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ABSTRACT

The National Entomological Museum is a project of the management of the Public Enterprise
National Park Fruska Gora which allows in a sustainable way and enriches in terms of content, the general
availability of the institutions of science, environment protection, education and culture with strategic contents
of general interest. The formation of the National Entomological Museum as an institution of culture would
create a specific scientific and educational base of the Republic of Serbia, while museum depots would be used
as guardians of national heritage and the deposited museum specimens would be used in the creation of
activities of an educational and learning centre. The National Entomological Museum would be an attractive
tourist destination of this region but also a unique space that would foster the development of knowledge and
skills in this area as well as the training ground for improving entomological research in our country.

Key words: Entomological Museum, National Park Fruska Gora, Republic of Serbia.

The Public Enterprise National Park Fruska Gora has the capability and
obligation to provide in the area which it manages a range of programs and projects of
public interest without jeopardizing the sustainability of its operations. One of the
projects which have the potential to expand and enrich the enterprise’s current activities
with useful features of common interest is the formation of the National Entomological
Museum. This cultural institution would represent a specific scientific and educational
base with the museum depots taking the role of the guardians of national heritage while
the deposited museum specimens would provide the basis for creating various activities
within its educational and learning centre. The National Entomological Museum would
be an attractive tourist destination of the region which could also function as a unique
place for fostering the development of new knowledge and skills as well as the training
ground for improving the entomological research in our country.

The establishment of the Entomological Museum of the Republic of Serbia, its
idea, realization, and concept, enables the implementation of all the complex tasks that it
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would face through the sustainable resolution of complex issues addressed by this
institution of science, education, and culture.

The history of the formation of museums in our country is related to the
realization of teaching in the education of young naturalists but also to their unique
educational content. The Natural History Museum, originally called Jestastvenicki muzej,
was founded in 1895, seven years after the death of Josif Panci¢. However, the first
collection of the Museum consisted of the specimens of plants, rocks, minerals, fossils
and stuffed animals that Panci¢ and his students and followers had gathered for the
Natural History Cabinet which was founded, again by Panci¢, for teaching science at the
Lyceum. These very objects became the nucleus around which many rich and diverse
collections of the Natural History Museum were created as tangible witnesses of the
composition, properties, and changes in the nature of Serbia and the Balkans.

Systematic scientific development of the collections which formed the initial
core of the Museum started in 1853 when the Chair of Natural History was founded at
the Lyceum and Panci¢ was appointed a professor under contract there.

From the Great School, the former Lyceum, natural history collections will be
officially transferred to the Museum in 1901, according to the decision of the Minister of
Education (in today's Natural History Museum [1] those collections are referred to as
Historical Collections (of the Great School)).

In the explanation of his particular interest in the collection of the fauna of our
country, Panci¢ writes: “In this double bond aspiration I collected, in addition to plants,
also animals and minerals, and left it all to our conservatoire cabinet in the hope that it
could sometimes provide the basis for the scientific topography of our principality to
those who would like to commit themselves to this work. But, due to inadequate
conservation and unskilled preparation of the skin of mammals and birds and natural
products of these animals, a large amount of the collected material has become
unusable”. It should be added that many of Pancic¢'s insect collections have been ruined,
or become too unfit for scientific purposes due to various pests, primarily small butterfly
Tinea tapeziella (whose larvae damage stuffed insects).

“Young men who start teaching in secondary schools, particularly those outside
Belgrade, mostly enter empty schools — schools without a library and without sufficient
equipment and collections, which are necessary for teaching natural history.*

“In order to prevent the well-informed teachers from neglecting their education
and to force those who are weaker to improve over time, schools should be provided
with what they need to teach natural history: natural history books and collections.*

“In addition to the libraries and collections, every school should have some
equipment and tools which are necessary for the collection, preservation and
conservation of natural things” [2].

Physical separation of this institution from the Museum of Natural History of
the Republic of Serbia is necessary in order to focus on the issues of this complex and
multifaceted scientific field, and more efficient and successful management of
objectives, while avoiding the inevitable encounter with the problems of many other
much smaller biological areas and their many interests. In a similar way the Museum of
Contemporary Art is separated from the National Museum and the Entomological
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Society of Serbia is separated from the Serbian Biological Society as is the case with
entomology and biology as scientific disciplines.

Protected areas and national parks as the most important representatives of the
preservation of wild plants and animals are authentic museums in the wildlife. The
setting of this museum in the exterior is constantly changing and dynamic and an insight
into its wealth is not readily accessible to nature lovers. During a visit to the protected
area nature lovers usually find a limited or very scarce display of the hidden, upset and
scared wildlife which cannot be observed carefully. Somewhat more representative
display of the living world in these areas can be found on the official websites and
presentations of the protected natural areas, but these settings can also be incomplete and
aesthetically unadaptable, subjective and lacking data and information.

Too often, due to various forms of tourist use of these resources, protected
natural areas experience negative and frequently fatal consequences that these factors
have on their ecosystems. Entomological museums represent a tourist model which is
safe, creative and multifunctional and which enables the observation of the biodiversity
of a given ecosystem in a way which is completely safe, as far as tourist use is
concerned, and without any negative impact on the ecosystems in the form of disturbing
and endangering their wildlife.

The geographical position of Fruska Gora National Park provides an excellent
destination for the Entomological Museum (which would be built within this protected
area) as a representative tourist, learning, educational and cultural facility. Situated 15
kilometres from Novi Sad, the capital of the Autonomous Province of Vojvodina (350
000 inhabitants) and 80 kilometres from Belgrade, the capital of the Republic of Serbia
(more than 2 000 000 inhabitants) it offers an optimum density of potential visitors.

The optimal position of the Entomological Museum of Fruska Gora National
Park is enhanced by its location near the prestigious tourist facility (Hotel Premier Aqua)
which provides maximum accommodation and the highest level of useful tourist services
and resources.

The scientific contribution of this institution and its supporting activities and
facilities would primarily take the form of acquainting our tourist, scientific and
professional public with the importance of here presented, the biggest group of living
organisms within the known living world. Our tourist offer would be enriched by
providing the opportunity to pursue the knowledge and curiosity about the hidden and
spectacularly attractive living world of the protected areas. Scientific and professional
institutions and their staff would have an ordered and accessible institutional base for
conducting scientific research, preparing and publishing scientific papers as well as
creating and defining complex scientific objectives.

The contribution of the Entomological Museum of the Republic of Serbia to the
area of education is manifold: pre-school children could, from an early age, become
aware of and educated about the complexity, importance and criteria for the study and
research of the world of insects. Presentation of knowledge in this field at this young age
is a potential generator of many complex developments in the future that could have a
significant applicative character.

The area of nanotechnology and the modern discoveries related to the origin of
the structures and use of various materials which resulted from the research of these
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complex organisms, their biochemistry, energy dependence, complicated sensuality,
motor skills and characteristics of exoskeleton could provide an introduction to future
progress and new global biotech revolution.

School children and youth would be stimulated towards the potential use of
unlimited knowledge in this field in well-equipped rooms, through the presentations of
various creative contents, lectures by eminent experts and training at the museum
premises. Students and young talents could use the Entomological Museum of the
Republic of Serbia as a base for the realization of study programs, various research
projects, seminar, specialist, master and other theses as well as doctoral studies.

Schools and educational institutions across the country would have the
opportunity to promote and educate children in creative workshops as well as in the
exhibitions, laboratories, and offices of the museum where permanent displays could be
visited by organized, pre-planned and pre-arranged groups. Special interactive lectures
could be created periodically to teach and educated attendees on multiple topics which
would be presented by eminent experts in this field from our country and abroad.

The cultural contribution of the Entomological Museum of the Republic of
Serbia in the form of its communication with visitors, its aesthetic experience, numerous
exhibitions and various cultural events would continually contribute to the civil and
cultural advancement in general.

The question is how and in what way such a complex endeavour can be
realized, what project and preliminary tasks stand in its conceptualization and what
human and material resources are necessary for its implementation.

Developed and advanced countries, rich empires and kingdoms, royal legacies
and collections of wealthy individuals and families, powerful republics and cities offered
and allowed their citizens insights into the elaborate richness of their treasuries in order
to satisfy the aesthetic, creative, cultural and other needs, but also as a form of personal
promotion (showing their pride in being the noble selected promoters of science,
education and culture). The treasures of Vienna, Milan, Bologna, the Medici family, the
Vatican and other famous world museums are well known.

Naturally, being a small principality, later kingdom, and republic, Serbia
aspired to be in a chosen company of the selected elite in this field. Learned Serbs
travelled the world and upon return brought the stories of the beauty and wonders of the
world. Listening to this, Serbian citizens initially wanted their children to experience the
immensity and abundance of these experiences during their study and stay in these cities.
The reality was that only a small segment of the wealthier population had the opportunity
to experience the pleasure and cultural enrichment and share it with their loved ones,
relatives, and fellow citizens. Exceptional individuals have permanently strived to enrich
their people following the noble examples of these great civilizational traditions (e.g.
king Milan Obrenovi¢ and his support of academician and naturalist Josif Panci¢) and
present their collected knowledge (possessions). As colonial masters, rulers and tyrants,
the developed and powerful countries often enslaved and humiliated other peoples by
stealing, plundering, destruction and other imperial and destructive methods, and
enslaved and humiliated them by depriving them of these benefits. Due to the lack and
denial of these benefits, many nations and countries have for centuries and until the
present been forced to experience the intellectual dimension of knowledge exclusively in
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the countries of the superior race, in the constant state of stagnation and overall
subjugation.

The battle of the giants among us has lasted as long as the written or preserved
history of our regions (if it is not saved, it was stolen in the above-mentioned way and
deposited with the tyrants or occupiers). Striving for freedom, independence and cultural
and educational emancipation has become the hallmark of the authentic, the progressive
and the deprived.

Basic functional models of entomological museums are based on set operational
tasks. These tasks are classified into 4 areas:

1. Creation and collection of valuable entomological specimens

The museum's entomological collection is created and updated, by collecting
valuable entomological specimens, by accepting gifts, donations and presents or by
purchase. In order to perform the identification of the museality of entomological
specimens and evaluate their importance, it is necessary that the assessor is a competent
entomologist. The criteria for the inclusion of entomological specimens in the museum
treasure primarily results from the vision of the exhibition we want to implement. The
selection of the collected entomological specimens from nature can be passive or
accidental or else active as a product of previous research.

2. Storing entomological museum collections and other artifacts from this area

Collection as a composition of valuable specimens has a specific value and is
stored with the highest security. A systematic collection functions as a comprehensive
institution which is accompanied by a supporting documentation without which the
collection has little value. Legacy, additional and deterministic label with all the required
information is always an integral part of any entomological specimen. Museum
specimens must remain in their original state without changing their colour or shape and
must be protected from physical deterioration.

3. Extensive research of the collected values

A properly formed entomological collection is a significant facility for
conducting extensive scientific research. Publication of works based on the samples
deposited in an entomological collection of a museum significantly increases its value.
Published papers inform us about the importance, relevance and informational value of
entomological specimens within the museum collection. Scientific utilization of
resources of entomological collections is directly evaluated and proportional to the
citation index and the number of publications in which the role and importance of all the
collection specimen were recorded.

4. Public activities in relation to the experiences and achievements of science

and profession

Featured and recognized values of museum specimens from entomological
museum collections which are installed as an integral part of human consciousness and
cognitive spheres represent an outcome of successful museum communication. Detection
and popular presentation of the findings related to museum items is the ultimate meaning

5
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and purpose of any museum’s existence. A museum is a sort of media centre whose main
function is a mass transfer of information of popular, research, scientific, documentary,
educational and entertaining character.

Presentations, publishing, and general educational activities as forms of a
museum’s communication process model its operations [3]. Theory of museum
communications, which corresponds to the character of museum items, distinguishes
three groups of information transfer:

1. It can be a presentation communication in which relations, communications or
interactions are formed between visitors and the forms of exhibition presentation.

2. Communication in printed editions in the form of scientific, professional and popular
publications. This type of communication supports the exhibition in the form of printed
information in connection with the exhibition.

3. General communication which can be in the form of speeches, lectures, presentations,
films, video files, photos, brochures, flyers, catalogues, and posters.

Article 27 of the Law on Nature Protection under "Protected natural areas" in
section III "Protected natural areas" in the same rank with 1. Protected areas, and 2.
Protected species, states as 3. Mobile protected natural documents [4].

In Article 37 of the Law, Mobile protected natural documents are defined as:
Parts of geological and paleontological heritage, as well as biological documents which
have high scientific, educational and cultural significance, can be protected as mobile
protected natural documents.

The legislator further regulates in this area by dividing Mobile protected natural
documents into four segments.

Under section 4). Mycological, botanical and zoological collections, as well as
individual conserved preparations of organic species, and their holotypes and syntypes.
The last note of this article reads: "It is forbidden to collect and / or destroy mobile
natural documents as well as to destroy or damage their sites."

