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INTRODUCTION

Since 2010, International Council of Environmental Engineering Education (ICEEE) has taken around the
world with hosting large number of participants from different countries. With the recent adoption of the
Sustainable Development Goals by the United Nations, it is clear that in order to achieve the Goal of
Environment and Sustainable Development, which need to be examined in greater detail and solutions to
address, in concert with technological advances and after a great successful of the last 6 ICEEE
International Conferences which brought together the world’s professions and practitioners from
different fields of environmental applied sciences and environmental engineering. It was a great honour of
the ICEEE at Obuda University in partnership with Technical University of Kosice, Slovakia and University
of Novi Sad, Technical faculty —Mihajlo Pupin from Zrenjanin, Serbia to organize the 7th International
Conference titled: ,Global Environmental Changes and Environmental Health: Environmental and
Economic Impact on Sustainable Development” (7t ICEEE-2016). This partnership significantly improves
the quality of Conference organization and contribution in area of regional cooperation with other
universities and scientific institutions. The objectives of the Conference were: presentation of current
knowledge and the exchange of experiences from the field Environmental and Economic Impact on
Sustainable Development which is one of the major problems of modern civilization. The Conference was
focusing on latest technological developments in viable solutions for a clean environment, and to find the
practical applications to solve real global problems such as the environmental quantitative assessment of
the climate change impact on urban inundation, drought indicators and drought forecasting, ecological
indicators for river, ecology restoration, evaluating the effect of urbanization on diurnal temperature
variations, food, soil and water security, climate change abatement, ecosystem, biodiversity protection,
energy sustainability, etc. Another importance is gathering researchers from this field with aim of
expanding regional and international cooperation, raising the level of professional and scientific work,
expanding cooperation with institutions and encouraging young researchers within this field. Within this
collection of papers are presented all accepted papers received for the 7t ICEEE-2016. The papers are
belonging to: Environmental Consideration; Waste and Recycling; Ecological Sustainability: Engineering
Change; Basic and Bioenvironmental Sciences; Global Change; Life Sciences and Biomedicine; Materials
and ECO-Design, and Industrial Design Engineering; Sustainable Energy; Sustainable Agriculture;
Sustainable Water Technology and Processing; Sustainable Soil Management; and World Population. As
we reach the final issue of the 7th ICEEE International Conference for 2016, I wish to reflect on another
successful year’s achievements, and to thank all those who have contributed their time and effort to
guarantee the high quality of our content. 2016 was a successful year for ICEEE. Total of 37 articles have
been selected and published in the Proceedings of the 7th ICEEE Conference. I offer my sincere thanks to
the authors who have contributed articles to the 7th ICEEE of 2016. The skill and dedication of all authors
are critical to the continued publication of the Proceedings. The quality of published articles is also
testament to the significant efforts of the peer reviewers, whose commitment ensures that the content of
the Proceedings is held to the highest possible standard. We would like to thank the individuals who acted
as reviewers for the 7th ICEEE in the last 12 months. In addition, we would like to thank the members of
the members of the board of organization, who have acted as peer reviewers and authors. We take this
opportunity to sincerely thank retiring the ICEEE president Professor Istvan Patké. The Organization of 9th
ICEEE International Conference for 2018 in November at the Obuda University (Budapest, Hungary) is
well under way, and I'm looking forward to bringing you many high quality and authoritative articles over
the coming year. We would like to express our gratitude to the all supporting authorities. Finally, we wish
to thank all the authors of papers and participants in the Conference in hope that we will continue our
cooperation successfully in the future and that each year will bring better ideas and solutions to help raise
awareness of the responsibility we hold today for the well-being of future generations.

Prof. Dr. Hosam BAYOUMI HAMUDA
President of ICEEE
November, 2016.

[Publication year: 2017 with ISBN 978-963-449-063-0] Page 5


http://www.ecosummit2016.org/ecosummit-2012.asp

Dear Distinguished Guests,
Dear Colleagues and Friends!

It's my great pleasure to welcome all of you to the 7t International Conference of ICEEE-2016
under the title: ,Global Environmental Changes and Environmental Health: Environmental
and Economic Impact on Sustainable Development”.

The main approaches of the 7th ICEEE International Conference are to:

- Provide a platform to exchange emerging ideas and investigate key issues such as air-, water-
, soil-, nuclear pollution, waste recycling, wastewater, renewable energy technologies, public
health issues, eco-design, eco-marketing, etc.

- Provide an excellent international forum for researchers and practitioners to continue
research, characterize the global environmental changes and how they affect the life
dynamics of global population and environmental ecosystems health.

- Ability to work towards sustainable solutions within a team either personally or online, to
identify problems to find solutions or to develop arguments.

- Think critically about the most important environmental issue currently facing humankind.

- Try to solve the problems with creative and innovative strategies and being conscious of
global social, cultural and environmental issues in relation to engineering and technology.

- Highlighting some of the main frameworks in this area and recommending directions for
future research.

The conference covered a wide range of highlighting potential issues and paths towards a

sustainable future such as:

- Global climate change and public health

- Air, water and soil pollution

- UV-B radiation and ozone depletion

- Agriculture and soil degradation, fertilizer, food production and nutrition

- Changes of biodiversity and depletion of natural resource

- Urbanization

- Energy and renewable energy sources

- Monitoring of the environmental state and environmental management: protection and
conservation

- Biogeochemical cycles, waste management and environmental engineering

- Biotechnology and food industry, Environmental biotechnology, nanotechnology and
bioengineering

- Social, economic and demographic dislocation through effects on economy, infrastructure
and resource supply as well as tourism and global environmental changes

- Implications for future research and scientific policy

I wish you a fruitful cooperational work during the conference and I hope you will find some free

time besides your scientific busy schedule to experience the vitality of Budapest to make your visit

truly memorable. Also, I would like to thank the work of the organization committees, and wish you
all the best.

Thank you.

Dr. habil. Marta KISFALUDY
Dean
November, 2016.
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Abstract

An innovative product development became important to the
current era following the full life cycle of the products and
trying to reduce the natural and social adverse effects to the
lowest level. Only the responsible and environmentally
conscious designers can respond in an innovative way to
social problems and environmental challenges of the 21t
Century. For companies, the eco-conscious product
development has a strategic importance to be able to meet
the requirements that were set against them by not just
lawmakers, but also by commercial and private customers,
and all market participants. Through the training of young
industrial designers and product engineering students, we put
particular emphasis on raising the eco-conscious awareness
and practical experimentation processing of different areas of
light industrial wastes sets new tasks for the product
designers. Our research focuses on mapping and creative
reuses of the large amounts of unused waste, unnecessary
objects, old household items etc. Basis on the theoretical
background of this growing sustainable design philosophy
fourth year students get a practical reuse project. They can
use all the hand techniques and high technologies studied so
far. Targeted solutions of project-oriented tasks are realized
in new furnishings, fashion products and packaging which are
promoted in exhibitions and fashion shows. This is a creative
process which is a real design problem. All the experiences
obtained through these reconstructions generate new ideas
for future projects of the students.

Keywords: Reuse, product design, reconstruction

INTRODUCTION

Importance of the research work

One of the tasks of the eco-conscious strategy is to
encourage designers to minimise the waste that is
created in the industry. Industrial waste is produced
by industrial activity which includes any material that
is rendered useless during a manufacturing process
such as factories, industries, mills, and mining
operations.

Observing the life cycle of products one can found a
number of economic and environmental development
opportunities, including manufacturing and use stages

as well as end-of-lifecycle waste recovery. The new
thinking can also result cutting the costs, improve
efficiency and increase competitiveness.
Eco-design means the introduction of the
environmentally conscious way of thinking during the
design and manufacturing processes. The eco-design
aims to reduce the environmental impact of products
throughout their entire life cycle.
It is a new responsible approach of the current design
with new attitude and new philosophy. The eco-
product design is a complex concept the criteria of
which are:
1. the importance of protecting and balancing the
nature.
2. the knowledge and use of new materials and
technologies.
3. reinterpretation of craft traditions.
4. taking into account the real market needs,
processes
5. reducing the "ecological footprint". (less water,
chemicals, energy use)
6. innovation and creativity.
Reduce, reuse and recycle are the three essential
components of environmentally responsible designer's
behavior but we can add even repair from the point of
view of the consumers. How can we meet the
requirements? There are four ways:
e Slow design
e Design for long-life and short-life applications
e Zero waste cutting
e Design with enhanced aesthetic value
So through a one semester project work students learn
to identify themselves with ecological, social and
community consciousness. They do a research work on
new and innovative ways to become more sustainable.
They collect new designs of contemporary designers
from all over the world as well as the works of
Hungarian companies.
This research highlights the accumulated sources
worth dealing with. After collecting information they

[Publication year: 2017 with ISBN 978-963-449-063-0]
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create innovative solutions even for industrial
manufacturing. Our education has to prepare students
for these kinds of conceptual ways of thinking
integrated with engineering knowledge.

Photo 3

Photo 1 Photo 2

Photos 1, 2 and 3
Hungarian samples: Zip necklace from Gerdushi Design and
reusable plastic bags from Medence Design

METHOD OF THE PROCESS

By knowing the theoretical background of the
sustainable design philosophy fourth year students get
a practical reuse project. The starting points can be all
kinds of accumulated unused waste, unnecessary
objects, old household items etc. They can make
material-, form- and style combinations and can use all
the hand techniques and high tech technologies
studied so far.
We examine and analyse:

e structure, form and material of the chosen
pieces,
ways for deconstruction and reconstruction,
the function of the new structure,
the variability of the forms and materials,
the possibility of their surface manipulations,

o style effects.
There are a plenty of purchasing sources all around the
country and even in our personal home. We consider
all the opportunities for further development and
choose a few ways to start with. They collect their
inspirations, all kind of similar shape solutions and
colour suggestions on moodboards.

NPPLICES
E.Mfi & (=2 | o a s
5l ® NN

Figure 1
Inspiring moodboards (Benedek Javorszky and Alexandra Barakso)

Industrial wastes

During all types of production certain sizes of waste
are generated, either of wood, or metal, fiberglass,
leather, paper or textile. Students frequently use
leather, wire and wood pieces to invent unusual
demonstrating models and as many variations from
their pieces gathered as they can.

The main question is what function will serve the
reconstructed model from any kind of waste? The
quality of the materials and the given sizes specify the
form and the function.

Photo 4
Waste types: leather, wood, electric wire

As the students learn a lot of craft techniques and
industrial technologies, as well they can choose their
favourite type matching the best to the type of the
waste. Study of the construction and technological
solutions are essential for starting this project.

Photo 5
Bowls with basketry technique from electric wire by Kamilla Bihary

Photo 6
Patchwork from leather waste covering a seat made from two tires
by Alexandra Baraks6
Y !
$o |
! -
Photo 7

Chair from wood-waste by Zsé6fia Bagi

Electronic waste

Nowadays 20-50 million tonnes of E-waste are
generated annually, of which only 12.5% are utilized,
and these wastes contain high levels of valuable re-
recoverable rare earth-metal elements (REE).

A student used an HDD (hard drive) as a desk clock.
That was a 40GB faulty hard disk which he
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transformed so that it has a new function as a clock
thus prolonging its life. The small metallic elements
evoke the classical futuristic way of the world of
mechanical watches.

Figure 2
Reuse of E-wastes: desk clock by Daniel Végh

Unused and accumulated

People love collecting things and accumulate them in
their homes, offices and cottages. The new generations
are not emotionally attached to these household items,
photos or games etc. so they just marvel at the old
things and use them easily in another way. The most
interesting ones are the chairs, space dividers, tables
and all kinds of lamps, but objects with smaller sizes
can have good functions, as well. The first step of the
process is to deconstruct the object and survey it from
the point of views mentioned above. The way of up-to-
date reconstructions needs well-structured ideas.

Photo 8

Photo 9
Photos 8-9-10
A bar-chair from bicycle by Lérinc Liptak. Glued and painted toy-

parts as a table lamp. Vinyl records as a multi-levelled lamp and
clock by Gerda Nagy

Photo 10

Reuse and traditions

Reuse is a good opportunity to rediscover the
traditions of the society and this way of design enjoys a
great popularity. To integrate the national tradition
elements into the current design streams shows a
fresh way to connect the new generations with the
unforgettable values of the past.

Photo 11

Photo 12

Photo 13

Photos 11-12-13
A nightstand from an old basin stands by Lilla Molnar. Redesign of
an old dining table by Eszter Németh. A practical kitchen stool with
resin by Marietta Jobbagy

IMPLEMENTATION

This type of experimental work helps to strengthen the
ability of assembling materials in a proper way while
creating a new style. The project is based on innovative
connection of different materials and shapes,
meanwhile aiming to use the most suitable solutions.
Mixing the different kinds of materials like the rigid
and soft, resin/metal and wood, glass and leather,
paper and textile etc. can cause problems in realizing
the prototypes.

Creating a new form from waste materials or
reconstructing an object can be produced mainly by
using two or three different materials. Textile or
leather patchwork from similar materials, but different
sizes means an easier way of solution.

As new discoveries in material-science appear
students would like to experience them in their works.
Thus they focused on concrete and resin and three-
layered sound insulating felt, as well.

Combinations and arrangements of these materials
and form possibilities integrate all the knowledge
students studied so far. Students combine high and low
tech processes and use recycled materials to create
expressive objects showing their engagement towards
their responsible attitude for green design to develop a
specific approach in design methods.

Figure 3
Experimenting with a new composite: chopped walnut shell in resin
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The needed infrastructure for implementation is well
equipped labs with: textile and leather sewing
machine, laser cutter, 3D software, special machines
for processing all kind of materials, handicraft tools
etc. The final documentations and posters contain all
the steps of the design process from the inspirations,
drawings or photos of starting pieces, technological
drawings, as well as sketches, and photos of the final
products.

REDESIGN

Y
AIRITNY

Figures 4

Figures 3

Figures 4-5
Two posters showing the results of design works (Gerda Nagy,
Adrienn Rozsnyd)

CONCLUSIONS

Processing the waste originated from the different
sections of light industry poses new challenges to the
product designers. We educate our industrial product
design engineer students with particular emphasis on
eco-conscious awareness and practical
experimentation. The main focus of our research is the

mapping of the large amounts of unused waste and
provides creative possibilities of further utilization.
The end-products present the intended creativity as
well as the conscious thinking of the student. The
prototypes of students demonstrate that the subject of
these reusing studies is really thought provoking and
leading to challenging solutions with the help of the
method used.

All the experiences obtained through this creative
deconstruction and reconstruction generates new
ideas for their future projects. As the prototypes are
unique we regularly present them to public, partly in
the hall of our university and on the other hand during
prestigious events, like Design week Budapest or
Educatio exhibition etc.

Photo 14 Photos 15
Photos 14-15
Two public exhibitions
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Abstract

Paper is reality in our everyday life. The modern paper
production technology is divided into several sections, roughly
corresponding to the processes involved in making handmade
paper. In this scientific work we have elaborated a new specific
quantity, measuring the weight and number of pulp single
fibres in aqueous medium. The measurement has been fulfilled
in a Kajaani FS 100 fibre length analyser.

INTRODUCTION

The paper making processes cause the change of the
length and weight of the cellulose fibres with a
different order of magnitude. Fibre length is a
fundamental property of pulp. The determination of
the fibre length and fibre weight of pulp fibres is
important in  papermaking technology and
environmental protection as well, because the
effluents from paper mills contain solids and dissolved
substances. Solids (fibers, fillers) are mostly removed
from the effluent in a chemo-mechanical clarification
process by the use of flocculants [1] [2].

It is important to emphasize the pollution in the
wastewater of a paper mill depends on the type of raw
materials and the paper production processes. The
arguments given above prove that important to
measure these properties. [1].

Paper is reality in our everyday life. The modern paper
production technology is divided into several sections,
roughly corresponding to the processes involved in
making handmade paper.

Pulp is refined and mixed in water with other additives
to make pulp slurry. In papermaking, a dilute
suspension of fibres (Figure 1) in water is drained
through a screen, so that a mat of randomly
interwoven fibres is laid down. Water is removed from
this mat of fibres by pressing and drying to make

paper. The water is acting as a binding agent between
the fibres by forming molecular bridges with hydrogen
bonds.

Figure 1

Pine (picea abies) tracheids fibres

The properties of papers are highly depended on the
quality of the included cellulosic fibres.

Interfibrillar and intermolecular actions occur during
the papermaking process.

The first interaction among the fibres is the felting
occurring in the sieve section whereas the second one
is the forming of hydrogen bonds among the cellulose
molecules during drying. Such fibres are needed for
the procedure in which the ratio between the length
and the width of the fibre is 70:1. The mass
(grammage) and the strengths of the produced paper
are characterized by those of the included single fibres.
So, determination of the fibre length and fibre weight
of different pulp fibres is fundamental. The earliest
method to measure the fiber length, width and
coarseness was the microscopic method (Wilson,
1954). This procedure suffered from defects
(fractionation of flat or collapsed fibers) that occur
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during measurements on the fibers. We also studied
the morphological properties of fibres using WAT-250
D (W96P) videomicroscope (Figure 2.) befor we used
the fibre length analyser.

Figure 2
WAT-250 D (W96P) videomicroscope

Consequently new method has been elaborated by us
for the measurement of the mass of the mentioned
single fibres. The measurement has been fulfilled in a
Kajaani FS 100 fibre length analyser. This analyser is
consisting of a capillary tube (0.2 mm) through which
an aqueous suspension (density of suspension: 1 per
thousand) of the fibres is passed.

The pulp and paper industry started to use the
Kajaani FS-100 in the 1980; this was the first
automated fiber analyser [1]. “And is an optical device
accepted as method for laboratory fibre length
measurements (Tappi T271) to measure fibre length
and coarseness” [3]. This tool is ready for quick and
one simple measurement procedure [4].

MATERIALS AND METHODS

Pulp Fibres
In scientific research we studied different cellulose
fibres of different origin:
— sulphate pine cellulose:
unbleached and dried or undried,
— mixed hardwood semi-chemical pulp: dried or
undried,
— hardwood cellulose: bleachedand and dried,
— CTMP (Chemical Thermo Mechanical Pulp)
pine: dried or undried.
These pulp fibres are obtained by chemical pulping
from softwood, hardwood, mechanical pulp is
produced by mechanical defibrationof wood. Pulping
represents the process by which wood or other
lignocellulosic material is reduced to fibrous mass,
denoted as pulp [5][6].
During chemical pulping, the most of the lignin is
removed from the raw material.
The yield of the pulp is therefore only 45 to 55%. Two
main industrial processesof chemical pulping are used:
— the sulfate process with sulfate pulp as product,

bleached or

— the sulfite process with sulfite pulp as product.
The alkaline sulfate process uses sodium sulfide and
sodium hydroxide as pulping chemicals. The acidic
sulfite process is based on calcium, magnesium, and
sodium or ammonium bisulfide. Worldwide, the sulfate
process is used in up to 90% of cases.

Softwood is comprised of two types of cells: tracheids
(90-95%) and ray cells (5-10%). Softwood fibres are
by definition wood tracheids. Tracheids give the
softwood mechanical strength (particularly thick-
walled latewood tracheids) and transports water.
Softwood fibres are closed at both ends.

The median fibre length of Finnish pine and spruce is
approximately 3 mm. Due to their long fibres,
softwood pulps are often referred to as long fibre

pulps[7][8].

Kajaani FS 100 Fibre Length Analyser

The main part of the device a capillary tube (0.2 mm)
through which the thin suspension of the fibres is
conducted. On the one side of the capillary (Figure 3.)
is positioned a lamp and on the other, opposite side is
a detector. When a fibre go through the capillary, the
polarized picture of the single fibre is transmitted into
the detector and from this we can calculate the length
of the fibre. “A low-pressure vacuum pump and
chamber collect the analyzed fibres. The measurement
range is between 0-6.79 mm, divided into 24 classes, of
which the first 12 classes are resolved to 0.2 mm
lengths and the last 12 have a resolution of 0.4 mm (for
the 0-0.7 mm range)” The fibre counting is manually
with a keyboard. The fibre suspension is diluted
(0.0004% consistency). [9][10][11][12].

capillary tube (d:0,2mm)

{ fibres

Figure 3
Fibre Length Analyser

A.  Methods
In our method for the establishing of the mass of
cellulosic single fibres the following 4 steps should be
fulfilled:
1. Determination of the dry matter content of the
sample
2. Cellulose sample with 0.1-0.2 g absolute dry fibre
content should be pulped in 1000 ml distilled
water

[Publication year: 2017 with ISBN 978-963-449-063-0]

Page 18



O X
7th International Conference of ICEEE, 17-19 of November 2016, Budapest, Hungary C

h ICEEE-2016

Budapest, Hungary

3. 100 ml of the above mentioned suspension
should be diluted to 1000 ml by distilled water.

4. 100 ml of the suspension should be filled into the
Kajaani 100 fibre analyser to determine the
average fibre length (laf) and the total number of
the included fibres (tn).

Average single fibre mass (masf) can be calculated by
dividing the included mass of the fibers (ms) by their
above gained number (tn):

My (9
e

The above discussed data enable the calculation of the
specific mass (mspec) in g/mm of the single fibre:

My (9 MM) = f(;rfi))

(2)

Initially the impact of the grinding of different ECF
bleached pine fibres in Jokro mill has been determined
on the mass of the single fibre. 5 samples of different
freeness (12, 18, 24, 32, 60 °SR) have been produced
by grinding in Jokro mill.

5 Bauer McNett fractions have been separated (mesh:
14, 30, 50, 100, 200) from each mentioned samples of
different freeness respectively. The average mass and
length of single fibre of mentioned samples have been
determined and compared with each other.

The average mass and length of single fibres of dried
and never dried pine sulphate celluloses respectively
after grinding in PFI mill have been determined and
compared with each other thereafter.

Further experiments have been performed with
Chemical Thermo Mechanical Pulp (CTMP) single
fibres.

Finally the average mass and length of single fibre of 9
different cellulosic fibres of the same freeness have
also been studied.

RESULTS AND DISCUSSION

Obtained data in the 1st set of experiments are
summarised in Figure 4 and 5.

The first observation from the obtained data is that the
grinding practically does not decrease the average
length (Figure 6) of single fibres but it is significantly
decreases their mass.

From this might be concluded that the grinding keeps
the lengths of the fibre practically unchanged but it is
sensitively decreasing its cross section.

Final conclusion is that in the length acting binding
forces are strong primary ones whereas in the cross
sections acting ones are much weaker secondary
forces.

Fibre
weight <
(Micro
l71"am)

Fibre g
length I I
(mm) 0

100
Bauer McNett fractlons
Figure 4
Average fibre length and weight of ECF bleached pine fibres
of 12 oSR freeness (after grinding in Jokro mill) and 5 Bauer
McNett fractions.

Fibre
w eloht 25
(Micro

gram !

Fibre . I I I

length I
(mm) - .

Bauer McNett fracUons

Figure 5
Average fibre length and weight of ECF bleached pine fibres
of 60 °SR freeness (after grinding in Jokro mill) and 5 Bauer
McNett fractions.

