of 5 - 10 M have a slightly inhibitory effect on the germination of common wheat caryopsis,
the values of the respective parameters obtained when applying these heavy metals showing
very different differences. small, regardless of the type of salt used in performing
germination tests. However, at concentrations higher than 5 - 10 * M, Cu?* ions show a more
pronounced inhibitory effect on the germination of wheat caryopsis, as well as on the growth
of the resulting seedlings, compared to Fe?* ions, proving high toxicity. theirs. These results
obtained in the research carried out have shown that the toxicity of iron and copper ions can
be highlighted by germination tests. Thus, our research suggests a correlation between the
germination process of common wheat caryopsis, the growth and development of the
resulting seedlings and the existence of heavy metals in polluted areas in the Tarnita mining
area, namely: the germination process may be low with increasing ion concentrations
investigated metals, but also the volume of toxic supernatant applied (results of previous

experiments with supernatant).
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4.2. Evidence of arsenite toxicity by wheat caryopsis germination tests

4.2.1. The objective of the research

This subchapter focused on investigating the negative impact of arsenic (in the form
of arsenite and arsenate ions) on the germination parameters of Triticum aestivum L.
caryopsis, Putna variety and the growth of wheat seedlings resulting from the germination
process under conditions experimental laboratory, in order to determine the toxicity of
arsenite ions at concentrations comparable to those of these ions in the mining waste dumps

in the Tarnita mining area.

4.2.2. Way of working

To determine the effect of arsenic from metalliferous mining waste from the Tarnita
area on the germination of wheat caryopsis and the development of newly formed seedlings,
sodium arsenite solutions were prepared in four replicas, as follows: 1) 0.25 mM NaH2AsOs;
2) 0.826 mM NaH2AsOs; 3) 1.8 mM NaH2AsOs; 4) 5 mM NaH2AsOz. Samples of 5 mL of
each sodium arsenite solution were used as a treatment solution for batches of 50 common
wheat test caryopsis mounted in three repetitions, the caryopsis being completely immersed
in the respective solutions. For comparison, three control samples were performed with 5

mL of ultrapure milli-Q water and 50 caryopsis tests, respectively.

4.2.3. Obtained results

The percentage of germinated caryopsis after 7 days decreased from 100% (control,
H.0) to 96% (AsOs*, 0.25 mM), continuously decreasing to 12%, with the increase of the
concentration of arsenite ions from 0.25 mM to 5 mM (Figure 4.3).

FIG. 4.3. The effect of arsenite ions (AsOs%") on the germination of caryopsis Triticum aestivum L.,
Putna variety and on the growth of seedlings resulting after 7 days of germination.
Caryopsis test treatments: 1) control (5 mL H;0); 2) 5 mL 0.25 mM AsO3%;
3) 5 mL 0.826 mM AsO3%; 4) 5 mL 1.8 mM AsOz*; 5) 5 mL 5mM AsOz*.
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Table 4.3. The effect of arsenite ions on the germination of caryopsis of Triticum aestivum L.,
Putna variety and the growth of seedlings resulting in experimental laboratory conditions

after 7 days of germination

Treatment %) Fxx) Medium mass Average height
reatmen ?% ) of seedlings of seedlings
(mp, mg) (cm)

Control, H20 100+ 0.5 46.8+0.1 9.3+0.1
AsO;*, 0.25 mM 96+ 1.3 26.8+0.1 46+03
AsOs*, 0.826 mM 90+ 1.9 7.1£0.0 15+0.1
AsO;*, 1.8 mM 64 £3.0 6.9+0.0 1.4+0.1
AsOz*, 5 mM 12+10 1.6 0.0 0.6 0.2

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

Similarly, both the height and mass of the seedlings decreased with increasing
arsenite concentration (Table 4.3) suggesting that, after the germination process, newly
formed seedlings are still affected by increased concentrations of the pollutant, a predictable
phenomenon because caryopsis were kept in Petri dishes together with arsenite solutions

throughout the experiment.

4.2.4. Preliminary conclusions

The analysis of the results obtained showed that the stress caused by sodium arsenite
led to inhibition of plant germination by reducing the germination capacity, decreased the
number of resulting seedlings and disrupted their growth, the results decreasing in value
directly proportional to increasing the concentration of sodium arsenite in solutions.
treatment (Table 4.3).

The results obtained showed that the toxicity of arsenic ions, ions in metalliferous
waste and in the soils around the existing mining dumps in the researched mining area can

be highlighted by germination tests.

4.3. Protective effect of glutathione on wheat

to arsenite ion poisoning

4.3.1. The objective of the research

The research presented in this subchapter focused on investigating the protective

effect of glutathione in plant intoxication with arsenic compounds, using tests for
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germination of common honeysuckle caryopsis, Triticum aestivum L., Putna variety and

seedling growth under experimental conditions. laboratory.

4.3.2. Way of working

To determine the protective effect of glutathione in sodium arsenite intoxication, in
the first experiment the germination tests were performed on wheat caryopsis, the sodium
arsenite and glutathione solutions being prepared in four repetitions, according to the
variants listed in Table 4.4.

In the second experiment the sodium arsenite and glutathione solutions required for
the treatment of common wheat test caryopsis were prepared in four replicas, as follows: 1)
5 mL 10 mM GSH (considered as a Control sample); 2) 5 mL solution consisting of 2.5 mL
NaH2AsO3 0.25 mM and 2.5 mL 10 mM GSH; 3) 5 mL solution consisting of 2.5 mL
NaH2AsO03 0.826 mM and 2.5 mL 10 mM GSH; 4) 5 mL solution consisting of 2.5 mL
NaH2AsO31.8 mM and 2.5 mL 10 mM GSH. In treatment schemes (2), (3) and (4), 2.5 mL
of 0.5 mM NaH2AsOz, 2.5 mL of 1.652 mM NaH>AsOszand, respectively, were pipetted into
tubes 2.5 mL NaH>AsOs 3.6 mM, stirring the contents of each test tube for 30 minutes, and
then 2.5 mL of 20 mM GSH was added, stirring occasionally for another 30 minutes. .

Table 4.4. How to prepare the reagents used in the experiment to evaluate the protective role of glutathione
in the intoxication with sodium arsenite ions of caryopsis and common wheat seedlings,

Triticum aestivum L., Putna variety.