In Section IX “Procedure for designating protected natural areas”, in Article 49
after the sub-heading in item 3. Mobile protected natural documents the legislator
defines in the first sentence: “The geological, paleontological and biological documents
which have been endangered in terms of this law, are recognized as protected natural
areas by the minister in agreement with the minister in charge of protection of cultural
heritage following the proposal from the Natural History Museum, on obtaining the
opinion of the institute”. In the same section, in Article 50, the legislator concludes that
Protected natural areas are entered in the register, which may be 1. Central, 2. Provincial
and 3. Register of mobile protected natural documents that is kept in the Natural History
Museum. Registration and deletion of mobile protected natural documents shall be based
on the act on establishing, proclaiming, on the previous protection or act on the
termination of protection. The Ministry shall prescribe the content and manner of
keeping registers of protected natural resources. Data from the register of protected
natural resources are public [4].

Museums are specific documentation centres, in which significant data on the
collected museum items are deposited, particularly in cases when particular biotopes on
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legacy cards have been destroyed or irretrievably lost due to biotic and abiotic factors. In
particular, sand area and wetland biotopes in Vojvodina plains have been irreversibly
lost due to the implementation of melioration and land consolidation in the 1940s. The
museums hold deposits of entomofauna, the inhabitants of many mikrobiotopa and
biocenoses which are largely unreachable due to distance, inaccessibility or recent
climate change. Collections are accumulation material and are as necessary as the library
of publications that are not in constant use but must be available if needed. Collections of
insect groups that are prepared for more valid taxonomic studies must be extended and
possibly supplemented covering as large area or space as possible. Therefore, it is
imperative that collections be united. It is also important that the museum be specialized
because only in this way can all the strengths and resources be focused on the well-
being, in this particular case, on the study of insects. The indeterminate and undefined
material in entomological collections can be described as being in a sort of hibernation
and is, for some time, practically unusable. A huge number of taxonomists carry out
entomological research on the materials they themselves have gathered in their own field
research. It is advantageous that all the stages in the development of the research are
controlled by an expert, although the available time is not always sufficient for such an
extensive scientific commitment. During monitoring and field research an expert collects
(in relation to their own scientific work or collaboration with other professionals) the
familiar, interesting or potentially scientifically profitable taxa and, while still on the
field, makes mosaics of future laboratory research and, in relation to the scientific
actuality, develops the ideas for the future scientific papers. That is the attraction of
experts’ field research: it is there, at the source of discovery, that their knowledge,
accumulated over many years, comes to full affirmation. An expert will know when to
collect a series of species which has a twin not faunally proven, in order to single out a
related species from the abundance of material from a number of sites with different
heights, climatic zones and vegetation systems. An expert will take care not to burden
the collection with unnecessary multitude of items that require a large temporal and
spatial potential to be primarily processed on the site and deposited in the database,
which will take up the already limited space on the site and present problems during
transport, in laboratory research (where they can significantly increase the volume of
work), in making preparations, in the process of maceration or when depositing the
permanent serial exhibition. The optimal utilization of time and space during field
research with the limitation in covering a multitude of insect groups that often require
completely different methodological approach while taking photographs of mikrobiotopa
and exemplars and simultaneously taking samples of living material in various stages,
presents a self-imposed global challenge, proportional to the scientific volume and
eloquence of the researcher. Taxonomists practice the approach where they collect
material during the growing season of the year and process and publish the papers and
books during the winter period. The accumulation of this extensive material necessarily
requires the involvement of a large number of specialists, experts capable of high-quality
processing of materials. Paper [5], The management of entomological research in
protected areas in the Republic of Serbia, partly covers this issue. It is necessary to
surround experts with a multitude of young, well-educated associates who will work in
competition and interaction with the aim to process the material deposited in the
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collections, acquire the qualifications, inherit the knowledge and apply their new skills
on processing groups that have not been processed in the Republic of Serbia. The value
of a single well-processed museum group exceeds many times the equivalent number of
items in a chaotic, haphazard collection. Many techniques of collecting, preservation,
taxidermy, methodology and work with exhibits of insects are described in standard
publications, manuals, and textbooks but they also represent the internal achievement of
individual entomologists. Although insect collections and related specimens are the
bases of taxonomic research, the information exploited on the basis of the preserved
insects is often insufficient. Cultivation of individual insect species allows us to obtain
information which significantly expands our current knowledge about them. Also, it is
necessary to form a collection of all metamorphic stages, sexually dimorphic, aberrant
and variable specimens. A collection of museum entomological material besides
taxonomic, faunal and comparative morphological should allow ecologists, evolutionists
and experts in related fields to observe the area from their perspectives and contribute to
the general entomological exploration. Cultivating certain insects we come to the
significant members visually extremely attractive in the subsequent food chains,
parasitoids, parasites, hyperparasites and predators and their role and position in the
balance of biocenosis in which they reside. A rich museum entomological collection of
photographs and films through its complex contents rapidly enhances the level of
communication to unprecedented dimensions. The contribution to the knowledge of the
biological diversity of a geographical area or climate zone provided by a well-established
entomological museum collection is immeasurable.

CONCLUSION

A careful research and analysis of the situation in this area, leads us to several
complementary conclusions:

1. Natural History Museum in Belgrade did not optimize the necessary
communication with the visitors in order to present information on
entomological museum items in its depots.

2. Entomological museum items within the collection of the Natural History
Museum in Belgrade are not systematized, classified and determined.

3. There is no permanent entomological exhibition of the Natural History Museum
in Belgrade.

4. Regarding its staff, the Natural History Museum in Belgrade does not have the
capacity to provide an optimal response to the tasks ahead.

5. There are a number of entomological collections in the Republic of Serbia that
are in a worse situation than the entomological collection (collections of Milo$
Rogulja, Momcilo Zecevi¢ and others) of the Natural History Museum in
Belgrade (the collection of Professor Konstantin Vasi¢ at the Faculty of
Forestry in Belgrade, the collection of butterflies of Stanko Radovanovi¢ in the
Provincial Institute for Nature Conservation in Novi Sad and others).

6. There is no list of entomological collections in Serbia with a comprehensive list
of museum items.
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7. Extensive surveys of taxonomy, faunistic and comparative morphology cannot
be realized with a dispersed, undefined and inadequately stored museum
specimens. Correct classification is possible if adequate supplies of a large
number of species are available for comparison.

8. It is necessary to optimize the promulgation of entomological values of the
Republic of Serbia in all spheres. A national entomological museum which
works responsibly on implementing its tasks is one of the main centres and
zones of activity.

9. The National Entomological Museum should be one of the educational centres
qualified for the dissemination of scientific and research achievements in
entomology.

10. A comprehensive entomological collection of the National Entomological
Museum, which is specialized, functional and operational, can be the driving
force of a large number of activities of the Serbian Entomological Society, the
Plant Protection Society of Serbia, the Serbian Biological Society with the aim
to sustain the production of entomological staff and extensive entomological
research in the Republic of Serbia, and be the pride and promoter of the national
heritage of the Academy Committee for the Fauna of the Republic of Serbia.

11. The National Entomological Museum allows in a sustainable and enriches in
terms of content the general availability of the institutions of science,
environment protection, education and culture with strategic contents of general
interest.

12. The National Entomological Museum as an institution of culture presents a
particular scientific and educational base of the Republic of Serbia.

13 The depots of the National Entomological Museum would be the custodians of
the national heritage and the museum items deposited in it would be used in the
creation of activities of an educational and learning centre.

14. The National Entomological Museum would be a popular tourist attraction of
this region [6,7,8,9,10].
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ABSTRACT

The mining, industry and agriculture are the activities that contribute the most to the occurrence of
contaminated effluents and increased concentrations of heavy metals and radionuclides in surface and ground
water. At the same time, enormous amounts of solid waste is generated, accumulated and in need of further
management. Accordingly, there is a growing interest in finding sustainable technological solutions to use one
type of waste to treat or mitigate the negative effects of other waste types. This review summarizes the recent
trends concerning the potential use of solid by-products and wastes in water purification technologies.

Key words: heavy metals, radionuclides, industrial wastes, separation, water purification.
INTRODUCTION

The environment is constantly and increasingly exposed to pollutants of both
organic and inorganic nature. While organic pollutants undergo degradation processes at
different rates, persistence is one of the key factors considered in assessing the risks of
heavy metals and some radionuclides. Ecological and human exposure to such pollutants
is a long-term problem which draws special attention of the scientific community in all
research fields. The term “heavy metals” is used for a group of metals and metalloids
with atomic density greater than 4 g/cm’, which can be classified into three different
types including [1]: toxic metals (Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn, etc.), precious
metals (Pd, Pt, Ag, Au, Ru etc.) and radionuclides (U, Th, Ra, Am etc).

Heavy metals can contaminate water through both natural and anthropogenic
sources, by atmospheric deposition, discharge or leaching of contaminated effluents.
Typical heavy metals comes mainly from metal mining and smelter activities, production
and application of pesticides, fungicides, fertilizers, paints, batteries, from welding,
electroplating, paper industry, exhaust gas emission, etc., and they exhibit a variety of
adverse effects on human health [2]. The discharge of radioactive contaminants can
largely be attributed to regular operation of nuclear power plants and research reactors,
and also to accidental releases, dismantlement of instruments containing radioisotopes,
medical uses, above ground nuclear testing, and various natural sources [3].
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Radionuclides in liquid radioactive waste (LRW) vary from TENORM - Technologically
Enhanced Naturally Occurring Radioactive Materials (uranium, thorium and radium) to
complex fission and corrosion products mixtures (Cs, Sr, Co, etc.). Many radionuclides
are dangerous not only due to radioactivity but also due to chemical toxicity of typical
heavy metals.

In contrast to communal wastewater, which nature and composition is relatively
constant and predictable, industrial waste effluents exhibit extreme diversity in terms of
chemical composition, concentration ranges, generated volumes, etc. [4]. As a result of
such specificities, individual approach is required for the management of each waste
stream and scientists are motivated to develop purification and extraction methods using
a variety of techniques.

CONVENTIONAL WATER PURIFICATION VS. SORPTION
PROCESSES

Numerous chemical and physical processes for heavy metal and radionuclide
removal from contaminated water have been well established and applied over the years.
Such conventional processes include chemical precipitation, membrane filtration, ion-
exchange, reverse osmosis, electrodialysis, solvent extraction, evaporation, oxidation and
activated carbon adsorption [2, 3, 5]. Among them, chemical precipitation, based on pH
adjustment, is the most widely applied approach for the separation of metal ions.
However, even though they are in use, conventional methods exhibit many
disadvantages, such as low selectivity, high consumption of chemicals and energy,
generation of large amounts of sludge or residues for disposal, and finally - high overall
costs. At the moment, all technologies show some advantages and some disadvantages,
and their applicability is being evaluated on a case-by-case basis. For some waste
streams, the application of several consecutive or simultaneous treatment steps is
necessary in order to gain the recommended or maximum permissible
concentrations/activities for the safe release of treated effluents. Consequently, the
alternative treatment processes are constantly tested, in order to overcome the existing
problems.

By definition, adsorption is a mass transfer process by which a substance from
the liquid phase is transferred to the surface of a solid phase [6]. In aqueous solutions,
the mechanisms of substance binding to solid surface can be very complex and may
occur through physical and/or chemical interactions. Thus, more general term “sorption”
is often in use for the processes at solid/liquid interface, as it covers different interactions

types (Fig. 1).
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Figure 1. The possible sorbent-metal interactions

The research of the extent and the nature of a particular sorption process is of a
fundamental importance, and represents a first step towards practical implementation.
The mathematical modelling of sorption isotherms, kinetic, and thermodynamic data, as
well as desorption and leaching studies, give basic information about the nature of the
process. Furthermore, microscopic and spectroscopic analyses are being employed for
the investigation of the material structures on the local atomic scale [7,8]. Based on both
the macroscopic indicators and the evidences gained at the microscopic level, the
conclusion on the mechanism of heavy metal/radionuclide sorption can be reached, and
these findings affect the potential applicability of the process.

Physical sorption is a reversible process, while chemisorption is a result of the
chemical interaction between the solid surface and the metal ion, thus it is largely
irreversible [6,7]. Both the reversible and the irreversible types of interactions can be
beneficially used. For example, sorbents which may be regenerated are more suitable for
the treatment of waste water in batch and column systems, while sorbents at which
surface pollutants are bounded irreversibly are candidates for the construction of
engineered barriers beneath an around the nuclear waste processing facilities and
repositories [9], and for the permeable reactive barrier systems (PRBs) for the protection
of ground water quality [10].