—4—12°SR —M—18°SR —#—24°SR =—==32°SR —=—60°SR

Fibre weight [pg]
-

0 0,5 1 1,5 2 2,5 3
Fibre length [mm]

Figure 6
Average fibre length and weight of ECF bleached pine fibres
of 5 different freeness and 5 Bauer McNett fractions of each
freeness.

Obtained data in the 2nd set of experiments are
summarised in Tables 1 and 2. Concerning changes in
fibre length and fibre mass after grinding leading to
freeness form 13 °SR to 57 °SR enabled the conclusion
that small loss occurred in them as well of dried (Table
1.) as of never dried samples (Table 2.)
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Table 1
Changes in average fibre mass, average fibre length and
specific fibre mass of never dried pine sulphate cellulose
single fibre in the function of freeness after grinding in PFI
mill.

Table 4
Changes in average fibre mass, average fibre length and
specific fibre mass of dried Chemical Thermo Mechanical
Pulp (CTMP) single fibre in the function of freeness after
grinding in PFI mill.

Bleached never dried sulphate pine ground in a PFI mill Bleached never dried sulphate pine ground in a PFI mill
Freeness | Fibre length Fibre weight Specific fibre Freeness | Fibre length Fibre weight Specific fibre
(SR?) (mm) (ng) weight (ug/mm) (SR%) (mm) (ng) weight (ug/mm)
13 2,27 0,303 0.133 23 2,31 0,607 0,262
22 2,26 0298 0,131 30 1.96 0.342 0.174
33 223 0.295 0.132 42 1.71 0.299 0.174
47 2.2 0.295 0,133 52 1.36 0,246 0,180
57 2,19 0,289 0,131 26 22 0,628 0,285
Table 2

Changes in the average fibre mass, average fibre length and

in then specific fibre mass of dried pine sulphate cellulose

single fibre in the function of freeness after grinding in PFI
mill.

Bleached never dried sulphate pine ground in a PFI mill
Freeness | Fibre length Fibre weight Specific fibre
(SR%) (mm) (ng) weight (ug/mm)
13 2.3 0,381 0.165
20 2,27 0,314 0,138
32 2,25 0,283 0,125
45 2,08 0,273 0.131
54 2,04 0,268 0,131

The changes in specific fibre mass (Table 3) are nearly
neglectable in both samples because the loss in fibre
length and fibre mass are proportional.

Table 3
Changes in average fibre mass, average fibre length and
specific fibre mass of never dried Chemical Thermo
Mechanical Pulp (CTMP) single fibre in the function of
freeness after grinding in PFI mill.

Bleached never dried sulphate pine ground in a PFI mill
Freeness | Fibre length Fibre weight Specific fibre
(SR?) (mm) (ng) weight (ug/mm)
26 2,2 0,628 0,285
35 1,81 0,537 0,296
40 1,73 0,401 0,231
54 1,44 0,366 0,254
26 2,2 0,628 0,285

Both the length and the mass of CTMP (Table 4) single
fibres decreased in the function of the increased
freeness as well for dried as for never dried samples.
No such tendency could be concluded in case of
specific fibre mass data. Obtained data in the 4t set of
experiments are summarized in Figures 6 and 7.
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Figure 6

Changes in the average fibre length of cellulose single fibre
of different prehistory at the same freeness (50 °SR).
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Figure 7

Changes in the average fibre mass of cellulose single fibre of
different prehistory at the same freeness (50 °SR).

Comparing the average fibre length could be concluded
that the unbleached never dried pine sulphate
cellulose has the highest value and the bleached
hardwood cellulose has the lowest one.

CONCLUSIONS

The elaborated by us method for the determination of
the average single fibre mass for cellulosic fibre of
different origin could be successfully used for a wide
range of cellulosic fibres.

Comparing the results of average fibre mass could be
concluded that the unbleached never dried pine
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sulphate cellulose has the highest value and the
bleached hardwood cellulose has the lowest one.
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Abstract

The pollution of the environment with heavy metals is one of
the most serious global problems. Yeast (Saccharomyces
cerevisiae) has received high attention due to its unique
nature in spite of the mediocre capacity for metal uptake. In
vitro, two strains of S. cerevisiae (GCB-Y-30-96 and GCB-Y-45-
96) were investigated in order to estimate their tolerance to
some trace metals. In this study two strains (GCB-30-96 and
GCB-45-96) of Saccharomyces cerevisiae isolated from 30 and
45% sewage sludge treated sandy brown forest soil were used
for the monitoring the effect of lead (Pb), cadmium (Cd) and
copper (Cu) at different concentrations. The tolerance of S.
cerevisiae strains against the trace metals in the
contaminated YPD broth media was found to be up to 160 uM
for Cu?+, 320 uM and 640 uM for Pb?+, it was 320 ppm for Cdz+.
The growth of two yeast strains in polluted growth media by
Cu?+, Pb?+ and Cd?* were studied at 0, 5, 10, 20, 40, 80, 160,
320, 640 and 1280 uM. The toxicity decreasing order of the
investigated trace metal salts on the experimental
microbiome yeast strains was found to be Cu?+ > Pb2* > Cd?*.
The addition of 100 mM Ca(HCO3)2 and 100 mM MgSO4 in the
growth broth medium before addition of different
concentrations of Cu?*, Pb?* and Cd?* illustrates a protective
action against cell death and decreased the toxicity effect of
the tested trace metals. The addition of alkaline earth metals
reduced the effect all tested trace metals. The results obtained
in the presented investigation exhibit the higher potentiality
of S. cerevisiae strain GCB-45-96 than the strain GCB-30-96 to
be used for decreasing the contamination of the tested trace
metals of soil containing such as trace metal ions. Further
task is going to examine the range of metal bioaccumulation
in the yeast cells and the ability of these strains to be
environmental bioremediators.

Keywords: growth rate; yeast;, trace metals; synergistic
effect; Ca, Mg

INTRODUCTION

Heavy metal pollution represents an important
environmental problem due to the toxic effects of
metals, and their introduction in to the food chain
leads to serious ecological and health problems.
Microbiomial parameters in the ecosystem appear to
be very useful in monitoring the pollution by high
concentrations of trace metals. Since it is impossible
to degrade those pollutants by any means, the only
way to remove them from the ecosystem is to exclude
metals from cycling through their concentration, with
a possible recovery and reuse. The toxicity of trace
metals cause serious problems to the environment,
Nowadays, the most an important environmental
problem is to correct the toxic impacts of these metals
in contaminated ecosystem. Heavy metal pollution is a
growing problem mainly caused by industrialization.
Electroplating, surface finishing, metallurgy, mining,
mineral and electronic processing are examples of
industries that produce large wastewaters quantities
containing high concentrations of heavy metals.

The problem of heavy metal pollution is basically
associated with: (i) acute toxicity linked with
particular metals (Cu, Hg or Cd), even in lower
concentration; (ii) the fact that heavy metals are not
degraded or destroyed and tend to circulate; thus,
they remain for a long time in nature and are
accumulated through the food chain, which creates a
threat to public health [1].

Metals that present high affinity to react with
sulfhydryl (thiol) groups are considered (1) Soft
transition metals such as silver (Ag), cadmium (Cd)
and mercury (Hg) have sulphur as their preferred
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ligand. (2) Hard transition metals such as chromium
(Cr), manganese (Mn) and molybdenum (Mo), and the
metalloids arsenic (As), antimony (Sb), selenium (Se),
tellurium (Te) and bismuth (Bi) prefer oxygen in their
higher oxidation states, (3) An alternative is
considered when metals are able to bind sulfur,
oxygen or nitrogen atoms while they prefer sulphur in
their lower oxidation states. Lead (Pb), iron (Fe),
cobalt (Co), nickel (Ni), copper (Cu) and zinc (Zn) can
use oxygen, sulphur or nitrogen as ligands [2]. In
general, the above mentioned group of nonessential
metals falls under the soft metal category and is highly
related to cell toxicity, since the reaction with thiol
groups may lead to functional impairment of many
proteins. This chemical property is, nonetheless,
explored by cells for metal detoxification [1].

Metal toxicity may be caused by oxidative stress,
impaired DNA repair, inhibition of enzyme function
and by disturbing the function of proteins that
regulate proliferation, cell cycle progression,
apoptosis or differentiation [3] (Figure 1) [1].
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Figure 1

Metal toxicity mechanisms and metal responses. [1]

Heavy metal resistant microbiomes are often
associated with acidic environments, since metals are
easily solubilized in acidic solution. These metals
usually have their cytosolic levels tightly regulated
through homeostasis mechanisms and are typically
maintained within a narrow range. On the other hand,
nonessential metals are not necessary for cell
function, are usually toxic in very low concentrations
and lack homeostasis mechanisms. Nevertheless,
excessive concentrations of both essential and
nonessential metals can be cytotoxic and even cause
cell death [4].

The conventional methods adopted earlier for this
purpose included chemical precipitation, oxidation,
reduction, filtration, electrochemical treatment,

evaporation, adsorption and ion-exchange resins.
These methods require high energy inputs especially
when it refers to dilute solutions. Here microbial
biomass offers an economical option for removing
heavy metals by the phenomenon of biosorption [5].
Soares et al. [6] mentioned that the decreasing order
of toxicity of select heavy metals on S. cerevisiae, in 10
mM MES (2-(N-morpholino)ethanesulfonic acid) pH
buffer at pH 6.0, was found to be Cu, Pb, and Ni. Heavy
metal (200 uM) induced a decrease in the number of
viable cells by about 50% in the first 5 min for Cu and
in 4 h for Pb, while Ni was not toxic up to a 200 uM
concentration over a period of 48 h. The addition of
0.5 mM Ca, before addition of 200 uM Cu, showed a
protective action against cell death and decreased the
release of UV-absorbing compounds, while no effect
was observed against Pb or Ni toxic effects. Cu
complexation capacities of the filtrates of cells
exposed for 2 h in 200 uM Cu and 24 h in 200 uM Pb
were 51 and 14 pM, respectively.

Chen and Wang [7] demonstrated that the growth of S.
cerevisiae in the presence of Pb%* showed a lag phase
much longer than that in the absence of Pb2+. The
inhibition was dependent upon Pb2* concentrations.
The Pb2* at a concentration of 5 uM inhibited the
microbial growth by approximately 30% with regard
to control, whereas Pb2* at concentration of 2 uM did
not have a significant effect on the microbial growth.
Bioprocesses are an alternative to the traditional
treatments. Algae, bacteria, filamentous fungi and
yeast have the ability to remove heavy metals from
solutions [8]. Among the different kinds of biomass
available, yeast cells of S. cerevisiae constitute a good
alternative wastewater treatment mainly because of
the following reasons: (i) it is generally recognized as
a safe microorganism and can be used without public
concern; (ii) it is available in large quantities at a very
low cost as it is a by-product of fermentation
industries (brewing and wine); (iii) it has the ability to
accumulate a broad range of heavy metals under a
wide range of external conditions [8].

Some metallic elements have an integral role in
microbial bioprocesses such as calcium (Ca), cobalt
(Co), chromium (Cr), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), nickel (Ni),
potassium (K), sodium (Na) and zinc (Zn) and serve as
micronutrients. They are acting as components of
different enzymes and regulate the osmotic pressure
of the biomaterials. Calcium ions are required to
ensure the correct conformation of the lectins present
in the yeast cell wall [9]. The increase of cell surface
hydrophobicity [10] or the presence of 3-OH oxylipins
[11] has been positively correlated with the
promotion of flocculation. It was shown that a
flocculent strain of S. cerevisiae accumulated more
Cu?* than the isogenic, non-flocculent strain [9]. Heavy
metals can occupy lectin CaZ*-binding sites with the
consequent increase of their uptake; thus, cell walls of
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flocculent cells may provide additional metal-binding
sites than the non-flocculent ones. Consequently,
flocculent yeast cells have a higher capacity of metal
accumulation than the non-flocculent cells [12].
Owing to these reasons, flocculent yeast cells are a
promising low-cost biosorbent, which combines a
better efficiency in the removal of metals with an
inexpensive and rapid separation of biomass. This
allows the wuse of different configurations of
suspended biomass reactors without the risk of
washout [13].

Calcium at a concentration of 0.5 mM is completely
removed the inhibitory effect of Cu at concentrations
up to 50 pM and considerably reduced it at higher
concentrations (up to 150 uM). Mg exhibited a similar
but weaker protective effect against the influence of
Cu. The protective effect of Ca against 50 pM Cu was
evident at low Ca concentrations (2.5-5 pM), whereas
Mg was effective at = 50uM. In order to prevent the
inhibitory effect of Cu, it was necessary to add Ca or
Mg to the cell suspension before Cu addition. It is
concluded that the protective effect of Ca and Mg is
mediated by competitive and stabilizing interactions
at the cell surface as well as physiological functions of
Ca and Mg [14]. It was concluded that a significant
proportion of toxic effects resulted from free metal
cations in solution, with protective effects like Ca and
Mg resulting from competitive and stabilizing
interactions at the cell surface [15].

Metal ions may play important roles as trace metals in
sophisticated reactions of biochemical pathways and
other metals like silver (Ag), aluminium (Al), cadmium
(Cd), gold (Au), lead (Pb) and mercury (Hg) have no
biological role, nonessential and to what extend are
potentially toxic to microbial cells. At higher
concentrations these heavy metal ions form unspecific
complex compounds within the biomaterials, which
leads to toxic effects, making them toxic for any
physiological function. At high concentrations, both
essential and nonessential metallic elements can
damage cell membranes; change the enzyme
specificity; disrupt cellular functions; and damage the
structure of DNA [16].

The mechanism of heavy metal remove from the
environment by microbial cells can be classified as
extracellular accumulation or precipitation, cell
surface sorption or precipitation, or intracellular
accumulation, according to the location of the
biosorption of the metal removal from solution [17].
The increases in the concentrations of the investigated
trace metals within the yeast cell environment needs
to be immediately signalled so that the cells can take
the necessary steps for survival stress conditions or
death. Because metal ions cannot be degraded or
modified like toxic organic compounds, there are six
possible metal resistance mechanisms exist: exclusion
by permeability barrier; intra- and extra-cellular
sequestration; active transport efflux pumps;

enzymatic detoxification; and reduction in the
sensitivity of cellular targets to metal ions [18]. One or
more of these resistance mechanisms allows
microbiomes to function in metal co-contaminated
environments.

Ruta et al. [19] mentioned that S. cerevisiae cells can
easily act as cation biosorbents. Ruta et al. [20]
studied the involvement of Ca?* in the response to
high Ni%*, Cu?* and Cd?* in S. cerevisiae cultures which
is responded through a sharp increase in cytosolic
Ca2* when exposed to Cd?*, and to a lesser extent to
Cu?*, but not to Ni?*. The response to high Cd?
depended mainly on external Ca2* but also on
vacuolar Ca2*. The adaptation to high Cd#* was
influenced by perturbations in Ca%?* homeostasis.
Thus, the tolerance to Cd?* often correlated with sharp
Cd?*-induced [Ca?*]y: pulses, while the Cd?* sensitivity
was accompanied by the incapacity to rapidly restore
the low [Ca?*]¢y. It was indicated that the presence of
high Cd2+ in the yeast cell environment is signalled
through immediate and sudden waves of [CaZ*]ct.
Reports regarding the involvement of Ca2*
transporters in Cd?* yeast tolerance are numerous
[21] and described how these transporters are
involved in Cd2* transport and detoxification.

Ruta et al. [22] established that Ca%* ions are versatile
second messengers used by virtually all eukaryotic
cells to transduce the signal towards either adaptation
or apoptotic pathways. The role of Ca2* in mediating
the cell response to high Cu?* was investigated in S.
cerevisiae cell culture. It was found that the cell
exposure to high Cu?* was accompanied by elevations
in [Ca?*]ye with patterns that were influenced not only
by Cu2+ concentration but also by the oxidative state
of the cell. When Ca?* channel deletion mutants were
used, it was revealed that the main contributor to the
[CaZ*]¢ye pool under Cu?* stress was the vacuolar Ca?*
channel [22].

Bioavailability is defined as the fraction of the total
amount of a metal in a specific surrounding
environment that, within a given time is either
available or can be made available for uptake by
microbial cells from the direct surrounding of the
microorganism. Metal speciation and the resulting
bioavailability rather than total metal concentration
determines the overall physiological and toxic effects
of a metallic element on biological systems [23].

Some strains of S. cerevisiae are high potential as
bioremediation effectors [24]. Most bioremediation
studies using S. cerevisiae involve the excellent
biosorption capacity of yeast cells [25]. However,
most of the bioremediation approaches that involved
S. cerevisiae utilized either dead biomass [24] or live
cells with improved biosorption properties [26]
rather than metabolically active as hyperaccumulating
cells. It is generally accepted that the ideal living
bioremediator would be tolerant to high
concentrations of the metal pollutant and at the same
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time would be hyperaccumulate it, preferably in a cell
compartment or sequestered in a chelated nontoxic
form [27]. The property of nonliving biomass to
accumulate heavy metals ions, called biosorption, has
been known for several decades [28].

Yeasts are known for their ability to accumulate metal
ions from aqueous environmental solutions by
different physico-chemical interactions, through
adsorption and absorption, or by a metabolism-
dependent mechanism [29]. Brady et al. [30] proved
that the cells of S. cerevisiae treated with hot alkali
were capable of accumulating a wide range of heavy
metal cations (Cu?*, Pb2*, Cd2* and, Ni?*). Some toxic
metal ions studied in S. cerevisiae biosorption are Pb
[31], Cu [32] and Cd [31. This kind of property makes
S. cerevisiae useful not only for the bioremediation,
removal and recovery of metal ions, but also for their
analytical measurement [33]. Mapolelo and Torto [34]
proved that biosorption of Cd?*, Cu?* and Pb2* by S.
cerevisiae is dependent on optimum pH values above
5. The optimal concentration of Cu?* ion in the
nutritive medium for the yeast growth is in the range
of 1-10 puM [35] and over is also toxic [36]. Some trace
metals are present in soil environment as natural
nutrient, introduced to soil through weathering
processes, and mostly originate from a variety of
anthropogenic activities. However, the pollution
properties of trace metals in the soils have become an
important problem due to their toxic effects,
accumulation, and concentration through the food
chain [37].

The introduction of trace metals into the environment
is capable of having ecotoxicological impacts on the
natural environment including the biotic factors [38].
However, trace metal toxicity mainly depends on the
metal speciation and bioavailability, as well as uptake,
accumulation, and excretion rates of the living
organisms [39]. Benson et al. [40] established that
safe disposal of domestic sewage and industrial
effluents should be recycled to minimize the level of
metals introduced into coastal water ecosystems.
Trace metal ions play an important role in the
bioprocesses of living organisms. Depending on the
living organism type, its age, physiological
developmental phase, habitat conditions (e.g,
temperature, pH, etc.), the physic-chemical properties
of the trace metal and the co-occurrence of other
metal ions and chemical compounds, the toxic
contents of the trace metals may be varied. The
accumulation of metal by yeast is affected by several
factors such as pH, redox potential (Eh), presence of
anions, cations and soluble organic compounds. Some
of these factors can act at different levels
simultaneously. For instance, pH of the solution affect
the percentage of ionized groups of yeast cell wall; at
low pH, the increase of protonation of yeast cell wall
ligands  decrease  metals  adsorption [41].
Simultaneously, pH affects metal speciation [42] and

consequently the available metal to be sequestered by
the microbiomes. The presence of anions (carbonates,
chlorides, fluorides, phosphates and sulphates) in
solution can complex metal ions and thus reduce or
inhibit their adsorption to S. cerevisiae [43]. Heavy
metals can also be complexed by organic compounds
and these soluble ligands can compete with the cells
for the metals, reducing the efficiency of heavy metals
removal [6]. Redox potential can also affect the
speciation of a given element; for example, Cr exists as
Cr(VI) or Cr(Ill) according to the Eh of the solution.
The presence in solution of other cations besides the
metals of interest can reduce heavy metals
accumulation by biomass, by competition for binding
sites on yeast cell wall [44]. Mapolelo and Torto [34]
showed that trace enrichment of the metals with
yeast, depends upon the amount of yeast biomass, pH
and incubation time. Yeast biosorption largely
depends on parameters e.g., pH, the ratio of the initial
metal ion and initial biomass concentration, culture
conditions, presence of various ligands and
competitive metal ions in solution and to a limited
extent on temperature. An assessment of the isotherm
equilibrium model, and the kinetics was performed.
Pasternakiewicz [45] mentioned that the negative
effect of Cd2* ions on the growth of S. cerevisiae was
partly altered by supplementing the YM medium with
Ca or Zn compounds.

The main reaction for heavy metal to be combined
with the microbial surface can be described as an ion-
exchange reaction between heavy metal and Ca?*,
MgZ* or K* in the cell wall. This reaction is also
observed in yeast [46]. Temperature, pH, the number
of yeast cells and their physiological activity as well as
the presence of other ions in the medium may exert a
significant effect on the dynamics of Mg biosorption
by cells [47]. Mapolelo et al. [48] showed that the
interaction between trace metals and yeast was
dependent on the pH and available metal ions.
Enrichment time of 30 min gave an optimum metal
uptake. The presence of Na*, K*, and Ca?* suppressed
the uptake of Pb by less than 5%, Mg%* suppressed the
uptake of Pb by between 25 and 35%. For both Pb and
Cd had the highest suppression of 35 and 30%,
respectively for S. cerevisiae.

The aim of the present investigation is to examine the
tolerance of two S. cerevisiae strains to the toxicity of
Cu?+, Cd%*, and Pb?*. Secondly, to study the functioning
of divalent Ca%?* and Mg?* metals to correct the
negative impacts of heavy metals on yeast growth and
multiplication and the ability of these strains to be
environmental bioremediators.

MATERIALS AND METHODS
Yeast strains, medium and culture conditions

In vitro, from our gene bank, two strains of yeast
belonging to Saccharomyces cerevisiae (GCB-30-96
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and GCB-45-96) isolated from sandy brown forest soil
amended with 30 and 45% sewage sludge were
investigated in order to estimate their maximum and
tolerance to metals (lead nitrate: Pb(NO3);, cadmium
sulphate: 3CdS04.8H20, and copper sulphate: CuSO4)
as well as the synergistic effect of calcium hydrogen
carbonate: Ca(HCO3); and magnesium sulphate:
MgS04.7H,0 at 100 mM. The strain cultures were
maintained on a solid yeast medium (YPD) containing:
20 g D-glucose, 10 g bactopeptone, 5 g yeast extract
and 20 g agar in 1 litre distilled water.

Inoculant preparation

For refreshing, the 2 strains were re-inoculated from
agar slants into 50 ml YPD broth in 150 ml
Erlenmeyer flasks.