Treatments and Reagents Stirring time | Reagents St;[:;grl?
working conditions (mL) (min) (mL) (min.)
Control, H.0O 5 60 - -
NaH2AsO31 mM 5 60 - -
GSH2 mM + 2.5 30 2.5 30
NaH>AsO32 mM (GSH) (NaH2AsO3)
GSH 4 mM + 2.5 30 2.5 30
NaH>AsO32 mM (GSH) (NaH2AsO3)
GSH 10 mM + 2.5 30 2.5 30
NaH>AsO32 mM (GSH) (NaH2AsO3)
GSH 20 mM + 2.5 30 2.5 30
NaH>AsO32 mM (GSH) (NaH2AsO3)

) From time to time; GSH = glutathione; NaH,AsO3 = sodium arsenite

The third experiment looked at the comparative effect of arsenite and arsenate ions,

as well as the protective effect of glutathione in arsenite ion intoxication in germination tests
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performed on common wheat caryopsis. In this experiment samples with sodium arsenate,
sodium arsenite and glutathione solution were prepared and used in three repetitions, as
follows: 1) 5 mL H20 (control); 2) 5 mL NaH2AsO4s 1 mM; 3) 5 mL solution consisting of
2.5 mL NaH2AsO32 mM and 2.5 mL 20 mM GSH (that is 5 mL NaH2AsOz 1 mM + 10 mM
GSH); 4) 5 mL of 1 mM NaH2AsOs. 2.5 mL of 2 mM NaH2AsOs solution was pipetted into
the treatment solution (3), the contents of the tube being stirred for 30 minutes, and then 2.5
mL of 20 mM GSH was added, stirring occasionally for another 30 minutes.

The 5 mL samples were used as a treatment solution for batches of 50 common wheat
test caryopsis, the experiment being performed in three repetitions. For comparison, three
control samples were performed with 5 mL of milli-Q ultrapure water and 50 test caryopsis.

4.3.3. Obtained results

Experiment 1. The results obtained in the first germination experiment, performed
with a 1 mM solution of sodium arsenite, showed that during the 7-day treatment period, in
which the caryopsis were in contact with arsenite ions, the treatment with this type of ion
strongly reduced the germination of caryopsis (Fg = 19%), compared to the groups of control

caryopsis, treated only with ultrapure water Mili-Q (Fg = 97%).

Table 4.5. The effect of glutathione and sodium arsenite treatment on caryopsis germination
and the growth of Triticum aestivum L. seedlings, Putna variety in experimental laboratory

conditions, after 7 days of germination

Medium Average height
Treatment * Fg*) mass of seedlings
(%) of seedlings (cm)
(mp , MQ)
Control, 5 mL H20 97+18 | 533%0.2 9.3+0.1
5> mL NaH2AsO3 1 mM 19413 | 157+29 17402
2.5mL2mM GSH + 2.5 mL
NaH;AsOs 2 mM 21+24 165+04 1.8+0.1
25mL4mM GSH +2.5mL 31+37
NaH,AsOs 2 mM 186+ 1.7 19+0.1
25mL10mM GSH +2.5mL 42 +2.0
NaH,AsOs 2 mM 19.5+0.7 21+0.1
25mL20mM GSH +2.5mL 87 +1.7
NaH,AsOs 2 mM 20.7+04 23+0.1

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

After applying GSH solutions (2.5mL) of concentration between 2 and 20mM for 30

minutes on the analysis material, an operation that allowed its partial absorption by the
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caryopsis taken, the subsequent treatment, for another 30 minutes, with the solution of
sodium arsenite (2.5 mL) of 2 mM concentration caused a slight increase in the percentage
of germination capacity (Table 4.5). This tendency to increase the germination capacity
continued with the increase of glutathione concentration. It should be noted that both the
germination parameters of caryopsis and the average mass of the resulting seedlings and
their height showed an upward evolution, as a result of the treatment of common wheat
caryopsis with GSH concentration 2 - 20 mM (Table 4.5).

Experiment 2. In this experiment, the arsenite concentrations were chosen so as to
better capture the inhibitory effect of arsenite and the role of glutathione in modifying its
inhibitory effect on some germination parameters of wheat caryopsis.

If we compare the data obtained practically (Table 4.6) for the treatment with 0.25
mM sodium arsenite with those in table 4.3, it can be considered that glutathione practically
cancels the toxic effect of arsenite.

While arsenite ions with a concentration of 1.8 mM reduce the germination capacity
of wheat seeds to 64%, in the absence of glutathione (Table 4.3), when added to it at a
concentration of 10 mM, this physiological parameter increased in value by 24% (Table 4.6).

Table 4.6. Protective effect of glutathione against the toxicity of sodium arsenite during the germination

process of caryopsis of Triticum aestivum L., Putna variety and seedling growth resulting in experimental

laboratory conditions (after 7 days of treatment).

Medi .
e ) edium Average height
Treatment *) Fo mass of seedlings
(%) of seedlings (cm)
(mp, MQ)
5 mL GSH 10 mM (Control) 99+05 36.7 +1.2 7.7+0.0
2.5 mL NaH2As030.25 mM +
55 mL 10 mM GSH 98+1.4 38.0+0.4 78+0.1
2.5 mL NaH2As030.826 mM + 97+ 06
55 mL 10 mM GSH 17.3+£04 24+0.1
2.5 mL NaHZASOS 1.8 mM + 88+ 0.9
25 mL 10 mM GSH 125+05 1.7+0.1

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).

**) Fg = percentage of caryopsis germinated after 7 days.

Significant effects were also observed in terms of total mass and average height of

the resulting seedlings. Thus, their average height increased by 0.3 units (cm) at the same
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concentration of 1.8 mM sodium arsenite, the height being 1.4 cm (see Table 4.3), and by
inhibiting the toxicity of arsenite ions by the solution The 10 mM glutathione height was 1.7
cm (see Table 4.6). In turn, the average mass of seedlings grown in the presence of arsenite
ions at a concentration of 1.8 mM also increased by 5.6 units (mg).

The results obtained in the second experiment suggested that glutathione, at a
concentration of 10 mM, greatly reduces the toxicity of sodium arsenite at a concentration
of 1.8 mM. To validate these results, another experiment was initiated, in which a control
with ultrapure water Mili-Q, the treatment with arsenite and the one with arsenite plus
glutathione was used.