With regard to conventional heavy metal/radionuclide removal methods, the
main advantages of the sorption processes are high and tunable selectivity, high
purification efficiencies even at very low initial concentrations of pollutants and
relatively low cost. Moreover, the general flexibility of the process design ensures the
application in batch conditions, flow systems, or in conjunction with other purification
methods. On the other hand, the main drawbacks associated with the sorption
technologies are the issues with sorbent and metal recovery, disposal following the
exhaustion of sorbent capacity, and the total costs which are very difficult to estimate.
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Some important adverse characteristics and limitations can be overcome by using waste
materials as sorbents.

SORBENT MATERIALS: COMMERCIAL VS. WASTE DERIVED

The most common sorbent applied in water purification systems is activated
carbon (AC), due to the large micro- and mesopore volumes and high surface area.
However, the sorption of heavy metals and radionuclide ions onto the surface of AC is
non-specific, therefore, AC is not particularly effective and selective material. Moreover,
the sources of coal-based AC are running out resulting in the increased price of the
commercial products. As a consequence, there is a huge trend in converting
carbonaceous waste materials into AC for heavy metals removal [11]. In general, in the
field of water purification technologies, searching for effective and economical sorbents
has become a main research challenge. So-cold “low-cost” sorbents were explored
among largely available naturally occurring minerals such as zeolites, clay, and
diatomite [12]. These inorganic sorbents are locally available, effective even in their row
form or following minor processing, and very selective towards heavy metal or
radionuclide ions [13,14]. However, in accordance with the resources saving policy in
the European Union and with the European directives on waste, an alternative to
excavation and use of non-renewable virgin minerals is — utilization of waste materials
as sorbents.

At the moment, the research focus has been relocated to possible valorization of
waste materials and by-products of different branches of economy such as the agriculture
and various industries (Table 1).

Table 1. The origin of the waste and by-product materials most studied as low-cost
sorbents for heavy metals and radionuclides [12, 15-17]

Major %Z(;lézitzf waste | o s

Waste bio-materials Agricultural
Coffee husks, tea factory waste, sugar beet pulp, waste pomace of
olive oil factory waste, grape stalk wastes, potato peels, sawdust, citrus
peels, cashew nut shell, etc.
Animal
Animal bones, eggshell, seashell, crabshell, etc.

Industrial wastes Coal fly ash, blast furnace sludge, waste slurries, lignin, iron (III)
hydroxide, red mud, waste biogas residual slurry, etc.

Usability study of a waste begins on a laboratory level, by determining its
chemical composition, crystal structure, content and type of organic matter, particle
morphology, specific surface area and porosity, surface functional groups, radioactivity,
pH, solubility, leachability of potentially hazardous substances, etc. Along with the
physicochemical characterization, the potential toxicity of the waste itself is being
evaluated. Preliminary sorption studies include the batch and/or column experiments at
different experimental conditions (concentration of pollutants of interest, solid/solution
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ratio, contact time, temperature, presence of coexisting cationic and anionic species,
etc.), as well as the recovery of metal ions and the enhancement of sorbents capacity
through its modification [2].
The basic requirements that a waste material sorbent must fulfill are [2,3,16]:
e chemical stability in a wide range of wastewater parameters,
e availability in large quantities, locally, and at low price,
¢ high sorption capacity as well as selectivity for heavy metals/radionuclides,
e ability to reduce metal concentration to very low levels such as drinking water
standards,
e possibility of regeneration/safe disposal after saturation,
e cost-effectiveness of the overall sorption process compared to alternative
processes.

The two most important factors for economical feasibility are efficiency and
cost of the sorbent. Sorption capacity depends on many process conditions and it is
evaluated in relation to the capacity of commercial sorbents. A review of low-cost
sorbents” capacities towards typical heavy metals and radionuclides is presented in Table 2.
The effectiveness and potential of the heavy metal removal is highly dependent on the type
of the metal, sorbent used and the nature of the waste water treated. Still, it is evident that,
compared to commercially available sorbents (activated carbon, zeolite, bentonite), certain
types of waste or their treated/activated forms reach many times higher capacities.

The cost of sorbent depends on its availability, the required processing and
treatment conditions, as well as the recycling costs and the overall lifetime. Although the
expected costs are rarely reported in the literature, the rough estimates show that various
waste materials such as fly ash, waste baggase fly ash, blast furnace waste, waste metal
sludge, carbonaceous sorbents (fertilizer and waste metal sludge industry waste) cost
<0.1 USS$ per kg [16]. On the other hand, commercial activated carbons normally cost >
3.0 US § per kg. Therefore, low-costs of waste sorbents, and many times higher sorption
capacities, make them promising materials. Particularly interesting sorbent (Apatitell ™)
with superior power of sorption of a large number of toxic metals (Pb, Cu, Zn, Cd, ...)
and radionuclides (U, Pu, Am, Sr ...) is obtained from fish bones (Patent Number
6,217.77 [18]). This phosphate (apatite) based material exhibits huge application
possibilities (waste water treatments, radionuclide immobilization, remediation of acid
rock drainage and diary lagoons, ground water protection, etc.), and, depending on the
ordered quantities, costs > 1.1 US § per kg.

THE KEY RESEARCH CHALLENGES AND FUTURE PROSPECTS

Despite of numerous research studies proving effectiveness of waste sorbent
materials, huge market size and needs for such materials, significant commercialization
of heavy metal sorption by waste materials is still missing. The issues associated with the
commercialization of any technological innovation (technical, regulatory, financial
issues and the overall lack of the interest and awareness of the potential beneficiaries) lie
behind the unsuccessful process utilization on a large scale. For the future of waste
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material inclusion in heavy metal and radionuclide separation from aqueous media, two
promising directions are being highlighted [1]: development of hybrid technologies for
pollutants removal, and practicing the “partnership” approach, i.e. establishing
connections between solid waste generators and the generators of contaminated effluent,
for synergic waste management.

To increase the application potential of waste derived sorbents, future research
should address: estimation of the potential risks associated with the material application,
including a long term studies, optimization of treatment conditions for the improvement
of metal uptake, evaluation of exact sorption mechanisms, optimization of conditions for
sorbent regeneration and recovery of heavy metals/radionuclides, optimization of
methods for safe disposal of the metal-laden waste, raising awareness of waste
generators about the possible beneficial applications.

Table 2. Sorption capacities of various sorbents materials [13, 15-17, 19-21]

Maximum
Pollutant Sorbent sorption capacity
(mg/g)
Zn(IT) Bentonite clay, commercial 43.16
Blast-furnace slag 103.33
Cashew nut shell, modified 455.7
Pb(ID) Activated carbon, commercial 5.90
Rose petals waste, unmodified 119.92
Fly ash, unmodified 444.7
Orange peel, modified 476.1
Ni(II) Activated carbon, commercial 6.1
Orange peel, unmodified 62.3
Red mud 160.0
Cashew nut shell, modified 465.30
Cd(n Activated carbon, commercial 0.70
Coal Fly ash, unmodified 18.98
Banana waste, unmodified 67.2
Orange peel, modified 293.3
Cashew nut shell, modified 436.7
Cu(Il) Blast-furnace slag 133.35
Orange peel, modified 154.9
As(V) Kaolinite, commercial 0.23
Coconut coir pith, modified 13.75
Cr(V]) Activated carbon, commercial 4.72
Fly ash 23.86
Rice Husk Ash 25.64
Coir pith, unmodified 165.00
Co Zeolite, commercial 2.93
Arca shell, modified 11.53
Animal bones, modified 29.15
Red mud, unmodified 30.62
Sr Zeolite, commercial 9.8
Red mud, unmodified 27.15
Animal bones, modified 34.86
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CONCLUSION

Management of heavy metal and radionuclide laden water by waste sorbent

materials is potentially both effective and economically beneficial approach. This
strategy has considerable advantages over commercially available sorbents, and
contributes to the overall waste minimization. A detailed assessment of benefits in
respect to competing technologies is needed, particularly for metal-plating and metal-
finishing operations, mining and ore processing operations, metal processing, battery and
accumulator manufacturing operations; thermal and nuclear power generation.
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ABSTRACT

The paper objective is to explore and reveal the role and importance of logistics services and
operators in waste industry. Reported practice in the Republic of Serbia, as well as some experiences of other
countries is presented. The focus is on strategic level of waste logistics and usage of logistics service providers
in waste management. The research goal is to contribute to a general picture about the role of logistics in waste
industry in the Republic of Serbia. Presented results highlight the crucial importance of logistics in waste
industry and make a ground for further research and policy measures.

Key words: Waste logistics management, Waste industry, Logistics providers, The Republic of
Serbia

INTRODUCTION

Beside its crucial importance for environment and human health, waste industry
has an important economic aspect. It opens the opportunities for new enterprises, new
jobs, increasing the volumes of sales and income [1]. The main processes in waste
management are collection, transport, recycling/reusing, treatment and disposal [2].
More detailed processes description may include separation (sorting) and collection,
transport, temporary storage, transfer, recycling/reuse, treatment and final disposal as the
elements of waste management system. The later description also indicate that four out
of seven processes are clearly logistic processes and activities, while other ones involve
internal logistics in waste flows in order to perform core business process (in direct flows
also called "plant logistics"). This fact indicates a vital importance of logistics in waste
management.

The paper objective is to explore the current state in waste logistics and to
recognize the role and importance of logistics services and operators in waste industry.
For that purpose, we used available literature with reported practice in both high and low
income countries and a case study of Serbia. The later includes the analysis of a database
about logistics providers, who have obtained the licenses for waste logistics operations in
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the Republic of Serbia. The research goal is to contribute to a general picture about the
role of logistics services and operators in waste industry. The research is concerned with
the popularity of particular logistics services, tendency to bundle the services and the
investigation how much logistics operations tend to be outsourced among enterprises
which main activities are non-logistics operations - i.e. treatment, recycling/reusing and
disposal. Thus, the focus is on strategic level of logistics management within waste
management.

The paper is organized as follows. In the second Section, an overview of
logistics actors and operations in waste logistics is given. Already recognized importance
of waste logistics is pointed out, particularly in low and middle income countries. The
main data about waste, waste management and waste operators in Serbia are also
presented. In the third Section, the research methodology is given. Main research results
and discussion are in the fourth and fifth Sections respectively. The last Section contains
final remarks and conclusion.

WASTE LOGISTICS AND LOGISTICS PROVIDERS
A literature review

One of the widespread characteristics of modern civilization is a significant and
uncontrolled growth in the quantities of generated waste. As one of the responses to this
urgent situation, the most developed countries have already defined the concepts of "zero
waste cities", which assumes waste prevention and 100% recycling rate [3]. There are
also the first records about successful steps toward waste prevention and communal
waste decreasing in practice, not only in most developed countries, but also in the Balkan
countries (e.g. see [4], [5], [6] etc.). Zero waste means minimizing waste generation, but
also recycling the most of generated waste, which further implies new material flows
and, consequently, a need for more complex and efficient waste logistics. In December
2015, European Union adopted a very ambitious plan toward new Circular Economy
Package to support all business parties and consumers in transition toward more circular
and more sustainable economy.

Still, waste logistics entities and operations are not much explored in the
literature, particularly in developing countries. In a few available papers, authors point
out the vital importance of logistics in waste management (e.g. in [7]). Some experts
notice that collection and transportation within the system of municipal solid waste
management may account more than 60% of the overall budget [8], while some other
authors point out that such costs may reach up to 85% of the total expenditure on waste
management in India [9].

Both public and private sectors are active in waste management. In developing
countries, there is an emerging trend in encouraging private sector to enter into solid
waste management operations. Some authors recognize several important kinds of
private sector operators in developing countries [10]: waste pickers, waste buyers, small
and medium enterprises involved in recycling industry, large-scale operators in recycling
industry, community-based organizations, non-governmental organizations and for-profit
micro-enterprises. According to this classification, logistics operators may be among
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waste pickers, and micro-enterprises which deliver services, though their role is not
clearly pointed out in the research. Other actors, which main business is not logistics,
may also own transport fleet, transfer or storage waste facilities. The enterprises from
public sector, usually responsible for municipality waste, also use to have own-account
transport capacities and transfer stations. As a rule, municipality is responsible at least
for a part of the infrastructure and equipment for collection, transport and transfer of
household waste.

Informal sector may be developed particularly in primary collection and sorting.
It is applicable in both developed and developing countries. Still, in developing
countries, the significance of informal sector is often higher [10]. The reasons for
significant role of grey economy in such countries lay in poorness, unemployment or
underemployment.

Further, in low and middle income countries, waste logistics systems are often
characterized by improper collection systems [11], poor route planning, lack of
information about collection scheduling [12], which implies suboptimal solutions in
scheduling, insufficient infrastructure [13], poor roads, old and insufficient transport
fleets for waste collection [14] and, consequently, a decreased efficiency, increased
transport and logistics costs and increased environmental impact.

Thus, identification of a current state and practices is the first step toward
development of a sustainable and efficient waste logistics and, consequently, overall
waste management.