The biomaterials were incubated at 28°C and
horizontally shake at 150 rpm for 24 h. Then 200 ml
of sterile broth of YPD in 500 ml Erlenmeyer flasks
were inoculated with 10% of the obtained inoculants.
Flasks were shaken on a rotary shaker at 150 rpm and
28°C for 24 h. Such prepared inoculants were used in
further experiments. The wunities of the yeast
biomaterials were adjusted to be 2.2 x 108 CFU ml! by
measuring the absorbance of cell suspension at 570
nm (ODs70) to be equivalent to 0.3. To prevent metal
contamination in further investigations, all glassware
were soaked in 0.1 N HNO3 and rinsed three times
with deionized water before complete drying.

Preparation of cell suspensions

After the 24 h incubation, cells were removed culture
broth by centrifugation (3000 x g, for 7 min), washed
twice with 30 mM ethylenediaminetetraacetic acid
(EDTA) solution (to remove the ions bound to the cell
surface), once with deionised water and then with 10
mM MES-Tris (2-(N-morpholino)ethanesulfonic acid)-
Tris pH buffer at pH 6.0. MES-Tris is a suitable pH
buffer for heavy metal uptake studies, since it does
not complex several metal ions [49, 50].

Also, the cell density was determined always using
spectrophotometrical method at 570 nm, after
dilution of the samples in 100 mM EDTA.

pH and biomass production

Yeast cultures were cultivated in YPD broth with
different pH range from 4.0 to 6.0. The pH adjustment
was done with HCI or NaOH.

Growth rate

In the course of cultivation, the yeast growth was
determined at 48-hour intervals (0, 3, 6, 12, 24 and 48
hours) turbidimetrically, by measuring the optical
density of cell suspension at 570 nm wavelength.

Impact of trace metals on tolerance and the biomass
production

Similar to the method used for growth rate, the YPD
broth media of the 2 yeast cultures were enriched
with various concentrations (0, 5, 10, 20, 40, 80, 160,
320, 640 and 1280 uM) of Cu?+, Cd2+, or Pb2* ions in

their salt compounds. During the incubation, the
growth of yeast strains was controlled by measuring
the absorbance of the culture.

Synergistic effect of Ca and Mg

The addition of 100 mM Ca(HCO3)2 or 100 mM MgSO4
in the growth broth medium before addition of
different concentrations of Cu?*, Pb2?* and Cd?+
illustrates a protective action against cell death and
decreased the toxicity effect of the tested trace metals.
Similar method of incubation and growth rate
measurement was done as mentioned above.

Statistical analysis
Results are expressed as the average values of 3
replicates per each treatment. Application of Cu?,
Pb2+, and Cd%* ions were established by different
statistical methods.

RESULTS AND DISCUSSION

Rate of growth

The pH of the used media was established according
to the maximum given at the investigated pH
experiment. Figures 1, 2 and 3 illustrate the growth
rate of 2 yeast strains in the YPD broth contaminated
with Pb, Cd and Cu, respectively after 48 h incubation
in horizontal shaking incubator with 150 rpm at 28°C.
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Figure 1
Effect of lead ions in Pb(NO3): at different concentrations on
the growth of yeast cultures (at 570 nm) isolated from 30
(GCB-30-96) and 45 (GCB-45-96) % sewage sludge treated
sandy brown forest soil.

The shape of the absorbance curve during the growth
of the two cultures indicates the inhibition of yeast
cell reproduction of both strains was started at at the
concentration 160 uM (Figure 1) of Pb.

The maximum growth of both strains was detected at
40 uM while the strain GCB-45-96 can tolerate 320 uM
of Pb and GCB-30-96 can tolerate 160 uM.

In Figure 2, the results indicated that maximum
growth of both strains where found at 160 uM of Cd
and both of them were inhibited at 1280 uM. Both
strains can tolerate the Cd concentration of 320 uM.
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Figure 2
Effect of cadmium ions in CdSO+ at different concentrations
on the growth of yeast cultures (at 570 nm) isolated from 30
(GCB-30-96) and 45 (GCB-45-96) % sewage sludge treated
sandy brown forest soil.

In Figure 3, it was found that maximum growth for
both strains was at 40 uM and tolerated 160 uM as
well as inhibited at 320 uM of Cu.

Figures 4, 5 and 6 show the effect of adding Ca before
contaminating the cultures of the two strains.
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Figure 3
Effect of copper ions in CuSO4 at different concentrations on
the growth of yeast cultures (at 570 nm) isolated from 30
(GCB-30-96) and 45 (GCB-45-96) % sewage sludge treated
sandy brown forest soil.

Figure 4 shows that maximum growth of both strains
was found at 80 uM and both strains were inhibited at
1280 pM of Pb in the presence of 100 mM of
Ca(HCO3)2 and can tolerate 640 pM of Pb under the
effect of Ca ions.

Figure 5 illustrates the effect of adding Ca(HCO3):
before contamination the growth broth media of both
strains with cadmium salt.

It was found that maximum growth of both strains
was found at 80 uM of Cd in the presence of Ca ions.
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Figure 4
Synergism between calcium and lead ions in Pb(NO3)z at
different concentrations on the growth of yeast cultures (at
570 nm) isolated from 30 (GCB-30-96) and 45 (GCB-45-96)
% sewage sludge treated sandy brown forest soil in the
presence of 100 mM of Ca(HCO3)2.

Also, Figure 5 shows that both strains were inhibited
at 1280 uM and can tolerate 640 uM of Cd salt in the
presence of Ca salt.
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Figure 5
Synergism between calcium and cadmium ions in CdSO4 at
different concentrations on the growth of yeast cultures (at
570 nm) isolated from 30 (GCB-30-96) and 45 (GCB-45-96)
% sewage sludge treated sandy brown forest soil in the
presence of 100 mM of Ca(HCO3)2.

Figure 6 demonstrates that both yeast strains give the
maximum growth at 160 pM of the Cu concentration.
Meanwhile, the 2 strains were inhibited at 1280 pM
and tolerate the concentration 640 uM of Cu salt in the
presence of Ca salt.

Figures 7, 8 and 9 show the effect of Mg salt on the
toxicity of Cu salt application in the broth media
inoculated by yeast strains.

Figure 7 illustrates the protective effect of Mg salt
against the effect of Pb salts on the growth of the yeast
strains.

It was found that maximum growth rates of both
strains were found at the concentration 80 uM while
1280 pM inhibit and decrease the growth of both
strains lower than the control.
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Also, it was found that both strains can tolerate 640
uM.

Figure 8 indicate that Cd at 160 pM both strains were
at the maximum growth and inhibited when the
concentration was increased to 1280 uM. Both strains
can tolerate 640 uM of Cd in the presence of Mg ions.
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Figure 6
Synergism between calcium and copper ions in CuSO4 at
different concentrations on the growth of yeast cultures (at
570 nm) isolated from 30 (GCB-30-96) and 45 (GCB-45-96)
% sewage sludge treated sandy brown forest soil in the
presence of 100 mM of Ca(HCO3)a.
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Figure 7
Synergism between magnesium and lead in Pb(NO3)2 ions at
different concentrations on the growth of yeast cultures (at
570 nm) isolated from 30 (GCB-30-96) and 45 (GCB-45-96)
% sewage sludge treated sandy brown forest soil in the
presence of 100 mM of MgSOa.

Figure 9 shows that maximum growth rates of the
yeast strains were found at 160 pM of Cu salt in the
presence of Mg salt and they can tolerate 640 uM
while 1280 puM reduced the growth of both strains
lower than the controls.

A second assay in the present study was performed to
understand whether the addition of Mg or Ca (ions
fron their salts) to the medium influenced growth of
both strains.

It was found that 100 mM Mg concentration was
tested with the different concentrations of different
Pb, Cd and Cu concentrations.

The results indicated that both Ca and Mg extend the
rate of growth, the tolerance and the inhibition degree
to be more than their values as they are in the tubes of
the trace metals only.
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Figure 8
Synergism between magnesium and cadmium ions in CdSO4
at different concentrations on the growth of yeast cultures
(at 570 nm) isolated from 30 (GCB-30-96) and 45 (GCB-45-
96) % sewage sludge treated sandy brown forest soil in the
presence of 100 mM of MgSOa.
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Figure 9
Synergism between magnesium and copper ions in CuSO4 at
different concentrations on the growth of yeast cultures at
570nm isolated from 30 (GCB-30-96) and 45 (GCB-45-96) %
sewage sludge treated sandy brown forest soil in the
presence of 100 mM of MgS0a.

As heavy metal bioremediator, the yeast cells can act
essentially in two ways: binding the cations to the cell
surface (biosorption) and accumulation of cations
inside the cell via metabolic transport.

Most of the bioremediation studies involving S.
cerevisiae focused mainly on cell surface properties
and biosorption by dead biomass [24] by living cells
with improved biosorption capacity [26] or with
engineered cell surface [51].

A similar upward trend in the yeast growth rate was
found at 24, 48, and 72 hours after inoculation across
treatments. The continuation of the growth rate was
consistent and dose related.
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Yeasts have ability to bioaccumulate minerals from
aqueous solutions, from which they permanently
incorporate these metal ions into own cellular
structures owing to their high concentration of
protein [52]. Yeast cells incorporate double-valence
metals through mechanisms including production of
metalloproteins, mineralization and capture of metals
into vacuoles [53]. Numerous studies about the
processes involved in the uptake of trace metals by
the yeast S. cerevisiae as a model organism for
investigating metal bioaccumulation in the cells have
been conducted in recent years [54].

When Cu?* ions increase further in the environment,
they are accumulated in excess through a low affinity
transport system [55]. In S. cerevisiae resistance to
Cu?* is associated with the production of a metal-
binding protein mineralization [55] and sequestration
to the vacuoles [56], leading to a reduction in the
cytoplasmic concentration of a free Cu ion. Eide [56]
established that metal ion uptake systems of cells are
tightly controlled. Most importantly, studies of S.
cerevisiae have identified a large number of genes that
function in metal ion transport and have illuminated
the existence of importance of gene families that play
related roles in these processes in mammals.

A Cd-binding protein in the Cd?*-resistant strain 301N
of S. cerevisiae was induced by administration to 0.5
mM CdSO4 [57].

The common yeast S. cerevisiae has been used to
remove Pb [58] and Cu [59] from their aqueous
solutions. The toxicity decreasing order of the
investigated trace metal salts on the experimental
microbiome yeast strains was found to be Cu2+ > Pb2+
> (Cd?*. Ca%* was found to depress Cd%* uptake
strongly. Mowll and Gadd [60] reported similar
findings and proposed that Cd?* was accumulated via
a Ca?* transport system.

CONCLUSION

The addition of 100 mM Ca(HCO3)2, or 100 mM
MgSO0y4, in the growth broth medium before addition of
Cu?*, Pb2+ and Cd?* illustrates a protective action
against cell death and decreased the toxicity effect of
the tested trace metals. The addition of alkaline earth
metals reduced the effect of all tested trace metals.
Our results are consistent with data obtained for
different strains of biomass which indicate that the
cell surface is a complex, heterogenous matrix
containing an array of possible different metal-
binding sites. Further task is going to examine the
range of metal bioaccumulation in the yeast cells and
the ability of these strains to be environmental
bioremediators.
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Abstract

Heavy industrial pollution along the river bank of Danube had
effected on the water quality. The heavy metal content of the
industrial sludge and sewage water could pollute sediment on
the bottom of the river Danube. The inflow of surface water
can modify the heavy metal content of the water and the
muddy sediment of the Open Beach in Dunatijvdros. The main
aim of this research is to analyse the heavy metal content of
the sediment dump of Dunatijvdros. The dump was created by
excavation from the Open Beach of Dunatijvdros in 2009,
because the local municipality wanted to improve the water
quality of the Beach with this process. In 2010 the whole
sediment dump was planted with trees. The regular sediment
analysis was made on four measuring points in the middle
part of the dump every second weeks in April and November
of 2015. Among the heavy metals iron, lead, cadmium, copper,
zinc and nickel were measured. Results were compared to the
standard levels of the Hungarian regulations. Results showed
that seasonal changes can be observed in the concentrations
of heavy metals and sometimes these values exceed the
Hungarian standard levels both in the case of the sediment
and plants growing on the dump.

Keywords: heavy metal, river sediment, plant, accumulation

INTRODUCTION

It is known that the floodplains and oxbow lakes along
the rivers mean important ecological merits or
corridors for the fauna and flora. They are often used
for touristic purposes, so their protection or
remediation is very relevant in these days because of
the previous or recent industrial or communal
pollution. In the case of river Danube, it was polluted
mainly by the industrial plants. One of the most serious
groups of toxic elements is the heavy metals, which are
the focus point of this research.

The sources of the heavy metals are the natural inputs
and anthropogenic emissions [1]. Heavy metal
concentrations in waters have been analysed
worldwide, but there are few publications on their
concentrations in rivers of the Danube [4, 10] in
Hungary.

The main aim of this research is to determine the
seasonal changing of the heavy metals concentrations
in the river sediment horizontally and vertically.
Furthermore the heavy metal content of the plants
which are growing on the sampling site is also
analysed. The correlations or mobilization between
the toxic elements of the sediment and plants and the
accumulated quantity of the heavy metals were also
determined. This method can be very useful for
accumulate the toxic element from industrial or river
sediment. It can be also adequate for the recycle of
metals or rare earth metals from industrial sludge.

MATERIALS AND METHODS

The analyses were made on the sediment dump of
Dunaujvaros, which is located on the northern part of
the town. This dump was made in 2009, when the local
municipality wanted to rehabilitate this old Open
Beach area of the town, therefore the sludge of this
beach was dredged out into the floodplain which is
located on the right side of the river Danube. In the
southern part of the dump a stream flows, which is
ended in the river Danube. In addition, a water channel
surrounds the whole dump.

The regular sediment analysis was made on four
measuring points (M1 - M4) in the middle part of the
dump every second weeks in April and November of
2015. The measuring points are shown in the Figure 1.
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The area of the sampling points was 1 m2 The
sediment samples were collected from the depth
between 10 and 20 cm with a standard soil sampler.
The GPS coordinates of the measuring points are:

e M1:46°59'22,8"N; 18°56'31,4”E

e M2:46°59’21,7"N; 18°56’32,3"E

e M3:46°59°20,9”N; 18° 56’33 E

e M4:46°5922,3”N; 18°56'39” E

Figure 1

Automotive industry Foundry in Kikinda

The extraction of the heavy metal content of the river
sediment was made with acidic destruction according
to the MSZ 12739/4-78 Hungarian Standard [2]. At
first, following the directions of the Standard, the
organic parts were removed and the samples were
dried. Thereafter, during the destruction process, the
heavy metal content was extracted with concentrated
nitric acid and hydrogen-peroxide of 35% from the
dried samples in a rotating evaporator. After the
filtration, the concentration was analysed with atomic
absorption spectrometer (AAS, Perkin Elmer AAnalyst
400). Among the heavy metals iron, lead, cadmium,
copper, zinc and nickel were measured. The flow chart
of the destruction process is shown in the Figure 2.

From the concentration of the filtered samples, the
extraction loss and the loss of the continuous heating
the final concentration of heavy metals can be
calculated in mg/kg with using the following equation
(1):
o Co -V
(1—-s-i)-m 1)
Where
e co: concentration (mg/l) of the extracted and
filtered samples, which is measured by the atomic
absorption spectrometer
e V:volume of the extracted samples (1)
e s: quotient of the mass of the residue of the acidic
extraction (g) and the mass of the calibration

sample (g)

e i quotient of the mass of the residue of the
continuous heating (g) and the calibration sample
before the continuous heating (g)

e m: mass of the sediment sample before the acidic
extraction (kg)

Taking sediment
samples
¥

Preparation of
samples
W

Calibration of
samples for

acidification
W
Acidic
extraction
¥ Drving of the samples
Filtering s after extraction,
T calculation of
extraction loss
Analvzation of 7
filtered samples
with AAS Continuous heating,
calculation of the
loss of continuous
heating
Calculation /

Figure 2
The flow of the extraction of heavy metals from sediment

For the determination of the heavy metal content of
the plants the samples were also destructed with
concentrated nitric acid and hydrogen peroxide [9].
For this analysis, perennial rye-grass (Lolium perenne)
samples were collected from the four measuring points
(M1-M4). During the preparation process the main
parts of the plants such as roots and shoots were
washed with deionised water, and then they were
dried. After that the plants were cut into pieces which
were smaller than 1 mm. These small parts were
treated with concentrated nitric acid for 12 h on room
temperature (20 = 2°C). Finally, the samples were
extracted with hydrogen peroxide during additional 3
hours on 110 * 2°C, were filtered and completed to 50
ml. The heavy metal concentration of the samples was
measured by atomic absorption spectrometer (AAS).

Beside the destruction and measurement of the heavy
metal content of samples seedling growth test was also
made with using white mustard seeds (semen sinapis
albae) as test plant. For this experiment, dried river
sediments were calibrated into Petri dishes. Moreover
mixtures of the river sediment and chernozem soil
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were also used in the rate of 20-, 40-, 60-, 80 and 100
%. In every Petri dish 20 pieces of seeds were
dispersed. After the setting of the moisture content the
samples were covered and incubated for 72 hours in a
dark place. At the end of the experiment the number of
the pullulated seeds and the length of radicles and
plumules were counted.

RESULTS

Vertical cadmium (Cd) content of the sediment

Based on the Figure 3 it is determined that the
cadmium content was exceeded the Hungarian
standard level (1 mg/kg) [5].

( | | ,
Eéﬁm z 10em BV ‘
ERi] , M4
£ 7 > 20cm 'ﬁ( ‘
E‘i Ll M3
& 4 E 10em %‘r
= = , M2
EL S Z 20em '
A—————— =M1
& :‘l 20 cm
0 2 4 6
Concentration (mg/kg)
Figure 3
Cadmium content of the measuring places according to
seasons

The cadmium concentration was higher in in the
autumn season. The change of the concentration was
not discovered between 10 and 20 cm. According to
the horizontal distribution of cadmium, it can be said
that higher concentration was measured in the case of
M3 and M4 measuring points in autumn.

The cadmium content was similar to the average
content of the previous years. [6, 7] The seasonal
change can be shown in the Figure 3, the cadmium
concentration increased until autumn.

Vertical lead (Pb) content of the sediment

The Hungarian standard level for lead content is 100
mg/kg [5]. Based on our previous research it is very
important that in 2010 every layer contained lead, but
in 2015 just in the upper 10 cm layer of the M1
sampling point was detected lead content in the
sediment (Figure 4.). This value was twice as greater
(222.5 mg/kg) than the standard level. In this case,
among the four measuring points, the first, M1 was
the most polluted place. According to our results, the
lead content of the sediment was higher in April than
in November. Additionally, the lead content was
different from the average content of the previous
years, because at that time lead was detected from

every layer from every sampling point. The
concentrations were higher than in 2015. [6,7]

[
%"DN; 10 cm
T'E o
=] = 20 ecm = M4
—
f=
5 .= 10em | u M3
= = 3
= S = . M2
z “F 20cm | -
A | =M1
w 20 10cm f
S E |
S & 20em |

0 50 100 150 200 250
Concentration (mg/kg)

Figure 4

Lead (Pb) content of the measuring places according to
seasons

Vertical copper (Cu) content of the sediment

Accordance with the vertical distribution of the
copper content of the sediment it was obtained that
the concentration in spring was higher than in autumn
(Figure 5.).
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Figure 5

Copper (Cu) content of the measuring places according to
seasons

Vertical zinc (Zn) content of the sediment

From results in Figure 6., it is clear that the zinc
concentration of the river sediment was higher in
April of 2015, than in November. The zinc element
could be detected between the 10 and 20 cm depth in
this time only. The layer of 0-10 cm did not contain
any zinc. On the other hand, the distribution of this
pollutant was changed until November, because it was
measured just in the 0-10 cm layer at M4 point. The
concentration here was 65 % of the zinc content of
April of the same point. In the case of M1 and M3
points zinc content was not detectable.

The Hungarian standard level of the sufferable zinc
concentration in soils is 200 mg/kg [5]. The given data
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of the M1 and M4 measuring points exceeded this
standard level, sometimes they were treble of the
acceptable level.
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Figure 6

Zinc content of the measuring places according to seasons

The average of the previous years was higher [6, 7]. In
the case of M1, M2 and M3 points zinc could be
measured. On the other hand, the result of the M4
point was higher in spring and lower in autumn like
the average.

Vertical iron (Fe) content of the sediment

When we analysed the iron content of the sediment,
we could always detect this element in every layer at
every measuring points (Figure 7). Hungarian
standard level [5] does not contain standard level for
the iron concentration of soils, so we could use the
results of the Joint Danube Survey [4].

Depth (cm)
autumn

0 20000 40000 60000
Concentration (mg/kg)

Figure 7

Iron content of the perennial rye-grass samples

This survey contained the iron content of the
sediment of the river Danube according to river
kilometres. Data were found at Adony and
Dunaf6ldvar, which location are very close to
Dunatjvaros, so we compared our data to the
concentrations, which were determined in these two

places. Our results were around double (25 g/kg) of
the results of the Joint Danube Survey [3]. About the
Figure 7, we can see a seasonal increase of the iron
concentration in the case of the upper layer. In the
layer of 10-20 cm, same level was measured in spring
and in autumn. The results of 2015 were similar to the
average results [6, 7], remarkable change could not be
observed among the data.

Vertical nickel (Ni) content of the sediment
Any nickel concentration was observed at every
sampling point.

The heavy metal content of perennial rye-grass (Lolium
perenne) samples

For the determination of the heavy metal content of
the plants, we took samples from perennial rye-grass
(L. perenne), which grew on the measuring field.

The leaves of the plants were used for the analysis.
After the destruction, the filtered liquid samples were
measured in atomic absorption spectrometer (AAS)
[9].

The sufferable standard levels of the element in plants
were determined in the Hungarian Forage Codex [5].
At first the Cd content of the perennial rye-grass was
measured. According to our results (Figure 8) the Cd
could be detected in the M1, M3 and M4 samples. The
samples of the M2 measuring point did not contain Cd.
The standard level for Cd is 0.5 mg/kg in Hungary [5].
When our data are compered to this standard value,
the samples of the M1 point is higher, the other results
are lower than this level.
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Figure 8

Cadmium content of the perennial rye-grass samples

Figure 9 shows that the copper content of the plants
can be seen. Copper could be detected at every
measuring point (M1-M4). Among the samples the M1
and M3 samples were higher. When these data were
compared to the Hungarian standard value (35
mg/kg) [5], every sample exceeds this value except for
the sample of the M2 point.
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Figure 9

Copper content of the perennial rye-grass samples

The results of the measurement of zinc content were
shown in Figure 10. The highest concentration of Zn
was found in the sample of M3 point. The Hungarian
standard value for this element is 250 mg/kg [5].
Based on our given data it can be seen, that the values
of the M1, M3 and M4 points are higher than the
standard level.
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Figure 10

Zinc content of the perennial rye-grass samples

Finally, the iron content of the plants was analysed
(Figure 11). The lowest iron concentration was
detected in the case of the M2 point. The highest iron
contents were measured at the other points.
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Figure 11

Iron content of the perennial rye-grass samples

Distribution of the heavy metal contents in the sediment
and the prennial rye-grass samples

In autumn of 2015, both sediment and the perennial
rye-grass samples were taken from the river sediment
dump of Dunaujvaros. After the determination of the
heavy metal content of these samples we could
calculate the distribution of the measured element
between the sediment and the grass samples. The
results of the depth layer of 10 cm of the sediment
were applied in calculation. In the Figure 12, the ratio
of the cadmium concentration is shown.

plant
= sediment

M2 M3 M4

100,00

80,00
60,00
40,00
20,00
0,00
MI

The distribution of the cadmium content

Ratio ofthe cadmium content of

Meauring points

Figure 12

It can be determined that in the M2 measuring point
the whole cadmium content was detected just in the
sediment. In the case of the other sampling points the
cadmium concentration could be measured both in
the sediment and the plants. Between these points at
the M1 place the highest concentration could be
detected in the plants. At M3 and M4 places lower
cadmium concentration could be accumulated in the
leaves of the perennial rye-grass samples.