Experiment 3. Sodium arsenate treatment was also included in this experiment to
compare the toxic activity of the arsenite ion with that of the arsenate ion, and a higher
toxicity of the latter was observed (Figure 4.5), contrary to the data specified by specialized
literature [36]. Thus, compared to the control, the number of newly formed seedlings
decreased, in the case of treatment with arsenic ion, from an average of 48 per batch, to one

of only 40 seedlings.

FIG. 4.5. The effect of arsenate and sodium arsenite ions applied in the presence of glutathione on the
germination process of caryopsis of Triticum aestivum L., Putna variety and the growth of newly formed
seedlings after 7 days of germination. Treatments applied : a) Control, H-O; b) NaH2AsO4, 1 mM;
c¢) NaH2AsO3;, 1 mM + GSH, 10 mM; d) NaH2AsO3, 1 mM.

Compared to the batches of control seedlings treated with Mili-Q ultrapure water ,
the average height of the seedlings treated with arsenate ions decreased from 11.6 cm to 2.5
cm. (Figure 4.5 and Table 4.7). At the same time, compared to the action of arsenate ions,
sodium arsenite did not affect the number of seedlings formed, and their average height
decreased by 46% and not by 78.4% (from 11.6 cm to 6.2 cm).

In turn, g lutation showed a protective role in the intoxication of plant material with
arsenite ions, the decrease of seedling height not being significant (9.9 cm compared to 11.6
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cm). The average height of the resulting seedlings was recovered by a percentage of 37%
when, after the treatment with sodium arsenite followed by one with glutathione, the values
thus recorded of this parameter varying from 6.2 cm (variant without GSH) to 9.9 cm (variant
with GSH). At the same time, the average mass of newly formed seedlings through the
germination process also increased by 32% in the presence of arsenite and glutathione ions:
37.0 mg (variant without GSH) to 54.5 cm (variant with GSH).

Table 4.7. The effect of arsenate and sodium arsenite ions applied in the presence of glutathione
on the germination process of Triticum aestivum L. caryopsis, Putna variety

and the growth of newly formed seedlings after 7 days of germination.

o) Foxx) Medium mass | Average height
Treatment ’ of seedlings | of seedlings
(%)
(mp, mg) (cm)
H0 (Control) 97+18 | 58.0%13 116 0.1
NaH2AsO4 1 mM 90+0.6 | 19.0+0.9 25+0.1
NaH2AsOz1 mM + GSH10mM [ 100+0.0 | 545408 99+0.1
NaH2AsO3 1 mM 97+13 | 370+18 6.2+0.2

*) The values are arithmetic means of three values + standard error (50 caryopsis / sample);
according to the Tukey test (p <0, 05).
**) Fg = percentage of caryopsis germinated after 7 days.

4.3.4. Preliminary conclusions

The first germination experiment of wheat caryopsis performed by the application of
sodium arsenite ions showed that during the 7-day germination period the applied 1 mM
arsenite concentration determined a toxicity manifested by the significant decrease of the
germination parameters and by affecting the growth of newly formed wheat seedlings . If
this treatment of caryopsis led to impairment of germination parameters, as well as
morphological parameters of seedlings, the additional treatment applied to caryopsis thus
intoxicated with glutathione concentrations of 2 - 20 mM significantly improved the
germination process .

The second germination experiment, performed by applying sodium arsenite with
concentrations of 0.25 - 1.8 mM, determined a decrease in the values of the analyzed
germination parameters, and the concomitant application of 10 mM glutathione with arsenite
ions had protective role on wheat caryopsis, which thus successfully passed the germination

interval, in conditions of toxicity of arsenite in the culture medium.
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The results obtained in the third experiment showed that the arsenate ion showed a
higher toxicity, compared to the arsenite ion, at the same concentration of 1 mM. In this
experiment too, 10 mM glutathione highlighted its protective role in arsenite poisoning.

The concentrations used in the three experiments were well below the concentrations
of arsenic species in the Tarnita area and, in the organized experimental laboratory
conditions, these concentrations showed a high toxicity on the biological material under test
(newly formed seedlings of germinated caryopsis, which significantly reduced root size,
sometimes to extinction).

In turn, glutathione has been shown to have a protective role against low
concentrations of arsenite ions applied simultaneously in the culture medium, in experiments

organized in laboratory conditions.
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GENERAL CONCLUSIONS

The research that was the subject of this thesis aimed at the physiological response
of common wheat plants, Triticum aestivum L., Putna variety, represented by the intensity
of the caryopsis germination process and the growth of the resulting seedlings, as well as the
activity level of some enzymatic compounds specific with antioxidant role, involved in the
metabolism of young seedlings newly formed both in excess of heavy metals and arsenic
from metalliferous mining material (soils) and mining residues (toxic supernatant) from the
area of barite mine Tarnita, Ostra commune, Suceava county, and and to residues resulting
from experimental decontamination, by microbiological and chemical methods,
respectively, of the cultivation substrates taken from the respective mining area.

The analysis of the practically obtained data allows us to state some conclusions,
which aim to meet the proposed research objectives, as follows:

I. Concentrations of heavy metals and arsenic detected in mining and soil waste
samples from copper and barite mines Tarnita

¢ Inductively coupled plasma optical emission spectroscopy (ICP-OES) measurements
have shown that landfills in the Tarnita mining area contain large amounts of heavy
metals such as iron, copper, lead and zinc, as well as metalloids such as arsenic.
Among the heavy metals thus identified, iron recorded the highest concentrations in
and around the waste dump, followed by copper and lead, these values being
probably determined by the specific climatic conditions in the mining area in
question. In turn, the soils collected at a distance of about 30 m from the landfill of
metalliferous mining waste also proved to have large amounts of copper, lead and
arsenic.

e Atomic absorption spectroscopy (AAS) measurements have shown that in aqueous
extracts obtained from metalliferous mining waste and from soils taken from
approximately 30m distance from the waste dump heavy metals such as iron, copper,
zinc and manganese are present in high concentrations. The values of the
concentrations thus determined far exceeded the values allowed by the national
standards for surface waters in Romania, proving that in the Tarnita area many heavy
metals were insoluble and could not be extracted with water in the form of metal
ions, deeply affecting the forest vegetation. investigation area . Experimental
decontamination of extracts with metalliferous mining waste by precipitation with
sodium hydroxide did not significantly reduce the concentrations of iron, copper,
zinc and manganese, which are still kept at very high values, compared to the
standard limits allowed.

e The ICP-OES and AAS analysis methods allowed the determination of heavy metal
and arsenic concentrations in soil samples and mining residues (aqueous extracts)
with high sensitivity. The results obtained in this way highlighted the existence, in
the work area, of high concentrations of iron, copper, zinc, manganese and arsenic,
some of these components being extremely toxic, even at low values, for the
environment, a reality that suggests that deposits of metalliferous waste from the
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mining and forestry area Tarnita is still a strong source of contamination and a
continuous danger for the food chain at the local level .

