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1. Background and objectives of the doctoral thesis

The daily selenium requirement of an adult body is about 0.12 mg. This quantity of selenium
can be provided through food only, because plants are able to absorb the plants are able to
absorb an adequate amount of selenium from the soil. Due to acidic rainfalls, the selenium
compounds in the soil convert to a form, from which the plants can absorb only small amounts.
Selenium is present in the human diet mainly in the form of selenite, selenomethionine (SeMet)
and selenocysteine (SeCys).

The biggest threat for Humans regarding selenium consumption is the consumption of
selenium in the inorganic form, as an acute toxicity can develop easily and quickly this way. It
is less dangerous when the selenium enters the body in an organic form like selenomethionine,
but in this case, a potential danger is the accumulation of selenium, as SeMet is stored by the
body for a longer time. It seems to be a better solution to consume selenium enriched plant
nutrients, but perhaps it is even more advantageous when the necessary selenium enters the
body through selenium enriched products of animal origin, as the animal organism performs
such a conversion on selenium, which, assuming normal eating habits, can not cause any harm
to the body.



Objectives

There is a lack of knowledge about the selenium supply of the population, the selenium content
of the soils, the wheat crops and the wheat seeds in Romania. Because of this fact, my aim was
to investigate:

- the total selenium content, the pH and organic compound content of the most important
soil types in the Dobrogea-Baragan region (regosol, hydromorph waterlogged soil,
podzolated brown forest soil, cambic brown forest soil, erodisol, raw alluvial soil,
hydromorph grey meadow soil, redzina soil, humus alluvial soil, sandy soil-psamosol,
cambic brown earth, luvisol, brown forest soil with albic horizon, hydromorph black
meadow soil, mollic litic chernozem, mollic typical chernozem)

- the pH and organic compound content of the above soil types in the Ciuc basin

- the total selenium content and the SeMet content of wheat crops and wheat seeds of the
aforementioned soil types originating from the Dobrogea-Baragan region (in 2008) and
the Ciuc basin (in 2009 and 2010).

- it was my objective to evaluate the results of the samples originating from the
Dobrogea-Baragan region regarding a correlation between the selenium content of the
soil and the selenium content of the wheat crops and wheat seeds grown on the same
soil type, as well as the correlation between the selenium and selenomethionine content
of wheat crops and wheat seeds in each of the two regions.

- my aim was to determine the total selenium content and the selenomethionine content of
one of the most important raw food material, the wheat seed, taking into account the
selenium supply of the population in Romania, the Dobrogea-Baragan region and the

Ciuc basin.



2. Research methodology

Sampling was performed on 16 different soil types in the Dobrogea-Baragan region located in
the south-eastern part of Romania, and later on the same 16 different soil types in the Ciuc
basin located in the south-east of Harghita county.

During the sampling we identified the place of origin using a GPS device, and there was
care taken when collecting the wheat crop and wheat seed samples at the beginning of the
harvest period, from the same regions where the soil and wheat grass were also sampled.

During our research we examined the selenium content and the content of different
selenium forms of common wheat (or bread wheat, Triticum aestivum), as it is the most
common wheat type grown in the Dobrogea-Baragan region as well as in the Ciuc basin.

The sampling of wheat was made at its maturation time (Dobrogea-Baragan region
25.06-10.07, Ciuc basin 20.07-01.08).

During the sampling the wheat grass samples were picked together with the soil. After
the plant was pulled out by hand from the soil, the soil was placed into a plastic bag. The root
of the plant was washed under running water, and the green wheat plants as well as the soil
were transported into the laboratory immediately, where they were stored at -25 °C until
preparation for further examination.

Wheat seeds were released from the plant by gloved hand. After removing the husk and
the awn parts, the seeds were placed into a plastic bag, and stored at +5 °C until the beginning
of the analysis examination. After releasing the seeds and removing the husk, there was no
contamination which would have made washing the seeds necessary.

The amount of selenium in the soil is highly influenced by a number of important factors
including the temperature or the amount of rainfall. For this reason, | monitored the changes of
the climate with the support of the Romanian Meteorological Station during my research.

The analytical methods used for the analysis of the samples

Determination of the dry matter content of the samples

The dry matter content was determined according to the relevant Romanian Standard (STAS
9682-2-74).

Determination of the pH of the soil samples

To determine the selenium uptake capacity of the wheat plant and wheat seeds, it was necessary
to determine the pH of the soil samples. The pH of the soil samples was determined in aqueous



suspension. 25 ml demineralized water was added to 1 g of soil sample. The mixture was
shaken, and left overnight. After vigorous shaking, the pH of the samples was measured by a

Consort C6010 pH measuring piece of equipment.

Determination of the organic matter content of the soil

The quantification of the organic matter content of the soil was determined according to the
Tyurin method. A small amount of soil was sieved on a 0.25 mm mesh sieve to clear it from the
root residues. To determine the organic matter content of the soil samples, the properly
prepared soil samples were oxidized in a sulfuric acid solution of 0.2 M potassium dichromate
under specified conditions. After oxidation, the excess potassium dichromate in excess was
titrated with iron (I1)-diamoniac sulfate solution, (Fe (NH4)2 (SO4), * 6H,0) in the presence of a
redox indicator (ISO 10390-2005).

Determination of selenium content by fluorimetric method

Selenium content is extremely sensitive to digestion conditions, therefore wet digestion was
performed. The digestion was performed both with nitric acid and with royal water. The result
of the three sample types (soil, wheat crop and wheat seeds) were appropriate only in the case
where nitric acid was used for digestion, therefore only these results were considered for further
evaluation.

2,3-diamino-naphthalene was added to the acidic solution of the digested samples, and
the obtained piazo-selenol complex was measured fluorimetrically. The excitation wavelength

was 380 nm and the measuring wavelength was 519 nm.

Determination of selenoamino acids by HPLC

The SeMet content was examined using a Varian Pro Star High Performance Liquid
Cromathography, where o-phthalaldehyde 2-mercaptoethanol pre-column derivatization was
performed after para-toluol-sulfonic acid hydrolysis (Mandoki et al., 2008).

Statistical evaluation of the data

To find the relationship between the soil, the wheat plant- and the selenium content of the
wheat a statistical analysis was performed with the Excel software package (standard deviation,
mean, linear regression, correlation calculations) using the collected data. The results of the

studies were evaluated with the Microsoft Office Excel 2003 program.



3. The main findings of the thesis

Considering that climate changes too, | came to the conclusion that the climatic conditions of
the year 2008 and 2009 were the same. On the other hand, due to the geographic location of the
Dobrogea-Baragan region, the average temperatures were higher here (approx. with 10°C
higher) in the year 2008, than in the Ciuc basin in the year 2009. Comparing the weather
conditions of the year 2009 and 2010 in the Ciuc basin, both the temperature and the amount of

rainfall was higher in the year 2010.
3.1. The evaluation of the soil samples

The selenium content of the soil samples

At the beginning of our research we examined the selenium content of wheat plants grown on
16 different soil types in the Dobrogea-Baragan region, located in the south-eastern part of
Romania.

In case of soil samples originating from the Dobrogea-Baragan region, the total
selenium content ranged from the value of 52.0 pg/kg to 172 pg/kg. The average selenium
content was about 119 pg/kg.