In the Figure 13, the accumulation of the zinc can be
seen. Zinc accumulated only in the plants at the M1,
M2 and M3 sampling points. Just in the sediment of
the M4 point zinc could be detected. About half of the
zinc could be accumulated in the leaves and the same
content were measured in the sediment.

plant
m sediment

Ratio of the zine content of the

M1 M2 M3 M4
Meauring points

Figure 13

The distribution of zinc content
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Based on the distribution of copper (Figure 14.) it is
observed that copper was found just in the plants at
every sampling point. In autumn of 2015 copper could
not be detected in the sediment samples.

100,00
0,00
60,00
40,00
20,00
0,00
M1

M2 M3 M4
The distribution of copper content

u plant
m sediment

samples

Ratio of the Cu content of the
sediment and perennial rye-grass

Meauring points

Figure 14

At last the bioaccumulation of iron content can be
seen in the Figure 15. Iron content could be measured
at every point. In the basis of the results, 30-35% of
iron was found in the leaves of the plants, and 65-70
% of iron was detected in the sediment samples.

100,00
80,00
60,00
40,00
20,00
0,00
Ml M2 M3 M4

Meauring points

mplant
m sediment

sfthe Fe content of the
samples

sediment and perennial rye-grass

Figure 15

The distribution of iron content

The lead and the nickel could be not be detected
neither in the sediment nor in the plants in the
measuring time.

Seedling growth test with white mustard seed (semen
sinapis albae)

The seedling growth test was made with white
mustard seeds (semen sinapis albae). The number of
the pullulated seeds were counted (Figure 16.) at the
end of the experiment. [8]

It is determined that in average 17 pieces of seeds
were came up from the potted 20 pieces.

During the experiment mixture of chernozem soil and
river sediment was used. In these samples the mixing
rate was 20, 40, 60, 80 and 100% of chernozem soil.

25

20 I I H
0 . I
20 c40 C60 c80 €100

Mixture of chernozem soil and sediment

-
v
n

M1

M2

(pieces)
5]

M3

M4

Number of the pollulated seeds
(5

Figure 16

Number of the pollulated white mustard seeds

In the case of the M1 sampling point the highest
number of pullulated seeds were measured in the C40
and C80 mixtures. The pullulated seeds of the M2
point were in the highest number in the mixture of the
C20 and C40. According to the data of the M3 and M4
points, the most pullulated seeds were counted in the
mixture of C40 and C60. The picture of this seedling
growth test is shown in the Figure 17. The length of
the radicles and plumules were also measured after
the counting of the pullulated seeds (Figure 18-21.)
for every measuring point. The length of the radicle
was taller in the C20 and C40 mixtures when M1
sediment and the chernozem soil were mixed (Figure
18)).

Figure 17

Picture of the polluted white mustard seeds

The tallest radicle was observed in the C100 mixture.
The length of the radicle in C20 and C40 mixture was
similar to the result of 1100 (100 % sediment). The
shortest radicles and plumules were measured in C60
mixture. The C60 mixture will be investigated later. In
the case of the lengths of plumules similar results can
be stated. When we used the M2 sediment samples for
the seedling growth test the lengths were smaller than
in the case of the sediment of the M1 point (Figure
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19.). The length of the radicles and plumules
decreased continuously from the C20 to the C80
mixture. It can be determined that the lengths were
higher in the case of using the sediment of the M1
point.

mLength of radicle
mLength of plumule

Length (mm)

Mixture of chernozem soil and river sediment

Figure 18

The length of the radicles and plumules of the M1 sampling
points

mLength of radicle

Length (mm)

B Length of plumule

Mixture of chernozem soil and river sediment

Figure 19

The length of the radicles and plumules of the M2 sampling
points

m Length of radicle

Length (mm)

B Length of plumule

Mixture of chernozem soil and river sediment

Figure 20

The length of the radicles and plumules of the M3 sampling
points

The results from the mixture of the sediment of the
M3 point and chernozem soil (Figure 20.) were
similar to the case of the M1 point. The highest
radicles were measured in the C20 and C40 Petri
dishes.

On the Figure 21, the lengths of the radicles were very
different from the other sediment samples. The
highest lengths of radicles were observed in the
mixture of C40 and C80. The length of the plumules
decreased continuously from C20 to C80.

mLength of radicle

Length (mm)

B Length of plumule

Mixture of chernozem soil and river sediment

Figure 21

The length of the radicles and plumules of the M4 sampling
points

The highest results were measured in the case of
C100, which means 100 % of chernozem soil. It was
more effective against the sediment (I1100) or their
mixtures.

SUMMARY

The main aim of this research is to determine the
seasonal changing of the concentration of the heavy
metals in the river sediment horizontally and
vertically. According to our given data it can be stated
that there is a seasonal change in the heavy metal
content of the sediment. In the case of lead, copper and
zinc the concentration decreased from April to
November, 2015. Otherwise the cadmium and iron
content of the sediment increased until autumn. When
we compared our data to the Hungarian standard
values, we could determine that the quantity of all of
the measured pollutant was higher than the standard
limit. In the case of lead, zinc and copper, the
concentration was not detected in every month, but
when we could measure these elements, the quantity
exceeded the sufferable value. At least we analysed the
vertical distribution of the heavy metal contents. The
highest cadmium and iron concentration was
measured at M3 sampling point. The highest zinc and
lead content were detected at the M4 point. The
highest concentration of copper was observed at M1
measuring point.

On the other hand, we tried to find connections or
mobilization between the toxic elements of the
sediment and plants. It can be determined that the
perennial rye-grass can accumulate cadmium. The
average values 10-15% of this element was detected in
plants. In the case of zinc 45-100 % of this pollutant
can be measured in the leaves. According to the copper
results, we could detect copper only in plants. At last,
we calculated the distribution of iron content. The

[Publication year: 2017 with ISBN 978-963-449-063-0]

Page 39



h ICEEE-2016

Budapest, Hungary

L)
7th International Conference of ICEEE, 17-19 of November 2016, Budapest, Hungary C

plants could accumulate 30-35% of the total iron
content. Further goals are to find additional plant
species, which will accumulate these toxic elements in
higher ratio.

In the basis of the seedling growth test we could
determine, that the 85 % of the potted seeds came up.
For this experiment, we used mixture of the river
sediment and chernozem soil. Among the mixture the
C40 was the most effective for the four sediment
samples. When we measured the length of radicles, the
highest results were given in the case of the sediment
of the M1 measuring point. On the other hand, the
highest plumules could be measured from the samples
of M1 and M3 sampling points.
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Abstract

Polycyclic aromatic hydrocarbons are compounds that are
highly toxic and have mutagenic and carcinogenic properties.
They are formed in pyrolysis reactions and pyrosynthesis, in
situations of incomplete combustion of organic substances
which contain carbon and hydrogen. Incomplete combustion
occurs in situations when the combustion temperature is low
or the concentration of oxygen is low. PAH can enter the
atmosphere by burning agricultural residues, in fires, during
combustion of fuel in manufacturing processes, etc. Plants for
production of coke, carbon fuels, aluminum, steel and iron
represent the dominant source of PAH in industrial processes.
This paper presents data on simulation of dispersion of PAH
resulting from production process of casting elements for the
need of automotive industry, using the software for dispersion
of pollutants in urban areas under commercial name ADMS 5.

Key words: Polycyclic Aromatic Hydrocarbons, PAHs, ADMS
5, Dispersion of pollutant

INTRODUCTION

Polycyclic aromatic hydrocarbons are formed as a
result of incomplete combustion of organic matter, or
matter that primarily contains carbon and hydrogen
[6]. Incomplete combustion occurs in conditions of
combustion at low temperatures and without
sufficient quantities of oxygen. In the atmosphere,
these PAHs can react with other polluting components
such as ozone, nitrogen dioxide, sulfur dioxide,
building up nitro and dinitro-PAHs and sulfuric acid

[15]. Depending on the location and conditions of
combustion, sources of PAHs may be of natural and
anthropogenic origin [8].

Natural sources of PAHs are accidental fires which
cause burning of forest fires, agricultural residues and
coal and crude oil. Anthropogenic sources of these
pollutants are products of human activities, mostly in
manufacturing industry sectors, pollutants resulting
from traffic, as well as pollutants generated by
burning different types of fuel for energy needed for
indoor heating. Anthropogenic sources can be divided
into two large groups; sources where polycyclic
aromatic hydrocarbons are result of combustion for
energy production and the other group burning of
waste or incineration [7].

In industrial production the most important sources
of PAHs are processes of coking coal and industrial
processes in production of aluminum, steel and iron,
production of cement, oil refining, production of tires,
bitumen, asphalt, etc. Whether or not they will remain
in the atmosphere depends on molecular weight.
PAHs with five or more aromatic rings are heavy
PAHs, and with less than five rings - light PAHs [7].
Heavy PAHs are adsorbed on dust particles, while
lighter remain in gas phase and are subsequently
removed by precipitation. Length of transport of
emitted PAHs in the air depends on this fact and by

[Publication year: 2017 with ISBN 978-963-449-063-0]

Page 41


mailto:alekszr@yahoo.com
mailto:jelenaradonic@uns.ac.rs
mailto:bogdana.vujic@tfzr.rs
mailto:una.tasovac@tfzr.rs

Q-
7th International Conference of ICEEE, 17-19 of November 2016, Budapest, Hungary C

h ICEEE-2016

Budapest, Hungary

deposition in rainfall; they can become a significant
source of pollution of surface waters [5].

In legislation there are 16 registered PAHs, which
represent priority pollutants such as: naphthalene,
acenaphthylene, acenaphthene, fluorene,
phenantherene, anthracene, fluoranthene, pyrene,
benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene,
dibenz(a,h)anthracene and benzo(gh,i)perilen and
indeno(1,2,3-cd)pyrene [5].

The most toxic and proven as cancerous is
benzo[a]pyrene (3,4-benzopyrene, BaP), and the
overall exposure to this group of pollutants is
determined through concentration of BaP [5].

In this paper dispersion of benzo[a]pyrene generated
in production process of steel casting in Kikinda
Foundry is estimated by use of software under
commercial name ADMS 5 developed at the Institute
of Cambridge, to simulate dispersion of pollutants in
the air. Applied software for forming simulation uses
the adapted Gaussian distribution model.

METHOD AND INPUT DATA

Emission of pollutants in Kikinda Foundry and
measuring the concentration of pollutants is carried
out in three places

- Dust collector from smelter MMO01

- Dust collector from emptying grid and crusher
MMO02

- Dust collector from core machines MM03

Figure 1

Automotive industry Foundry in Kikinda

At the source of emissions MMO01 melting solid
material of cartridge is performed in three medium
frequency induction kilns to obtain liquid iron. In kiln
number 1, capacity of 2,000kg, liquid steel casting is
obtained for casting cast position INSERTA, in a kiln II
and III capacity of 2,500kg casting for centrifugal
casting molten tubes is produced for position of
distribution ring. Electrical energy and natural gas are

used as fuel in kilns for additional heating of pots in
which materials are melted.

At the source of MM02 emissions located on the dust
collector grid, crusher and transfer points, moulded
masks are transported over casting conveyor to the
bars emptier, where moulded clusters insert is shaken
out and further cooled on a plate carrier. The cooled
clusters are placed on a flow device which performs
sanding of material by using steel buckshot in order to
obtain a clean surface. Used buckshot is delivered to
the reservoir into which air is blown using air, while
all the impurities smaller than 0.2 mm pass the filter.
Through exhaust pipes buckshot smaller than 0.2 mm
is conveyed to the air filter for dust removal while
larger buckshot remains in a tank.

Source of MMO5 emission is the dust collector of core
machines, where shells used for casting are formed.
These shells are used in casting using hot CRONING
process. Croning procedure was developed in 1940s
by German engineer Johannes Croning [14].The
process is reflected in the principle of making shells
using chromite-olivine quartz sand coated with
phenol resin. Sand is fed in heated core machine by a
blowing process, where it is heated to a temperature
of 250°C.

By heating, grains of sand are joining and creating a
crust taking a form of core. Natural gas is used for
heating, and after 3 minutes in core machine shell of
sufficient thickness required for casting and the
“cluster” is formed. For forming shells two machines
are used so that the upper shell is made in one
machine and the lower half in the other, which are
later assembled by gluing and form a shell ready for
casting.

Table 1 presents data on emission of PAHs at
measuring points MM01, MM02 and MMO5. Next to
emission values, the table presents basic data
required for creating simulations of dispersion of
pollutants in ambient air.

Figure 2

Layout of pollutants emitters
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Measuring concentration of PAH was performed three
times, in 3-day intervals. Measurements were made
on 25, 26 and 27 December 2013. Concentrations
listed in the table represent mean values of measured
concentrations.

Table 1
Emission data [2]

. Pollutant | Stack | Mass flow of Waste Waste.gas
Measurin . . gas | velocity
- concentration| height | pollutant
g point 3 temp. flow
mg/m m g/h oc | mys
MMO1 <0.00004 15 <0.0004 8 2.745
MMO2 0.0001 18 0.0038 6 10.556
MMO5 0.0001 12 0.0027 9 7.501

Measuring concentrations of PAH was performed in
accordance with standard accredited method ISO
11338-1:2003 certified. This standard describes a
method for determining mass concentration of PAH in
flue gases from stationary sources such as aluminum
smelters, waste incinerators, power plants, industrial
and household appliances with internal combustion
and others. There are three different standard
methods of sampling and minimum requirements for
effective sampling of PAH are defined. These methods
are: 1 dilution methods, 2. heating of filter /
condenser / adsorber method, 3. cooled probe -
adsorber method. All three methods are based on
representative isokinetic sampling, as PAH is
associated with particles in the flue gas. Preparation
of samples was performed according to standard 1SO
11338-2:2003, and sample analysis was carried out by
high compressive liquid chromatography - HPLC
[3,4].

ADMS 5

ADMS 5 - Atmospheric Dispersion Modelling Software -
was developed by consulting firm “Cambridge
Environmental Experts Consultants” (CERC) and
represents a dispersion model which can simulate a
wide range of pollution from various polluting
sources. ADMS 5 is a model of new generation which
uses two parameters to define the boundary layer in
the atmosphere - the height of the boundary layer and
the Monin-Obukov length, as well as adapted Gaussian
distribution of concentrations in order to calculate the
dispersion in convective conditions. Figure 3 shows
the layout of program window where data input on
pollutant emissions is taking place and types of
sources, concentrations of pollutants, exhaust gas
velocity and spatial position of emitters in the
analyzed field [1].

When forming a simulation of pollutant dispersion,
meteorological parameters represent a very
important element. Parameters that largely affect the
dispersion of pollutants are wind speed and direction,
air temperature, air humidity and cloudiness [11].

Since we are presenting long-term simulations of
dispersion, as well as simulations for the days in
which the sampling was done, meteorological data
from automatic stations in Kikinda were used.
Automatic weather station is within the jurisdiction of
the Provincial Secretariat [13]. Figure 4 shows a graph
of the wind rose formed on the basis of available
meteorological data. For forming simulations,
meteorological data for the entire period of 2013 were
used.

ADMS 5 - FA\Simulacije ADMS\Livnica ..\PAH i Livnica. APL - b
File Run! Results Utiliies Help
Selup Source | Metewoogy | Backgound | Grids 1 Qutput
% Erier source dats Hew | Deete | Deleieal | Enmissions.
" Create groups
Volue =
Source | Height | Diameter | Velacity Tewp.  ¥p ¥p u
L bpe | (m) | ws) [r'r‘;fg] o] m) (m) )
T F 15 1 35 2748 8 450)  B25.54 1
02 F 18 1| 1344 10556 6 460 £30 1
M5 P 20) S ] 3 58] 633 1
4 »
I~ Time-varying source data
G [ Bomse. || Vew |
c [ [Bowe. || ien |
o o |
Select this button to show all sources Min Max:
Figure 3

Model data input - ADMS 5 METEOROLOGICAL DATA

F:\Simulacije ADMS\Livnica Kikinda\Meteo Kikinda 2013.met
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0 15 31 51 82 (M9

Figure 4
Wind rose - Kikinda 2013.

RESULTS AND DISCUSSION

Figure 5 shows the results of long-term simulation of
dispersion of PAH resulting from Kikinda Foundry.
The maximum concentration of pollutant for long-
term simulation at one-year level is 0.0056 ng/m3.
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Meteorological data parameters used for formation of
long-term simulations

- Temperature in 2013 in the range: -7.9 to +37.27 °C

- Relative humidity: 17 - 99%

- Maximum wind speed: 8.87 m/s

- Wind direction: north-west wind is dominant
Concentration of PAH in the simulation is in the range
from 0.0002 to 0.0056 ng/m3. Caused by
meteorological conditions and dominant northwest
wind, pollutant dispersion is south of the town of
Kikinda.

F:\Simulacije ADMS\Livnica Kikinda\PAH i Livnica.glt
LTConc ng/m3 benzo(a)piren PAH <All sources> -1hr
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Figure 5
Results of Long Time Simulation - MAP 140x140km

Places exposed to the pollutant generated in casting
process at the foundry of the automotive industry are:
Kikinda. Zrenjanin, Jasa Tomic, Secanj, Vrbas and
Srbobran. In the simulations cross-border impact of
pollutants has also been noticed in the area of
Timisoara and Jimbolia. Maximum simulated
concentration of pollutants is 0.0056 ng/m3. This
concentration represents a much lower concentration
than the defined limit values.

PAH concentration defined in the legislation of the
Republic of Serbia is 0.05 mg/m3 [12].

F:\Simulacije ADMS\Livnica Kikinda\PAH i Livnica - 25-27 .December.gst
Conc ng/m3 benzo(a)piren PAH <All sources> -1hr
2013 358 23 -

Metres
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Metres

Figure 6
Results of simulation - 25. December
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Figure 7
Meteorology data - 25t December

Figures 6, 8 and 10 show the simulations of dispersion
of pollutants for each individual day when sampling
procedure was performed, ie. measurement of
emissions of pollutants from the source.
Meteorological parameters for a specific day affected
the dispersion of pollutants. The wind rose formed on
the basis of meteorological data for the specific dates
when simulations were performed are shown in
Figures 7,9 and 11.

Figure 6 shows the simulation on 25 December, when
the wind direction was north-west, at maximum
speed of 3.15 m/s, and maximum concentration of
PAH 0.0075 ng/m3. Figure 8 shows simulation of
dispersion of PAH on 26 December in conditions of
north-west wind, at maximum speed of 5.07 m/s,
when the biggest pollutant concentration was 0.0099
ng/m3. Figure 10 shows simulation for the third and
final day of sampling. Maximum concentration of PAH
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Figure 8.
Results of simulation - 26. December

Figure 12 graphically shows the distance to which PAHs

will expand from sources with data on concentration at

F:\Simulacije ADMS\Livnica Kikinda\meteo 26 December.met

zero, is 90 kilometres.
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Figure 9
Meteorology data - 26th December

An important feature of PAHs is their transport over
long distances or “long range transport”. Dispersion of
PAH in the simulations is noticeable at distances
greater than 60 km and to this distance concentration
is 0.0001 ng/m3.

[ T i e

0 15 31 51 82 (my

Figure 11
Meteorology data - 27t December
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Figure 12
Distance from source - 27th December

CONCLUSIONS

Simulations of PAHs dispersion formed in the process
of casting iron for automotive industry in Kikinda
show that the projected concentrations are lower than
the upper limit value both in domestic and European
Union legislation requirements.

Maximum concentration for long-term projections for
a period of one year using meteorological data for the
year 2013, reached the value of 0.0056 ng/m3, while
in case of individual daily projection peak
concentrations were in the range 0.0075 - 0.0099
ng/m3. An important feature of the created simulation
is the distance to which the pollutant stretched. In the
long-term simulation of pollutant dispersion,
pollutant transport length was greater than 60 km,
whereas for individual daily concentrations distance
to which the pollutant spread from the source was
about 90 kilometres. In the future, validation of
projected values of simulation should be carried out
by checking official data about air quality and
concentrations of PAHs in areas which are potentially
affected by this pollutant. It is important to emphasize
that the simulations showed that for long-term
simulations there is a cross-border effect and impact
on air quality in the region.
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Abstract

Predictions of heavy metal toxicity effects on organic
pollutant biodegradation in contaminated soil environments
is difficult since heavy metals may be present in a variety of
chemical and physical forms. In our study; the presence and
role of soil microbial interaction (in the form of logio of
bacterial population) in the brown forest soil was affected by
the different concentrations of toxic ions of lead (Pb) and zinc
(Zn). Their inhibitory effect was manifested both in the
decrease of the number and the physiological activity of soil
bacteria. Bacterial populations generally decreased similarly
to the COz-production in response to the effect of the
investigated toxic heavy metal ions. Also, the impact of
different toxic heavy metal ions was studied on the CO:-
production in brown forest soil. The soil samples were
amended by C, N and P in the form of glucose, sodium nitrate
and potassium phosphate, respectively. The inhibitions
appeared even after three weeks, but highly significant effects
were detected after six week of incubation period. Lead has
smallest effect on decreasing COz-production in brown forest
soil after the different incubation periods. The strongest
inhibition of the gas production was detected by the influence
of zinc ions in the same soil samples. The fertility of natural
soil ecosystem depends significantly on the rate of turnover of
soil organic matter, mediated by the soil microbial biomass.

Keywords: lead, zinc, COz-production, soil microbial activities
INTRODUCTION

Nowadays, with growth of industrialization and
extraction of natural resources, there has been a

considerable increase in the discharge of industrial
waste to the environment, mainly soil and water,
which has led to the accumulation of heavy metals.
Consequently, contamination of soils, groundwater,
sediments, surface water, and air with hazardous
heavy metals and toxic chemicals is one of the major
threats facing the world, as they cannot be broken
down to non-toxic forms and therefore have long-
lasting effects on the ecosystem. According to recent
study by [1], the need to remediate these natural
resources has led to the development of new
technologies that emphasize the destruction of the
pollutants rather than the conventional approach of
disposal because of their potential to enter the food
chain. Some heavy metals play an extremely important
role in biochemical reactions which are significant for
the growth and development of microorganisms,
plants and animals [2].