Waste flows may be realized with own-account capacities and by using external
sources - logistics service providers. This is recognized as one of the most important and
for decades-long trends in logistics - logistics outsourcing. Logistics outsourcing may be
defined as using external firms to perform activities which could be, or have been,
performed in house [15]. It is considered as a strategic decision. The main reasons for
logistics outsourcing are cost reduction, service improvement, operational flexibility, or
business focus on core competency [16]. Similarly like in traditional supply chain flows,
waste operators may perform one or more logistics operations.

There are not much evidence about the practice related with logistics
outsourcing in waste industry. According to the available literature, both own-account
fleet and third parties may be used to collect different kind of waste. Public-private
partnerships (PPP) is a significant mean for modernization of Municipal Solid Waste
Management (MSWM) in both transition economies and in EU member states. The
modernization of MSWM assumes four aspects [17]: the modernization of vehicles and
equipment, the construction of sanitary landfills to EU standards, the adoption of
integrated and holistic MSWM strategies and the regionalization of collection and
transport services. These aspects are strongly interdependent. For example, it is
prohibitively expensive to transport uncompact waste over long distances to a new
regional landfill with old and low capacity trucks. The recent practices has recorded that
the investment into transport fleet renewal and the management of logistics operations is
often transferred to the private sector within PPP (ibid.), which is also a kind of "soft
outsourcing".

The European Green Dot concept, developed from German recycling
organization Duales System Deutschland (DTD), assumes that the obligation of the
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packaging manufacturers and distributors to take back used packages and to arrange its
reuse or recycling, can alternatively be transferred to a third party [18]. Today such party
may be provider who offer a range of services, from basic logistics activities to
developed integrated, customized waste management solutions. In the UK, commercial
waste is collected either by a national or local contractor, by the local authority, where
they offer such a service, or in-house, using the business’ own vehicles; in some cases,
commercial waste may be taken, often illegally, to household waste recycling centres
[19]. Only few papers consider outsourcing of reverse logistics services in extended
supply chains, related both with recycling and waste flows in specific industries (e.g. in
high tech industry, in [20]).

Some authors recognize that service providers' support to the system is among the
key elements for the efficiency of the collection, transfer and transport of solid waste [21].

Waste logistics and operators in Serbian waste industry

The waste industry is relatively new economy branch in Serbia. Still, the
recently estimated annual turnover at waste market in Serbia is almost 1 billion EUR a
year [22]. The waste volume in the Republic of Serbia is still hard to estimate. The main
reason is a lack of comprehensive and historically developed database on waste and,
consequently, a lack of qualitative and quantitative analysis. The collection of communal
waste records an increase from 60 % in 2007 to 80% of population in 2013 [23]. A rest
of communal waste is still disposed or incinerated without control. The recent public
reports also reveal a slight decrease of generated communal waste - from 2.71 to 2.41
million tons [6] and generated special waste in last few years [24]. According to
available data, about 8.7 million tons of waste was generated in the Republic of Serbia in
2013, of which less than 6% is hazardous waste. Only for 26% of totally generated
waste, producers reported how they handled with this waste. Approximately 13% of
waste is temporarily stored in the warehouse of another plant, 10% is given to operators
to be reused/recycled and 2% to be deposited, while 1% is exported by producers [6].
The recycling industry is, depending on the product, processing less than 20% of the
available waste, while the waste is even imported to serve local industry in some cases
[22]. In 2013, the administration collected about 87 million EUR for environmental
(recycling) taxes, and at the same time it was supposed to spend some 16 million EUR
for various incentives (ibid.).

In the Republic of Serbia, a traditional way of waste management is still
dominant, characterized by low level of primary selection, sorting and recycling. To
reach the environmental standards of European Union (EU), Serbia needs approximately
5 billion euros for the big infrastructure investments in the field of waste and waste water
management. These funds should be obtained mainly from EU, and from national,
provincial and local governments. The investments into the infrastructure for treatment,
disposal and recovery, as well as secondary industry which use the products of recovery,
should bring out 20.000 new jobs [22]. Due to increasing waste volume and cost of
municipal solid waste management, the Serbian Government has adopted the strategy to
promote PPP [25]. That means that public utility can use legal or natural persons to
provide logistics services or invest into modern facilities and infrastructure [26]. In the
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praxis, the share of private partners is related with both big investments and non-logistics
operations (e.g. The City of Belgrade wishes to develop the waste treatment and disposal
facilities through a long-term PPP model, see [27]), and with logistics service, which
may include the renewal of transport fleet, collection and transport ([26], [28]).

The short-term and long-term national goals related with the database and
network infrastructure development has been defined in The National Strategy on Waste
Management in the Republic of Serbia [25] and they mostly implicitly regard with waste
logistics. However, the first experiences reveal that, once when the waste infrastructure
network is developed, the success in covering operations costs strongly impact on
successful implementation of adopted EU standards in the practice. Therefore, it is
important to recognize the importance of logistics operations into the planning projects on
time and develop efficient mechanisms which support a development of good practice.

Formally, only operators with the licenses for waste management are allowed to
perform the business in waste industry sector. The national, provincial and city
governments give the licenses to operators who wish to operate in waste industry and
meet required standards. The licenses may cover single operations, i.e. collection,
transport, storage, treatment (including recycling) and disposal, or be related with several
operations ("integral licenses"). Some recent research reveal that the licenses related with
logistics operations prevail among the issued licenses ([29], [30]). This fact, coupled
with a scarce literature about the importance of logistics in waste management, inspired
us to explore more in-depth a current role of logistics providers in waste industry in
Serbia. The informal sector in collection and transport also exists, but its role will not be
considered here.

METHODOLOGY

We explored a comprehensive database about operators which obtained legal
permissions/license for waste management. The focus was on the licenses which are
valid for 2015. The operators have obtained either long-term licenses which are still
valid in 2015, or they have started to be valid in 2015. The database is published in
February 2015 by the Environmental Protection Agency, which belongs to the Ministry
of Energy, Development and Environmental Protection [6]. Additionally, we used the
historical database for the period 2010-2012 about registered operators, from the same
source, to compare the number and types of issued licenses in both periods and identify
changes, if they exist. Obtained data are systematized in Excel worksheets, and used for
statistical analysis and graphical presentations.

RESULTS

In total, 1783 operators have got the licenses to join the waste industry market
in the Republic of Serbia in 2015. For each operation in waste management, operators
have to obtain permission separately. Figure 1 shows for which operations operators
have been interested to obtain the licenses, i.e.: collection, transport, storage, treatment
and disposal. The licenses for enterprises can be integral, which means to cover the
permissions to perform several operations.
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Figure 1. Operations covered by waste management licenses in 2015

Comparing the number of operators and the number of operation licenses, it can
be noticed that operators use to request integral licenses, for two or more operations.
Figure 2 shows the number of operators/licenses per type of license in the period 2010—
2012 and in February 2015. The licenses for single operations are Tt - treatment, D -
Disposal and LOGsingle - summarized single-operation licenses for three logistics
operations: collection, transport and storage. The rest of presented licenses are integral,
i.e. cover more than one operation. The total sum of all licenses per year is equal to the
number of operators in the market in given periods.
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Figure 2. The number of operators/licenses in the period 2010-2012 and in February
2015 per type of license: Co - collection, T - transport, St - storage, LOG - all logistics
operations, collection, transport and storage, LOGsingle - single-operation licenses for

all three logistics operations, Tt - treatment, D - Disposal
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Again, in both cases we used the database of the Environmental Protection
Agency, published regularly on the official website. It can be noticed that the newer
database is more comprehensive, cover more data about the operators' licenses structure
and covers one year, instead of two years. For example, the database for 2010-2012 has
not contained any data about disposal licenses. An increase of number of licenses can also
be noticed for all types of licenses, sometimes very significant for so short time period.

To gain more insight into the characteristics and aspirations of waste operators,
we have further explored the operators' interest for single operation licenses. Figure 3
shows the main results. Only 351 operators out of 1783 (19.69%) have the licenses for
only one operation within waste management, and logistics licenses are dominant over
the treatment and disposal ones. Out of 351 single-operation licenses, 78.35% are
transport licenses, while less than 4% of operators are licensed only for treatment of
disposal, which are basically non-logistics waste operations.

78.35%

13.96% 057%

u Collection m Transport = Storage = Treatment Disposal

Figure 3. The structure of single-operation waste licenses

Table 1 shows the structure of licenses only for logistics operations. In addition
to the single operation logistics licenses, eleven operators are licensed only for treatment
and two only for disposal activities.

Table 1. The number of logistics providers - operators which obtained licenses only for
logistics operations

Single-operation licenses Integral licenses
Collection Transport Storage Sum
Co+St CotT T+St  Cot+T+St
(Co) (T) (8t)
49 275 14 9 779 2 93 1221
4.01% 22.52% 1.15% 0.74%  63.80% 0.16% 7.62% 100.00%

Finally, it was also explored how much is developed the logistics services
diversity among logistics providers. The number of single and integral licenses obtained
by logistics providers is presented in Table 1. It can be noticed that the share of integral
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licenses for collection and transport highly prevail among operators (63.80%), and they
are followed by transport licenses (22.52%). Other kinds of single or integral licenses are
significantly less presented and all together have a share of 13.68%. A whole package of
integrated logistics services (collection, transport and storage) offers less than 1% of
providers (0.74%).

Five hundred and forty-nine firms (30.79%) perform treatment, disposal or both
of these operations and 71.03% of them have the licenses to also perform the whole
package of logistics operations - collection, transport and storage (Table 2, the next-to-
the last column).

Table 2. Insourcing logistics services in waste management - the operators who perform
Tt, D, and types of their logistics service(s)

Tt+Co Tt+T Tt+St | Tt+Co+T | Tt+Co+St Tt+T+St Tt+LOG Sum
0 0 94 15 20 11 373 513
0.00% 0.00% | 18.32% 2.92% 3.90% 2.14% 72.711%  100.00%
D+Co D+T D+St D+Co+T | D+Co+St D+T+St D+LOG Sum
0 0 0 3 0 0 2 5
0.00% 0.00% | 0.00% | 60.00% 0.00% 0.00% 40.00% 100.00%
D+Tt+Co | D+Tt+T | D+Tt+St | D+Tt+Co+T D+Tt+Co+St | D+Tt+T+St | D+Tt+tLOG Sum
0 0 5 2 9 0 15 31
0.00%| 0.00% | 16.13%| 6.45% 29.03% 0.00% 48.39% 100.00%
DISCUSSION

The majority of academic papers and policy documents related with waste
management are focused mostly on recycling, treatment and disposal. Still, these
activities are impossible without collecting, transport, storage and transfer of waste. The
later ones are the main subsystems of waste logistics in waste flows and usually are
dominant costs in waste budgets. Therefore, the characteristics of logistics services and
logistics operators directly impact on overall waste management system costs and
efficiency. The available data in reports, research papers, whitepapers etc. about logistics
operators' characteristics in waste industry are scarce. Only some indications about the
practice in both developed and developing countries may be found in the literature,
mostly mentioned in analysis of other waste management issues. The prestigious papers
focused on waste logistics, mostly deal with processes and operational issues, such as
cost optimization [31], vehicle routing and allocation [32], and sometimes with more
strategic decisions, like reverse network design [33]. However, a strategic decision about
the usage of external logistics resources is almost neglected in the literature, with rare
exceptions (e.g. [20]). There is not much evidence about the operators' motivations and
obstacles to keep in-house or outsource logistics operations, about the role of logistics
operators on the market and the structure of their services in waste flows. According to
the literature, logistics outsourcing may reduce costs, increase service quality and allow
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the focal firms to focus on core activities. During the decades, logistics providers have
been evolved from firms which offer basic activities to global companies with integrated,
complex and customized logistics services, including waste logistics solutions. Logistics
costs can take a significant share in overall reverse flows costs. More important, once
when reverse network is established, operative costs will be a key factor for
sustainability of established network. Therefore, they have to be identified, well
estimated and controlled within reverse network. Only in that case, policy makers and
stakeholders can create appropriate model for logistics management within waste
management (e.g. PPP), or make other decisions which are crucial for reaching overall
targets related with waste recycling and management, such as legislative framework,
subventions, taxes, permissions, market conditions etc.

Considering the overall business environment, it can be concluded that the
database about the generated waste, and consequently, about a need for service, is still
incomplete in the Republic of Serbia. Huge investments into the waste management
infrastructure network have been already realized and the additional funds are also
planned for the forthcoming period. The database about generated waste volume is
continuously improving, the statistical reports about waste management are more and
more comprehensive and the number of operators in waste industry is increasing. The
majority of investment is expected to be directed toward the infrastructure, and therefore
they currently keep the focus of experts and governmental institutions. Still, it should be
noted that a significant part will be also dedicated for equipment and transport capacities
replacement. Also, once when networks are established, waste logistics is crucial for
profitable and efficient moving waste and making and keeping waste management
systems "alive".