The lowest selenium content was measured in regosol (mean value 52.0 pg/kg), while
the highest value was measured in the mollic (litic chernozem) soil sample (values between 170
and 172 pg/kg). We also detected low values in hydromorph waterlogged soil (65.9-67.1 pg/kg)
and in case of podzolated brown forest soil (78.1-80.0 pg/kg). Higher values were detected of
cambic brown forest soil (142-148 pg/kg), the cambic brown soil (149-150 pg/kg) and of
hydromorph meadow soil (151-158 pg/kg). In the case of the other soil types, the selenium
content of the samples was between 81.2-135 pg/kg. The value of the standard deviation for the
total selenium content of the soil was 35.5 pg/kg.

The change of the selenium content of different soil types was it really identical or could
you say it replicated the data cited in the literature (Mayland et al., 1989). The volcanic rocks
contained lower amounts of selenium than the sedimentary soil, especially compared with the
clayey soils.

Based on the selenium content of the soil, there are four categories: incomplete (less
than 75 pg/kg selenium), acceptable (75 to 175 pg/kg), high (175 to 1000 pg/kg) and
specifically toxic (greater than 1000 pg/kg) (Oldfield, 1999, Tan 1989, Kabata-Pendias and
Pendias, 1992, Fordyce, 2013). It can this be concluded, that the selenium content of these
regions is deficient (lower than 0.75 pg/kg) and acceptable (between 75 to 175 pg/kg).



Comparing these results with those measured in other regions of Romania, it can be stated that
the data is similar (Lacatusu et al., 2010, 2012 and 2013; Lungu, 2013).

The determination of the pH value of the soil samples

The pH of the soil samples varied between the value of 4.2 to 7.8 (Dobrogea Baragan- region
2008), 4.6 to 7.9 (Ciuc Basin 2009) and 5.4 to 8.3 (Ciuc Basin, 2010).

The lowest values in the Dobrogea Baragan region were pH 4.2 for the regosol soil type
and 4.5 for the hydromorph waterlogged soil. The highest pH values were measured for the
mollic (typical chernozem) 7.8, the mollic (lytic chernozem) 7.2. The standard deviation in the
case of other soil types was 1.8.

The lowest values measured in the Ciuc basin both in 2009 and 2010, were pH 4.6 and
5.4 for the regosol soil type, and pH 4.6 and 5.7 for the hydromorph waterlogged soil type. The
highest pH values were measured for the mollic (typical chernozem) and for the mollic (lytic
chernozem) 7.2-8.3 and 7.1-8.2. In the case of other soil types, the standard deviation was 1.9 in
2009 and 1.5 in 2005.

| examined the relationship between the selenium content of the soil and the pH of the
soil from the region of Dobrogea-Baragan. The value of the correlation coefficient (R?) of the
70 samples was 0,879. This indicates a strong correlation between the selenium content and the
pH of the soil.

| determined the relationship between the pH values of the soil samples for the three
years. Comparing the soil samples from the Dobrogea-Baragan region with those from the Ciuc
Basin, a strong correlation can be observed. In case of the Dobrogea-Baragan region 2008 and
the Ciuc Basin 2009, the R? value is 0.834; in case of the Dobrogea-Baragan region 2008 and
the Ciuc Basin 2010, the R? value is 0.841. On the other hand, there was a very strong
correlation among the samples collected from the Ciuc basin in 2009 and 2010. The correlation
coefficient of the 96 samples analyzed was R?= 0.904, indicating a strong correlation.

While analyzing the pH values of the soil samples there was a significant difference
(p<0.05) among the samples in all three years, but the pH of the same soil types did not change
significantly during 2008, 2009 and 2010.

| found that the soils with a lower selenium content had a low pH, while the soils with a
higher selenium content had a higher pH value. Comparing the collected data with the data in
the literature, it can be stated, that the selenium content is greatly influenced by the pH values
of the soil (Skinner, 1999; Ip and Ganther, 1992;. Kapolna et al, 2006; Cannon, 1964; Dhillon



and Dhillon, 1999, Barrow and Whelan , 1989; Széles et al, 2007;. Gissel-Nielsen et al, 1984;
Mikkelsen et al, 1989; Patocs, 1990; Zhao et al 2007).

The evaluation of the organic matter content of the soil samples

The determination of the organic matter content of soil samples was carried out in order to
check for correlation examine the relationship between the organic matter content and the
selenomethionine content of the soil samples.

The soil samples collected in the Dobrogea Baragan region had an organic matter
content of 0.70 to 3.67 %, the organic matter content of the soil samples collected in the Ciuc
Basin was 2.63%-4.78% in 2009 and 0.95%-3.92% in 2010. The lowest organic matter content
was measured in each of the three years from the regosol and the hydromorph waterlogged soil
types, while the highest values were measured in case of the mollic (typical chernozem) and the
mollic (lytic chernozem) soil samples.

Examined the correlation between the total selenium content and the organic matter
content of the soil samples. In case of the 70 soil samples collected from the Dobrogea-Baragan
region, the correlation coefficient (R?) was 0.806, which indicates a moderate correlation.

The correlation between the organic matter content of the soil samples collected in the
three years was also examined. Comparing the soil samples from the Dobrogea-Baragan region
with those from the Ciuc Basin there is a moderate correlation (Dobrogea-Baragan region 2008
and the Ciuc Basin 2009 where the R? value was 0.811; for Dobrogea-Barigan region 2008 and
the Ciuc Basin 2010 the R? was 0.821). There is a strong relationship between the samples
collected in the Ciuc Basin in the years 2009 and 2010 collected from the same places. The
correlation coefficient values of the 96 samples was 0, 807, which indicates a strong
correlation.

Examining the organic matter content of the soils there was a significant difference (p =
0.0001) between the samples collected from the Dobrogea-Baragan region (in 2008) and the
Ciuc Basin (2009 and 2010), but the organic matter content of the same soil types did not
change significantly (p <0.05).

3.2. The examination of wheat grass samples

During my research | examined the total selenium content and the SeMet content of wheat
grass. The values were calculated on the basis of 100% dry matter, therefore | needed to

determine the dry matter content of the samples.



The dry matter contents of wheat grasses originating from the Dobrogea-Baragan region
were between 15.6% and 22.6%, while those originating from the Ciuc basin were between
15.6% and 22.4% in the year 2009 and between 16.2% and 23.1% in the year 2010.

The selenium content of wheat grass samples

The wheat grass samples originating from the Dobrogea-Baragan region showed a total
selenium content with values ranging from 36.4 pg/kg to 122.4 ug/kg. The average selenium
content was about 84.2 pg/kg.

The lowest selenium content was detected in the case of wheat grass cultivated on
regosol (mean value 38.15 pg/kg), while the highest values were detected in the case of wheat
grass cultivated on mollic (typical chernozem) soil type (121 pg/kg). Low values were also
detected in the case of wheat grass samples cultivated on hydromorph waterlogged soil (49.6
pg/kg), erodisol (76.9 pg/kg) and the podzolated brown forest soil (63.8 pg/kg). Higher values
were detected in the case of wheat grass cultivated on mollic redzina soil (89.1 pg/kg), mollic
(litic chernozem) (108 pg/kg) and hydromorph meadow soil types (95.1 pg/kg). The wheat
grass samples cultivated on other types of soil showed moderate selenium content. The standard
deviation was 21.40 pg/kg.