Ecologically, the accumulation of heavy metals in soils
is extremely hazardous because soil is a major link in
the natural cycling of chemical elements; it is also a
primary component of the trophic chain, composed of
soil- plants - animals - humans [3]. The fertility of
natural soil ecosystem depends significantly on the
rate of turnover of soil organic matter, mediated by the
soil microbial biomass. In agricultural ecosystems, soil
fertility can be increased by applications of inorganic
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or organic fertilizer. The fertility of natural ecosystem,
however, depends almost entirely on natural microbial
processes, including N»-fixation, the mineralization of
organic matter of N, C, P and S, and organic matter
transformations, all mediated by the soil microbial
biomass. Soil microbial biomass is considered to be the
agent of breakdown of organic matter in the soil,
although the importance of its size in relation to
nutrient cycling and decomposition processes is poorly
understood. It is well known that microbial biomass
increases when organic materials are applied to soil.
However, [4] the study has showed that microbial
biomass in soil from the classical Woburn Market-
garden Experiment which had been supplied with
anaerobically digested lagoon-dried sewage sludge
was half that in soil that had received farmyard
manure. Sludge application increased soil metal
concentrations up to current limits with the exception
of Cd which was three to five times the maximum limit
[5]- However, in other studies with the same soils [6]
there were no effects of metal concentration on
respiration rate. Therefore, the respiration rate per
unit weight of biomass was considerably greater in the
metal-contaminated soil.

This response may not necessarily be detrimental, but
could be explained because metal-sensitive species
have been replaced by other more tolerant groups that
respire at a higher rate. Alternatively, the effect could
be interpreted as a metal-induced stress response.
Soluble metal salts have been applied to soils often as a
basis for assessing effects of heavy meals in sewage
sludge on soil N transformation were summarized by
Doelman [7]. It was concluded that, in general,
increasing soil metal levels may reduce the
composition and diversity of the total soil microbial
population, causing a shift towards resistant strains
that become dominant in such soils. Increasing
abundance of resistant strains under elevated metal
conditions enables the continuation of essential
processes that maintain soil fertility [8]. The gradual
increase in atmospheric CO; concentration and
potential climatic changes are likely to affect plant, soil
and ecosystem processes, including carbon flux from
plants to soil and from soil to atmosphere [9].
However, heavy metals affect the growth, morphology,
and metabolism of soil microorganisms, through
functional disturbance, protein denaturation or the
destruction of the integrity of cell membranes [10].
Soil  microorganisms are essential in the
decomposition of soil organic matter; any decrease in
the microbial diversity or abundance may adversely
affect nutrient absorption from the soil for plant [11].
The elevated levels of heavy metals in soils had
significant impacts on the population size and overall
activity of the soil microbial communities.

Several studies, depending on the isolation-based
techniques used, have revealed that heavy metal

contamination gave rise to shifts in microbial
populations [12]. However, isolation-based techniques
are limited because they only represent a small
component of the microbial community. This
limitation could be attributable to the fact that only a
small percentage of soil microbiomes are able to grow
on laboratorial cultures.

A relatively improved procedure that may be useful in
evaluating changes in microbial community structure
is the determination of the metabolic profile of a
particular system [13]. Also characterizing the
functional capability of soil organisms to utilize
specific carbon substrates [14], and also has been
widely used in assessing the functional diversity,
associated with the microbial community in soil
samples from farmland and grassland ecosystems [15].
A variety of methods exists to estimate the size of the
microbial biomass in soil. Of these methods, glucose
was the most simple and rapid substrate induced
respiration (SIR), which stimulates a maximal
respiratory response from the soil biomass, measured
conductimetrically as CO; evolution, and methods
currently available are those involving direct counting
in which microorganisms can be variously stained, and
relates this respiration to biomass C [16].

Metals are introduced into the environment during
mining and refining of ores and from other sources,
such as the combustion of fossil fuels, industrial
processes, spraying of pesticides, and disposal of
industrial and domestic wastes etc.

The supply of mineralized C, N, and P from soil organic
matter, the decomposition of plant and animal
residues and the maintenance of soil structure are all-
dependent upon the correct functioning of the soil
microbial ecosystem [17]. Therefore, it is important to
determine and predict the adverse effects of heavy
metals and other pollutants on soil microorganisms
[18].

Doelman and Haanstra [19] carried out short-term and
long-term effects of Cd, Cr, Cu, Ni, Pb and Zn on soil
microbial respiration in relation to a biotic soil factors.
It was found that in short-term effects of Pb in sand
were distinct, while in sandy loam, the inhibitory effect
was not significant, but after 43 weeks, it had
increased significantly. In silty loam and clay, there
were no significant inhibitory effects. In general, the
heavy metals were found to be more toxic during the
first eight weeks than after an extended period. It was
concluded that toxicity of heavy metals in soil
decreases with time, as well as a biotic factor was
found to be the dominant factor in decreasing the
toxicity of cd and to a lesser extent of Zn.

The objectives of present study were to: 1) measure
soil respiration (CO; evolution) as bioindicator
parameter of soil contamination. 2) study the effect of
heavy metal on microbial survival and activity in heavy
metal amended soil under laboratory incubations.
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MATERIALS AND METHODS

Soil and treatments

The soil samples were collected from the upper 10 cm
of agricultural region of the brown forest soil. The soil
samples were air-dried. The bioavailability and the
effect of heavy metals (Pb and Zn) on CO;-production
and bacterial population were studied. Chemical
materials in the form of sodium nitrate (170 mg/kg),
potassium phosphate (50 mg/kg), and glucose (3 g/kg)
as sources of N, P, and C, respectively were added to
the soil samples for activating the soil samples. The
soil sample was divided into 3 groups according to the
number of heavy metals used. Each group was divided
into 3 sub-groups which were treated with three
concentrations of Zn in ZnCl; (4, 8, and 16 ppm), or Pb
in the form of PbCl; (40, 80 and 160 ppm). The treated
soil samples were incubated for 6 weeks. The soil
samples were collected for measuring the total
bacterial counts and the amount of COz-production
after 1st week, 3rd week and 6t week of incubation at
28 C the experiment was carried out in triplicates. For
measurement of COz-production, a fixed plastic tube
containing 50 ml 10 M NaOH solution for trapping the
evolution of CO; was placed in the centre of 1.5 1 glass
vessel filled by 0.5 kg of the heavy metal treated soil
sample and vessel was closed tightly. The NaOH was
titrated with HCI (1 M) to calculate the volume of CO;
of soil respiration, which represented the respiration
due to litter decomposition, root respiration,
rhizomicrobial respiration (i.e. microbial respiration
utilizing C directly derived from living roots), and
microbial respiration utilizing native soil organic
matter. Method of Erdey [20] was applied for
simultaneous determination of NaOH and Na;COs
content in the experimental soil samples. The
Hungarian technical directive method [21] was used to
detect Pb and Zn content in the soil samples. Five
grams of air-dried soil samples were ground to pass
through a 2 mm stainless steel sieve for use. Soil
samples were shaken by 25 cm® 1.5 M HNOj3 at 20°C
for 2 h. The elemental analysis of the filtrate was
performed by jobin-Yvon 24 type ICP AES. The study
was carried out in 3 replicates.

Determination of total number of bacteria:

The total bacterial count was carried out in all soil
amendment with different concentrations of Pb and Zn
Under sterile conditions, serial dilution technique was
used for this purpose. 10 g of fresh soil sample of each
soil treatment was suspended with 90 cm?® sterile
distilled water. After shaking for 30 min., in rotary
shaker, this suspension was diluted gradually to 10-3
and 10+ and from each diluted suspensions 1 cm?® was
pipetted in Petri dish, and thoroughly mixed with
Nutrient agar. The developed bacterial colonies were
counted after 48 h incubation at 28°C. The
investigations were done in triplicates.

RESULTS AND DISCUSSION

The effect of CNP resources as SIR and heavy metals
(Pb and Zn) on COz-production and bacterial
population of brown forest soil was studied in
laboratory conditions. The results were detected
during one, three and six weeks of incubation. It’s clear
from data presented in Fig. 1 and Fig. 2 that CNP
treated brown forest soil showed higher rate of CO;
production during all three different incubation
periods (1%, 31 and 6t weeks). Data recorded in Fig.3
and Fig.4 show that CNP treated brown forest soil have
stimulated the population of bacteria representing in
logio of bacterial colonies (CFU/g dry soil). After week
of incubation, the recovery of (Pb and Zn)
concentrations added to CNP treated brown forest
soils was determined in the nitric acid soluble fraction.
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Figure 1
Average of COz2-production volume at 25°C, 0.1 MPa (ml/100
g soil/hour) of brown forest soil treated by CNP and Pb for
different three periods (a: CNP untreated soil, b: CNP
treated soil).

Data showed that the addition of inorganic forms of Pb
or Zn significantly increases the mobile (HNO3 soluble)
fraction of these metals but after one week incubation,
their concentration does not reach the 100% recovery.
Taking in the consideration that time can be an
ecological factor; it was found that the amount of Zn
recovery was increased by increasing the incubation
time to reach a maximum recovery at the 6™ week of
incubation. Also, there were no differences between
the recovery of the control soils and those activated
with SIR and the soil samples incubated for one week.
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Figure 2
Average of CO2-production volume at 25°C, 0.1 MPa (ml/100
g soil/hour) of brown forest soil treated by CNP and Zn for
different three periods (a: CNP untreated soil, b: CNP
treated soil).
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But those soil samples incubated for three and six
weeks were significantly with those mentioned early.
Similar results were found in the soil samples treated
with Pb, which indicated that the recovery was more
than those of soils treated with Zn and incubated for
six weeks were more significantly different than those
incubated for three or one week comparing with the
control or activated control soils with SIR.

It can be observed that the methods used for biomass,
COz-evolution and total bacteria number, are both
suitable to be indicators for biomass measurements
through which we can have an idea about the soil
fertility. It is well known that microbial biomass plays
an important role in mineralization of soil organic
matter due to the enzymatic activities.

The effect of heavy metal treatments on CO; reduction
in CNP fertilized soil is showed in Figure 1 It is clear
from data presented that CNP treated brown forest soil
showed higher rate of CO.-production, estimated by
0.75, 0.80 and 0.83 ml/100 g soil/h, and Figure 2. in
brown forest soil comparing with 0.31, 0.29 and 0.30
ml/100 g soil/hour in CNP brown forest soil during all
three different incubation periods (15t week, 31 week
and 6t week).

Data recorded in Figure 3 and Figure 4 show that CNP
treated brown forest soil samples have higher
bacterial population (which are representing in term
of logio of bacterial colonies) than in untreated ones
during the three different periods (1st week, 3 week
and 6% week). These previous results are in
accordance with the results found by [17] who
reported that the supply of mineralized C, N and P
from soil organic matter, the decomposition of plant
and animal residues and the maintenance of soil
structure are all dependent upon the correct
functioning of the soil microbial ecosystem. The
beneficial effects of sewage sludge due to the extra
organic matter N or P supplied may be short lived.
These results are also in accordance with investigation
of [22].
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Figure 3
Average of log10 of total bacterial number of brown forest
soil treated by CNP and Pb after different three periods (a:
CNP untreated soil, b: CNP treated soil).

It was reported that only the lime plus P and N plus P
treatments significantly affected soil microbial
biomass C content. The N plus P treatment increased

biomass C content. Microbial specific respiratory
activity was higher in the unfertilized treatments [23].
Nannipieri et al. [23] stated that the changes in CO»-
evolution were related to glucose concentrations of
mineral nutrients.

The results indicated that higher initial rates of CO»-
release were noted after the addition of P and glucose
to N amended soil at C: P ratios greater than 30:1. It’s
also shown from such data presented in Figure 1 and
Figure 2. Those heavy metals, Pb and Zn have
significant effect on CO,-production of tested brown
forest soil samples at different incubation periods (1st
week, 34 week, and 6™ week). It was found that Pb at
different concentrations, 40, 80, and 160 mg/kg have
the smallest effect on decreasing CO,-production
either in brown forest soil incubated at different
periods.
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Figure 4
Average of log10 of total bacterial number of brown forest
soil treated by CNP and Zn after different three periods (a:
CNP untreated soil, b: CNP treated soil).

It can be shown also from data that Zn has higher
effects in decreasing the amount of CO;-production at
the different concentration used, 4, 8, and 16 ppm for
Zn either in brown forest soil at the three different
periods. Baath [18] studied the effect of heavy metals
in soil microbial processes and populations and had
established that the relative toxicity of different metals
decreased in the order Cd > Cu > Zn > Pb. These results
of Baath [18] were similar to our results in which our
investigation showed that the relative toxicity of tested
metals decreased in the order Pb > Zn. A significant
effect of heavy metals, Pb and Zn on bacterial
population has been found in CNP treated or untreated
soils (Figure 3 and Figure 4). It is shown that Zn has
much more significant effect in decreasing bacterial
population than Pb that has a little effect. It is also clear
that the higher concentration of Pb and Zn cause
decreases in total bacterial population. Concerning the
effect of Pb and Zn on the CO.-production and its
relation to the sampling time, it is obvious that there is
a clear trend. In the two heavy metal treatments, (Pb
and Zn), the highest CO;-production was measured
after the 1st week incubation followed by the 3t and
6th week respectively. The same effect was found for
the bacterial population. This result is in accordance
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with the result of [10] who reported that the addition
of Pb did not have any significant inhibitory effect on
the level of microbial biomass C.

CONCLUSION

The present study clarify that the pollution of the
environment with heavy metals is still one of the major
global problems today. Heavy metals may inhibit
biodegradation of soil organic matter by directly or
indirectly interacting with enzymatic activities
involved in biodegradation processes or involved in
metabolism. The results indicated that Zn has much
more significant effect in decreasing bacterial
population than Pb that has a little effect It can be
concluded also, that the incubation time is an
important factor for metal recovery in soil as well as
the heavy metals have the important concern in
microbial populations in the investigated soil samples.
It was found that Pb has the smallest effect on CO»-
production in brown forest soil after the different
incubation periods. The strongest inhibition of the gas
production was detected by the influence of Zn in the
same soil samples. Finally, more investigations are
needed on different soil types at different depth with
various heavy metals at different concentration.
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Abstract

This paper deals with impact of extraction of mineral
resources for the social and economic situation of the
population in selected micro-region JelSava. Together with the
city JelSava as part of the selected micro-region were reviewed
and adjacent villages ChyZné, Lubenik, Magnezitovce, Mokrd
ltika and Reviicka Lehota. The selected micro-region have a
combined population of 6 296 and is located on an area of 10
939 ha. For the impact assessment was necessary to assess the
current state of socio-economic situation of the selected
micro-region. In selected micro-region is currently being
implemented and magnesite extraction company currently
engaged in the extraction of magnesite has a decisive
influence on the social and economic situation in the selected
micro-region because they are crucial employers in this area.
Any industrial activity in the region has the positive effects
but also negative effects. Among the positive effects belongs
increase in employment, an increase in average wages,
improve the demographic situation etc. Among the negative
effects we can include main impacts on the environment,
human health, occupation of land, waste production, the
emergence of environmental burdens etc. Extraction of raw
materials is an area that brings with it a fairly significant
negative impact on the environment. Therefore, it is necessary
to connect these two areas and the area of socio-economic
and environmental area. On the relationship between those
two areas and a comprehensive assessment can be used chain
of D-P-S-I-R. Just such chain can be used to assess state of the
environment and know the causal-follow relations between
human activities and the state of the environment.

INTRODUCTION

Extraction of mineral resources accompanies our
company from the oldest historically dated period to
the present. Any industrial activity brings with it a

number of positive impacts in several areas, but and
the quantity of negative impacts which impact on the
environment and occupational environment people
and thus affect their quality of life [1].

Extraction of mineral resources and mining industry is
a global industry which brings relatively significant
environmental impacts. On the other hand, are mineral
resources and technological progress while
irreplaceable inputs to production and thus the need
for the objective reality. Therefore, the extraction of
raw materials at the same time is promising sector of
industry [3]. Of course the development of raw
material extraction with them can contribute
significantly to improving the socio-economic situation
in the head area with high unemployment or regions
with less developed infrastructure. Extraction of
mineral resources brought to our country's prosperity,
development of new urban agglomerations,
development of technology and progress in drafting
legislative codes [2]. In particular, for small
municipalities and less developed regions are an
important source of mining companies for
development - as budget revenue, but also as a source
of extra budgetary income (sponsor donations, help
build infrastructure). Beyond the extraction can bring
wider social and economic effects in the form of new
jobs, increase in average wages, improvement of
demographic trends, to improve infrastructure in the
region [2].
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CHARACTERISTICS OF THE REGION

One of the economically most important mineral
resources in Slovakia is magnesite. The largest
bearings of magnesite in Slovakia are situated in the
carboniferous strata in the western Carpathians in
Gemericum. Chemically pure, uncontaminated
magnesite MgCO3z contains 47.8% MgO and 52.2%
CO:. Following composition is usually rare. Most often
it contains various additives such as carbonates,
oxides, Silicate mainly calcium, iron, manganese and
aluminum. Exploit magnesite deposit in Slovakia have
relatively consistent quality with an MgO 40,2 to
43,5%, Fe,03 fluctuate between 1,5-4%, CaO from 1,5
to 4,8%, Si02 0,7 to 2,5% MnO 0,1-0,4%. Currently, the
extraction of magnesite carried out on two bearings
underground manner. Bearing in JelSava is the largest
Magnesite deposits in the world. Among the most
important and largest bearings are JelSava -
Dubravsky masiv, which magnesite conquers from
depths exceeding 400 m below the surface [5].
Jelsava city is situated at the interface of Slovak Karst
and Slovak Ore Mountains. It has a rich tradition of
mining and iron as well as artisanal production. [5]
Jelsava is located on the international tourist route
Gothic Road, is situated 12 km southeast of Revica
districts and belongs to the Banska Bystrica region.
Geographical location of the city is 48 degrees 37
minutes’ north latitude and 20 degrees 14 minutes’
east longitude, at an altitude of approximately 258 m.
Jelsava the area has an area of 4 679 hectares, of
which 296 hectares’ urban area, rural area 4 383
hectares. Micro-region Magnesite voluntary
association of municipalities, which was founded in
2003 [5]:

e Chyzné, Lubenik, Magnezitovce, Mokra Luka,

Revicka Lehota and JelSava.

SLOVAK MAGNESITE WORKS, A.S. JELSAVA

Slovak Magnesite Works (SMW) Figure 1 in JelSava is
the greatest mining and a processing magnesite plant
in Slovakia and one of the world's largest producers of
magnesia dead on.

Figure 1
Slovak Magnesite Works, a.s. in JelSava

Today it is owned by the Slovak Magnesite Works,
joint stock company, JelSava. He has already
completed more than 120-year history [6].

Magnesite Figure 2 is the most important mineral
magnesium. It occurs in nature in crystalline and
massive form. Both types of magnesite are mainly
used for caustic clinker producing the refractory mass
and insulation. It is used in the chemical industry for
the manufacture of paper, rayon and like putty
abrasive grinding wheels [6]. The most significant
Bearings are located in a strip for about 70 km long
from Podriecan (Banska Bystrica region) after
Ochtina, further in a section Margecany - KoSice.
Magnesite is currently mined outside the Kosice
region on bearings Lubenik, Jelsava et al., In the Kosice
region undrawn deposits are located in Ochtina and
KoSice - Bankov. Non-balanced occurrences of
crystalline magnesite in the areas of Vlachovo,
Gemerska Poloma, MniSek and Hnilcom.

Figure 2
Magnesite

CHARACTERISTICS IMPACTS OF EXTRACTIVE
INDUSTRIES ON THE ENVIRONMENT IN SELECTED
MICRO-REGION

Mineral resources constitute the basis of production in
metallurgy, electrical, chemical, construction, ceramic
and glass industry, as well as in other industries.
Essential part is of non-metallic extraction,
construction and energy raw materials are magnesite,
limestone, dolomite, gypsum, stones and others.
Essentially cover their domestic consumption. In
Slovakia there are several sites which perform
extraction of raw materials see Figure 3.
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Figure 3
Intensely affected by the production site in Slovakia

Designation of locations: P1 - Vel'ky Krtis, P2A- Novaky, P2C

- Cigel, P2D - Handlov4, N1 - Jel$ava, N2 - Lubenik, N3 -
Hnulta-Mutnik, N4 - KoSice Bankov, R1 - Banska Horusa, R2
- Banska Stiavnica, R3 - Kremnica, R4 - Liptovska Diibrava,
R5A - Pezinok, R6 - Spania Dolina, R7 - Rudiiany, R8 - Nizna

Slang, R9 - Slovinky, R10 - Roziiava, R11 - Smolnik, R16 -

Novoveska Huta
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The right area of micro-region JelSava is one of those

areas [6].
TABLE I.
STATE AND DEVELOPMENT OF THE ENVIRONMENT IN THE SELECTED
MICRO-REGION
13. [ Energy raw materials
14. Ore minerals
The count Non-metallic and
deposit 15. construction
reserves materials
16. Non-.reserved
minerals
Underground 17 Groundwater
water ) supplies
Geothermal
State energy 18. Geothermal energy
Landslides and slope
19. .
deformation
20 Tectonic and seismic
Geological ) activity area
eologica Radon activity in the
environmental .
21. geological
factors :
environment
22. River sediments
Stability of rock
23. .
massifs
0ld environmental
. 24,
Environmental burdens
burdens 25. Heaps
26. Tailings ponds
So.ll . 27. Soil contamination
contamination
Accidents, injuries
Risks and 28 and occupational
diseases ' diseases in mining
Consequence activities
Air pollution 29. PM2,5 .emlssmns
from industry
PM10 emissions from
30. :
industry
The waste .Wastewater
31. discharges from
water .
industry
Waste 32 Development of
production ) industrial waste

SOCIAL ASPECTS OF RESOURCE EXTRACTION

Slovak Republic on a global scale not one of the
countries in which the extraction and processing of
raw materials more striking is involved in the creation
of employment. [4] In 1989 in the mining and mineral
processing employed a total of 36 950 employees,
including 14 305 in coal mining industry, 9 959 in ore
mining, 5 068 in magnesite industry, 6 309 in mining
of industrial minerals and raw materials for
production of building materials and 1 309 in oil and
natural gas, including underground storage.

Since 1990, the number of employees in this sector
falling sharply, which is related to the realization of the
program attenuator in extractive industries sector and
transformation processes and the country's gradual
transition to market economy principles. In 2003, the

mining and mineral processing were employed a total
of 15 455 employees, including 6 355 in the coal
mining, 981 in ore mining, 3859 in magnesite industry,
3 246 in the extraction of industrial minerals and raw
materials for production of building materials and 1
014 in oil and natural gas, including underground
storage. When compared to 1989, the number of
employees in the mining and mineral processing in
2003 fell by a total of 21 495 employees [4].