Considering the number and the quality of reports and databases about the waste
and waste operators, a significant progress has been recorded in the Republic of Serbia.
An increasing interest for waste management licenses is an encouraging indicator that
private firms and entrepreneurs more and more recognize waste industry as a profitable
sector. Operators are mainly interested for integral licenses, which cover several
operations in waste management. The licenses for various logistics providers are
dominant in the structure. The most popular kind of licenses are those ones which cover
collection and transport (44% of all issued licenses), and treatment with all logistics
functions - collection, transport and storage (21% of all licenses). While the former has
continuously recorded the highest rate during last five years, later expresses a rapid
rising of popularity over all other kind of licenses. This integral license is the second
most popular kind of license in 2015 (Figure 2). Various licenses for logistics providers
highly prevailed over the licenses for operators who perform treatment or disposal, with
or without accompanying logistics services - the former make 68.48% of total number of
licenses (Table 1). Amongst them, most popular are transport and collection, transport,
and integral licenses for collection, transport and storage, respectively (Table 1, Figure
1). Integrated waste logistics services — collection, transport and storage — are not so
popular among logistics providers, as it could be expected, considering the popularity of
integrated logistics services and providers in direct material flows. In the forthcoming
period, waste logistics market maturity, gradual development of logistics operators, and
service improvement related with modernization of waste management systems may
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bring changes in that sense.

The reasons for popularity of basic logistics activities in waste management
may lay in the fact that it is a new economy branch and firms need less capabilities and
facilities to start the business in these operations. They also need less capital
investments, because transport and storage capacities are usually less expensive than
investments into the modern treatment facilities and disposal places which have to meet
the standards of European Union. Therefore, firms, mostly micro, small and middle
sized, have recognized that it is more profitable and less risky to focus on one or two
linked basic logistics activities. Sometimes, operators may even use the existing fleet and
storage capacities to adjust them for waste management and so enter into the waste
industry with a minimum of investments. The offer of highly developed, even customized
logistics services might be the future of waste logistics providers on Serbian market.

The waste logistics is popular even among the firms which perform treatment
and disposal, because they tend to keep one or more logistics services in house.
Interestingly, the operators who perform treatment, disposal or both of these operation,
more like to develop integrated logistics service than logistics providers. More than 70%
of operators who perform treatment, disposal or both of these operations (out of 549
operators in Table 1) have developed all three logistics services in house. Their number
is significant even in total amount of registered operators for waste management - they
make one fifth of operators (390 operators, or 21.87%).

It can be concluded that waste logistics in Serbia seems to look as a very
important and promising field in the imminent period for actors in waste industry.
Actually, all operators have recognized the vital importance of logistics activities. Two
main indicators support this viewpoint. Firstly, the majority of operators who perform
treatment, disposal or both of these activities wish to keep in-house the whole package of
logistics activities and so meet at least a part of own service demands by own-account
capacities. Secondly, the logistics providers who perform one or more logistics activities
are currently significantly prevailing among operators in waste industry. An interesting and
somewhat unexpected result is that firms which perform waste treatment and disposal tend
to develop integrated logistics service in house. More in-depth research is necessary to
explore the reasons for this declination from prevailing logistics outsourcing trend.

The presented research indicates the critical role of waste logistics in waste
industry and make a suitable ground for further research in various directions. Logistics
should be clearly recognized in financial and environmental plans and policy actions
related with waste management. It has a critical role in modernization of MSWM
systems in three out of four elements given (Section 2.1), as well as in building
successful and synergic relationships between the elements.

Further research could include more sharped analysis regarding the waste
operators market, waste flows and logistics providers' characteristics, which could be
related with the particular kind of waste (e.g. municipal waste, hazardous waste, etc.),
capacities, spatial distribution, revenues, or their impact on environment. This could give
some useful additional remarks related with the economic, legislative and environmental
policy instruments focused on actors in waste logistics industry, in order to achieve
modernization of overall waste management systems and their compliance with EU
legislatives and standards.
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CONCLUSION

The logistics operations are of vital interest for successful waste management.
They can be performed in-house, by operators which main focus is on recycling,
treatment and disposal activities, or they can be outsourced to logistics providers.

Logistics outsourcing and the development of specialized logistics companies are
among the main trends in logistics all over the world. In the Republic of Serbia, most of
operators (almost 70%) decide to enter into the waste industry as logistics providers, who
offer one or more logistics services. Since 2010, the most popular kind of license has
been the integral license for collection and transport. The license popularity and the
dominant rate of collection and transport costs in total budget for waste management
([8], [9]) both indicate the priority of these logistics activities. On the other side, a
majority of waste operators specialized for treatment and disposal also use to develop all
logistics services in-house. The integral license for treatment, collection, transport and
storage records the most rapid growth from 2010-2015. All obtained results indicate that
waste logistics have been, and will continue to be of critical importance for all actors in
waste flows. PPP provides the opportunity for a kind of "soft outsourcing", through joint
ventures and other kinds of stronger relationships than individual market transactions.

The highest initial investments into the waste management are related with
infrastructure network (including logistics capacities and facilities), but the collection
and transport are dominant costs once when waste management system runs. For all
these reasons, it can be concluded that waste logistics has to be recognized by
stakeholders, policy makers and researchers as one of the vital pillars in waste
management.
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ABSTRACT

The ecological issues have been in the spotlight in the recent years. These
issues have been approached from many different angles and sometimes from
contradictory points of view. This plenary paper will make a critical review of various
approaches during the years since Kyoto protocol and will suggest the best sustainable
and promising approach.
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ABSTRACT

On the territory of Republic of Serbia it’s not enough to just recognize the potential for business
entrepreneurship in the area of landscape architecture and horticulture. The opening of small and medium sized
businesses which would be working on this field would create competition on the market and would as well
raise awareness for the green areas. The basic principles for establishing six types of companies are elaborated
in this paper, which are: company for designing green spaces, company for raising or establishing of the green
spaces, company for the care and maintenance of green areas, company for designing and establishing green
areas, company for establishment, care and maintenance of green spaces and a company for designing,
establishing, care and maintenance of the green areas. Small and medium sized businesses in the field of
landscape architecture have similar or the same structure of the company but the needed capital in order to start
the business, the risks and the market are not the same for every kind of the before mentioned enterprises.

Key words: small and middle sized companies, landscape architecture, horticulture.
INTRODUCTION

The creation of complex, functional and spacious green systems is a very

popular tendency in the whole world. On the territory of the Republic of Serbia, until
recent years the potential for it wasn’t noticed, there was no interest in the cultivation
and nursing of green areas. The establishment of small and medium sized businesses
which would be engaged in the areas of landscape architecture and horticulture would
create competition on the market that will contribute in bigger efficiency and better
economy. In order to use the functionality of one area in most effective way it is
necessary to design an area which correspond to the conditions of that particular area,
construct the area according to the regulations and then properly maintain and cultivate
the green area.
The green area in the city urban life has a big ecological, esthetic and physiological
meaning. The greenery affects on the microclimate of the area, it makes it more pretty, it
motivates the population to use it for recreation, creates a pleasant feeling while staying
in it. Therefore, the green areas are places for relaxation, rest, recreation, casual meetings
(Anastasijevic, 2007).
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TYPES OF COMPANIES

In the previous work we are dealt with some elements of the six types of
enterprises in the field of landscape architecture and horticulture: company for designing
green spaces, company for raising or establishing of the green spaces, company for the
care and maintenance of green areas, company for designing and establishing green
areas, company for establishment, care and maintenance of green spaces and a company
for designing, establishing, care and maintenance of the green areas.

When starting a business, should take into account a number of things: founding
deposit, existing infrastructure, competition, market, qualifications of staff, necessary
tools and equipment to carry out transactions etc. Later, in the registration a license is
required (one or two, depending on the range of activities of the company) and the code
of the primary activities. Activity code consists 4 digits and describes the activity that’s
the company mainly occupation. The main activity covers 51 % of company activities.
From this we can see that the company may engage in other activities, if they are within
the law. Small and medium sized companies, which are engaged in Landscape
architecture and horticulture, have the primary activity code 8130, and the exact name of
the activity “Services of establishing and maintenance environment”. It includes:
development and maintenance of parks and gardens for private houses and apartment
buildings, public buildings (schools, hospitals, administrative buildings, churches, etc.),
the city green spaces and cemeteries, greenery along the roads, industrial and
commercial buildings; designing and maintenance of greenery and sports grounds for
building, outdoor play, lawns for sunbathing and other green areas for recreation, coast
around bodies of water; planting trees to protect against noise, wind, erosion, etc. Other
activity code which also can be used by previously described company, is 7111, and the
name of this activity is “Architectural activities”. Includes giving an architectural
advices, which are related to the drafting of plans and projects, urban and spatial
planning, designing landscapes ("Pursuant to Article 3 of the Governent Law
Classification of Activities ("Sluzbeni glasnik RS ", no. 104/09) and Article 42,
paragraph 1 of the Government Law ("Sluzbeni glasnik RS", no. 55/05, 71/05-
correction, 101/07 and 65/08)").

1. Organization of the company for designing green spaces

For the services which this company provides, engineer od landscape
architecture is required (activity code: 216202), which has a license for responsible
designer od landscaping arranging free spaces (license number 373). If necessary,
engage the stuff of necessary professions and qualifications.

Description of activities: Project development of landscape design of open
spaces such as parks, public gardens, outdoor recreational spaces, walking trails, picnic
areas, squares and plazas, open spaces of apartment blocks, hotel gardens, courtyards,
school, hospitals, children’s institutions and other, the protective green belts, green
roads, cemeteries, botanical and zoo gardens, roof gardens, home gardens, bio interior
design projects, etc.
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2. Organization of the company for raising or establishing of the green space

For the services which this company provides, engineer of landscape
architecture is required (activity code: 216202), which has a license for responsible
contractor of landscaping arranging free spaces (license number 474). If necessary,
engage the extra maintenance workers (activity code: 921401).

Description of activities: carrying out preparation and sanitary work, clearing
of trees, shrubs, removing weeds, removing stumps, etc.; ground works leveling and
surface drainage; installation of park facilities (pergola, hayloft, stairs, ramps, fences,
fountains, fountains, etc.); installation of park and urban furniture-equipment; Lighting
system for watering the greenery; cropping land preparation (substrate); planting and
seeding of plants; the establishment of all types of lawns to park areas, parking lots and
sports fields (football, golf, etc.); works of reconstruction of park and natural heritage
(protection, restoration, conservation, reconstruction, etc.).

3. Organization of the company for the care and maintenance of green areas

For the services which this company provides, engineer of landscape
architecture is required (activity code: 216202), which has a license for responsible
contractor of landscaping arranging free spaces (license number 474). It's necessary for
responsible contractor to have knowledge of care and maintenance (pruning trees and
shrubs, knowledge in the field of entomology and phytopathology, care I maintenance of
grass surface, etc.)

Description of activities: maintenance of sports fields, parks and other public
and private green spaces and care of lawns, trees, shrubs, flowers (just one and / or all of
the above which are mentioned); maintenance of garden and architectural elements.

4. Organization of the company for designing and establishing green areas

For the services which this company provides, engineer of landscape
architecture is required (activity code: 216202), which has a license for responsible
designer od landscaping arranging free spaces (license number 373) and a license for
responsible contractor of landscaping arranging free spacies (license number 474).
There is a need for employment the extra maintenance workers (activity code: 921401)
and technical drawing assistant (activity code: 202001).

Description of activities: designing and establishment of all types of green areas
(for more details see the description of the activities of companies under number 1 and 2)

5. Organization of the company for establishment, care and maintenance of
green areas

For the services which this company provides, engineer of landscape
architecture is required (activity code: 216202), which has a license for responsible
contractor of landscaping arranging free spaces (license number 474). It's necessary for

35



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

responsible contractor to have knowledge of care and maintenance of green speces.

There is a need for employment the extra maintenance workers (activity code: 921401).
Description of activities: establishment, care and maintenance of green spaces

(for more details see the description of the activities of companies under number 2 and 3).

6. Organization of the company for designing, establishing, care and
maintenance of the green areas

For the services which this company provides, engineer of landscape
architecture is required (activity code: 216202), which has a license for responsible
designer od landscaping arranging free spaces (license number 373) and a license for
responsible contractor of landscaping arranging free spaces (license number 474). ). It's
necessary for responsible contractor to have knowledge of care and maintenance of green
spaces. There is a need for employment the extra maintenance workers (activity code:
921401) and technical drawing assistant (activity code: 202001).

Description of acrtivities: for designing, establishing, care and maintenance of
the green areas (for more details see the description of the activities of companies under
number 1, 2 and 3).