According to the data in the literature, wheat grass does not belong to the selenium
accumulating plant group, therefore the selenium content of the soil is proportional to that of
wheat grass. It can be concluded that the total selenium content of wheat grass was deficient
(less than 125 pg/kg) and acceptable (125-175 pg/kg) like in case of the soil (Oldfield, 1999;
Tan, 1989; Kabata-Pendias and Pendias, 1992; Fordyce, 2013). My findings were similar to
the data described in the literature (Fordyce et al., 2000; Johnson et al., 2000; Wang and Gao,
2001, MacPherson et al., 1997, Fleming, 1980; Jacobs, 1989; Mayland, 1994; Neal, 1995).

| found that the selenium deficient wheat grass samples originated from soils with lower
selenium content (regosol 52.0 pg/kg, hydromorph waterlogged soil 66.8 pg/kg, erodisol 78.5
uo/kg, and the podzolated brown forest soil 79.9 pg/kg, while the wheat grass samples with
acceptable selenium content originated from soil types with higher selenium content (mollic-
typical chernozem 171 pg/kg, mollic-lytic chernozem 169 pg/kg, hydromorph meadow soil 156
Hg/kg).

The correlation between the total selenium content of soil types and wheat grass
cultivated on it, was also examined. According to the results of the 70 different analyzes, the
correlation coefficient (R® value) was 0.883, which indicates a strong correlation between the

total selenium content of the soil and that of the wheat grass cultivated on it.
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The total selenium content of wheat grass samples originating from the Ciuc Basin
ranged from 70.6 pg/kg to 150 pg/kg in 2009. The average selenium content was about 117
pg/kg. The lowest value was detected in wheat grass samples cultivated on regosol (70.6 and
77.9 pg/kg), while the highest value was obtained in wheat grass cultivated on mollic (typical
chernozem) soil (148 and 150 pg/kg). Low values have been also measured in wheat grass
cultivated on hydromorph waterlogged soil (75.6 and 86.9 pg/kg) and podzolated brown forest
soil (98.2 and 106 pg/kg). Higher values were obtained in wheat grass cultivated on mollic
redzina soil type (129-132 png/kg), the mollic-lytic chernozem (135-141 pg/kg) and sandy soil-
psamosol (137-143 pg/kg). Wheat grass samples cultivated on other soil types showed
moderate selenium content. The standard deviation was 20.4 pg/kg.

As a summary, it can be stated, that the selenium content of wheat grass is low, but it is
higher than in the case of the samples originating from the same soil types of the Dobrogea
Baragan region in 2008. Both the wheat grass samples with low selenium content as well as the
wheat grass samples with high selenium content, originated from the same soil type.

| have compared the selenium content of wheat grass samples originating from the
Dobrogea Baragan region (year 2008) and from the Ciuc basin (year 2009) from the same soil
type. The selenium content of wheat grass samples originating from these two regions differs
from each other at an average rate of 20-25 %. This difference is attributed to the climate
differences in the two regions, as the average temperatures of the Dobrogea-Baragan region are
approximately the same proportion higher than the temperatures in the Ciuc basin as the
average selenium content difference. The selenium which can be mobilized is less bounded to
wheat grass at higher temperature conditions.

I examined the correlation between the selenium content of wheat grass samples
collected from the same soil type from the Dobrogea-Baragan-region (2008) and from the Ciuc
Basin (2009). According to the statistical evaluation of the data from the 83 samples collected,
the correlation coefficient (R?) of the samples was 0.909, which indicates a strong correlation.

The average difference in the selenium content between the samples collected from the
two different regions is 20-25%, which can be attributed to the climate differences, as the
temperatures in the Dobrogea-Baragan region is approximately the same proportion higher than
the temperature in the Ciuc Basin, so the mobile selenium binds less to the wheat grass samples
at the higher temperatures.

The selenium content of wheat grass samples collected from the Ciuc basin in 2010 was
between 48.7 pg/kg and 137 pg/kg. The average selenium content was about 97.6 pg/kg.

11



The lowest selenium content was measured from the samples cultivated on regosol (48.7
and 50.1 pg/kg), while the highest values were measured in case of samples cultivated on
mollic (typical chernozem) soil (between134 and 137 pg/kg). Low values have been measured
in samples cultivated on hydromorph waterlogged soil (values between 52.3 and 56.7 pg/kQg)
and on podzolated brown forest soil (72.5 and 78.3 pg/kg). Higher values have been obtained in
samples cultivated on mollic redzina soil (120 and 124 pg/kg), mollic (lytic chernozem) soil
type (120-123 pg/kg) and sandy soil-psamosol (117-118 pg/kg). In the case of wheat grass
samples cultivated on other soil types, the selenium content was moderate. The standard
deviation was 22.9 pg/kg.

It can be concluded, that the selenium content of the wheat grass collected in 2010 was
lower than in 2009, however it was higher than in the case of samples collected from the
Dobrogea Baragan region in 2008. Both the wheat grass samples with low selenium content as
well as the wheat grass samples with high selenium content originated from the same soil type.

| have examined the correlation between the 83 wheat grass samples cultivated on the
same soil type but originating from the Dobrogea-Baragan region (2008) and the Ciuc basin
(2010), and found that the correlation coefficient (R? value) of these samples is 0.814,
suggesting a close correlation.

| compared the wheat grass samples collected from the same soil type of the Ciuc basin
region (location determined with GPS) in 2009 and 2010. The selenium content of wheat grass
samples collected in the second year was 5-10 % lower than those collected in the first year. As
the samples originated from the same soil type and even the same places, the differences can be
attributed to the weather condition, as both the average temperature as well as the amount of
rainfall, were higher in 2010 compared to previous year.

According to the results of the analysis of the 96 wheat grass samples collected in 2009
and 2010, the correlation coefficient (R? value) was 0.927, which indicates a strong correlation.
This was expected, as the samples have the same origin.

| examined the selenium content and the pH values of the samples collected from the
same soil types in the two different regions (Dobrogea-Baragan-2008 Ciuc Basin, 2009 and
2010), and found a very strong correlation (Dobrogea-Baragan- (2008) -0.923, Ciuc Basin
(2009) and -0.934 and (2010) -9.014). This explains the selenium content of the samples, as the
literature refers also to the correlation between the pH value of the soil and the selenium
content of the plants (Ip and Ganther, 1992; Kapolna et al, 2006;. Smith and Westfall, 1937;
Scott Voegeli, 1961; Lindberg, 1968; Skinner, 1999; Dhillon and Dhillon, 1999; Nielsen et al
Gissel, 1984; Mikkelsen et al, 1989).
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| analyzed the correlation between the organic matter content and the total selenium
content of the wheat grass samples (for all samples), which lead to correlation coefficient
values (R?) of 0.889 in 2008; 0.885 in 2009 and 0.871 in 2010, indicating a strong relationship
between the organic matter content and the total selenium content of the soil samples.

| examined the relationship between the pH values of the soil and the total selenium
content of the wheat grass samples (for all three cases). The value of the correlation coefficient
(R? was 0.845 in 2008, 0.864 in 2009 and 0.821 in 2010, indicating a close relationship
between the pH value of the soil and the total selenium content of wheat and grass samples.

Looking at the total selenium content of the wheat grass samples from the Dobrogea-
Baragan region (in 2008) and the Ciuc Basin (2009 and 2010) the total selenium content did not
change significantly (p <0.01) in the wheat grass samples collected from the same soil types in
2008, 2009 and 2010.