Location exploited mineral deposits is the geological
conditions of their creation, and this implies the
irregularity in distribution of employees involved in
the extraction and processing of mineral resources in
the regional breakdown. Compared to regions poor in
raw materials there are regions of relative rich in their
occurrence and it also corresponds to the regional
infrastructure and employment. Market liberalization
and transition to market economy principles after
1990 led to the decline of mining, respectively. to the
closure inefficient of establishments, which was
significantly reduced employment in the mining
regions without a corresponding compensation for
new jobs. This new trend in the use of raw material
base in Slovakia significantly befell in particular
regions with a long mining tradition (SpiS, Gemer,
Banska Stiavnica). In view of the current trend in the
use of domestic raw material base and without
opening new deposits in particular non-metallic
minerals cannot be assumed in the near future
substantial increase employment in this sector. On the
contrary, by opening inefficient mines can be expected
to further decline in employment in this sector.

In Figure 4 are represented shares of the most
important companies in the Banska Bystrica region
from the perspective of number of employees. The
graph shows that the company SMW JelSava, a.s. and
Slovmag a.s., Lubenik collectively contribute 13 % and
currently represent the largest employers in the
district Revuca.
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Figure 5

The largest companies with of view the number of
employees in the Banska Bystrica region
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The company SMW ]JelSava, a.s. are among the most
important employers in the district Revica, which
maintains about 1 000 direct job positions. At the same
time as the road and rail transport, further in the
services sector, goods and raw materials or produces.
Keep more jobs, resulting in significant economic and
social benefits for the region. [4]

The following Figures show evolution of the number of
employees, educational and age structure of
employees SMW JelSava, a.s. In Figure 5 shows the
development of average wages of employees SMW
Jelsava, a.s.
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Figure 8
Employee education structure

In Figure 8 is presented in registered unemployment
rate in the district Revica. This indicates a significant
reduction trend of unemployment in the district
Revica in the last three years.
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Figure 9
Unemployment in the district Revica

In Figure 9, trends in the number of unemployed in
JelSava with a slightly falling trend.
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Figure 10
Development number unemployed in city JelSava

In Figure 10 shows the development of average wages
in the district Revica, and now the amount is 784 €.
Compared with an average height of payroll wages
SMW JelSava, a.s. is lower by about 60 €.
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Height the average wage in district Reviica

CONCLUSION

The paper is aimed at assessing the impact of resource
extraction on the environment and socio-economic
situation of the population of the selected micro-
region. For the purposes of preparing the article was
elected region in JelSava. The selected region has a
long tradition in the extraction of magnesite, whereas
this region contains up to 8 % of global reserves of
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magnesite. The selected regions are among the less
developed regions in Slovakia and it is mining
industry has a dominant position in this region.

The presence of extractive industries in this region
brings with it for particular micro-region positive and
negative aspects. Among the positive aspects are, of
course, economic benefits in the form of tax payments,
employment, wage levels and the overall development
of the region. Among the negative impacts we advise
the main impacts on the environment and on public
health. This negative impact cannot be total, but other

side mineral resources are also present at
technological progress irreplaceable inputs to
production and therefore the need for the objective
reality.

Therefore, the extraction of raw materials is essential
at the same time from a global perspective and
promising sector of industry.
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Abstract

A strong alkaline reaction is caused by emissions from
alkaline magnesium factory currently localized in JelSava and
Lubenik (Slovakia). The area JelSava - Lubenik with specific
alkaline pollutants, is one of the most devastated regions of
Slovakia and with the alarming degree of environmental
damage. The discovery of deposits of magnesite and its
processing around Lubenik dates from 18097. Processing of
magnesite raw materials began in the current Slovak
Magnesite Works (SMZ) JelSava in 1923 and Lubenik as early
as 1903. Since then, both plants went through constant
technological and volume-production alterations. Since 1990
there has been a reduction in production, the technological
discipline was improved, the volume of solid emissions
decreased by about 1/3. Even so, the pollution fallout remains
enormous and devastating. The work examines the impact of
alkaline deposition on soil and vegetation diversity in the
emission field of magnesium factory JelSava - Lubenik
(Slovakia). The research was carried out in 2016 at the 12
research areas which are used as permanent grassland and is
in emission field of magnesium factory JelSava - Lubenik
(Slovakia). Chemical properties of soil reaction were studied
by potentiometric (pH/KCI). From the biological properties
the functional diversity of soil microbiological communities
have been monitored using methods Biolog® Eco Plates
support device ELx808 ™ Absorbance Microplate Reader. The
date one normalized parameter AWCD (Average Well Color
Development) was calculated according to Garland and
functional diversity of soil microbiological communities was
calculated for BIOLOG data by classical Shannon diversity
index (H‘) and Equitability index. Diversity of grassland
communities was monitored at selected localities in the form
of plots on the field of 16 m2 Vegetation was assessed by
Braun - Blanquet scale. Diversity of flora was assessed by
Shannon index H™ and Equatibility index. The results of field
and laboratory research were evaluated in the program

Statistika and Past. In conclusion we can say that a spray
particle of free magnesium oxide (Mg0O) has strongly
influenced the reaction of the soil diversity and vegetation
cover.

Keywords: soil reaction, magnesium, microbiological
communities, vegetation, Shannon diversity index.

INTRODUCTION

Soil reaction substantially affects the characteristics of
the soil and is one of the most important parameters of
soil fertility. It is involved in many soil-forming
processes and affects the solubility of many
substances, accessibility of nutrients, biochemical
reactions, soil structure and thereby all characteristics
of the soil. Soil alkalinity is conditioned by the
presence of alkaline salts which are easily hydrolysed
and allow formation of alkaline. The fundamental
reason of soils alkalinity is exchangeable sodium and
content of NapCO3 or NaHCO;3 in soil solution and
worsens some soil processes like soil acidity. Strong
alkaline reaction of pH / KCI > 7.7 is inflicted by air
alkaline pollutants from magnesium factory currently
located in the Jelsava and Lubenik. Magnesite air
pollutants are a mixture of MgO and MgCO3 due to
which soil reaction can move above pH 8 [3, 13]. The
area Jelsava - Lubenik with specific alkaline pollutants,
is one of the most devastated regions of Slovakia and
with the alarming degree of environmental damage.
The discovery of deposits of magnesite and its
processing around Lubenik dates from 1897.
Processing of magnesite raw materials began in the
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current Slovak Magnesite Works (SMZ) JelSava in 1923
and Lubenik as early as 1903. Since then, both plants
went through constant technological and volume-
production  alterations.  Production of clink
accompanies the enormous emissions of dust particles
MgO into the air and the leakage of gaseous
compounds, mainly SO, and NOx. The chemical
compounds of MgO (75%), CaO (2.3%), Fe;03 (6.9%),
Si0z (0.6%), MnO (0.4%), Al,03 (0.3%) were detected
in the particles of toxic elements. The heavy metals are
in the dust particles, in particular Cd, Pb, Zn, Mn, Cr.
MgO emission of dust was raising with the volume of
production; it was 44 t/yr in 1923 and 4898 t/yr in the
1980. Since 1990 there has been a reduction in
production, the technological discipline was improved,
the volume of solid emissions decreased by about 1/3.
Even so, the pollution fallout remains enormous and
devastating [1, 13].

The work examines the impact of alkaline deposition
on soil and vegetation diversity in the emission field of
magnesium factory JelSava - Lubenik (Slovakia).

MATERIAL AND METHODS

Jelsava and Lubenik lie in the south central part of the
Slovak Ore Mountains, in the valley Muran, in the
district called Jelsava podolie. Jelsava podolie
geomorphologically belongs to Reviica Highlands [5].
The research was carried out in 2016 at the 12
research areas which are used as permanent grassland
and is in emission field of magnesium factory Jelsava -
Lubenik (Slovakia), from A horizons the depth of 0.05
m to 0.15 m (Figure 1).
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Figure 1

Location of research sites in investigated areas JelSava
and Lubenik (Slovakia)

Chemical properties of soil reaction were studied by
potentiometric (pH/KCI) [11]. Diversity of grassland
communities was monitored in the form of plots on the
field of 16 m? during the growing season 2016.
Vegetation was assessed by Braun - Blanquet scale [7].
Terminology is given in accordance with Marhold and
Hindak [12]. The determination of species diversity of
sites was according to Shannon index [2]

» 11 T

H = — leEAOQ'ZE,
which is sensitive to the different characteristics of
plant communities, particularly the number and
significance of the coefficient of all kinds. The results
were evaluated on the basis of scales: 1 extremely low
(< 0.5), 2 very low (0.5-1), 3 middle low (1 to 1.7), 4
low (1.7 to 2.5), 5 low to moderate (2.5-3.3), 6 medium
(3.3 to 4), 7 half-height (4-5), 8 high (5-7), 9 very high
(7-10) and 10 extremely high (> 10). In fresh soil
samples we evaluated metabolic profiles of microbial
communities using Biolog® Eco Plates [10].
Microtiter plates with 31 different organic substrates
were incubated with 150 pl of the extract from the
sample in 0.9% NaCl, at a 1: 10000 at 27°C for 7 days.
During the incubation of the samples we used a device
ELx808 T™Absorbance Microplate Reader to daily
determining the value of the absorbance at 590 nm
corresponding to the activity of microorganisms on
various substrates. Diversity of functional groups of
microorganisms was evaluated using the Shannon
diversity index (H) and Equitability index.
The obtained data were processed statistically by
means of the STATGRAPHIC software and Past.

RESULTS AND DISCUSSION

Major component of environmental pollution in JelSava
- Lubenik is magnesite powder belonging to aerosol
particles, which is crucial for the deposition process of
gravitational sedimentation. Most of the free
magnesium oxide is in the finest dust fraction. These
particles are highly active and are capable of chemical
reaction with substances in the soil on the surface of
plants and plant tissues. Considering the low wind
speed, dust particles disposed in a relatively small area
[15, 8]. Flue dust particle strongly influenced the
dynamic properties of soils, especially pH. The
continuous magnesite crust covers part of the soil;
vegetation cover is considerably eliminated and
reduces landscaping and environmental aesthetic
function (Figure 2).

Figure 2
Soil covered with continuous magnesite crust in
investigated areas JelSava and Lubenik (Slovakia)
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The research showed that the investigated sites are
slightly acidic (pH to strongly alkaline (pH 7.7 to 8.8)
(Table 1). We found alkaline to strongly alkaline soil
reaction in seven investigated areas. This fact greatly
affected the variability of species. Characteristic wild
solanaceous as Elytrigia repens, Chenopodium album,
Equisetum arvense were present on farmland.
Permanent grassland were represented by species
which are typical for wet and waterlogged sites as
Alopecurus pratensis, Lychnis flos-cuculi, Cirsium
rivulare, Acetosa pratensis, Archangelica officinalis and
competitively strong species Elytrigia repens,
Phragmites australis which creates monocultures (9]el
11, 10Jel 12, 11Jel 13, 12]el 14).
The communities of ruderal sites were recorded in
areas 1Lub 3, 5Lub 7 near arable land and also on
permanent grassland, for example Tanacetum vulgare,
Chenopodium album, Silene vulgaris and rampant
invasive taxon Solidago canadensis.
Species diversity of flora was investigated at localities
evaluated by Shannon index H ', which is sensitive to
the different characteristics of plant communities,
particularly the number of coefficient of significance of
all kinds.
Based on the results of Shannon index, we can
conclude that diversity in investigated sites is
extremely low (0.0) to middle low (1.5). Equitability
values were in line with the index of diversity (Table
1).

) TABLE 1

RESULTS OF MONITORED PARAMETERS IN INVESTIGATED AREAS JELSAVA

AND LUBENIK (SLOVAKIA)

Location pH/KCI H |y AWCD Jree J**
name

1Lub 3 6.23 1.54 | 0.86 1.85 3.37 0.98
2Jel 4 7.66 1.13 0.63 1.74 3.35 0.98
3Jel 5 6.88 0.55 | 0.39 1.84 3.33 0.97
4Jel 6 6.86 142 | 0,68 1.93 3.36 0.98
SLub 7 6.36 134 | 0.98 1.79 3.36 0.98
6Lub 8 6.32 0.00 | 0.00 1.83 3.38 0.98
7Lub 9 8.16 0.69 | 1.00 2.25 3.40 0.99
8Lub 10 8.23 0.50 | 0.36 2.07 3.37 0.98
9Jel 11 8.71 0.00 | 0.00 1.52 3.25 0.95
10Jel 12 8.74 0.00 | 0.00 1.60 3.26 0.95
11Jel 13 8.76 0.00 | 0.00 1.30 3.00 0.90
12Jel 14 8.63 0.00 | 0.00 1.25 3.19 0.95

H’” * Shannon index H” diversity of vegetation, ] * Equitability ] of vegetation,
H’ ** Shannon index H" diversity for ECO plates, ] ** Equitability ] for ECO
plates, AWCD - Averages Well Color Development

Soil microorganisms play a vital and irreplaceable role
in many soil processes. Present research has focused
on the detection of the number of biomass and activity,
while the investigating the diversity of soil organisms
and in particular of soil microorganisms was initiated

in the last years. Soil organisms are characterized by
considerable diversity.

In general, the smaller organisms, the greater the
diversity, which is related to the extreme
heterogeneity of soil environment at all spatial levels
and the limited ability of the migration of most of these
organisms. Soil microorganisms depend on the
metabolic products of primary producers, but it is
questionable how the diversity of vascular plants
affects diversity of soil microorganisms [6].

Functional diversity of microbial communities we
evaluated using the Biolog Eco Plates. This method is
well known for its sensitivity and quickness and was
used among other for the ecotoxicological assessment
of contaminated soils [14, 9].

To calculate Shannon diversity index, we used the
absorbance at a given AWCD (Averages Well Color
Development) in the samples investigated after 168
hours. We found that the absorbance in the soil sample
located in emission field of magnesium factory JelSava
- Lubenik (Slovakia) reached low values (1.25 to 2.25)
(Table 1, Figure 3).

2,50 -
—1lub 3
2,00 4 — D] 4
—3Jel5
1,50 4 — e 6
— b7
1,00 4 ——6lub 8
—7lub9
0,50 - = glub 10

9lel11

0,00 —
oh 24h 48h 72h 96h 120h 144h 168h
Time of incubation (h)

= 10Jel 12

—11Jel 13

Figure 3
Averages Well Colour Development (AWCD) of Biolog® Eco
Plates (31 substrates) in investigated areas Jel$ava and
Lubenik (Slovakia)

These correspond to low to moderate (3.0) and
medium (3.4) diversity of functional groups of
microorganisms (Table 1). At the same time, we found
minimal differences between soils that are strongly
alkalized and weakly acidic to neutral. Our research
confirmed that plant diversity determines the activity
and diversity of the soil environment [4, 16].

On this basis, we can conclude that the soil ecosystem
in deteriorated environment is unstable, and its
function is impaired.
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TABLE 2

RESULTS OF MONITORED PARAMETERS EXPRESSED BY DESCRIPTIVE

STATISTICS IN INVESTIGATED AREAS JELSAVA AND LUBENIK (SLOVAKIA)

Parameter | Min. Max. Mean Standard error
pH/KCl 6.23 | 8.76 7.628 1.034037
H * 0.00 | 1.536 | 0.5977 0.618528
J* 0.000 | 1.000 | 0.408217 0.408283
AWCD 1.251 | 2.253 1.747 0.291597
H™** 3.003 | 3.395 3.301 0.112714
J** 0.901 | 0.989 0.965 0.025046

H” * Shannon index H’ diversity of vegetation, ] * Equitability ] of
vegetation, H” ** Shannon index H’ diversity for ECO plates, ] **
Equitability ] for ECO plates, AWCD - Averages Well Color Development

ACKNOWLEDGMENT

VEGA 1/0127/16 Ecological and environmental risks
of land degradation and management approaches to
the elimination of their impact on the environment,
KEGA 011PU-4/2016 Implementation of the new
trends of environmental research into the education of

natural and management courses

in the study

programme Environmental management.

(1]

[2]
(3]

(4]

REFERENCES

B. Baluchova, P. Bacik, P. Fejdi, and M. Caploviéové,
,Mineralogical research of the mineral dust fallout from the
years 2006-2008 in the area of Jelsava (Slovak Republic)*,
Mineralia Slovaca, Vol. 43, pp. 327-334

C. E. Shannon, A mathematical theory of communication, The
Bell System Technical Journal, Vol. 27, pp. 379-423

D. FazekaSova, G. Barancikova, S. Torma, M. Ivanova, and P.
Manko, “Chemical and environmental aspect of the component
of the environment and landscape” (in Slovak), PreSov:
University of PreSov in PreSov, Faculty of Management, 2014
E. Gomoéryova, Diversity of soil microorganisms. “Soil
conditions Fifth day: Soil - national wealth” (in Slovak),
Bratislava: VUPOP, 2008, pp- 155-160

(5]
(6]

[71

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

E. Mazur, M. Luknis, ,Regional breakdown of SSR“ (in Slovak),
Bratislava: SAV, 1980.

G. Rodriiguez-Loinaza, M. Onaindiaa, I. Amezagaa, I. Mijangosb,
and C. Garbisub, “Relationship between vegetation diversity
and soil functional diversity in native mixed-oak forests”, Soil
Biology & Biochemistry, Vol. 40, pp. 49-60

J. Braun-Blanquet, ,Pflanzensozologie. Grundziige
Vegetationskunde®, Wien: Aufl. Springer Verlag, 1964

J. Hancul'dk, ,,A Development of the dust deposition in the area
surrounding the SMZ, as., JelSava plant“(in Slovak), Acta
Montanistica Slovaca, Vol. 5, pp. 310-312

J. Hofman, J. Svihalek, and 1. Holoubek, “Evaluation of
functional diversity of soil microbial communities - a case
study”, Plant, Soil and Environment, Vol. 50, pp. 141-148

J. L. Garland, “Analysis and interpretation of community-level
physiological profiles in microbial ecology”, FEMS Microbial
Ecology, Vol. 24, pp. 289-300

K. Fiala, G. Barancikova, V. Brec¢kova, V. Burik, B. Houskova, A.
Chomanicova, J. Kobza, T. Litavec, L. Makovnikova, B. Pechova,
and D. Varadiova, ,Partial monitoring system - soil, binding
methods“(in Slovak), Bratislava: VUPOP, 1999, pp 138

K. Marhold, and F. Hindak, “Checklist of Non-Vascular and
Vascular Plants of Slovakia”, (in Slovak) Bratislava: Veda, 1998
0. Hroneg, J. Vil¢ek, P. Andejovsky, A. Andrejovskd, M. Danova,
E. Huttmanova, M. Vilimova, P. gkultéty, and M. Juhaszova,
,Heavy metals in plants and soils of Rudnianska - Gelnicka
loaded area“, Acta regionalia et environmentalica, Vol. 12, pp.
24-28

S. Tischer, H. Tannaberg, and G. Guggenberger, “Microbial
parameters of soils contaminated with heavy metals:
Assesment for ecotoxicological monitoring”, Pol. J. Ecol. Vol. 56,
pp- 471-479

V. Caboun, and T. Priwitzer, ,Impact of magnesia emissions in
natural ecosystems, (in Slovak), Atmospheric deposition, 2004,
pp. 11-19

Z. F. Liu, G. H. Liy, B. J. Fu, and X. X. Zheng, ,Relationship
between plant species diversity and soil microbial functional
diversity along a longitudinal gradient in temperate grassland
of Hulunbeir, Inner Mongolia, China“, Ecological Research, Vol.
23,pp.511-518

der

[Publication year: 2017 with ISBN 978-963-449-063-0]

Page 60



DY
7th International Conference of ICEEE, 17-19 of November 2016, Budapest, Hungary C

h ICEEE-2016

Budapest, Hungary

GC CHIRAL SELECTOR FOR SIMULTANEOUS
SEPARATIONS OF ALPHA AND BETA
PHENYLALANINE AND THEIR ENANTIOMERS

Zoltan Juvancz*, Zso6fia Orgovanyi*, Tamas Sohajda**

*Obuda University, Institute of Environmental Engineering, Budapest, Hungary,
“CycloLab R&D. Ltd., Budapest, Hungary

juvancz.zoltan@rkk.uni-obuda.hu,

orgovanyi.zsofia@gmail.com,
sohajda@cyclolb.hu

Received: November 2016

Abstract

The paper shows a process control of transisomerisation a-
phenylanine to [-phenylalanine, and simultaneous chiral
purity test of compounds.

Key words: Separations, Alpha and Beta Phenylalanine
INTRODUCTION
The members of an enantiomer pair are mirror

images of each other’s (Figure 1). They are similar to
each other as the right and left hands [1].

L isomer

D isomer
Figure 1

The structures of an enantiomer pair (alanine)

The members of the enantiomer pairs in spite of their
very similar structures can show rather different
biological effects; therefore the chiraly pure products
(containing only one isomer) are basic requirement in
pharmaceutical industry [2]. The separation of
members of an enantiomer pair (chiral separation) is
a rather hard job. Namely the chiral separations need
tailor made (three points) interactions between the
selectors and selectands [3].

The non-essential B-phenylalanine (Figure 2/b) is the
raw material of some pharmaceuticals. The @3-
phenylalanine is synthetized from essential «o-
phenylalanine Fig.2/a) with enzymes [4].

? o)
N T OH ST S oH
NH2
N NH; L
Figure 2

Figure 2a. The structure of
a-phenylalanine

Figure 2b. The structure of
B-phenylalanine

The gas chromatography (GC) is applied many cases
for chiral separations [5]. The most popular chiral
stationary phases of gas chromatography are based on
cyclodextrin selectors (Figure 3).

Figure 3
The structures of cyclodextrins (CDs).
The o- B- and y-CD row 6, 7 and 8 glucose units [6].

On the other hand The Chirasil-Val valine containing
selector is applied frequently for chiral separations of
o- amino acids [7]. Therefore we tested various
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cyclodextrins and Chirasil-Val chiral gas
chromatographic stationary phases to solve our task.

MATERIALS AND METHODS

The B-phenylalanine, a-phenylalanine, trifluoro acetic
anhydride, acetic acid anhydride, triethyl amine, N-
Methyl-N-nitroso-p-toluenesulfonamid, ethyl acetate,
diethyl ether, anhydrous Mg,S04, were purchased
from Sigma-Aldrich. Gas chromatographic silicone
polymer columns were bought from different sources
having various chiral selective contents: ALFA DEX
120 a-CD containing, 30 m x 0.25 mm x 0.25 pm
(Supelco); CYDEX-B - CD containing, 25 m x 0.22 mm
x 0.25 um (SGE); MEGA-DEX AC y-CD containing, 25 m
x 0.25 mm x 0.25 pm; pm (MEGA); Permabond
Chirasil-L-Val valine containing, 50 m x 0.25 mm x
0.25 um (Macherey-Nagel).

A GC-17A/QP5000 GC/MS (Shimadzu) instrument
was applied for GC analyses.

The low volatility of amino acids make necessary for
the derivatization of amino acids in GC analyses. The
acidic groups were converted to methyl esters in
every occasion. The amine groups transformed
acetamide or trifluoro acetamide applying generally
used derivatization procedures [8].