ADVISER

DESIGNER. CONTRACTOR SUPERVISOR. TECHNICAL SECTOR

extra maintenance worker of]|
green areas code 921401

Engineer of landscape Engineer of landscape The referent on yobs of
architecture with the required architecture with the required establishment, care and
license license maintenance of green areas

MECHANIZATION
Manager of machines

Picture 1. Scheme of the organization of the company for designing, establishing, care
and maintenance of green areas (based on pc5.8, p.33, Dragovic, N. (2010))

With the expanding scope of work in any of the above types of companies,

there is a need for increasing the number of workers of all qualifications ( with or
without qualification, and engineers).
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DISCUSSION

Establishment of companies in the Republic of Serbia encourage greater
competition in the market, and is therefore the quality of services firms in the profession
better. Small businesses have a very important role in local and regional development of
a country. They are often the main source of new workplaces, and young people have the
opportunity to self-create a working environment that suits them. Yet the establishment
of businesses is not easy, it is necessary to plan the direction in which the company
develops and which services may qualify as the best possible. Also, we must be aware of
the risks that leave a negative impact on the firm's work. We should not expect constant
success, but it must exist.

As arule, small companies are established by an individual entrepreneur, who is
also the owner and manager of the company. He independently makes all decisions
related to the business and bears the risk of business (Zivkovi¢, 2014). What goes as the
basics of good functioning of the company is having workers whose relationship is based
on trust and who are sufficiently skilled to perform tasks, to avoid problems and
workarounds generated during the works. It is preferable to professionals licensed, which
determines the degree of competence for the given tasks, and gives confidence to
customers.

When starting a business, it is necessary to pay attention to the laws that are
associated with the profession and should be monitored legal regulations.

One of most important features during the establishment is the initial capital,
which is necessary for the functioning of the company until the first profit. Only
established companies rarely have their own legal and financial services, so it is better to
engage legal and accounting agencies, but with the increase in workload and capital it
can be formed sectors for administration and accounting. After the founding of the
company, entrepreneur at the beginning investing in equipment and technology as much
as it is able and in accordance with the workload. Constantly extraction part of the profit
in upgrading working conditions of companies is the right way by which the company
should take.

It should be mentioned that it is not needed a large capital for the establishment
of small and medium companies, and that there is a possibility to easily and quickly
expand businesses. It fit into the economic space that large companies do not cover, tasks
which are not interested in or jobs that are not profitable. For a company that only deals
with the design requires minimum initial capital, which is a mitigating factor for starting
of businesses. t should be kept in mind that the design services do not need a large
number of people. This company can have only one employee, who would be the owner
of the company, at least until the job starts.

CONCLUSION

When starting a business it is essential to have designed a business plan, which
defines the structure, strategy and objectives of the company, as well as start-up capital,
in order to avoid errors and problems in the early beginning of the work. In the previous
text are given 6 types of companies that can be small or middle sized. It can be
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concluded that the companies given the nature of the profession of landscape architecture
and horticulture are necessary for the state and society.

By increasing the number of firms or companies in the field of landscape
architecture and horticulture, the cities will be prettier and healthier, because of the
raising and greening exterior with plants that will be adequately cared for and
maintained.

Small and middle companies (or businesses) are the biggest movers of the
economic growth. Their big advantage is the fact that they are flexible and they can
quickly adapt to the changes and the needs of the market. The economic stability of the
country will get better because of the bigger number of companies that will develop.
With that in mind, the competition will increase, and with the elimination of the market
monopoly the prices will drop, and the services that companies with landscape
architecture and horticulture provide will be more available to the customers. From all
that we can conclude that the budget of Republic of Serbia will increase, and the
economic gain from this occupation will be bigger. Special positive effect founding this
type of companies has on the decreased number of unemployment. With increased
number of employed the GDI (gross domestic income) will raise.

Except projecting and raising green areas, it should be noted and plant in the
consciousness of human population that maintenance and care of plants are an essential
purpose for green area. It is not enough just projecting or raising green areas, she must be
properly fostered, that they could manifest her positive characteristics, potentialities, and
gives the best possible effect on the environment.

Depending on the possibilities, wishes, skills, it can be opened businesses which
will be deal with only one of this activities, or combination couple of them.

This represents some of the most important reasons why we should invest in Landscape
architecture and horticulture.
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ABSTRACT

On November 11™ at the northwest slopes of the Vrsac’s Mountains 35 gelatinous ruby red balls

were found. It was confirmed at the Institute for Biological Research “SiniSa Stankovi¢” in Belgrade, they were
colonies of cyanobacteria of genus Nostoc. The aims of this paper were a thorough characterization of one
Nostoc colonies and the presentation of the cooperation JP Varos as a custodian of VrSac’s Mountains with
scientific institutions in the case of determination of these algae. Since these organisms are not sufficiently
explored in this region, their every finding is very important to study the biodiversity at local scale.

Key words: Nostoc genus, Vr$ac’s Mountains, biodiversity.
INTRODUCTION

Successful active protection of nature requires a permanent monitoring and
recording the observed phenomena in the field. Therefore, the close cooperation between
the managers of protected natural resources and scientific and professional institutions is
needed. This paper presents an example of cooperation between JP ,,Varo$” from Vrsac
and the Institute for Biological Research “SiniSa Stankovi¢” from Belgrade in
determination algae of the genus Nostoc.

MATERIAL AND METHODS

Thirty five red balls in diameter about 1 cm were found on 11™ November along
the residential zone of Vrsac Mountain at 45° 07°29" N, 21° 19” 10" E and 144 m above
sea level. They were measured and sent to the Institute for Biological Research “Sinisa
Stankovi¢” in Belgrade where Prof. dr Reinhard BOcker from University of Hohenheim,
was identified them as a colony cyanobacteria of the genus Nostoc.
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Figure 1. The locality of the Nostoc record (GoogleEarth®)

RESULTS AND DISCUSSION

Nostoc is a genus of blue-red algae which can be very long in a dormant state
until the conditions favourable to the metabolic activity are created. It has special life
cycle, during which forms a few characteristic stages. They are important contributors to
global photosynthetic biomass production', common in both terrestrial and aquatic
habitats. Also, it has capability to fix dinitrogen from the atmosphere.” Most of species
from Nostoc genus live in symbiotic interactions with fungi, lichens and mosses. Some
of the cyanobacteria have ability to protect from detrimental effect of UV radiation®
because of its UV-A/B absorbing pigment. A few types of Nostoc are edible and had
been used as a source of protein and vitamin.*

They are found in gelatinous colonies, composed of filaments called
"trichomes" surrounded by a thin sheath. Thallus which was collected from the field is
spherical, approximately around 1 c¢m in diameter. Prof Dr Reinhard Bocker from
University of Hohenheim, who has been in visit to Institute for Biological Research
“SiniSa Stankovi¢” in Belgrade, microscopically has observed and determined them as
Nostoc spp.
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Figure 2. The Nostoc colonies in the field (photo:Milivoj Vucanovic)

The genus of Nostoc is poorly studied and described and without the help of
experts it was not possible to carry out the identification’. Further doubts according the
identification of this species appeared due pronounced ruby red colour of the colonies
that are not common in the field. The more precise determination to the species level
requires the examination of the life cycle and the genetic analysis.

Figure 3. A size of the thallus (photo:Milivoj Vucanovic)
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After the identification by the Prof Dr Reinhard Bocker, this record of
Cyanobacteria was incorporated in Geographical information system of the VrSac’s
Montantains.

CONCLUSION

The identification of cyanobacteria is often difficult and requires the application
of morphological, molecular and eco physiological techniques. For mostly findings in the
field it is necessary specific expertise. Therefore, it is of great importance to improve
collaboration between the managers of the protected areas and scientific and professional
institutions, with the aim of recording and studying the species. In addition, better
knowledge of the biodiversity at the local scale will improve ecological awareness
among the stakeholders.
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ABSTRACT

The adults of brown marmorated stink bug-Halyomorpha halys (Stil, 1855) were first officially
recorded in Serbia (VrSac) in October of 2015. However, the immature stages of these invasive insects have
been recorded in June of 2015, also in VrSac. In this paper the findings and the brief review of this species are
given. This highly polyphagus pest from Asia, is considered pose a risk to the crops and ornamental plants in
other continents, where its natural enemies are absent. For the rapid response to a new invasive species it is
important to timely notify the public, which is the main objective of this paper.

Key words: Halyomorpha halys, Vrsac, first record, invasive species.

INTRODUCTION

The various impacts of invasive insects on natural protected and local
agricultural areas are evident worldwide. In order to decrease their negative impact on
these areas, one must first understand their life cycle and distribution. Halyomorpha
halys (Stal, 1855) was officially reported from the Europe in 2004 in Liechtenstein'. A
several adults were noticed in 2013. in Budapest, for the first time in Hungary®. On June
22™ 2015, an egg mass of the brown marmorated stink bug was photographed in urban
area in Vriac, on potted plant of strawberry, but first published record was in October 9"
of 2015 at the slopes of Vr$ac’s Mountains.

Vrsac’s Mountains are protected as an area of outstanding features with the
prescribed care regime of I, I and III level. This finding of brown marmorated stink bug
was identified as a threat to the locus of the endangered species which grows in zone of
the first level of protection.

MATERIAL AND METHODS

On 22" June 2015, the eggs of Halyomorpha halys (Stal, 1855) were noticed
and photographed on the leaves of strawberry potted in terrace from house in Vrsac at
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45° 06°60" N, 21° 18’ 21" E and 104 m above sea level. A few months later, on 9"
October 2015, the adult specimen was observed at VrSac’s Mountains at 45° 7'39"N,
21°20'11"E and 345 m above sea level then forwarded to entomologist Jelena Seat for
the identification. Another specimen was found on 18" October 2015, in the arable land
from village Vatin, towards Romanian border at 45°13'44" N, 21° 16' 11" E and 76 m
above sea level. By the end of October 2016, more precisely on October 27™ one more
specimen of Halymorpha halys was registered in downtown of VrSac at 45° 7' 16" N, 21°
17"47" E and 91 m above sea level. Two adults collected from this area were deposited
in the Faculty of Forestry in University of Belgrade.

RESULTS AND DISCUSSION

Vrsac Mountains are the specific geological and geomorphological
phenomenon, covered by forests and meadow ecosystems which are the habitats of many
different plant and animal species. The introduction of invasive species can have a
negative effect on natural resources of Vrsac Mountains. As polyphagous pest attacking
more than hundred plant species, the brown marmorated stink bug Halyomorpha halys
(Stal, 1855) may become important agricultural and horticultural pest in Serbia. Forest
trees and shrubs threatened by this insect are from Acer, Salix, Euonymus, Sorbus,
Carpinus and Rosa genus.
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Figure 1. The first records of Halyomorpha halys (GoogleEarth™)
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The white cylindrical eggs are laid in clusters on the underside of leaves, the nymphs
ranging in size from 2.4 to 12 mm and the adults are 12 to 17 mmm long.” In Vriac eggs
first were appeared in June of 2016, on potted plant of strawberry.

Figure 2. An egg mass surrounded by nymphs (photo Aleksandar Jovancic)

The nymphs progress through five stages. First nymphal instars are orange or
red and remain clustered around the eggs. The lateral margins of the abdomen of adults
are marked with alternate bands of brown and white.*> The head, thorax and legs are
black. They are shield shape such as other stink bugs, very similar to native Rhaphigaster
nebulosa (Poda, 1761).

Figure 3. Differenecies between Halyomorpha halys and apigaster nebulosa
(photo:Zoran Gavrilovi¢)
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In 2015 a single generation of Halyomorpha halys was recorded in Vrsac.
However, in southern China records indicate from four to six generation per year®. In
summer, females lay from 50 to 150 eggs and up to 400 eggs, clustered by groups of 20-
30 on the underside of the leaves. During the growing season it can move from host to
host rapidly. The brown marmorated stink bug feeds on fruits of apple, Malus domestica
L., cherry, Prunus avium L., Citrus spp., mulberry, Morus sp., peach, Prunus persica
Batsch and pear, Pyrus pyrifolia Nakaithe. Other host plants include princess tree
(Paulownia tomentosa Thunb), Hibiscus rosa-sinensis L., black night-shade (Solanum
nigrum L.,), soybean ( Glycine max Merrill). ..

CONCLUSION

It is important to provide timely notification to the public for rapid response to a
new invasive species and to encourage the sharing of information. After the experts
verification of identification of the new potentially invasive species for Serbia it will
need to monitor their dissemination and expand the knowledge about biosecurity
measures. The main contribution to work on the management strategies which might
apply against Halyomorpha halys is spreading the knowledge about this pest among
stakeholders.
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ABSTRACT

To watercourse and ephemeral waters live: Asellus aquaticus, Argulus foliaceus, Podura aquatica,
a Astacus leptodactylus is on the IUCN Red List. Pedofauns make Trombidium holosericeum and Lepisma
sccharina. For other Forficula smyrnensis this is the second of a Luciola lusitanica is the third report in Serbia.
There are 12 species of Hymenoptera. A significant finding of non-native species Isodontia mexicana. These
types Rhyss persuasoria and Scolii hirta were recorded once. Type Leptura sanguinolenta the new Vojvodina a
Lethrus apterus is potentially new to Serbia. Rare species are: Egaenus convexus,Forficula smyrnensis,Hispa
atra,Necrophorus littoralis, Nicrophorus interruptus,Hololepta plan, Rutpela maculata, Bostrychus capucinus,
Meloe brevicollis, Trox sabulosum Enoplopus dentipes. Shellfish has two types Sphaerium corneum and
Sinanodonta woodiana.