Regarding the selenium content of the wheat grass samples of all the three years, it can
be concluded that the lowest values were always obtained in case of the samples cultivated on
regosol (38.2 pg/kg — 2008, 52.7 pg/kg — 2009, 49.3 pg/kg — 2010), while the highest values
were obtained in case of wheat grass samples cultivated on mollic typical or litic chernozem
soil (121 pg/kg — 2008, 140 pg/kg — 2009, 126 pg/kg — 2010). As the regosol is a less cohesive
soil type than the mollic type, it may be possible, that beside the weather conditions, the
structure of the soil also plays an important role in the binding of selenium in wheat plants.

The selenium content of the soil and wheat plants originating from the Dobrogea
Baragan region were 25 pg/kg and 140 pg/kg according to the data described in the literature
(Fordyce et al., 2000; Johnson et al., 2000; Wang and Gao, 2001, MacPherson et al., 1997,
Fleming, 1980; Jacobs, 1989; Mayland, 1994; Neal, 1995), | therefore assume that the soil in
the Ciuc basin (in the Ciuc basin the selenium content of the soil was not measured) from which
the low selenium containing wheat grass samples was collected, is deficient in selenium. The
soil from which the wheat grass samples with high selenium content were collected falls,
according to this assumption, in the category of soils with acceptable selenium content
(Oldfield, 1999, Tan, 1989, Kabata-Pendias and Pendias, 1992, Fordyce, 2013).

The selenomethionine content of wheat grass samples

According to the literature, the dominant form of selenium in foods of plant origin is SeMet
(Kryukov et al., 2003; Stadlober, M. et al., 2001; Beilstein and Whanger, 1986; Yasumoto et
al., 1988). 56-83% of the selenium content of wheat is present in the form of SeMet, while

other selenium containing compounds occur in a lower amount (such as selenate 12-19%,
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SeCys 4-12%, Se-methyl-selenocysteine 1-4%, others 4-26%) (Whanger, 2002). Because of
this reason, | consideredit important to determine the SeMet content of wheat grass as well as
that of the crop.

The selenomethionine content of wheat grass samples was 61.6-166 pg/kg (Dobrogea
Baragan region, 2008), 110-189 pg/kg (Ciuc basin, 2009) and 97.7-173.3 pg/kg (Ciuc basin,
2010).

From the SeMet content, the organic selenium content could be also calculated. The
values ranged in each sampling year from 48% to 66%. This was about 10-12% lower than the
values stated in the literature.

The lowest SeMet content was measured in wheat grass samples cultivated on regosol
(values between 61.6 and 66.6 pg/kg) and hydromorph waterlogged (64.6-67.21 pg/kg) soil
collected from the Dobrogea-Baragan region. The highest amount of SeMet was measured in
wheat grass samples cultivated on mollic (typical chernozem) (166-167 pg/kg), mollic (litic
chernozem) (151-156 pg/kg) and mollic redzina (134-136 pg/kg) soil types. In the case of
wheat grass samples collected from other soil types, the SeMet content was moderate. The
standard deviation was 36.7 pg/kg.

The SeMet content of wheat grass samples collected from the Ciuc basin in 2009 was
20-25% higher than the SeMet content of wheat grass collected from the Dobrogea-Baragan
region. The lowest SeMet content was measured from wheat grass cultivated on regosol (110
and 117 pg/kg) and the hydromorph waterlogged soil (115-125 pg/kg). The highest values were
obtained from samples cultivated on mollic (typical chernozem) soil (187-189 ug/kg), mollic
(litic chernozem) (174-180 ug/kg) and the hydromorph black meadow (171-175 pg/kg) soils. In
case of wheat grass samples collected from other soil types, the SeMet content was moderate.
The standard deviation was 20.4 pg/kg.

The SeMet content of wheat grass samples collected from the Ciuc basin in the year
2010 was 9-10% lower than the values measured in 2009. The lowest SeMet content was
measured again in samples cultivated on regosol (98.3-101 pg/kg), and hydromorph
waterlogged (103-105 pg/kg) soils. The highest values were obtained from samples cultivated
on mollic (typical chernozem) soil (169-173 pg/kg), mollic (litic chernozem) (167-170 pg/kg)
and the mollic redzina (160-167 pg/kg) soils. In the case of wheat grass samples collected from
other soil types, the SeMet content was between 125-166 pg/kg, and the standard deviation was
21.0 pg/kg.

| have examined the correlation between the total selenium content of the soil in the

Dobrogea-Baragan region (2008) and the SeMet content of wheat grass in the same region.
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According to the results of the samples analyzed 70, the value of the correlation coefficient (R
value) was was 0,862 in 2008, 0.874 in 2009 and 0.856 in 2010, which indicates a strong
correlation between the Se content of the wheat grass and the SeMet content of the wheat grass.
There was no significant difference between the SeMet content of the wheat grass samples of
the three years (p<0.01).

I have examined the correlation between the Se and SeMet content of wheat grasses in all
three cases. As a result the correlation coefficient (R%) was 0,825 in 2008, 0.865 in 2009 and
0.840 in 2010. According to these values, it can be concluded, that there is a strong correlation
between the total selenium content and the SeMet content of wheat grasses. The very strong
correlation was expected, as the selenium in the selenomethionine is part of the total selenium

content, therefore the correlation between these values has to be high.
3.3. Examination of the wheat seed samples

Dry matter of the wheat seed samples

The dry matter content of wheat seeds was between 89.4% and 91.2%. The dry matter values
were needed due to the fact, that the total selenium and SeMet content is reported against the
total quantity of 100% dry matter.

Total selenium content of wheat seed samples

The selenium content of the wheat seeds varied between 29.9 ug/kg and 134 ug/kg. The total
selenium content of the wheat originating from the Dobrogea Baragan region (2008) was
between 29.9 ng/kg and 111 pg/kg. The average selenium content was about 72.8 pg/kg. The
lowest selenium content was measured in wheat seed samples cultivated on regosol (29.9 pg/kg
and 30.4 pg/kg), while the highest values were obtained from wheat seed samples cultivated on
mollic (typical chernozem) soil (108 and 111 pg/kg).

Low values have been also measured in the case of wheat seed samples cultivated on
hydromorph waterlogged soil (37.4-38.7 pg/kg), on cambic brown forest soil (46.7-49.7 pug/kg),
and on podzolated brown forest soil (52.6-52-6 pg/kg). Higher values have been obtained in
samples cultivated on mollic (litic chernozem) soil (95.3-97.6 ug/kg mollic redzina soil (74.5-
79.6 pg/kg) and sandy soil-psamosol (94.7-96.1 pg/kg). In the case of wheat seed samples
cultivated on other soil types, the selenium content was moderate. The standard deviation was
20.9 pg/kg.
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| have examined the correlation between the selenium content of the soil in the

Dobrogea-Baragan region (2008) and the selenium content of wheat seeds in the same region.
According to the results, the correlation coefficient (R* value) was 0.876.
It can be concluded, that the selenium content of wheat seeds cultivated on the soils of these
regions, is low (lower than 0.120 pg/kg) and acceptable (0.125-0.155 pg/kg) compared to the
values stated in the literature (Oldfield, 1999, Tan, 1989, Kabata-Pendias and Pendias, 1992,
Gawalko et al., 2001, MacPherson et al., 1997, Broadley et al., 2010).