RESULTS

Appropriate simultaneous separations have been
achieved with various selector-selectand
combinations.

a-cyclodextrin
The permethylated a-cyclodextrin (TRIMEA) congaing
silicone polymer proved to be a good selector (Figure
4).

TIC:1.0

50 4 |

T i L, P U

TIME: (MIN)
Figure 4
The simultaneous separations of o phenylalanine (first
peak pair) and -phenylalanine (second peak pair) and their

enantiomers as methyl ester and trifluoro acetamid
derivatives. Conditions: column, 25m x 0.25 mm x 0.25um;
stationary phase, permethylated a-CD containing silicone

polymer (ALFA DEX 120); temperature, 100°C.

B-cyclodextrin

The permethylated 3-cyclodextrin (TRIMEB) congaing
silicone polymer proved to be also a good selector
(Figure 5).

TIC:1.0

50_ ‘

Mwllﬁi\.]' ‘Lw*,__.\_.#ﬁ e

[ =

TIME:(MIN)
Figure 5
The simultaneous separations of a phenylalanine (first
peak pair) and B-phenylalanine (second peak pair) and their

enantiomers as methyl ester and trifluoro acetamid
derivatives. Conditions: column, 25m x 0.22 mm x 0.25um;
stationary phase, permethylated -CD containing silicone

polymer (CYDEX-B); temperature, 130°C

y-cyclodextrin

2,3-diacety-6-tercierbutylsilil y-cyclodextrin (Ac G-
CD) containing selector is excellent to separate
enantiomers of B-phenyl alanine as methyl ester
acetamide derivatives (Figure 6). No separation was
achieved for a-phenylalanine.

TIC:0.1

=0 %0 TiME(MIN)

Figure 6
The chiral separation of 3-phenylalanine as methyl ester
and acetamide derivatives. Conditions: column, 25m x 0.25
mm x 0.25um; stationary phase, 2,3-diacetyl-6-tercierbutyl
Y- cyclodextrin containing silicone polymer (MEGA DEX
DAC); temperature, 150°C.

Permabond Charasil-L-Val

The Chirasil-L--Val proved the best selector for the
tested compounds. It can chiraly separate the
enantiomers of B-phenylalanine, in spite of, it was
designed for chiral separations for a-amino acids
(Figure 7). Both derivatives (acetamide and trifluoro
acetamide) of a phenylalanine and B-phenylalanine
were chiraly well separated.
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TIC: 0.1
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Figure 7
The simultaneous separations of « phenylalanine (first

peak pair) and B-phenylalanine (second peak pair) and their

enantiomers as methyl ester and trifluoro acetamide
derivatives. Conditions: column, 50 m x 0.25 mm x 0.25um;
stationary phase, Valine (Charasil-L-Val) containing silicone

polymer; temperature, 170°C.

The Chirasil-L-Val stationary phases have extra
advantages. Both enantiomers of valine (L and D)
containing selectors are commercialized as chiral
stationary phases.

The elution order of member of enantiomer pairs can
be reserved. The minor first elution order can be
achieved according to the minor enantiomer choosing
the appropriate chirality of valine selector. The best
separations are summarized in Table I. The data of
Table I show that some derivatives did not meet the
recognition feature of every stationary phase.

The methyl ether trifluoro acetamides of derivatives
a-phenylalanine and -phenylalanine were separated
on o-CD (TRIMEA), B-CD (TRIMEB) and valine
(Chirasil-L-Val) containing stationary phases. The
methyl ether acetamides derivatives a-phenylalanine
and B-phenylalanine were separated only on y-CD
containing (AC G-CD) and valine (Chirasil-L-Val).

Table I
The best selectivity values of various derivatives of a-
phenylalanine and -phenylalanine.

Derivativesd Selectivity=
Selector=
of-amine= | g-Phenylalanines p-Phenylalanines
TRIMEA© TFAU 1.0225-(100°-C)x | 1.019(100°-C)x
TRIMEA© Ao fei fx
TRIMEB= TFA= 1.020-(110°-C)= 1.015-(120°-C)a
TRIMEB® Aoz fa fx
AC-G-CDo TFAD fa fo
AC-G-CDz Aca 1.046-150°-C)= 1.156+(150°-C)
Chirasil-L-
Valo TFAU 1.094-(140°-C)a 1.074+(160°-C)xt
Chirasil-L- Ac 1.150-(150°C)n | 1.041-(150°-C)=
Valo
Symbols: TRIMEA, permethylated «a-cyclodextrin; TRIMEB,
permethylated  fB-cyclodextrin; Ac G-CD, 2,3 diacety-6-

tercierbutylsilil y-cyclodextrin (Ac G-CD); /, no separation was
recognized.

The acid functions were transformed to methyl esters.
The amine functions were transformed trifluoro
acetamide (TFA) or acetamide (Ac) derivatives.

The selectivity differences are caused by the different
cavity sizes among the cyclodextrins.

The high selectivity values of analytes come from
amino acid (valine) content of the stationary phase on
Chirasil-L-Val. Namely the similar structures of
selectand and selector give good chiral recognition
ability.

The shake of the comparisons, the selectivity values of
separated compounds were measured or extrapolated
to 100°C (Table II).

The protruding chiral recognition feature of
Permabond Chirasil-L-Val has become more obviously
from the data of Table II. Even selectivity values
greater than 2 were calculated for a-phenylalanine.
Moreover, the tested compounds have rigid structure,
which improves the chiral selectivity.

The chiral separations vs. temperature values
Selectivity values, measured in several temperatures,
allow a deeper sight in the chiral recognition
mechanism of a stationary phase. If the curve of In o
values is linear function of 1/T (absolute
temperature) values, the chiral recognitions belong to
one mechanism [7].

Table II
Shows the selectivity values at 100°C, using different
selector-selectand combinations

o-Phea B-Phea B-Phea
Selector TFA o-Phea Ac TFA Ac
TRIMEA 1.025 / 1.019 !
TRIMEB 1.025 ! 1.011 !
ACG-CD ! 1.211 ! 1.341
':"“\'f":l"‘IL 2.058 2.306 1.273 1.207
Symbols: TRIMEA, permethylated a-cyclodextrin; TRIMEB,
permethylated  B-cyclodextrin; Ac G-CD, 2,3 diacety-6-

tercierbutylsilil y-cyclodextrin (Ac G-CD); TFA, trifluoro acetamide
derivative; Ac, acetamide derivative; /, no

Every measured 1/T- In o relation are linear
suggesting that the chiral recognition mechanism
belongs to one mechanism in the given stationary
phase. This establishment is demonstrated in Figure 8.
Of course the different stationary phases have
different chiral recognition feature. This results in
different selectivity of derivatives on various
stationary phases.
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Figure 8
The dependency of natural logarithm of selectivity values
(In a) as function of inverse of absolute temperature (1/T).
The measurements were done on Chirasil-L-Val coated
columns (50 m x 0.25 mm x 0.25 pm) in the case of methyl
ester trifluoro acetamide derivatives of $-phenylalanine.

CONCLUSION

The best GC chiral selector is the Chirasil-L-Val for the
simultaneous separations of a-phenylalanine and (-
phenylalanine and their enantiomers. The chiral
selectivity of various derivatives of selectands belongs
to their derivative forms and the selectors. Only one
chiral recognition mechanism is responsible for the
separation of the tested compounds in a given
stationary phase.
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Abstract

A method for modelling the spatial probability distributions of
shoots in plant communities is proposed. The vegetation

potentials at a given point depend on the distance I, of the

nearest individual of species i:

Ur(v) = Ug(r1, r3,...1s) where s denotes the number of occurring
species. We suppose the spatial means of these remain
constant. The vegetation is in a stationary state if the
corresponding distribution p(v) is the most likely, namely
realized by the most of the possible configurations. An
appropriate sampling procedure is proposed by which all
spatial scales within the given area are considered at once.
First, pick out at random a sample point. For each population
studied, measure the distance between the chosen point and
the nearest individual of the population. Take the measured
distances down in a v vector of s dimensions, where s stands
for the number of populations studied. So, in the course of
sampling process v[i] holds by definition the distance between
the last selected point and the i-th population. The concepts of
scale-free  floral diversity  (entropy), distinctiveness,
associatum and relative structural entropy are introduced.
The latter contains an a priori probability density function.
This accounts for the previously known spatial constraints
and the architectural features of the studied plant species.

The spatial structure of a plant community can be modeled in
the framework of maximum entropy method. The maximum of
relative structural entropy is considered with supplementary
conditions (the spatial means of vegetation potentials are
prescribed). The method was applied to a Bottle Sedge stand
(Equiseto limosi-Caricetum rostratae). The distribution of
Carex rostrata was independent on that of Equisetum
fluviatile. The probability density function obtained for Carex
rostrata can be interpreted that the sedge shoots take place
according to a Poisson distribution on a fractal of dimension

a= 1.5494. The Lagrange parameter ﬂl = (018166 is

proportional to the shoot density on the fractal. Possible
biological background of this result is discussed, and could be
recognized as a self-organized critical phenomenon.

Keywords: Maximum Entropy  Method,
probability density

Population,

INTRODUCTION

The most important biological events in a plant
community are the births and deaths of individuals
(for clonal plants the individual corresponds to the
ramet). So, the elementary processes of vegetation
dynamics are the appearance and destruction of an
individual at a given locality. We suppose these
processes to proceed in a stationary state of the
vegetation so that the spatial means of some
vegetation potentials depending on the environment
remain constant. The non-stationary vegetation left
alone changes to approach the mean vegetation
potential to the stationary one. The vegetation
potential at a given point depends on some spatial

variables I} (specifying individuals of species i):

U, (v)=U,(r,r,..r,) (1)

where s denotes the number of occurring species. The
vegetation is in a stationary state if the corresponding
distribution p(v) is the most likely, namely realized by
the most of the possible configurations. This means

that the relative structural entropy Sr is at a

maximum with the simultaneous fulfillment of

conditions

I p(dv)=1 @

and
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IUf(Y)'p(dY):<Uf>1 f=lL.m @

where m denotes the number of vegetation potentials.
The procedure is similar to that of Jaynes building up
the statistical mechanics on information-theoretical
grounds, and known as ‘maximum entropy method’

[2], [3], [10].

The variablesri, and therefore the vegetation

potentials U " (\_/) =U f (I’l, I’z,...l’s)

depend on the sampling process used.

SAMPLING PROCEDURE

Let us suppose that the area is designated where the
structure of populations is to be studied. Consider the
following sampling procedure:

1. Pick out at random a sample point.

2. For each population studied, measure the
distance between the chosen point and the
nearest individual of the population.

3. Take the measured distances down in a v vector
of s dimensions, where s stands for the number of
populations studied. So, in the course of sampling
process \_/[i] holds by definition the distance

between the last selected point and the i-th
population.
veQ s
distribution of which will be estimated from the
sample frequencies. The  Euclidean vector space of
s dimensions is determined by the area studied.
This procedure is a generalization of that proposed by
Juhasz-Nagy [4], [5]. The main difference here is that
now all spatial scales within the given area are
considered at once.

a probability vector variable, the

THEORY

According to the probability measure pertaining to v,

[ p(dv)=

Q

With the knowledge of p(v) we can ask how to
construct the probability distribution pertaining to
any spatial scale point, i.e. how likely is that a given

|1,| Ik combination of populations occurs in any

sampling circle of radius r placed out at random in the
area studied. This is obviously the following:

Poii = I p(d\_/),

where o stands for that domain of Q for which
Vi J<rvfi,]<r, i ]<r

relations are true in the case of populations involved

in the combination specified, while in the case of all

other populations \_/[|S ] >T.

Here and what follows the notation of integral
according to the probability measure is used. In the
case of continuous distributions this corresponds to

Py )= [ [oof [ --f PORVE, oVl Jovl, . o,

Here the populations involved in the specified

combination are numbered from |1 to Ik , while the
populations not involved are numbered from Im to

Is . Similar expression can be written for the discrete

case, but sums occur instead of integrals. Our variable
v is continuous in principle; it becomes discrete only
because of the sampling process.

Hereafter we generalize the information quantities
introduced in [4], [5].

The floral diversity pertaining to scale point r:

- —ZP(r, f)-logP(r, ),

where the population combinations are indexed by f.
With the knowledge of distribution pfv] all
information functions can be similarly derived,
namely at any scale point. We can also say more than
that, however. We can introduce the information
quantities immediately on the basis of the distribution
p[v]. The quantities obtained in this way are formally
independent of the scale because they involve all scale
points. So the scale-free floral diversity or entropy:

S =—[log p(v)- p(dv)
(4)

The other information quantities can be similarly
defined, e.g. the scale-free local distinctness:

L= _Z:jlog p(r,)- p(dr),

where p(l’, ) is the probability density function of the

i-th species’ nearest occurrence in distance I from a

randomly selected point:
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p(r)= [ p(dv)

(ivri)

The integral is to be performed for those vectors v,
according to which the i-th species occur at distance
I

The scale-free associatum represents the information
that contradicts the hypothesis of independent
occurrences of different species (information gain):

- p(dv),

ool _PW)
A jlng()

where the product stands for those I, which v

depends on. This may be rewritten as follows [7]:

p(dv)-[log] T p(r)- play) -

r,)- p(dv)

A= [log p(v)

zj'log p(v)- p(dv —Zj.log p(

First, we perform the integration at a fixed r, , then

according to I;:

) [ p(dv)dr, =
(ir)

[1og p(r)- p(dv)= [log p(r

= [log p(r,)- p(dr,)

so obtain

A= [log p(v)- p(dv)- " [log p(r)- p(dr;)=L—S,
I

what is the same as the known relation between the

corresponding scale dependent quantities.

It is worth mentioning that the scale-free information

quantities cannot be written as the integrals (or in

discrete case sums) of scale dependent ones, because

the scales are obviously dependent.

The scale-free entropy (4) can be named as the

structural entropy of the vegetation. By some

modification of this, we can introduce the relative

structural entropy:

=] '09( po(( ))j- p(dv)

where po(\_/) is some a priori probability density

function (in the special case [, (\_/) =1 we obtain the S

structural entropy). This accounts for the previously
known spatial constraints and the architectural
features of the studied plant species.

The maximum problem with the supplementary
conditions (2-3) can be summarized by the method of
Langrange-multiplicators in the following variation
principle:

of oo 2831+

where A and S (f =

multiplicators.
By introducing the function

A= (— log(4)- (2 -1)-3" B, -U, (\_/)J- p(v)

f

1..m) are the Lagrange

’

the variation problem (5) leads to the (special) Euler
differential equation

oA

201~
Solving this variation problem we obtain

-> B Ui (v)
p(v) = e ) ezf (6)

The quantity Z :e’l can be named partition
function by the above mentioned analogy with
statistical physics.

According to Eq. (2),

=D BrUs(v)
Z =[pov)-e” dv )

The coefficients ﬁ ¢ are important quantities of

intensity character, and may be obtained from the

[Publication year: 2017 with ISBN 978-963-449-063-0]

Page 67



N
7th International Conference of ICEEE, 17-19 of November 2016, Budapest, Hungary C

h ICEEE-2016

Budapest, Hungary

auxiliary conditions (3), using (7) and solving the
equations

In the special case, when the species appear
independently, the vegetation potentials can be
associated with the single species:

U,(v) =U,(r)

Now, the vegetation potential of the i-th species
depends only on the distance of this species’
occurrence. Hence the probability density function (6)
can be written as the product of the probability
density functions of each species’ occurrences:

p(\_/): pl(rl)' pz(rz)'---ps(rs) )

where

r .e_ﬂi'ui(ri)
pi(ri): pO( I)Z_

Z, = T Po (5)'e_ﬂ"ui(r‘)dl‘i
0

In this case the scale-free (and also each scale-
dependent) associatum is equal to zero.

EXAMPLE: BOTTLE SEDGE STAND (EQUISETO
LIMOSI-CARICETUM ROSTRATAE)

The field data were compiled in Danube-Drava
National Park, near the village Berzence, Hungary. The
sample area was designated in the frame of a research
program lasting several years and had a surface of
9117 cm? It consisted of four adjacent quadrangles.
The coordinates of each above ground shoots were
measured. The data were transformed into a unique
coordinate system, using the edges and diagonals of
the quadrangles. Six plant species occurred in the
sample area (in brackets the number of shoots): Carex
rostrata (306), Equisetum fluviatile (422), Mentha
aquatica (5), Rorippa amphibia (1), Agrostis
stolonifera (6), Lythrum salicaria (3). Due to the edge
effect only the first two species were involved in
further analysis. In particular, such a point that is
nearer to the boundary than to any individual of the
studied species in the designated area cannot be
evaluated, because we do not know, how the shoots
take place out of the sample area. Involving a third
species would reduce unacceptable the area and shoot

number, paying attention to a fourth species was
impossible at all.

The scale-dependent associatum calculated from the
empirical data proved to be negligible at all scales,
therefore for each of the two species (i=1: Carex
rostrata, i=2: Equisetum fluviatile) its own vegetation
potential could be modeled. The model parameters
were determined by the maximum likelihood method.
After testing a number of possibilities, the following
model seemed to be appropriate:

1. A priori distributions

For Carex rostrata:

po(q)zz'rl'g

5

-] 7

V3
(a-7< n<a)l

po(r) = 5.[2 r-12. arccos(aé\@ﬁ +
a

.rl

(h=za)

a=1.6045cm, c =2.21215.

The function po(rl) is continuous and has the

following sense:
When 1, < a-;, i.e. the sample point is close to a

sedge shoot, the probability density function is
proportional to the distance from the point to the
shoot. This is a property of any finite, discrete point
distribution in plane.

When a-§<r1<a, we take into account the
2

property of Carex rostrata that this species develops
several shoots in the immediate neighborhood of one
another, and the shoots within these tufts appear in
fairly regular distances due to intraspecific
competition or correlative inhibitions. In the model a

regular hexagonal lattice with lattice constant a-@
2

was taken into account (so the maximum point-shoot

distance within the lattice is a). The last (linear in I;)

term appears because the tufts are bounded in space
(and usually of small size), hence at their border the
probability density function become again linear in
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distance. The coefficients were selected so that the

function P, (rl) is continuous.

When 2 @ the sample point take place in the free

space between tufts. In this case the probability
density function of distance to the nearest shoot does
not change linearly because the distances between
tufts are varying and can also be fairly small. In the
model this circumstance appear as a power function
with an exponent (a-1) smaller than one. The notation
will be explained later. The dependence on distances

is expressed by a dimensionless (gl) variable.

Dimensionless variables will be used later too.

For Equisetum fluviatile:

pol) =21 (r, <R)

po(r,)= 28 (r, 2R)
R

R =1.6655 cm.

Here the hierarchic construction of Equisetum shoot
system was taken into account:

The plagiotropic shoots are ready to develop shoot
groups by monopodial branching and the secondary
shoots tend to show the same pattern of branching.
The radius of shoot group is denoted by R.
Whenr, < R, the linear expression similar to that of
Carex rostrata is valid.

When I, 2 R, a similar expression is supposed near

the shoot groups. The coefficients were selected the
function p, (rz) to be continuous.

2. Vegetation potentials

(24
r
Carex rostrata: U (r,) = [_1) ,
a

o =1.5494.
Equisetum fluviatile:
s
uz(rz){z'“] (r, <R)
R
r,+R)’
,(0) 225 (r,2R)
R
8 =2.1413.

Power functions were chosen, in the case of Equisetum
fluviatile with the above mentioned hierarchic
structure.

In the case of Carex rostrata we obtain the following

probability density function for I, > a:

rl a-1 _ﬂl'(ij
e 0 8)

This can be interpreted so that the sedge shoots take
place according to a Poisson distribution on a fractal
of dimension a= 1.5494. This can be easily seen if we
take into account that the measure (‘mass’, according

to [9]) of fractal objects in a circle of radius Iy,

[24
M (rl) OC I} . According to the Poisson distribution

the probability of no shoot in that circle

is p(r) = e_ﬂl{gja .

function of appearing a shoot at distance I} from the

The probability density

centre is the derivative of 1-p( I} ), i.e. the expression
B, = 0.18166 is
proportional to the shoot density on the fractal

(taking a=2 we obtain the analogous expression for
the Poisson distribution in two dimensions). From the

(8). The Lagrange parameter

above considerations it follows also that o c o - f3,.

We can unify the results obtained for the distinct
species to get the probability density function for their
community:

p(!) = pl(rl)‘ pz(rz) =

_ Do) py(ry)-e ) )
Z

B, =0.18166, 8, = 0.16753,

7 =

O =8

I Po (rl) po(rz)' e_ﬁl-UI(rl)_ﬂz-UZ(rz)drzdrl =
0

=44.6935

In knowledge of the probability distribution, any
statistical characteristic can be calculated, e.g. relative
structural entropy S,=3.4415, scale-free floral

diversity (entropy) S = 2.20429, scale-free associatum
A = 0, information gain relative to the Poisson
distribution in plain S, =0.61737.

Fig. 1 shows the probability distribution of occurrence
at different distances for Carex rostrata, namely that
calculated from the model and likewise that measured
on the point map. By the computerized sampling
process the distances from 3000 random points to
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their nearest shoots were measured with resolution 1
cm, which approximately corresponds to the
measurement precision estimated in field. So, the first Florula diversity
scale point on the horizontal axis means that the shoot

occurred first at distances 0 < rn < 1 cm, the second 5000
scale point corresponds to the interval 1< rn < 2, 4000 A
etc. - 3000 ---+- Measured
2000 A —o— Model
1000 -
0 A
- Carex rostrata A =
z
rfcm]
800
600 Figure 3
400 - ---#---Measured Scale-dependent floral diversity in Equiseto limosi-
—o— Model Caricetum rostratae
200
O .
1357 9111315 DISCUSSION
rifcm] For Carex rostrata, we have obtained that the shoots
(except for the domain of very small distances) take
Figure 1 place on a fractal. Therefore we also touch briefly

upon our ideas about the emergence of these complex
formations. Because the above ground shoots of both
species arise sympodially from creeping (generally
quite intricate) rhizomes below ground, it seems to be
obvious to suppose that this rhizome system
composes the fractal. Both species are dominant
competitors trying to exploit the available resources
(oxygen, nutrients, etc.). Their roots grow from the
rhizomes. Therefore they develop their below ground
shoot system up to a critical point, beyond which the
Equisetum fluviatile arising deficiency symptoms would cause mass decay
of rhizomes. But because the environmental
conditions are never constant, from time to time

Nearest shoot distribution of Carex rostrata

Similarly, the nearest shoot distribution of Equisetum
fluviatile is shown by Figure 2. The scale-dependent
floral diversity as a function of the radius of sampling
circles is given by Figure 3.