I1. Assessment of the toxic effect of mining residues from copper and barite mines
Tarnita by germination tests of common wheat caryopsis, Triticum aestivum L., Putna
variety

The excess of heavy metals and arsenic determined in the samples collected from the
mining waste dump and from the soils located at about 30 m from the landfill
significantly reduced the germination parameters of common wheat caryopsis (up to
a complete inhibition of it), while also reducing the process of growing newly formed
seedlings, compared to the control lots, treated with distilled water and, respectively,
with those grown on garden soil.

The successive dilution of the supernatant obtained from the metalliferous mining
waste by its extraction twice and respectively three times with water, reducing the
level of toxic contaminants contained in the extracts thus prepared, progressively
improved the germination parameters of wheat caryopsis and seedling development.
new format.

I11. Decontamination of mining residues from copper and barite Tarnita mines

Germination experiments of common wheat caryopsis using an environment with
toxic supernatants / mining residues in the mining area Tarnita (3 mL toxic
supernatant and 2 mL water) led to decreased germination parameters and affected
the growth and development of wheat seedlings as a result, compared to batches
treated with Saccharomyces cerevisiae Meyen yeast ex EC Hansen active and
inactivated by treatment, respectively. thermally, the active microorganism proving
to be able to inhibit, to a greater extent, compared to the inactivated variant, the
toxicity of heavy metals existing in the toxic supernatants / mining residues for
analysis. According to the data specified in the literature, this microorganism can be
used in the case of microbiological decontamination of soils contaminated with
heavy metals in two stages: a first extraction with water, followed by the passage of
waters with heavy metals above the mass of yeast that retains, the yeast resulting
from the decontamination process being subsequently dried and incinerated, and the
heavy metals recovered by chemical methods of electrolysis or precipitation.
Germination experiments of wheat caryopsis in the presence of glutathione on
medium with toxic supernatants from the Tarnita area demonstrated its role in
reducing the abiotic stress induced by heavy metals present in the respective
metalliferous mining waste: the toxic supernatant obtained by water extraction of
samples Mining waste from the contaminated area strongly inhibited the germination
and development of common wheat seedlings, but treating wheat caryopsis with
different concentrations of glutathione before using the toxic supernatant, reducing
abiotic stress induced by the presence of heavy metals in the culture medium, led to
increased parameters of germination and growth of newly formed seedlings,
suggesting the antitoxic role of this thiol tripeptide.
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The process of precipitation with sodium hydroxide of the toxic supernatants
obtained by water extraction of the samples collected from the areas contaminated
with heavy metals in the study area, followed by neutralization, led to a significant
increase in the germination parameters of the test caryopsis. and, respectively, to the
average height of the newly formed seedlings, the sodium hydroxide solution can
thus be recommended as a good decontamination agent for some substrates in similar
pollution conditions to those existing in the Tarnita mining area.

IV. Relationship of Iron, Copper and Arsenic ions from Tarnita copper and barite
mines with common wheat seedlings, Triticum aestivum L., Putna variety

Relationship of iron and copper ions with common wheat seedlings:

Treatment solutions containing Fe?* and Cu?* sulphates at a concentration of 5-107
M used in the germination experiments of common wheat caryopsis showed that
copper ions significantly decreased the values of germination parameters compared
to iron ions. and more strongly affected the growth and development of the resulting
wheat seedlings, supporting the high toxicity of this type of ions in the existing
metalliferous mining waste in the area of the Tarnita barite mine.

Germination tests performed in the presence of different salts, in the form of cupric
chloride and ferrous sulphate in low concentrations, of 5 - 10 M, showed that Cu?*
ions less inhibit the germination of common wheat caryopsis and seedling
development, compared to Fe?* ions.

The process of germination of wheat caripses and growth of young seedlings newly
formed under experimental conditions, laboratory, in vitro cultures, on solutions
containing iron and copper ions existing, practically, in the samples of metalliferous
mining waste and soil collected from the mining area Tarnita in much higher
concentrations, compared to those tested in this paper, demonstrates their particularly
toxic effects on the environment and raises an alarm regarding the risks that their
presence poses to the health of the population in the area.

Relationship of arsenic ions with common wheat seedlings:

Arsenite ions, identified in turn in metalliferous waste and soils in the Tarnita mining
area, applied experimentally in the form of sodium arsenite in concentrations higher
than 5 mM induced a pronounced inhibitory effect on the germination of wheat
caryopsis, as well as growth and the development of young seedlings, the latter
primarily inhibiting the growth and development of roots.

Germination and growth tests of test seedlings performed in the presence of arsenite
and arsenate ions showed that, at the same concentration of 1 mM, the arsenate ion
showed a higher toxicity compared to the arsenite ion. Further assuming that the
arsenate present in the metalliferous mining waste from the Tarnita mining area may
increase the toxicity together with the other toxic elements such as copper, lead, iron,
aluminum, etc., present, in turn, in this waste and from the desire to know the
contribution of arsenic to the global toxicity of the metalliferous material, the toxic
effect of some samples of arsenite or arsenate of different concentrations was tested
much lower, compared to the concentrations of arsenic species identified in the
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Tarnita area; the practical results obtained also highlighted this time highly toxic
effects of the respective solutions, prepared experimentally, on the test plants.
Experiments that tracked the interaction between glutathione and sodium arsenite
during the process of caryopsis germination and growth of common wheat seedlings
showed that glutathione provided, at a concentration of 10 mM, protection against
the toxicity of sodium arsenite and had a protective role on seedling growth.