The total selenium content of wheat seeds collected in the Ciuc basin (2009) was

between 54.5 pg/kg and 134 pg/kg. The average selenium content was 101 pg/kg.
The lowest selenium content was measured in wheat seed samples cultivated regosol (between
the values 54.5 and 61.8 pg/kg), while the highest values were obtained from wheat seed
samples grown on mollic (typical chernozem) soil (between the values 132 and 134 pg/kg).
Low values have also been measured in the case of wheat seed samples cultivated on
hydromorph waterlogged soil (59.5-70.8 pg/kg) and on podzolated brown forest soil (82.1-89.4
pg/kg). Higher values have been obtained in case of samples grown on mollic redzina soil (113-
115 pg/kg), mollic (litic chernozem) soil (119-125 pg/kg) and sandy soil-psamosol (121-127
ug/kg). In the case of wheat seed samples cultivated on other soil types, the selenium content
was moderate. The standard deviation was 20.4 ug/kg.

It can be concluded that the selenium content of wheat seeds is as low as that of the
wheat grass samples in Ciuc region, but it is higher than that of wheat seed samples collected
from the Dobrogea Baragan region (2008). These values were very similar to those obtained in
the case of wheat grass samples, which can be explained by the weather conditions.

The lower selenium containing wheat seed samples were cultivated on regosol, such as
the wheat grass samples collected from the Dobrogea Baragan region in 2008, while the higher
selenium containing samples came from the mollic (litic chernozem) soil type.

| have examined the correlation between the wheat seeds collected from these two
regions (Dobrogea Baragan region in 2008, Ciuc basin in 2009). According to the result of the
83 analyzes, the correlation coefficient (R? value) was 0.872. This means a strong correlation,
from which it can be concluded, that the selenium content of the soils in the Ciuc basin could be
proportional to the selenium content of the soils in the Dobrogea Baragan region.

The total selenium content of wheat seeds collected in the Ciuc basin in 2010 ranged
from 34.1 pg/kg to 122 pg/kg. The average selenium content was 82.9 pg/kg. The lowest
selenium content was measured in wheat seed samples cultivated on regosol (34.1-35.5 ug/kg),

while the highest values were obtained from wheat seed samples cultivated on mollic (typical
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chernozem) soil (120-122 pg/kg). Low values have been also measured in case of wheat seed
samples cultivated on hydromorph waterlogged soil (37.7-42.1 pg/kg) and on podzolated
brown forest soil (57.9-63.7 pg/kg). Higher values have been obtained in case of samples
cultivated on mollic redzina soil (105-109 pg/kg) and mollic (litic chernozem) soil (104-106
ug/kg). In the case of wheat seed samples cultivated on other soil types, the selenium content
was moderate. The standard deviation was 22.9 ug/kg.

It can be concluded, that the total selenium content of the wheat seeds is lower than the
samples collected in 2009, but it is higher than the wheat seed samples originating from the
Dobrogea Baragan region in 2008. Both the wheat grass samples with low selenium content as
well as the wheat grass samples with high selenium content originated from the same soil type.
(The standard deviation is the same in case of wheat seeds collected in 2009 and 2010 as that of
the wheat grasses collected in the same years).

Comparing the total selenium content of the wheat samples of the three years, it can be
concluded, that the lowest values were measured in the Dobrogea Baragan region in 2008.
These values are followed by the values obtained from measuring the samples of the Ciuc basin
in 2010. The highest values were always obtained from the samples originating from the Ciuc
basin in 20009.

The weather conditions in 2008 and 2010 were similar, while in 2009 the average
temperatures and the amount of rainfall was extremely high, compared to previous years. The
differences obtained in 2008 and 2010 can be attributed to the different geographic locations.
The average temperature of the Dobrogea Baragan region is 10-12 °C higher during the whole
year than the average temperature in the Ciuc basin. The variation in the selenium content can
be explained by this difference in temperatures between the two regions.

| have observed that the selenium content of wheat grasses was in each year (2008-
2010) the lowest when these were cultivated on the same soil type, and the highest when grown
on other soil types. For this reason, | examined the correlation between the selenium content of
wheat seeds collected in each of the three years.

| examined the correlation between the wheat samples collected from the same soil type
in both regions (Dobrogea Baragan region 2008, and Ciuc basin 2010). According to the results
obtained, the correlation coefficient (R* value) of the 83 samples was 0.906. This indicates a
strong correlation.

At the same time | examined the correlation between the selenium content of wheat

seeds collected always from the same places (location determination with GPS) of the Ciuc
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basin in 2009 and 2010. According to the results of the 96 analyzes, the correlation coefficient
(R? value) was 0.896, which means a strong correlation.

| examined the correlation between the organic matter content of the soil and the total
selenium content of the wheat seed samples (in all three sampling years). The correlation
coefficient (R?) was 0.895 in the Dobrogea Baragan region in 2008, 0.891 in the samples from
the Ciuc Basin in 2009 and 0.868 in 2010, which indicates a strong correlation between the
organic matter content of the soil and the total selenium content of the wheat seeds.

| examined the relationship between the pH of the soil and the total selenium content of
the wheat seeds (in all three years). The correlation coefficient (R?) was 0.901 in 2008; 0.894 in
2009, and 0.897 in 2010, indicating a very strong correlation between the pH of the soil and the
total selenium content of the wheat seeds.

Looking at the total selenium content of the wheat seed samples originating from the
same soil types from the Dobrogea-Bardgan region (in 2008) and the Ciuc Basin (2009 and
2010) the total selenium content did not change significantly (p <0.01) in 2008, 2009 and 2010.

In the case of the selenium content of wheat seed samples, it can be concluded that the
lowest values were measured on each year when the wheat grass samples were cultivated
regosol (30.1 pg/kg in 2008, 59 pg/kg in 2009 and 34.7 pug/kg in 2010), while the highest values
were obtained when the wheat grass samples were cultivated on mollic (typical or litic
chernozem) soil (109 pg/kg in 2008, 133 pg/kg in 2009 and 121 pg/kg in 2010). Besides
weather conditions, the structure of the soil and its type may also play an important role in the
accumulation process of selenium in wheat seeds.

The selenium content of wheat seeds originating from the Dobrogea Bardgan region was
proportional to that of the soil, in the same manner as stated in the literature (Fordyce et al.,
2000; Johnson et al., 2000; Wang and Gao, 2001; MacPherson et al., 1997; Fleming, 1980;
Jacobs, 1989; Mayland, 1994; Neal, 1995; Adam et al., 2002; Hahn et al., 1981; Boila et al.,
1993; Gawalko et al., 2001; Oldfield, 1999; Tan, 1989; Kabata-Pendias and Pendias, 1992;
Fordyce, 2005, 2013).