Key words: Zasavica, invertebrata.
INTRODUCTION

Special Nature Reserve Zasavica is located on the border of the two in terms of
diversity of very important areas: Balkan Peninsula, which is characterized by extremely
rich and unique fauna and the Pannonian Plain, which also has a specific fauna
depending on the habitat. The Government of the Republic of Serbia has declared 1997
the Zasavica Special Nature Reserve. This paper aims to show the new data that
complement the overall value of diversity SNR Zasavica. And this research identified a
large number of rare animals and of international significance. Altitude terrain ranges
from 76 to 82 meters above sea level, and the terrain is gently sloping from south to
north. Greater rainfall, have caused a high level of groundwater and the emergence of
peat and peat-swamp a complex and Zasavica, resulting outpouring of the Sava and
Drina in the Atlantic phase of the Holocene. The records of the early nineteenth century,
the area of western Zasavica was under the wetland complex, an area of 25,000 ha
where the floating peat islands, while from the Black bars to Salas Noc¢ajski formed peat
layer depth of 50 cm. The total length of Zasavica watercourse is 33.1 km, width up to
80 m and 2 m deep. The reserve has an area of 1,821 ha, of which 671 ha in the second
degree of protection. Reserve seems waters Zasavice the mosaic arrangement of
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hydrophilic, hygrophile and steppe habitat and groundwater is fed by the Drina and
Cerska water. It belongs to the Black Sea basin.

MATERIAL AND METHODS OF WORK

Material for this study was collected from so far published papers on the
research reserve in the period from 1997 to 2011 with the completion of the data that are
not yet published.

THE RESULTS OF THE DISCUSSION

The ephemeral watercourse and surrounding waters recorded cosmopolitan
aquatic isopod Asellus aquaticus. From subclasses Branchiura at sea Zasavice recorded
the ichthyophagous ectoparasitic species Argulus foliaceus. In spring and autumn in the
waters of Colembole found the presence of Fam.Poduridae type Podurs aquatica. From
Fam.Astacidae the reserve Zasavica found Astacus leptodactylus (Simié,et.al,2008),
which favors a relatively calm waters and is located on the [IUCN Red List. (Gherardi F.,
Souty-Grosset, C., (2010) The Reserve has recorded seven species of which Opilion in
Serbia species Egaenus convexus has the status of rare species. Type Phalangium opilio
is paleoarctic cosmopolitan species, while other species have a European (Alpine-
Carpathian-Subatlantic), southeast European, Ponto-Mediterranean (Trans Adriatic) and
the Asia-sub-Mediterranean distribution. During the research of invertebrates have been
found Apterigota whose representatives are the first official data reserve. From fauna
Apterigota handled the type of the order Collembola and Thysanura. During research
pedofauns in the reserve are found representatives of the order Thysanura and Acarina.
From Acarina was found from the suborder Prostigmata Fam.Trombidiidae species
Trombidium holosericeum. This is one of the largest terrestrial acarina in the northern
temperate zone with a body length of 4 mm. From the order of Thysanura there was a
representative  from  Fam.Lepismatidae species Lepisma sccharina. From
Fam.Forficulidae in the Reserve are found two species of which earwig for type
Forficula smyrnensis findings in the Reserve is the second in Serbia. From the suborder
Auchenorrhyncha in the Reserve stated, 6 species, among which is one of the
Mediterranean species Tibicina haematodes. Three types of cycads have a very good
mimicry while resting on plants such as the type Stictocephala bisonia which from a
distance looks like a green thorn plants and there are Dictyophara europaea and
Centrotus cornutus that look as usual thickening of the tree. From Hymenoptera until
now have been processed following families: Fam.Apidae, Fam.Sphecidae, Fam.
Scoliidae, Fam.Sphecidae, Fam. Ichneumonidae, Fam. Scoliidae, Fam. Xylocopinae and
a total of 12 species were recorded. From Fam.Sphecidae the track record of the three
types is important to mention finding of Isodontia mexicana. This is a non-indigenous
invasive wasp originating from America, which is of 2010. The first time in Serbia was
found in Belgrade and then 2012., and on Fruska Gora. Otherwise, this alohtona wasp
was first recorded in Europe in southern France. (Cetkovié,et.al.,2012) According to
Cetkovic, et.al., (2011) in the reserve is present and the type Sceliphron curvatum. Some
species of Hymenoptera were recorded for the 18 years of research only once, from
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Fam. Ichneumonidae species Rhyss persuasoria (2006.), and from Fam. Scoliidae type
Scolii hirta (2010.). According Pil.N.,Stankovi¢,M.,(2006), longhorn beetle fauna in the
Reserve has 30 species, these new data sheet is expanded to 12 species. Among these 12
species of beetles by Pavicevié,et.al.,(2015), a rare species Rutpela maculata is a species
Leptura (Anastrangalia) sanguinolenta the new Vojvodina. Of these 12 species of
beetles are 4 types of European red list (Prionus coriarius,Saperda punctata, Clytus
arietis, Chlorophorus sartor) status LRlc and Lrnt. (Nieto, Alexander, 2012)

Of the two types of Fam Lampyridae for type Luciola lusitanica findings in the
Reserve is the third in Serbia for 50 years. Fam. Scarabidae in the Reserve is represented
with 10 species, of which Lethrus apterus species potentially new to Serbia sawing
Scarabidae Serbia that have published Gavrilovi,Curéi¢, (2010), while other authors
Geotrupes stercorarius Gavrilovi¢,Curéi¢ (2010) are not mentioned in the list or the type
mentioned in the entomological monograph Zivojinovic, S., (1950) and the authors
Jankovié, Lj. (1972). Species with less than 5 findings of 18 years of research reserves
are Tibicina haematodes, Lamia textor, Dicerca alni until the following types Astacus
leptodactylus, Rhyss persuasoria, Scolii hirta, Trox subulosus, Luciola lusitanica,
Copris lunaris, Lethrus apterus, Saperda punctata for this research period recorded only
once. Almost regularly every year in the reserve records the presence of the following
species: Asellus aquaticus, Mantis religiosa, Forficula auricularia, Cicadella viridis,
Stictocephala bisonia, Cercopis sanguinolenta, Xylocopa violacea, Chrysomela
(Melasoma) populi, Cetonia aurata, Oxythyrea funesta, Tropinota hirta, Valgus
hemipterus, Paederus fuscipes, Dorcus parallelipipedus, Sisyphus schafferi, Panorpa
communis, Eristalis tenax, Pentodon idiota and other.

In rare or rarer species in fauna include: Forficula smyrnensis, Hispa atra,
Necrophorus littoralis, Nicrophorus interruptus, Hololepta plan Bostrychus capucinus,
Meloe brevicollis, Trox sabulosum Enoplopus dentipes because for the past 50 years, we
have less than 10 findings in Serbia.

Shellfish u reserve are represented with two types and this Fam.Sphaeriidae
paleoarctic type of Sphaerium corneum (Linnaeus,1758) from a Fam.Anodontidae type
Sinanodonta (Anodonta) woodiana (Rea,1834) which is in Serbia was found at 44 sites
mainly on the Danube and Tisa and Morava River at the mouth of the Danube and Sava
(Paunovié,et.al.,(2006), these East Asian mussel is often in itself has a parasitic phase
(glochidium), which infects the host fish. (Douda,et.al.,(2012)

Table 1. List of amendments species diversity of invertebrate fauna SRP Zasavica

INVERTEBRATA subcllases: Pterygota
Nematomorpha DYCTIOPTERA
Fam.Gordiidae Fam. Mantoidae
Species: Species: Mantis religiosa (Linnaeus,1758)
Gordius cf-aquaticus Linnaeus,1758

ARTHROPODA DERMAPTERA

Cllases: Crustacea

Subcllases: Branchiura

Fam:Argulidae

Species: Argulus foliaceus (Linnaeus,1758)

Fam.Forficulidae
Species:
Forficula auricularia (Linnaeus,1758)
Forficula smyrnensis Serville,1839
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DECAPODA

Fam.Astacidae

Species:

Astacus leptodactylus Eschscholtz,1823

MALACOSTRACA

Ordo: Isopoda

Fam.Asellidae

Species: Asellus aquaticus (Linnaeus,1758)

OPILIONES

Fam.Phalangiidae

Species: Phalangium opilio Linnaeus,1761
Zachaeus crista (Brullé,1832)
Leiobunum rupestre (Herbst,1799)
Opilio parietinus (Degeer,1778)
Troglus sp.
Pyza bosnica (Roewer,1919)
Egaenus convexus (C.L.Koch,1835)

ACARINA

Subordo:Prostigmata

Fam.Trombidiidae

Species:

Trombidium holosericeum (Linnaeus,1758)

MYRIAPODA

Fam.Scutigeridae

Species:

Scutigera coleoptrata (Linnaeus,1758)

CLLASES:INSECTA
subcllases: Apterygota
Ordo:Collembola
Fam.:Poduridae
Species: Podurs aquatica Linnaeus,1758

Ordo:Thysanura

Fam.:Lepismatidae
Species: Lepisma sccharina Linnaeus,1758
COLEOPTERA

Fam.Cerambycidae
Species: Lamia textor (Linnaeus,1758)
Neodorcadion bilineatum (Germar,1824)
Pedestredorcadion pedestre (Poda,1761)
Prionus coriarius(Linnaeus,1758)
Saperda punctata (Linnaeus,1767)
Leptura(Anastrangalia)sanguinolenta
(Linnaeus,1761)
Plagionotus floralis (Pallas,1776)
Rutpela maculata (Poda,1761)
Agapanthia dahli (Richter,1821)
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HEMIPTERA
Subordo: Auchenorrhyncha
Fam.Cicadidae
Species: Tibicina haematodes (Scopoli,1763)
Fam. Cicadellidae
Species:Cicadella viridis (Linnaeus,1758)
Fam.Membracidae
Species:
Centrotus cornutus (Linnaeus,1758)
Stictocephala bisonia Kopp& Yonke,1977
Fam.Dictyopharidae
Species:
Dictyophara europaea (Linnaeus,1758)
Fam.Cercopidae
Species:
Cercopis sanguinolenta (Scopoli,1763)

HYMENOPTERA
Fam.Apidae
Species: Bombus lapidarius (Linnaeus,1758)
Apis melifera Linnaeus, 1758
Fam.Sphecidae
Species: Amophila sabulosa Linnaeus, 1758
Sceliphron curvatum (F.Smith,1870)
Isodontia mexicana (Saussure,1867)
Fam. Ichneumonidae
Species: Rhyssa persuasoria (Linnaeus,1758)
Ophion luteus (Linnaeus,1758)
Fam. Scoliidae
Species: Scolia hirta (Schrank,1781)
Fam.Xylocopinae
Species:
Xylocopa valga Gerstaecker,1872
Xylocopa violacea (Linnaeus,1758)
Fam.Crabeonidae
Species: Philonthus politus Say,1824
Fam.Chrysididae
Species: Chrysis ignita (Linnaeus,1758)

Fam.Staphylionidae
Species:
Staphylinus caesareus Cederehjelm,1798
Paederus fuscipes Curtis, 1826
Ocypus oleus (O.F.Muller,1764).
Fam.Lucanidae
Species: Lucanus cervus (Linnaeus,1758)
Dorcus parallelipipedus (Linnaeus,1758)
Fam Lampyridae
Species:
Lampyris noctiluca Linnaeus, 1758
Luciola lusitanica (Charpentier, 1825)
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Carinatodorcadion fulvum (Scopoli,1763)
Carinatodorcadion aethiops (Scopoli,1763)
Chlorophorus sartor (Muller,1766)
Neoclytus acuminatus (Fabricius,1775)
Clytus arietis (Linnaeus,1758)

Fam. Chrysomelidae
Species: Chrysolina coerulans (Scriba,1791)
Chrysolina fastuosa (Scopoli,1763)
Chrysomela (Melasoma) populi Linnaeus, 1758
Clytra laeviuscula Ratzeburg,1837