61



DISSEMINATION OF RESULTS OBTAINED
PUBLICATIONS

I.1. Extensive scientific papers in ISI journals with impact factor:

1. Necula R., Zaharia M., Butnariu A. , Zamfirache M.-M., Surleva A., Ciobanu C. I,
Pintilie O., lacoban C., Drochioiu G. - Heavy metals and arsenic in an abandoned barite
mining area: ecological risk assessment using biomarkers, Environmental forensics ,
1-13, DOI: 10.1080 / 15275922.2021.1976315, 2021 . (Impact factor 1,328 ).

2. Stefanescu R., Butnariu A.-E. , Zamfirache M.-M., Surleva A., Ciobanu C. I., Pintilie,
O., Drochioiu G. — Yeast-based microbiological decontamination of heavy metal
contaminated soils of Tarnita, Carpathian Journal of Earth and Environmental
Sciences , 12 (1), 153 - 159, 2017 . (Impact factor 1,347 ).

1.2. Scientific articles published in extenso, in ISI-listed conference
volumes:

1. Zaharia M., Drochioiu G., Butnariu A. E., llieva D., Surleva A. — Heavy metal toxicity
and decontamination. Tarnita closed mine pollution case, 17 ™ International
Multidisciplinary Scientific GeoConference SGEM 2017, Energy and Clean
Technology, Section Air Pollution and Climate Change, vol 17 (43), pp. 397-404,
2017.

2. Drochioiu G., Butnariu A.E. , Stefanescu R., Necula R. and Iacoban C. — Possible heavy
metal bioremediation of Tarnita forestry area, 16 " International Multidisciplinary
Scientific GeoConference SGEM 2016, Water Resources. Forest, Marine and Ocean
Ecosystems, vol 3 (I1), pp. 609 -616, 2016 .

3. Murariu M., Ciobanu CI, Bunia I., Surleva A., Butnariu A. E. — Wheat seeds as
environmental markers in heavy metal and arsenic pollution of Tarnita mining area,
16th International Multidisciplinary Scientific GeoConference SGEM 2016, Water
Resources. Forest, Marine and Ocean Ecosystems, vol 3 (1), pp. 685 -692, 2016 .

1.3. Scientific papers in journals included in International Databases
(BDI):

1. Butnariu A. , Zamfirache M.-M., Drochioiu G. — Toxicity assessment of arsenite and its
relationship with arsenic polluted area of Tarnita: the protective effect of glutathione,
Acta Chemica lasi, vol. 28 (1), pp. 95 - 112, 2020.

2. Pintilie, O., Zaharia, M., Cosma, A., Butnariu, A., Murariu, M., Drochioiu, G., Sandu, I.,
Effect of heavy metals on the germination of wheat seeds: enzymatic assay , The
annals of “Dunarea de Jos” University of Galati. Fascicle IX. Metallurgy and
Materials Science, B category, 215 code (
http://www.cncsis.ro/2006_evaluare_rev.php ), ISSN 1453-083x, 2016.

62


http://www.cncsis.ro/2006_evaluare_rev.php

PARTICIPATIONS IN SCIENTIFIC EVENTS

1.4. International conferences:

1.

Butnariu A. E., Stefanescu R., Pintilie O., Murariu M., Bunia I., Surleva A., Ciobanu
C. I., lacoban C. and Zamfirache M.-M. — Wheat seeds as markers of heavy metal
pollution and decontamination of Tarnita mining area , 12th International Conference on
Colloid and Surface Chemistry, lasi, May, 2016 .

Pintilie O., Zaharia M., Cosma A., Butnariu A. E., Murariu M., Drochioiu G. and Sandu
I. — The study of the effect of heavy metals on the germination of wheat seeds by
enzymatic measurements, Scientific, Technological and Innovative Research in Current
European Context (International Workshop EUROINVENT), Alexandru loan Cuza
University Publishing House, (ISBN: 978 - 973 - 703 - 891 - 3), 643-653, 2016 .

1.5. National conferences:

1.

O. Pintilie, M. Zaharia, A. Cosma, A. Butnariu, M. Murariu, G. Drochioiu, I. Sandu.
Effect of heavy metals on the germination of wheat seeds: enzymatic assay, The 7 ™
Conference on Material Science & Engineering, UgalMat, Galati, May, 2016.

A. E. Butnariu , M.-M. Zamfirache, A. Lobiuc, G. Drochioiu, O. Pintilie, M. Murariu,
C. I. Ciobanu, C. lacoban, Z. Olteanu — The effect of glutathione on the test species
Triticum aestivum L. in the presence of heavy metals from mining residues from Tarnita-
Ostra, Scientific Communications Session “D. Cheese ”, Bucharest, November, 2016 .

Butnariu A. E., Stefanescu R., Pintilie O., Zamfirache M.-M., Surleva A., Ciobanu C.
I. and Drochioiu G. — Yeast-based microbiological decontamination of heavy metal
contaminated soils: Tarnita area case, "Alexandru loan Cuza" University Days, lasi,
October, 2015 .

63



SELECTIVE BIBLIOGRAPHY:

10.

11.

12.

13.

14.

Adjel F., Bouzerzour H., Benmahammed A. (2013) - Salt Stress Effects on Seed
Germination and Seedling Growth of Barley (Hordeum vulgare L.) Genotypes.
Journal of Agriculture and Sustainability, 3 (2): 223-23.

Anderson P. M., Oelke E. A. , Simmons S. R. (1985) - Growth and development
guide for spring wheat. University of Minnesota Agricultural Extension Folder AG-
FO-2547, pp. 1-8.

Andrei M., Predan G. M. 1. (2008) - Practicum of plant morphology and anatomy,
Agricultural Sciences Publishing House, lasi, pp. 54-57, 205-206.

Askari H., Kazemitabar S. K., Zarrini H. N., Saberi M. H. (2017) - Different
statistical procedures for selection of salt tolerant barley genotypes at germination
stage. Indian Journal of Agricultural Research, 51 (5): 453-457.

Askwith C. C., De Silva D., Kaplan J. (1996) - Molecular biology of iron acquisition
in Saccharomyces cerevisiae. Mol Microbiology, 20: 27-34.