Tan (1989) found the following total selenium content ranges in China: lower than 25
ug/kg means a selenium deficiency, 25-40 ug/kg is an acceptable range, 40-1000 pg/kg is a
range between the acceptable and the high selenium content, while higher than 1000 pg/kg
represents a highly toxic value. Gissel-Nielsen et al (1984) reported low selenium concentration
in the Scandinavian countries, where the selenium content of wheat ranged from 7-18 pg/kg.
The wheat originating from Great Britain has also a low selenium content (Barclay and

Macpherson, 1986). On the other hand, studies from the USA, reported an average selenium
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content between 370 ug/kg and 475 pg/kg in the wheat originating from the USA (Wolnik et al.,
1983, Hahn et al., 1981). According to recent experiments the selenium content of wheat
produced in South America is between 5 to 720 pg/kg, with a mean value of 155 pg/kg (Lyons
et al., 2005). Adam et al. examined the selenium content of wheat originating from the United
Kingdom in 2002. The average selenium content of these samples was 16-26 ug/kg. According
to the findings of Boila et al. (1993) the selenium content of wheat in Canada is 760 pg/kg,
while Gawalko et al. (2001) reports a selenium content of 280-770 pg/kg for the wheat from the
same country. Wheat originating from Canada and from the USA derived from soils with
higher selenium content, while the soils of the UK are mostly selenium deficient (50-100
ug/kg), for this reason the selenium seeds have also a lower selenium content (Fordyce, 2005;.
Boardley et al, 2006) .

Considering the, | assume that there is a strong relationship, between the soils selenium
content in the Ciuc basin and the selenium content of the wheat seeds originated from this
region. This is in accordance with the findings of the literature mentioned above. The low
selenium wheat samples are coming from selenium poor soils and the higher selenium wheat

samples were originated from selenium rich soils.

The selenomethionine content of wheat seeds

According to the data in the literature, 56-83% of the selenium content of wheat is SeMet
(Kryukov et al., 2003, Whanger, 2002). This is why | considered as important to examine the
SeMet content of wheat seeds.

Comparing the SeMet content of wheat seed samples collected from Ciuc basin in the
year 2009 to those collected from the Dobrogea Baragan region, the samples originating from
the Ciuc basin contain 25-30 % more SeMet. The lowest SeMet content was measured in case
of samples cultivated on regosol (89.9-105 pg/kg). The SeMet content was also low in case of
samples grown on hydromorph waterlogged soil (99.9-123 pg/kg). The highest values were
obtained from wheat seed samples cultivated on mollic (typical chernozem) soil (245-248
ma/kg), mollic (litic chernozem) soil (218-231 pg/kg) and hydromorph black meadow soil (213-
221 pg/kg). In case of wheat seed samples cultivated on other soil types, the SeMet content was
moderate. The standard deviation was 40,8 pg/kg.

The wheat seed samples collected from the Ciuc basin in the year 2010 had a 9-10%
lower SeMet content than those collected in 2009 from the same region. This was the same in
case of wheat grass cultivated in this region. The lowest SeMet content here was also measured

in samples cultivated on regosol (48.1-51.2 pg/kg) and hydromorph waterlogged soil (55.6-64
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pg/kg). Higher values were obtained from wheat seed samples cultivated on mollic (typical
chernozem) soil (220-224 pg/kg), mollic (litic chernozem) soil (191-198 pg/kg) and mollic
redzina (160-167 pg/kg) soil. In case of wheat seed samples cultivated on other soil types, the
SeMet content was moderate, and reached values from 115 to 192 pg/kg. The standard
deviation was 45.8 pg/kg.

| examined the correlation between the SeMet content of wheat seeds and total selenium
content of the soil in the Dobrogea Baragan region (2008). According to the results, the
correlation coefficient (R? value) was 0.907. This value indicates a strong correlation between
the SeMet content of wheat seeds and the total selenium content of the soil.

| examined the correlation between the selenium content and SeMet content of the
wheat seeds. In case of wheat seeds originating from the Dobrogea Baragan region the
correlation coefficient (R%) was 0.967, which indicates a strong correlation between the total
selenium content of the wheat seed and its SeMet content.

In case of wheat seed samples collected from the Ciuc basin in 2009, the correlation
coefficient (R® values) regarding the correlation between the selenium and SeMet content of
wheat seeds was 0.932. This also indicates that there is a strong correlation between the
selenium and SeMet content of wheat seeds originating from this region.

In case of wheat seed samples collected from the same region, but in the year 2010, the
correlation coefficient (R? values) regarding the correlation between the selenium and SeMet
content of wheat seeds was 0.935. This also indicates that there is a strong correlation between
the selenium and SeMet content of the wheat seeds originating from this region.

The very strong correlations was expected, as the selenium in the selenomethionine is
part of the total selenium content, on the other hand the samples were collected from the same
soil types at the same stage of development and in the same time, therefore the correlation
between these values has to be high.
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4.

New scientific results

While examining the wheat grass, the wheat seed and the soil samples originating from
the Dobrogea Baragan region, I concluded, that there is a very strong correlation
regarding the selenium content between the soil and the wheat grass and wheat seeds
cultivated on these soils.

In case where the plants were grown on the same soil type, there is also a strong
correlation between the selenium content and SeMet content of wheat grass and wheat
seeds originating from the Dobrogea Baragan region and the Ciuc basin.

I have concluded that there is a strong correlation between the total selenium content,
the SeMet content of the wheat grass and wheat seeds and the pH of the soil as well in
case of samples originating from the Ciuc Basin as in case of samples originating from
the Dobrogea Baragan region.

There was a strong correlation between the total selenium content and the SeMet
content of wheat grass and wheat seeds and the organic matter content of the soil in both
regions.

I have concluded that both the order of SeMet content and the total selenium content is
the same for both, the wheat grass and the wheat seeds originating from the Ciuc basin
as in case of those originating from the Dobrogea Bardgan region but grown on other
soil types. Therefore the selenium content is only a function of the soil type, but not of
the region.

There was a strong correlation between the selenium content and SeMet content of
wheat grass and wheat seeds in both regions. During the measurements carried out for
two years in the Ciuc basin, I concluded that the amount of rainfall and the temperature
has an influence on the total selenium content and SeMet content of wheat grass and
wheat seeds cultivated on different soil types, but it has no influence on the order of the

selenium content of wheat grass and wheat seeds cultivated on different soil types.
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5. Practical applicability of the results

— There are very few data about the selenium content of soils come from Dobrogea-
Baragan district, and there are absolutely no data about the selenium content of soils come
from Csiki basin in the literature.

— According to my results there is a close correlation between the selenium content of the
soil and the selenium content of the wheat grown on it, and it was established that both in
Csiki basin and Dobrogea-Baragan region, as a result the selenium content of the wheat is
small. By the consumption of the basic foodstuffs the humans do not get the sufficient
amount of selenium at the region investigated by me. My results call the attention that it
would be necessary to supplement the soils with selenium.

— Whereas the absorption of the selenium from different soil is influenced by many factors
(the pH and the organic material of the soil was investigated by me), my results call the
attention that before the enrichment of the soils with selenium, it is necessary to analyse the
composition of the soils in more detail, or using another techniques (foliar application of the

fertilizers) for optimisation of selenium supply for population of Seklerland and Romania.

22



6. Bibliography

Adams, M. L. — Lombi, E. — Zhao, F. J. — McGrath, S. P.: 2002. Evidence of low selenium
concentrations in UK bred-making wheat grain. Journal of the Science of Food and
Agriculture. 82: 1160-1165.

Barclay, M. N. I. — Macpherson, A.: 1986. Selenium content of wheat flour used in the UK.
Journal of the Science of Food Agriculture. 37: 1133-1138.