1000 changes (growth and decay) of different size and
200 direction take place in the below ground shoot
system, and this results in the complex structure

o 600 - <-4 --Measured mentioned.
= 400 -+ —o— Model Analogous phenomenon is experienced e.g. by order-
disorder phase transitions, where at the transition
200 1 point various domains (with size distribution
0 characterized by power function) of ordered phase

- =~ o m occur. The main difference is that the theory outlined

above is non-equilibrium. The supposed critical state
rises not by fine tuning of some external parameter
(e.g. temperature), but spontaneously, in the course of
Figure 2 the system’s self-development. This state was
recognized first by computer modelling of sand piles,
and is customary to mark with the attribute ‘self-
organized critical’ [1]

r2[cm]

Nearest shoot distribution of Equisetum fluviatile

The method was also applied to a Slender Sedge stand
(Caricetum elato-lasiocarpae). Some preliminary
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results are presented in [11], and will be published
later in detail. The rules of spatial arrangement of
Carex lasiocarpa seem to be analogous to that of Carex
rostrata, but its interaction with Carex elata causes
some distortion in the realized structure, accounted
for by the model.
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Abstract

Traditionally EMSs are implemented across all operations at
a facility simultaneously. This way of implementation works
well for industry and smaller businesses and offices where
operations are easily delineated and there is a simple chain of
command structure in place. The University is too enabling to
implement the EMS strategy similarly. Environmental
Management System is an integrated organized set of policies
and procedures under which the University can remain
compliant with applicable environmental regulations, and in
addition, manage and lessen our impacts on the environment,
thereby improving the University's overall environmental
performance. The University's EMS will require continual
evaluation of the University's activities to ensure the
University is doing as much as possible to reduce its impact on
the environment and to remain environmentally compliant.
This paper describes present situation and approach of
universities to implementation of EMSs in Slovakia and into
universitie management in abroad. The main principles and
key requirements of the organisation management in
accordance with the sustainable development are not only
safety and quality managing of all activities in organisation in
both manufacturing and services (education) but also
environmental appropriate access.

INTRODUCTION

The University is made up of a variety of under-
graduate, graduate, and professional schools, each
comprised of many departments with unique
specialities.

In addition to academics, the University maintains a
large laboratories, a large educational and research
departments, lecture halls and facilities maintenance
staff that maintain the infrastructure of the University,

such as utilities and building [7]. With so many diverse
operations, University-wide implementation is
exceedingly difficult. To more effectively communicate
the tasks and goals of the environmental management
system (EMS) to all the faculty, staff, and students, as
well as getting the required support of the EMS from
all departments, the EMS is being implemented
incrementally on a much smaller scale [2].

ENVIRONMENTAL MANAGEMENT AS TOOL FOR
SUSTAINABLE DEVELOPMENT

The main principles and key requirements of the
organisation management are not only safety and
quality managing of all activities in organisation in
both manufacturing and services (i.e. education) but
also environmental appropriate access in accordance
with the sustainable development [5].

Modern pro-environmental oriented management
approaches (as BS 8555 standard, EMS, EMAS etc.)
emphasizes the principle of continuous improvement,
based on the Deming Cycle, Figure 1.

Implementation of environmental management system
influences the growing interest of the public, pressure
from customers and business partners, and especially
aware of own responsibility for the state of the
environment. This system is implemented voluntarily
and the enterprise can actively monitor and manage
the impact of its activities on the environment,
enterprise can gradually reduce all its negative
environmental impacts.
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Figure 1

Deming cycle
The most commonly used framework for an EMS is ISO
14001 standard. An integral part of the EMS is the
detailed systematic control of all documents including
policies, procedures, training records, reports, permits,
and all other relevant environmental information,
Figure 2.

1SO14001

Continual

Improvement

Environmental
Policy
_~
Implementation
& Operation

Figure 2
Continual Improvement model [9]

|

Management
Review

.

APPLICABLE OF ENVIRONMENTAL MANAGEMENT
SYSTEM INTO UNIVERSITY ORGANISATION

Environmental management system is an integrated
organized set of policies and procedures under which
the University can remain compliant with applicable
environmental regulations, and in addition, manage
and lessen our impacts on the environment, thereby
improving the University's overall environmental
performance. This may sound complicated, but the
concept is relatively simple. As coordinated teams,
Environmental Health & Safety (EHS) and each
department at the University systematically and

regularly evaluate the department’s operations for
environmental regulatory compliance and
environmental impacts. Operations are modified as
necessary to meet the requirements of the regulations.
Identified environmental impacts are ranked and
investigated to find ways to prevent, lessen, or
eliminate these impacts.

POLICY AND STRATEGY

An EMS enables an organisation to manage its
environmental performance in a comprehensive,
systematic and documented manner. It serves as a tool
to reduce the impact, both immediate and long-term,
of an organisation’s operations on the environment. It
encourages the allocation of resources, assignment of
responsibility, and ongoing evaluation of practices,
procedures and processes with a view to continual
improvement of the system [4].

For universities, the introduction of EMS mean
improving the image of the public and may also be
proof of its quality and social responsibility. It can
reform the education of the students to a better and
also open up new opportunities for obtaining research
grants and supporting cooperation between faculties

[2].

ECOCAMPUS

One of the schemes, which enables to colleges and
universities to be recognised for addressing key issues
of environmental sustainability is EcoCampus [1].
EcoCampus is a scheme which offers a flexible phased
approach to implementing an environmental
management system for the higher and further
education sector. EcoCampus provides a modular,
phased, incremental approach to developing an EMS in
line with both BS8555 & ISO 14001. Participants gain
recognition at each stage of the process through a
series of awards from bronze through silver, gold and
platinum. The platinum award conforms to the
requirements of the international environmental
management standard ISO 14001 (see Figure 3).

@
p %%‘

o
Continual ‘ ﬂ&%ﬂ.:w
r 4

S

Improvement

a@s

Figure 3
Stage of the process EcoCampus

[Publication year: 2017 with ISBN 978-963-449-063-0]

Page 73



N
7th International Conference of ICEEE, 17-19 of November 2016, Budapest, Hungary C

h ICEEE-2016

Budapest, Hungary

The scheme enables colleges and universities to be
recognised for addressing key issues of environmental
sustainability [6]. EcoCampus provides awards
relating to 4 levels of achievement, linked to each stage
of EMS development:

Phase 1: Planning (Bronze)
—Senior management commitment
—Environmental awareness training
— Baseline environmental review
— Draft environmental policy
Phase 2: Implementing (Silver)
—Legal & other requirements
— Significant environmental aspects
— Objectives, targets & programmes
—Environmental policy
Phase 3: Operating (Gold)
—Resources, roles, responsibility & authority
—Competence, training & awareness
—Communication
—Documentation
— Control of documents
— Operational control
—Emergency preparedness and response
Phase 4: Checking & Correcting (Platinum)
—Monitoring & measurement
— Evaluation of compliance
— Nonconformity, corrective action &
preventative action
— Control of records
— Internal audit
—Management review

BS 8555

EcoCampus is closely aligned to ISO 14001, the
international environmental management standard,
and BS 8555, the British guidance standard. The
British Standard BS8555 (full title: Guide to the phased
implementation of an environmental management
system including the wuse of environmental
performance evaluation, Figure 4) describes how to
implement a generic EMS and can be used as a route
towards 1SO14001 and EMAS.

Phase 1
Commitment and establishing the baseline

Phase 2
Identifying and ensuring compliance with legal and other requirements

Phase 3
Developing Objectives, targets and programmes

Phase 4
Implementation and operation of the EMS

Phase 5
Checking, audit and review

Phase 6
209 Party auditing & supply ~ EMS Acknowledge__
chain acknowledgement «— gy

Preparing for EMAS
registration

Preparing for ISO 14001 Registration

Figure 4
BS8555 Model

FOREIGN UNIVERSITY ENVIRONMENTAL
MANAGEMENT SYSTEM

An example of the existing EMS in foreign universities

is presented Manchester Metropolitan University

(MMU). This University has implemented an

Environmental Management System that is certified by

[SO14 001 and awarded EcoCampus Platinum as one

of only 28% of EcoCampus-registered Universities that

have EcoCampus Platinum. The Environmental

Management System is implemented by using the

phased approach of the EcoCampus scheme, which

provides a structured approach to work towards the

[1SO014001:2015 standard. In 2016, MMU was the first

University to achieve the new and more challenging

[S014001:2015 standard. EMS incorporates all of the

University's business activities, including estates and

operations, leadership and governance, learning,

teaching and research and engagement activities.

Environmental Sustainability Strategy 2014-2020 sets

out the actions MMU needs to take to achieve our aims

and become a Sustainable University [8]:

— Placing environmental sustainability alongside
graduate employability

— Use of sustainable modes of transport that
minimise environmental impact

— Embed sustainable design principle

— Grow sustainability-themed research activity by
2020

— Ambitious targets to reduce carbon emissions by
50% by 2020

— Prevent, reduce, reuse and recycle

— Reuse and recycle 85% of waste by 2020

— Protect and enhance biodiversity across the
university

— Offer opportunities to develop skills and
knowledge to live and work sustainability
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— Zero waste to landfill policy commitment
— Use alternative water sources and reduce water
consumption by 25% by 2020.

MMU is an example for other universities which
illustrates as to implement and realize the
environmental policies and plans into university
concept. It's vital that staff, students, trade union
representatives should be have the enthusiasm and
interest to engage in the development of
environmental policies, strategies and management
plans of their university.

CONCUTION

Currently, there is no university in Slovakia, which
would have introduced a certified environmental
management according ISO 14001. According scheme
EMAS II, while efforts to introduce environmental
education into university teaching process, especially
in terms of sustainable development and the
establishment of EMS in the next step. This scheme
was planning to introduce the issue of sustainable
development in relevant study program as well as the
introduction of at least one subject on that topic at all
levels of higher education.

The next phase is a scheme EMAS 111, which is already
build under the step of introducing of environmental
management system and schemes Green University of
Slovakia and also for higher education institutions [3].
The aim for the future is to certify the EMS in the
Slovak universities the same as universities abroad
that they have been successfully practiced with
positive results already in the process of system
integration.
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Abstract

Nowadays, there is an interest in the assessment of the spatio-
temporal changes of the quality of soil resources in order to
manage these resources in a sustainable and a conservative
manner. So the aim of this study is to assess the spatial
variability of some soil physical (Bulk density, Porosity) and
chemical (pHH20, Total carbonates) soil properties along a
transect of 80 m of the experimental field station of Sétif-1
university. 16 Soil samples had been taken from soil surface
horizon every 5 m along a 80 m E-O transect, and analyzed in
laboratory for Bulk density determination (Core method),
pHh20 and total carbonates (%). The main results show that
concerning the soil physical properties, the Bulk density vary
from 1.008 g/cm3 (E1) to 1.34 g/cm3 (E6), on the other hand,
the estimated porosity vary from 50% (E6) to 62.45% (E1).
The coefficient of variation of these two physical properties is
822 % and 5.99% respectively. Concerning the chemical
properties, the results show that pH of the soil sample is
alkaline with moderate total carbonate content. With values
range for the pH from 8.07 (E2 and E5) and 7.51 (E6); and for
total carbonate the value range is from 12, 11% (E16) to
24.08 % (E7). The coefficient of variation of the pH and total
carbonates along the studied transect is 2.20 % et 20.20 %
respectively. the spatial analysis of the soil properties along
the transect studied by computing the autocorrelation
coefficient with lag distance of 5 m (h) show that the bulk
density and total carbonates had a spatial correlation with a
coefficient r(h) of -0.34 and 0.54 respectively. On the other
hand, the pH and the estimated porosity had no spatial
correlation along the transect of 80 m.

Key words: Soil spatial variability, autocorrelation

coefficient, Transect, Lag distance.

INTRODUCTION

Conservation Agriculture refers to a series of land
management  practices that minimize land
degradation and increase soil, water and air
conservation. Direct drilling (no tillage), crop residues
retention, cover crops, appropriate cropping system
rotation, integrated pest management are examples of
Conservation Agriculture practices. Because of the
complexity associated with natural and agricultural
ecosystems, a land management practice found to be
sustainable at one site might not be equally
sustainable at another site [1].

Agricultural production systems are inherently
variable due to spatial variation in soil properties,
topography, and climate. To achieve the ultimate goal
of sustainable cropping systems, variability must be
considered both in space and time because the factors
influencing crop yield have different spatial and
temporal behavior [2]. The spatial variability of the
soil is due two both systematic and random processes.
Systematic variability is defined as gradual or marked
changes in soil proprieties that can be explained by
landform, geomorphic element, soil forming factor or
human activities. Random patterns of soil variability
cannot be related to known cause, although usually
viewed as "random", the lack of an observable,
systematic pattern is more likely due to a lack of
detailed soil information [3]. Soil characteristics
generally show spatial dependence. Samples close to
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each other have similar properties than those from
each other [4], [5]. Different sampling approaches
have been used to quantify the spatial variability of
soil properties, either using a grid sampling of some
meter or several meter in dimension [6], [7] or using a
sampling along a transect with a lag distance [8].
Whatever the type of sampling used, the aim is to
assess the within-field spatial variability of soil
properties, which does not appear in soil maps. this is
on this perspective that the present research is
undertaken with the aim of the assessment of soil
spatial variability of some soil proprieties (pH, CaCOs3,
Bulk Density, Total Porosity) along a transect of 80 m
at the experimental field of the University of Ferhat-
Abbas Sétif -1 (East of Algeria).

MATERIALS AND METHODS

General Description of the Study Area

The experimental field of the university of Ferhat
Abbas -Sétif is part of the high-plain of Sétif at east of
Algeria, which is located between 36°11'49.59"N and
5°21'57.97"E with a mean elevation of 1021 m. In
terms of the climate, the high-plain of Sétif is
characterized by a semi-arid climate, with mean
annual precipitation of 450 mm. the soil of the field
experimental is developed on ancient alluvial
sediment with the high presence of calcium carbonate.

Methodology

Soil Sampling and Characterization

The sampling of the soil is done along a transect
North-South of 80 m with a lag-distance of 5 m at a
plot in the experimental field of the University of
Ferhat-Abbas-Sétif (Figure 1).

Figure 1
Sampling along a 80 m transect at a lag distance of 5 m.

Overall, 16 soil surface samples has been
characterized by determining the Soil bulk density

(Cylinder method) and an estimation of total porosity,
the soil reaction (pH water on 1:5 soil/water extract),
and the total soil carbonate content (volumetric
method using a calcimeter). Three repetitions for each
soil proprieties had been done.

For the bulk density (cylinder method) each
measurement has been replicated three times at each
point on the transect. The estimation of total porosity
has been done using this formula:

Total Porosity (%) = (1 - BD/PD) x 100

Where: BD: Bulk density (cylinder method) (Mg/m3)
and PD: particle density which we assume is equal to
2.65 Mg/m3.

Descriptive Statistics and Spatial Analysis

The Soil data obtained has been analyzed statistically
by computing the descriptive statistics such as the
mean, the variance, the standard deviation, the
variation coefficient). And then, for the spatial
analysis, we compute the autocorrelation coefficient
r(h) as follow:

The autocorrelation function is a special expression of
auto-covariance. The latter describes the average
product of differences of two observations, Ai (xi), Ai
(xi+h), respectively, from the means of the series A,
while the two observations are separated by a
distance, the so-called lag h (Wendroth et al,, 2011)

Cov [Ai(x), Ai(x + h)] = ;t TMSR (Al (xi) -A] [Al (xi +
h) -A]

Normalizing the auto-covariance function yields the
autocorrelation function

oW [Ad (204 (2 + )]
Jrar[AifxT] oJrar[Alfx + B

r(h) =

Where: the two variance terms in the denominator
describe the variance of both arrays of data Ai (xi) and
Ai (Xi+h). The autocorrelation coefficient can take a
range of value comprised between -1 and +1
(Wendroth et al, 2011).

RESULTTS AND DISCUSSION

Soil physical and chemical characterization

The results obtained are summarized in the Table 1
with descriptive statistics for each soil proprieties
(mean, variance, standard deviation, variation
coefficient).

The results obtained show that the bulk density along
the transect vary between 1, 0008 Mg/m3 (S1) to 1.34
Mg/m3 (S6). Regarding the total porosity, the values
obtained are between 50% (S6) and 62.5% (S1). The
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variation coefficients for these 2 physical properties of

soil are respectively 8.22 % and 5.99%.

TABLE I
ANALYTICAL RESULTS OF SOIL PHYSICAL (BULK DENSITY
& TOTAL POROSITY) AND CHEMICAL (pHnzo and CACOs

CONTENT)
Physical properties Chemical properiies
. Total
Soil samples Bulk density porosity CaSO; DHeae (1:5)
(Mgm) (%) C
51 1,008 62.5 2333 7.98
52 1,065 60 19,69 8,07
53 1,29 51,66 15,45 7.89
54 1,203 55 14,39 7.983
EE 1,12 58 16,20 8.07
56 1,34 50 16,96 7.51
57 1,05 61 24,08 7.67
S8 1,03 61,66 14,99 7.73
5% 1,146 57.33 16,51 7.82
510 1,106 5833 23,33 8,05
511 1.1 59 18,33 7.74
512 1,156 57 15,45 7.80
513 1,073 60 19,23 7.75
514 1,163 56,66 20,45 7.66
515 1,123 58 14,24 7,72
516 1,023 61.66 12,11 7,62
The mean 1,124 57,98 17,7 7.81
The variance 0,008 12,10 12,93 0,02
Standard deviation 0,092 3,47 3,59 0,17
The variation <
coetficient (%) 822 5.95 20,20 2.20

Concerning the soil chemical proprieties, the results
showed the pHuwater of these samples is alkaline with
moderate total soil carbonate content. The highest pH
water value obtained is 8.07 (S2) and the lowest is
7.51 (S5). The highest CaCO3 content is 24.08% (S7)
and the lowest is 12.11 % (S16). The variation
coefficient of the pH and Total soil carbonate content
is 2.20 % and 20.20 % respectively.

Spatial Analysis of the physical and chemical soil
proprieties along the 80 m transect (lag distance of 5
m).

The assessment of the soil spatial variability of soil
proprieties along the 80 m transect has been done by
computing the autocorrelation coefficient r(h).

The Results of the spatial variability of the bulk
density and total porosity are depicted in the Figures
2 and 3.

(5)= 0.0008
60
@ %W;w%
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Figure 2
Spatial variability of the total porosity along the transect (80
m).
The Figure 3 shows that the autocorrelation

coefficient r(h) for the total porosity values is -0.0008.
This results imply that the total porosity has no spatial
variability along the transect of 80m. Figure 4 shows

the bulk density values along the transect of 80 m has
some spatial variability because the autocorrelation
coefficient r(h) yielded a value of -0.34.
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Figure 3

Spatial variability of the Bulk density along the transect of
80 m.
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Figure4

Spatial variability of the pH water along the transect of 80

m.

Soil spatial variability for pH water and CaCO3 (%)

The results of the spatial analysis for the pH water and
the total calcium carbonate content are depicted in
Figures 3 and 4.

It was found (Figure 5) that the autocorrelation
coefficient of the pH water values obtained along the
transect of 80 m is 0.008, which imply that the pH
values are not spatially variable.
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Figure 5
Spatial variability of the CaCOs along the transect of 80 m.

Figure 6 shows that autocorrelation of the total
calcium carbonate content is 0.54. This result suggest
a spatial variability of the total CaCO3; content along
the transect of 80 m.

The Bulk Density of the soil is an indirect estimator
the aggregation of the soil. Aggregation of the soil and
its porosity regulate the air and water flow [9]. Our
results shows that the bulk density are very low which
can be explained by two facts that our plot has never
been cultivated, which created a high biological
activity. Barbault et al. [10] had shown that some soil
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earthworm lower the bulk density of the soil by
creating large biopores. Regarding the chemical
proprieties (pHwater and CaCO3), the results had shown
that most of the soil samples had an alkaline pH and a
moderate total calcium carbonate content (more than
5%). this can be explained by the fact that the more
calcium carbonate content increase, the more the pH
become slightly alkaline to alkaline [11].

In general, the soil proprieties are classified in term of
their variation coefficient as follow low variability
when CV is between 0-15, moderate variability (CV :
16-36) and high variability (CV : >36) [12]. Our result
shows the general variability is moderate for the
CaCOs3 (20.99%) and a low variability to the bulk
density (8.5 %), total porosity (5.5%) and pH (2.8%).
Warrick et al. [13] had shown that soil data with
structured variation (spatial dependency), the
coefficient of autocorrelation decreases with the
increase of the lag distance h between the soil sample,
but the soil data with no structured variation, the
autocorrelation is nul for all lag distance. Our results
had shown that the spatial variability of the pH and
total porosity is nul because the autocorrelation
coefficient yielded a nul value at a lag distance of 5 m.
The autocorrelation coefficient of total soil carbonate
and the bulk density at a lag distance of 5 is 0.54 and
0.34 respectively. This result imply that there a
structured variation of these two soil proprieties.

CONCLUSION

The Assessment of the spatial variability of some soil
proprieties (BD, Total porosity, pH, CaCO3) along a
transect of 80 m at a lag distance of 5 m at a plot in the
experimental field of the University of ferhat abbas 1
using autocorrelation coefficient yielded a structured
variation of the soil bulk density and total calcium
carbonate content. In order to take to confirm this
spatial variability of these soil properties, we must
perform another sampling along other transect in this
plot and to compare the results obtained and also use
other spatial analysis techniques (variogram) and
compare it with the autocorrelation coefficient
methods. The importance of knowing the soil spatial
variability in an experimental field is pre-requisite to
site-specific management practices at the field scale

that will allow us to manage our soil in sustainable
manner and to optimize our crop production.
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Abstract

Authors analysed the teaching load, which is given to
chemical disciplines in Ukraine and Slovakia universities;
made their quantitative and qualitative comparison of the 5-
year period. Also, the analysed student’s success in some
chemical disciplines, types of tasks and student’s
methodological support. Based on collected empirical
material we have prepared the recommendations and
conclusions.

INTRODUCTION

One the main goals of Environmental Education is the
formation of ecological culture of individuals and
society as a whole, the formation of thought and
consciousness, based on respect for nature as
universal, unique value. In turn, the environmental
education in higher education should be as
differentiated, diversified and cover all levels of
professional  training of future  specialists-
environmentalists. In respect to this, certainly,
importantly is the acquisition of good-quality skills and
abilities of the main basic disciplines, key among which
is chemical subjects. Chemistry has especially
significant role in mastering of such professionally
oriented subjects as "Environmental Security”,
"Environment Monitoring", "Rationing anthropogenic
stress”, "Normalization of human impact on the
environment", "Eco-toxicology", "Techno-Ecology", and
so on. That is why, the monitoring of teaching
chemistry for students environmental specialties is
important.

RESULTS AND DISCUSSION

The specifics of chemistry teaching for students of
ecological disciplines are that in today's realities
theoretical foundations of chemistry are taught
incomplete. Regarding Ukraine, it is primarily due to
the fact that in the process of entering the national
higher education into the European educational space,
that is, in fact, after the signing of Ukraine in 2005

Bologna Declaration [1] the reforms and changes in
main aspects of Concept of improving the educational
process in hi