Aziz H. A, Adlan M. N., Ariffin K. S. (2008) - Heavy metals (Cd, Pb, Zn, Ni, Cu
and Cr (IlI)) removal from waterin Malaysia: Post treatment by high quality
limestone. Bioresource Technology, 99 (6): 1578-1583.

Baltpurvins K. A., Burns R. C., Lawrance G. A., Stuart A. D. (1995) - The Use of
the Solubility Domain Approach for the Modeling of the Hydroxide Precipitation of
Lead from Wastewater, 50th Purdue Industrial Waste Conference Proceedings.
Environmental Science & Technology, 30 (5): 1493-1499.

Butnariu A., Zamfirache M. M., Drochioiu G. (2020) - Toxicity assessment of
arsenite and its relationship with arsenic polluted area of Tarnita: the protective effect
of glutathione, Acta Chemica lasi, 28 (1): 95-112.

Charerntanyarak L. (1999) - Heavy metals removal by chemical coagulation and
precipitation, Water Science Technology, 39: 135-138.

Chen Q. Y., Luo Z., Hills C., Xue G., Tyrer M. (2009) - Precipitation of heavy
metalsfrom wastewater using simulatedflue gas: sequent additions of fly ash, lime
and carbon dioxide, Water Research, 43: 2605-2614 .

Chicos M. M., Damian G., Stumbea D., Buzgar N., Ungureanu T., Nica V., lepure
G. (2016) - Mineralogy and geochemistry of the tailing ponds from Straja Valley
(Suceava County, Romania). Factors affecting the mobility of the elements on the
surface of the waste deposit. Carpathian Journal of Earth and Environmental Science,
11 (1): 265-280.

Ciobanu C., Molnar R., Murariu M., Ruscanu R., Butnariu R., Mangalagiu G.,
Drochioiu G. (2006) - Mercury toxicity and its relationship with selenite salts and
glutathione, Ann. Univ. Agron. lasi, Agronomy series, 49: 332-337.

Ciobanu C., Molnar R., Murariu M., Ruscanu R., Drochioiu G. (2006) - Protective
effect of glutathione against copper ions within a wheat germination experiment,
Ann. Univ. Agron. lasi, Agronomy series, 49: 346-351.

Cojocaru C., Diaconu M., Cretescu I., Savic J., Vasic V. (2009) - Biosorption of
copper (11) ions from aqua solutions using dried yeast biomass, Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 335 (1): 181-188.

64



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Dhankhar R., Hooda A. (2011) - Fungal biosorption - an alternative to meet the
challenges of heavy metal pollution in aqueous solutions, Environmental
Technology, 32 (5): 467-491.

Deelsch E., Deroche B., Van de Kerchove V. (2006) - Impact of sewage sludge
spreading on heavy metal speciation in tropical soils (Réunion, Indian Ocean).
Chemosphere, 65 (2): 286-293.

Drochioiu G., Butnariu A. E., Stefanescu R., Necula R., Iacoban C. (2016) - Possible
heavy metal bioremediation of Tarnita forestry area, 16th International
Multidisciplinary Scientific GeoConference SGEM 2016, Water Resources. Forest,
Marine and Ocean Ecosystems, 2 (3): 609 -616.

Drochioiu G., Surleva A., llieva D., Tudorachi L., Necula R. (2016) - Heavy metal
toxicity around a closed barite mine in Tarnita-Romania, 16th International
Multidisciplinary Scientific GeoConference SGEM 2016, Water Resources. Forest,
Marine and Ocean Ecosystems, 2 (3): 525 -532.

Evers A. D., Bechtel D. B. (1988) - Microscopic structure of the wheat grain. Wheat:
chemistry and technology, I (3): 47-95.

Faltermaier A., Zarnkow M., Becker T., Gastl M., Arendt E. K. (2015) - Common
wheat ( Triticum aestivum L.): Evaluating microstructural changes uring the malting
process by using confocal laser scanning microscopy and scanning electron
microscopy. European Food Research and Technology, 241: 239-252.

Fargasova A. (1994) - Effect of Pb, Cd, Hg, As and Cr on germination and root
growth of Sinapsis alba seeds. Environmental Contamination and Toxicology, 52 (3):
452-456.

Farhan S. N., Khadom A. A. (2015) - Biosorption of heavy metals from aqueous
solutions by Saccharomyces cerevisiae, International Journal of Industrial
Chemistry, 6 (2): 119-130.

Fomina M., Gadd G. M. (2014) - Biosorption: current perspectives on concept,
definition and application, Bioresource Technology, 160: 3-14.

Gaensly F., Picheth G., Brand D., Bonfim T. (2014) - The uptake of different iron
salts by the yeast Saccharomyces cerevisiae. Brazilian Journal of Microbiology, 45
(2): 491-494.

Gang A., Vyas A., Vyas H. (2013) - Toxic effect of heavy metals on germination and
seedling growth of wheat, Environmental Research and Development, vol. 8 (2): 206.
Gekeler W., Grill E., Winnacker E. L., Zenk M. H. (1989) - Survey of the plant
kingdom for the ability to bind heavy metals through phytochelatins, Zeitschrift fur
Naturforschung, 44: 361-369.

Godzik B. (1993) - Heavy metals content in plants from zinc dumps and reference
area. Polish Botanical Studies, 5: 113-132.

Goksungur Y., Uren S., Gliveng U. (2003) - Biosorption of copper ions by caustic
treated waste baker's yeast biomass. Turkish Journal of Biology, 27 (1): 23-29.
Gorur K. F., Keser R., Akcay N., Dizman S., (2012) - Radioactivity and heavy metal
concentrations of some commercial fish species consumed in the Black Sea region
of Turkey. Chemosphere, 87: 356-361.

65



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hasnian S., Yasmin S., Yasmin A. (1993) - The effect of lead resistant Pseudomonas
on the growth of Triticum aestivum seedlings under lead stress. Environmental
Pollution, 81 (2): 179-184.

Hirata K., Tsuji N., Miymyamoto K. (2005) - Biosynthetic regulation of
phytochelatins. Heavy Metal-Binding Peptides, Journal of Bioscience and
Bioengineering, 100 (6): 593-599.