Barrow, N. J. — Whelan, B. R.: 1989. Testing a mechanistic model. 7. The effects of pH and
electrolyte on the reaction of selenite and selenate with a soil. Journal of Soil Science. 40:
17-28.

Barrow, N. J. — Whelan, B. R.: 1989. Testing a mechanistic model. 7. The effects of pH and
electrolyte on the reaction of selenite and selenate with a soil. Journal of Soil Science. 40:
17-28.

Boila, R. J. — Stothers, S. C. — Campbell, L. D.: 1993. The concentration of selenium in the
grain from wheat, barley and oats grown at selected locations throughout Manitoba.
Canadian Journal of Animal Science. 73: 217-221.

Broadley, M. R. — Alcock, J. — Alford, J. — Cartwright, P. — Fairweather-Tait, S. J. — Foot, I. —
Hart, D. J. — Hurst, R. — Knott, P. — McGrath, S. P. — Meacham, M. C. — Norman, K. —
Mowat, H. — Norman, K. — Stroud, J. L. — Tovey, M. — Tucker, M. — White, P. J. — Young, S.
D. — Zhao, F. J.: 2010. Selenium biofortification of high-yielding winter wheat (Triticum
aestivum L.) by liquid or granular Se fertilisation. Plant Soil. 32. (1-2): 5-18.

Cannon, H. G.:1964. Geochemistry of rocks and related soils and vegetation in the Yellow Cat
area, Grand County, Utah. United States Geological Survey. Bulletin. 1176.

Dhillon, K. S. — Dhillon, S. K.: 1999. Adsorption—desorption reactions of selenium in some
soils of India. Geoderma. 93: 19-31.

Fleming, G. A.: 1980. Essential micronutrients Il: iodine and selenium. In: Davis, B. E. (ed.).
Applied soil trace elements. Wiley, New York. 199-234.

Fordyce, F. M. — Zhang, G. — Green, K. — Liu, X.: 2000. Soil, grain and water chemistry in
relation to selenium-responsive diseases in Enshi District, China. Appl Geochem. 15: 117—
132.

Fordyce, F. M.: 2013. Selenium deficiency and toxicity in the environment. Essentials of
Medical Geology. 375-416.

Fordyce, F.: 2005. Selenium deficiency and toxicity in the enviroment. In. Seleniu, O.
Essentials of medical geology. Elsevier, 373-415.

23



Gawalko, E. J. — Garrett, R. G. — Nowicki, T. W.: 2001. Trace elements in western Canadian
hard red spring wheat (Triticum aestivem L.): levels and quality assurance. J Assoc Anal
Intl. 84: 1953—1963.

Gissel-Nielsen, G. — Gupta, U. C. — Lamand, M. — Westermarck, T.: 1984. Selenium in soils
and plants and its importance in livestock and human nutrition. Advances in Agronomy. 37:
397-460.

Hahn, M. H. — Kuennen, R. W. — Caruso, J. A. — Fricke, F. L.: 1981. Determination of trace
amounts of selenium in corn, lettuce, potatoes, soybeans, and wheat by hydrid
generation/condensation and flame atomic absorption spectometry. J. Agric. Food. Chem.
82: 1160-1165.

Ip, C. — Ganther, H. E.: 1992. Comparison of selenium and sulfur analogs in cancer prevention.
Carcinogenesis. 13: 1167-1170.

ISO. 10390-2005. Szabvany a talaj szervesanyagtartalmanak meghatarozasasra.

Jacobs, L. W.: 1989. Selenium in agriculture and the environment, Soil Science Society of
America .Special Publication 23. SSSA, Madison. 1-213.

Johnson, C. C — Ge, X — Green, K. A. — Liu, X.: 2000. Selenium distribution in the local
environment of selected villages of the Keshan disease belt, Zhangjiakou district, Hebei
province, People’s Republic of China. Appl. Geochem 15: 385-401.

Kabata-Pendias, A. — Pendias, H.: 1992. Trace elements in soils and plants. Second ed. CRC
Press. Boca Raton. Florida. 315.

Kapolna, E.: 2006. Szeléntartalmu élelmiszerek €s étrendkiegészitdk bioldgiai hasznosulasanak
vizsgalata. Doktori disszertacio. Szent Istvan Egyetem, Alkalmazott Kémiai Tanszék.
Budapest. 137.

Kryukov, G. V. — Castellano, S. — Novoselov, S. V. — Lobanov, A. V. — Zehtab, O. — Guigo, R. —
Gladyshev, V. N.: 2003. Characterization of mammalian selenoproteins. Science. 300:
1439-1443.

Lacatusu R. — Lungu, M.— Aldea, M. M. — Lacatusu, R. — Stroe, V. M — Rizea, N. — Lazar, R.:
2010. Selenium in rock-soil system in the South-Eastern part of Romania. Journal of
Agricultural Sciences. 42. (4): 199-204.

Lacatusu, R. — Stanciu-Burileanu, M. M. — Lungu, M.— Risnoveanu, I. — Rizea, N. — Lazar, R. —
Calciu, I. —, Eftene. A. — Stroe, M. V.: 2013. Selenium in some sandy soils of Southern
Oltenia Romania. Soil Science. 47. (2): 5-22.

24



Lacatusu, R. — Stanciu-Burileanu, M. M. — Risnoveanu, 1. — Lungu, M.— Rizea, N. — Ldcatusu,
A. R— Lazar, R.: 2012. Selenium in Salsodisols located in the Calmatui and Buzau rivers
Valleys. Factori si procese pedogenetice in zona temperata. 11. (1): 33-42.

Lindberg, P.:1968. Selenium determination in plant and animal material, and in water. A
methodological study. Acta Veterinaria Scandinavica, Suppl. 23. 1-48.

Lungu, M. — Lacatusu, A. R. — Stanciu-Burileanu, M. M. — Lazar, R. — Rizea, N. — Stroe, M. V.:
2013. Selenium mobilitz in some soils of Romania. Soil Forming Factors and Processes
from the Temperate Zone 12, 2. 9-15

Lyons, G. H. — Judson, G. J. — Ortiz—Monasterio, I. — Genc, Y. — Stangoulis, J. C. R. — Graham,
R. D.: 2005. Selenium in Australia: selenium status and biofortification of wheat for better
health. Journal of Trace Elements in Medicine and Biology. 19: 75-82.

MacPherson, A. — Barclay, M. N. I. — Scott, R. — Yates, R. W. S.: 1997. Loss of Canadian wheat
imports lowers selenium intake and status of the Scottish population. In: Fischer, P. W. F.
— Abbe, M. R. L. — Cockell, K. A. — Gibson, R. S. (eds.). Trace elements in man and
animals-9. National Research Council Press, Ottawa. 203—205.

Mandoki, Zs. — Albert, Cs. — Pohn, G. — Salamon, Sz. — Csap6-Kiss, Zs. — Csapd, J.: 2008.
Separation and determination of selenoamino acids in foods and feeding stuffs by ion—
exchange chromatography. Krmiva 2008. 15th International Conference. Croatia, Opatija.
2008. jan. 2-5. 90.

Mayland, H. F. — James, L. F. — Panter, K. E. — Sonderegger, J. L.: 1989. Selenium in
seleniferous environments. In: Jacobs, L. W. (ed.). Selenium in Agriculture and the
Environment. SSSA Special Publication. 23. Soil Science of America and American Society
of Agronomy. Madison. WI. 15-50.