Honig V., Miler P., Hromadko J. (2008) - Bioethanol as a future inspiration. Listy
Cukrovarnické a Repatské, 124 (7/8): 203-206.

Horikoshi T., Nakajima A., Sakaguchi T. (1981) - Studies on the accumulation of
heavy metal elements in biological systems. European journal of applied
microbiology and biotechnology, 12 (2): 90-96.

Huisman J. L., Schouten G., Schultz C. (2006) - Biologically produced sulphide for
purification of process streams, effluent treatment and recovery of metals in the metal
and mining industry, Hydrometallurgy, 83: 106-113.

llieva D., Angelova L., Drochioiu G., Murariu M., Surleva A. (2019) - Estimation of
soil and tailing dump toxicity: development and validation of a protocol based on
bioindicators and ICP-OES. In IOP Conference Series: Materials Science and
Engineering, 572 (1): 012110.

Jain C. K., Ali I. (2000) - Arsenic: occurrence, toxicity and speciation techniques.
Water Research, 34 (17): 4304-4312.

Jang M., Hwang J. S., Choi S. I. (2007) - Sequential soil washing technigques using
hydrochloric acid and sodium hydroxide for remediating arsenic-contaminated soils
in abandoned iron-ore mines. Chemosphere, 66 (1): 8-17.

Jansone I., Gaile Z. (2013) - Production of bioethanol from starch based agriculture
raw material. Research for Rural Development, 1:35.

Klepper B., Rickman R.W., Peterson C. M. (1982) - Quantitative Characterization of
Vegetative Development in Small Cereal Grains 1. Agronomy Journal, 74 (5): 789-
792.

Koski-Vihila J., Hartikainen H., Tallberg P. (2001) - Phosphorus mobilization from
various sediment pools in response to increased pH and silicate concentration,
Journal of Environmental Quality, 30 (2): 546-552.

Ku Y., Jung I. L. (2001) - Photocatalytic reductionof Cr (V1) in aqueous solutions by
UVirradiation with the presence of titanium dioxide.Water Research, 35 (1): 135-
142.

Laxmi V., Nalini P. (2016) - Effect of iron stress on oxidative metabolism in wheat
plants (Triticum aestivum L.) iron stress in wheat. International Journal of Applied
and Pure Science and Agriculture, 2 (12): 24-32.

Lesmana S. O., Febriana N., Soetaredjo F. E., Sunarso J., Ismadji, S. (2009) - Studies
on potential applications of biomass for the separation of heavy metals from water
and wastewater. Biochemical Engineering Journal, 44 (1): 19-41.

Madrid Y., Cabrera C., Perez-Corona T., Camara C. (1995) - Speciation of methyl
mercury and Hg (1) using baker's yeast biomass (Saccharomyces cerevisiae).
Determination by continuous flow mercury cold vapor generation atomic absorption
spectrometry, Analytical Chemistry, 67: 750-754.

66



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Mahmood T., Islam K. R., Muhammad S. (2007) - Toxic effects of heavy metals on
early growth and tolerance of cereal crops, Pakistan Journal of Botany, vol 39 (2):
451-462.

Mandal B. K., Suzuki K. T. (2002) - Arsenic round the world: a review, Talanta, 58
(1): 201-235.

Matschullat J. (2000) - Arsenic in the geosphere-a review, Science of the Total
Environment, 249 (1-3): 297-312.

Mcdonald M. B. (1993) - The history of seed vigor testing, Journal of Seed
Technology, 17 (2): 93-100.

Mehmood T., Bibi I., Shahid M., Niazi N. K., Murtaza B., Wang H., Ok Y. S., Sarkar
B., Javed M. T., Murtaza G. (2017) - Effect of compost addition on arsenic uptake,
morphological and physiological attributes of maize plants grown in contrasting
soils, Journal of Geochemical Exploration, 178: 83-91.

Mirbagheri S. A., Hosseini S. N. (2005) - Pilot plant investigation on petrochemical
waste water treatment for the removal of copper and chromium with the objective of
reuse, Desalination, 171: 85-93.

Mirsal 1. A. (2008) - Soil Pollution. Origins, Monitoring & Remediation, Springer,
pp. 117-136.

Murariu M., Ciobanu C. I., Bunia I., Surleva A., Butnariu A. E. (2016) - Wheat
seeds as environmental markers in heavy metal and arsenic pollution of Tarnita
mining area. International Multidisciplinary Scientific GeoConference: SGEM, 3
(11): 685-692.

Mylona P. V., Polidoros A. N., Scandalios J. G. (1998) - Modulation of antioxidant
responses by arsenic in maize, Free Radical Biology and Medicine, 25 (4-5): 576-
585.

Nita M., Rugina R., Ivanescu L., Costica N., Toma C. (2004) - Plant morphology and
anatomy. Manual of practical works, Ed. Univ. “Al. 1. Cuza "lasi, p.10.

Norouzi, Y., Mohammadi, G., Nosratti, I. (2017) - Seed germination and seedling
growth of wheat (Triticum aestivum) as influenced by safed behman (Centaurea
behen) water extract. Biharean Biologist, 11 (2): 98-101.

Order of the Minister of Environment and Water Management no. 161/2006 for the
approval of the Norm regarding the classification of surface water quality in order to
establish the ecological status of water bodies, published in the Official Gazette of
Romania, Part I, no. 511 from 13.06.2006.

Order no. 756/1997, Regulations regarding the assessment of environmental
pollution.

Pflugmacher S., Hofmann J., Hiibner B. (2007) - Effects on growth and physiological
parameters in wheat (Triticum aestivum L.) grown in soil and irrigated with
cyanobacterial toxin contaminated water. Environmental Toxicology and Chemistry:
An International Journal, 26 (12): 2710-2716.

Philpott C. C., Protchenko O. (2008) - Response to iron deprivation in
Saccharomyces cerevisiae. Eukaryotic Cell, 7 (1): 20-27.

67



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Pokorska-Niewiada K., Rajkowska-Mysliwiec M., Protasowicki M. (2018) - Acute
lethal toxicity of heavy metals to the seeds of plants of high importance to humans.
Bulletin of environmental contamination and toxicology, 101 (2): 222-228.

Potters G., De Gara L., Asard H., Horemans N. (2002) - Ascorbate and glutathione:
Guardians of the cell cycle, partners in crime? Plant Physiol. Biochem., 40: 537-548.
Raghavan R., Dietz D. H., Coles E. (1989) - Cleaning Excavated Soil Using
Extraction Agents: A State-of-the-Art Review, Journal of Hazardous Materials, 26
(1): 81-87.

Rasafi El, Nouri T., Bouda M., Haddioui A. (2016) - The effect of Cd, Zn and Fe on
seed germination and early seedling growth of wheat and bean. Ecology, 35 (3): 213.
Rauret G., Rubio R., Lopez-Sanchez J. F. (1989) - Optimization of Tessier procedure
for metal solid speciation in river sediments. International Journal of Environmental
Analytical Chemistry, 36 (2): 69-83.

Rea P. A., Vatamaniuk O. K., Rigden D. J. (2004) - Weeds, worms, and more.
Papain's long-lost cousin, phytochelatin synthase. Plant Physiology, 136: 2463-2474.
Saifullah B., Ghafoor, A., Zia MH, Murtaza G., Waraich E. A., Bibi S., Srivastava,
P. (2010) - Comparison of organic and inorganic amendments for enhancing soil lead
phytoextraction by wheat ( Triticum aestivum L.) . International journal of
phytoremediation, 12 (7): 633-649.

Seguchi M., Uozu M., Oneda H., Murayama R., Okusu H. (2010) - Effect of outer
bran layers from germinated wheat grains on breadmaking properties. Cereal
Chemistry, 87: 231-236.

Shafeeq A., Ali Butt Z., Muhammad S. (2012) - Response of nickel pollution on
physiological and biochemical attributes of wheat (Triticum aestivum L.) var.
bhakar-02, Pakistan Journal of Botany, 44: 111-116.

Shao H. B., Liang Z. S., Shao M. A., Sun Q. (2005) - Dynamic changes of anti-
oxidative enzymes of 10 wheat genotypes at soil water deficits. Colloids and Surfaces
B: Biointerfaces, 42 (3-4): 187-195.

Shiferaw B., Baker D. A. (1996) - An Evaluation of Drought Screening Techniques
for Eragrostis tef. Tropical Science (United Kingdom), 36: 74-80.

Shumaker K. L., Begonia G. (2005) - Heavy metal uptake, translocation, and
bioaccumulation studies of Triticum aestivum cultivated in contaminated dredged
materials. International journal of environmental research and public health, 2 (2):
293-298.

Singh D., Nath K., Sharma Y. K. (2007) - Response of wheat seed germination and
seedling growth under copper stress. Journal of Environmental Biology, 28 (2): 409-
414,

Smirnova G. V., Oktyabrsky O. N. (2005) - Glutathione in bacteria, Biochemistry,
70: 1199-1211.

Snedecor G. V. (1994) - Statistical methods applied to experiments in agriculture and
biology. The lowa State Univ. Press, USA, pp. 255-274.

STAS 4706 (1988) - Surface waters. Categories and quality conditions.

68



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Stein R. R. J., Duarte G. L., Spohr M. G., Lopes S. I. G., Fett J. P. (2008) - Distinct
physiological responses subjected to iron toxicity under field conditions. Annals of
Applied Biology, 154 (2): 269-277.

Stumbea D. (2013) - Preliminaries on pollution risk factors related to mining and ore
processing in the Cu-rich pollymetallic belt of Eastern Carpathians, Romania.
Environmental Science and Pollution Research, 20 (11): 7643-7655.

Stefanescu R., Butnariu A. E., Zamfirache M. M., Surleva A., Ciobanu C. 1., Pintilie
O., Drochioiu G. (2017) - Yeast-based microbiological decontamination of heavy
metal contaminated soils of Tarnita, Carpathian Journal of Earth and Environmental
Sciences, 12 (1): 153-159.

Tanase C., Pui A., Oprea A., Popa K. (2009) - Translocation of radioactivity from
substrate to macromycetes in the Crucea (Romania) uranium mining area. Journal of
radioanalytical and nuclear chemistry, 281 (3): 563-567.

Tinay O., Kabdasli N. I. (1994) - Hydroxide precipitation of complexed metals.
Water Research, 28 (10): 2117-2124.

Tit D. M., Pallag A., Bungau S., Fodor L. (2012) - The Influence of Microelements
on Germination and Chlorophyll Quantity in Sinapis alba L. seeds, Annals of the
University of Oradea. Issue Ecotoxicology, Animal Husbandry and Food Industry
Technologies, 11 /B (11): 188-195.

Wang J., Chen C. (2006) - Biosorption of heavy metals by Saccharomyces cerevisiae:
A review, Biotechnology Advances, 24: 427-451.

Wu M., Liang J., Tang J., Li G., Shan S., Guo Z., Deng, L. (2017) - Decontamination
of multiple heavy metals-containing effluents through microbial biotechnology.
Journal of hazardous materials, 337: 189-197.

Wysocki R., Chéry C. C., Wawrzycka D., Van Hulle M., Cornelis R., Thevelein J.
M., Tamas M. J. (2001) - The glycerol channel Fps1p mediates the uptake of arsenite
and antimonite in Saccharomyces cerevisiae, Molecular Microbiology, 40 (6) ):
1391-1401.

Yasin M., EI-Mehdawi A. F., Anwar A., Pilon-Smits E. A., Faisal, M. (2015) -
Microbial-enhanced selenium and iron biofortification of wheat ( Triticum aestivum
L.) - applications in phytoremediation and biofortification. International journal of
phytoremediation, 17 (4): 341-347.

Yasmeen F., Razzag A., Igbal M. N., Jhanzab H. M. (2015) - Effect of silver, copper
and iron nanoparticles on wheat germination. International journal of biosciences, 6
(4): 112-117.

Zadoks J. C., Chang T. T., Konzak C. F. (1974) - A decimal code for the growth
stages of cereals. Weed research, 14 (6): 415-421.

Zaharia M., Drochioiu G., llieva D., Butnariu A. E., Surleva A. (2017) - Heavy
metal toxicity and decontamination: Tarnita closed mine pollution case. 17th
International Multidisciplinary Scientific GeoConference SGEM 2017, Vienna
GREEN Conference Proceddings, 17 (43): 397-404.

69