Mayland, H. F.: 1994. Selenium in plant and animal nutrition. In: Frankenberger W. T. —
Benson, S. (ed.). Selenium in the environment. Marcel-Dekker, New York. 29-34.

Mikkelsen, R. L. — Page, A. L. — Bingham, F. T.: 1989. Factors affecting selenium accumulation
by agricultural crops. In: Jacobs, L. W. (ed.)., Selenium in Agriculture and the
Environment, SSSA Special Publication. 23 Soil Science of America and American Society
of Agronomy, Madison, W1, 65-94.

Neal, R. H.: 1995. Selenium. In: Alloway, B. J. (ed.). Heavy metals in soils. Blackie Academic
& Professional. London. 260—283.

Oldfield, J. E.: 1999. Selenium World Atlas. Selenium—Tellurium Development Association,
Grimbergen. Belgium. 83.

25



Patdcs, 1.: 1990. Occurance of heavy metals, toxic elements in the soils of Hungary. In: Pais, I.
(ed.). Hardly known trace elements. KEE. Budapest. 19-30.

Scott, R. C. — Voegeli, P.T.: 1961. Radiochemical analysis of ground and surface water in
Colorado. Colorado Water Conservation Board (Basic Data Report 7).

Skinner, C. P.: 1999. Environmental Chemistry of Selenium. Soil Science Society of America
Journal. 164: 70-72.

Smith, M. J. — Westfall, B. B.: 1937. Further field studies on the selenium problem in relation to
public health. United States Public Health Report. 52. 1375-1384.

STAS-RO- Determinarea continutului de apa. 9682-2-74.

Tan, J. N.: 1989. The atlas of endemic diseases and their environments in the People’s Republic
of China. Science Press, Beijing. 194.

Wang, Z. — Gao, Y.: 2001. Biogeochemical cycling of selenium in Chinese environments.
Applied Geochemistry. 16: 1345-1351.

Whanger, P. D.: 2002. Selenocompounds in plants and animals and their biological
significance. Journal of the American College of Nutrition. 21: 223-232.

Williams, M. C. — Mayland, H. F.:1992. Selenium absorbtions by twogrooved milkveth and
western wheathgrass from selenomethionine, selenocystine, and selenite. J. Range
Manage. 45: 374-378.

Wolnik, K. A. — Fricke, F. L. — Capar, S. G. — Braude, G. L. — Meyer, M. W. — Satzger, R. D. —
Kuennen, R. W.: 1983. Elements in major raw agricultural crops in the United States. 2.
Other elements in lettuce, peanuts, potatoes, soybeans, sweet corn, and wheat. Journal of
Agricultural and Food Chemistry. 31: 1244-1249.

Zhao, F. J. — Lopez-Bellido, F. J. — Gray, C. W. — Whalley, W. R. — Clark, L. J. — McGrath, S.
P.: 2007. Effects of soil compaction and irrigation on the concentrations of selenium and
arsenic in wheat grain. Science of the Total Environment. 372: 433-439.

26



7.

Bibliography

SIS

(I“ UNIVERSITY OF DEBRECEN [] '
D UNIVERSITY AND NATIONAL LIBRARY DD‘

Foreign language scientific article(s) in international journal(s) (3)

6. Tamas, M., Csapo, J., Craciun, M.E.: Examination of the Correlation Between Inorganic and
Organic Selenium Content of Wheat Grass (Triticum aestivum L.) and Wheat Seeds
Produced at Different Soil Types.

Rev. Chim. 66 (2), 153-157, 2015. ISSN: 0034-7752.
IF:0.81 (2014)

7. Tamas, M., Csapd, J.: Examination of the selenium content of wheat grasses produced in different
soil types in Csik Basin.
Acta Univ. Sap. Alimentaria. 8, 30-44, 2015. ISSN: 1844-881X.

8. Tamas, M., Mandoki, Z., Csapd, J.: The role of selenium content of wheat in the human nutrition:A
literature review.
Acta Univ. Sap. Alimentaria. 3, 5-34, 2010. ISSN: 1844-881X.

Hungarian conference proceeding(s) (1)

9. Tamas M., Mandoki Z., Lanyi S., Salamon R.V., Salamon S., Andrés C., Csapé J.: Kulénboz6
talajtipusokon termesztett buza (Triticum aestivum L.) szeléntartalmanak meghatarozésa.
In: XIV. Nemzetkozi Vegyészkonferencia. Erdélyi Magyar M(iszaki Tudomanyos Tarsaség,
Kolozsvar, 119-123, 2008.

Total IF of journals (all publications): 0,81
Total IF of journals (publications related to the dissertation): 0,81

The Candidate's publication data submitted to the iDEa Tudéstér have been validated by DEENK on
the basis of Web of Science, Scopus and Journal Citation Report (Impact Factor) databases.

07 September, 2015 y

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok(@lib.unideb.hu, & Web: www.lib.unideb.hu

27



il

(l,’ UNIVERSITY OF DEBRECEN [I / |
UNIVERSITY AND NATIONAL LIBRARY DD“
/
Registry number: DEENK/174/2015.PL
Subject: Ph.D. List of Publications

Candidate: Melinda Tamas
Neptun ID: DNKSZB

Doctoral School: Hankéczy Jend Doctoral School of Crop Production, Horticulture and Food Sciences

List of publications related to the dissertation

Hungarian scientific article(s) in Hungarian journal(s) (3)

1. Tamas M., Mandoki Z., Marton M., Mészéaros S., Lanyi S., Salamon R.V., Salamon S., Albert C.,
Csapo6 J.: Kulénbozé 6sziblza (Triticum aestivum L.) hajtés és bluzaszem 6sszesszelén- és
szervesszelén-tartalma.

Acta agrar. Kvar. 15 (1), 67-84, 2011. ISSN: 1418-1789.

2. Tamas M., Mandoki Z., Csapé J.: A szelén szerepe az emberi taplalkozasban: A blza
szeléntartalméanak elemzése (Irodalmi attekintés).
Acta agrar. Kvar. 15 (1), 45-66, 2011. ISSN: 1418-1789.

3. Tamas M., Mandoki Z., Marton M., Mészéros S., Lanyi S., Csapd J.: Kulonbozé talajtipusokon
termesztett buzaf( (Triticum aestivum L.) és blzamag szeléntartalma 6sszefuggésének
vizsgalata.

Agrartud. Kozl. 41, 117-121, 2010. ISSN: 1587-1282.

Hungarian scientific article(s) in international journal(s) (2)

4. Tamas M., Mandoki Z., Marton M., Mészéros S, Lanyi S., Csapd J.: Kulénbezé talajtipusokon
termesztett blza (Triticum aestivum L.) 6sszes és szerves szelén tartalma kozaotti
osszefuggeés.

Mdiszaki Szle. 13 (49), 36-40, 2010. ISSN: 1454-0746.

5. Tamas M., Mandoki Z., Marton M., Mészaros S., Lanyi S, Csépéu‘.),: Kulenboz6 talajtiplsokon
termesztett bazaf (Triticum aestivum L.) és blzamag szelentartalma kozott 6sszefuggés.
Mdiszaki Szle. 48, 47-50, 2009. ISSN: 1454-0746. ;

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok(@lib.unideb.hu, & Web: www.lib.unideb.hu

28