Cryptocephalus aureolus ssp.purpureus Csiki, 1953

Galeruca tanaceti (Linnaeus,1758)
Hispa atra Linnaeus,1758
Tamarcha pratensis Duftschmid, 1825
Donacia crassipes Fabricius 1775
Cryptocephalus sericeus (Linnaeus,1758)
Labidostomis longimana (Linnaeus,1761)
Galerucella luteola (Linnaeus,1758)
Galeruca tanaceti (Linnaeus,1758)
Fam. Trogidae
Species: Trox subulosus (Linnaeus,1758)
Fam.Lagriidae
Species: Lagria hirta (Linnaeus,1758)
Fam.Silphidae
Species: Phosphuga atrata (Linnaeus,1758)
Necrophorus littoralis Linnaeus, 1758
Thanatophilus sinuatus (Fabricius,1775)
Nicrophorus interruptus Stephens,1830
Fam. Buprestidae
Species: Dicerca alni (Fischer,1824)
Fam.Silvanidae
Species: Uleiota planata (Linnaeus,1758)
Fam. Histeridae
Species:
Hister quadrimaculatus Linnaeus, 1758
Hololepta plana (Sulzer,1776)
Fam.Cetonidae
Species: Cetonia aurata Linnaeus, 1758
Oxythyrea funesta (Poda,1761)
Protaetia cuprea (Fabricius,1775)
Tropinota hirta (Poda,1761)
Valgus hemipterus (Linnaeus,1758)
DIPTERA
Fam. Bombyliidae
Species: Bombylius major Linnaeus,1758
Fam. Syrphidae

Species: Volucella zonaria (Poda,1761) Volucella

pellucens Linnaeus,1758
Eristalis tenax (Linnaeus, 1758)
Fam. Scathophagidae
Species:
Scathophaga stercoraria Linnaeus,1758

Fam.Scarabidae
Species:
Geotrupes stercorarius (Linnaeus,1758)
Copris lunaris (Linnaeus, 1758)
Lethrus apterus (Laxmann,1770)
Onthophagus ovatus (Linnaeus, 1767)
Pentodon idiota (Herbst,1789)
Sisyphus schafferi (Linnaeus,1758)
Euoniticellus fulvus Goeze,1777
Trichius sexualis Bedel, 1906

Anisoplia deserticola Fischer von Waldheim,1824

Anomala vitis (Fabricius,1775)
Fam.Scarabidae- Subfam.Dynastinae
Species: Oryctes nasicornis (Linnaeus, 1758)
Fam. Meloidae
Species: Lytta vesicatoria (Linnaeus,1758)
Meloe proscarabaeus Linnaeus, 1758
Meloe violaceus Marsham, 1802
Meloe brevicollis Panzer,1703
Fam. Tenebrionidae
Species: Blaps mortisaga (Linnaeus,1758)
Enoplopus dentipes (Rossi,1790),
Gnaptor spinimanus (Pallas,1781)
Opatrum sabulosum (Linnaeus, 1758)
Fam.Melolonthidae
Species:
Melolontha melolontha (Linnaeus,1758)
Anisoplia austriaca (Herbst,1783) Rhysotrogus
aequinoctialis (Linnaeus,1758)
Fam.Bostrichidae
Species:
Bostrychus capucinus (Linnaeus,1758)

RAPHIDIOPTERA
Fam.Raphidiidae
Species: Raphidia ophiopsis Linnaeus, 1758
MECOPTERA
Species: Panorpa communis Linnaeus, 1758
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Calliphora vomitoria Linnaeus,1758

Lucilia caesar Linnaeus, 1758

Musca domestica Linnaeus,1758
Fam.Asilidae

Species: Laphria flava (Linnaeus, 1768)

Asilus crabroniformis Linnaeus, 1758

GASTROPODA-Bivalvia
Fam. Sphaeriidae

Species: Sphaerium corneum (Linnaeus,1758)
Fam. Anodontidae

Species:

Sinanodonta (Anodonta) woodiana (Rea, 1834).

CONCLUSION

The ephemeral watercourse and surrounding waters have been reported
following types: Asellus aquaticus, Argulus foliaceus, Podurs aquatica. From
Fam.Astacidae the reserve Zasavica found Astacus leptodactylus, which is located on
the IUCN Red List. Of the seven types of Opilion in Serbia species Egaenus convexus
has the status of rare species. During the research of invertebrates have been found
Apterigota whose representatives are the first official data reserve. From fauna
Apterigota handled the type of the order Collembola and Thysanura. During the research
pedofauns in the reserve are found representatives of the order Thysanura and Acarina
and of acarina was found Trombidium holosericeum species, a species of the order
Thysanura Lepisma sccharina. From Fam.Forficulidae for type Forficula smyrnensis
findings in the Reserve is the second in Serbia. From Hymenoptera total recorded 12
species. From Fam.Sphecidae important to mention finding of non-native invasive
species originating from America wasps Isodontia mexicana. Some species of
Hymenoptera were recorded for the 18 years of research only once, from Fam.
Ichneumonidae species Rhyss persuasoria (2006.), And from Fam. Scoliidae type Scolii
hirta (2010.). Fauna beetles in the Reserve with the new data is expanded to 12 species.
Among these 12 species of rare species of beetles Rutpela maculata is a species Leptura
(Anastrangalia) sanguinolenta the new Vojvodina. Of these 12 species of beetles are 4
types of European red list (Prionus coriarius, Saperda punctata, Clytus arietis,
Chlorophorus sartor). For the type Luciola lusitanica findings in the Reserve is the third
in Serbia for 50 years. From Fam. Scarabidae Lethrus apterus species potentially new to
Serbia sawing Scarabidae Serbia that have published Gavrilovic, Curcic, (2010) Three
species have less than 5 findings of 18 years of research reserve, while eight species
have been recorded only once in the reserve. Rare or rarer species in fauna are Forficula
smyrnensis, Hispa atra, Necrophorus littoralis, Nicrophorus interruptus, Hololepta plan
Bostrychus capucinus, Meloe brevicollis, Trox sabulosum Enoplopus dentipes because
for the past 50 years, we have less than 10 findings in Serbia.

Shellfish in the reserve are represented with two types and this type of
Fam.Sphaeriidae paleoarctic Sphaerium corneum from a Fam.Anodontidae type
Sinanodonta (Anodonta) woodiana.
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ABSTRACT

Activity levels of *’Cs and “’K in (Bg/kg) in moss (29) and substrate (5) samples collected on the
territory of the Djerdap National Park in May 2015 have been analyzed in this work. The presence of '*’Cs and
“K radionuclides was established in all moss samples. Activity levels of *’Cs in moss was from 9.2 to 512
(Bq/kg), while it was from 36 to 2047 Bg/kg in moss substrates. Activity levels of “’K in moss were from 51 to
592 (Bq/kg), while in substrates from 133 to 660 (Bg/kg). This data compared with data from previous
measurements shows that no new contaminations with '*’Cs occurred on the territory of NP Djerdap and that
the natural activity levels of isotopes on the territory of NP Djerdap have not changed.

Key words: Moss, NP Djerdap, *’Cs, “K
INTRODUCTION

Ion radiation of different origin and characteristics is present in the
environment. According to origin, ion radiation can be classified to have an Earth or
cosmic origin. According to genesis and occurrence in the environment ion radiation can
be: natural, anthropogene and radioactive waste. During their lifetime organisms are
constantly exposed to radioactive radiation. Radionuclides reach water and soil by
migration and accumulation processes, and from them to food of plant and animal origin,
thus contributing to total irradiation of the population of a certain territory'. Investigation
of ¥'Cs (artificially produced radionuclide) and *°K (naturally produced radionuclide) is
significant for this research.

Accidents in nuclear facilities and nuclear probes release large amounts of
polluting radioactive material into the atmosphere. The Chernobyl accident (26.4.1986.,
Ukraine), thirty years ago, released a large amount of polluting radionuclides into the
environment — 10'® Bq, of which 3.7x10'® Bq *’Cs, most often reaching plants from the
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atmosphere by dry and wet fall’>. Pollution with these radionuclides generally has a
regional character, but it can have a wider scale in the case of strong nuclear explosions.
Physico-chemical properties of '*’Cs are such that it actively participates in the human
and animal food chains through plants as it metabolitically replaces potassium. The
cesium ion is the chemical and biochemical homologue of potassium and follows its
metabolism in the organism. It is completely soluble in body fluids and is evenly
distributed in the organism. The physical half-life of '*’Cs is 30.2 years so this year its
activity should be half in relation to the starting value. The length of retention of *’Cs in
an organism influences the body damage of the organism polluted by this radionuclide.
The second radionuclide studied in this work is *°K, and this is an essential natural
radionuclide found in nature as a mixture of stable potassium isotopes *’K and *'K. The
physical half-life of °K is 1.5x10° years, while its biological half-life is 58 days. It is
part of the human organism and in under homeostatic control’.

Information on the spatial and time distribution and trends in pollution of air
and the environment with radionuclides can be collected from moss. Moss is an old and
primitive group of organisms that easily absorbs polluting substances from the
environment thus indicating their presence and giving qualitative and quantitative
information on pollution levels and indicating changes with time. Investigation of
activity levels of radionuclides in moss gives a reliable insight into the level of
contamination of ecological systems with radioactive isotopes. Depending on the species
and age of moss, morphological and physiological characteristics, location and substrate,
altitude, moss has shown to be a good bioindicator of pollution of the environment with
radionuclides*®.

Our earlier research of activity levels of radionuclides in moss samples from the
territory of NP Djerdap has shown that the Chernobyl accident resulted in non-uniform
distribution of "*’Cs and the highest activity of this radionuclide was registered in
samples from the Crni vrh management unit (MU). With the aim of establishing the
distribution of radioactive isotopes ('*’Cs and *’K) in the Djerdap national park 29 years
after the Chernobyl accident moss and substrate samples were collected.

MATERIAL AND METHODS

Moss (29) and selected substrate (5) samples were collected in May 2015 in the
area of the Djerdap national park on 28 localities. These were the following management
units (MU): Kozica, Leva reka, Cezava, Desna reka, Boljetinska reka, Porecke Sume,
Djerdap, Strbatko korito, Zlatica, Crni vrh. The localities and corresponding
management units where samples were collected were intentionally selected in order to
be able to compare activity levels of '*’Cs and “’K with the activity levels determined in
samples collected in 2006 or 2010,

The samples of mosses and substrate were dried in air and then homogenized,
and the activities were measured gammaspectrometrically. Radioactivity measurements
were performed using an HPGe gamma-ray spectrometer (ORTEC-AMETEK, with 8192
channels, resolution of 1.65 keV and relative efficiency of 34% at 1.33 MeV for “’Co).
Samples were measured in Marinelli vessels 1.0 L. Sample weight was about 0.1 kg
(moss) to 1.0kg (substrate). The counting time for each sample was 60000 s. The relative
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error for sample preparation and measurement was 10%. Gamma Vision 32 MCA
emulation software was used to analyze gamma-ray spectra. The specific activity of the
artificially produced radionuclide '*’Cs was measured via the y-line at the energy of
661.6 keV. The specific activity of the **K radionuclide was determined from its 1460.8
keV gamma-ray line. Nuclides were identified using a library driven search routine and
quantitative analyses were carried out using the appropriate detector calibration.
Radionuclide results were reported in Bg/kg on a dry weight basis.

RESULTS AND DISCUSSION

Table 1 shows the localities in the NP Djerdap where moss and substrate
samples were collected in May 2015, activity levels of *’Cs and *’K in them (Bq/kg),
and also data from 2006 and 2010. Both radionuclides were present in all samples.

Activity levels of '*’Cs (Bg/kg) in dry moss from NP Djerdap collected in 2015
were from 9.2 (sample 7) to 512 (sample 25). Average activity levels of *’Cs in moss
and the standard deviation was 125+137 Bq/kg. Activity levels of “’K (Bg/kg) in moss
were from 51 (sample 27) to 592 (sample 24). Average activity levels of *’K in moss and
the standard deviation was 172497 Bg/kg. Activity levels of "*’Cs (Bq/kg) in moss
substrates collected in 2015 were from 36 (sample 10) to 2047 (sample 34). Average
activity levels of *’Cs in substrates and the standard deviation was 571+£863 Bq/kg.
Activity levels of *’K in substrates (Bq/kg) were from 133 (sample 30) to 660 (sample
34). Average activity levels of “’K in substrates and the standard deviation was je
396+247 Bq/kg.

Of the 19 moss samples analyzed in 16 samples lower activity levels of *’Cs
were measured in 2015 than in 2006 or 2010. The ratio between previous and current
activity levels was from 0.2 (sample 25) to 22 times (sample 6). In three samples the
activity levels of *’Cs were higher than in the previous years. This is not the result of
new contaminations with this radionuclide, but rinsing '*’Cs from the substrate with
water and additional pollution of the ecosystem. Of 19 samples lower activity levels of
K were measured in 13 samples in 2015 compared to 2006 or 2010. The ratio between
previous and current activity levels in moss was from 0.4 (sample 12) to 3.1 (sample 5).

The activity levels of *’Cs and “’K determined in moss and moss substrates
were used to calculate the transfer factors and these values are given in Table 2. The
transfer factor (TF) represents the ratio between radionuclide activity in moss and the
activity level in the substrate (Bg/kg).

Transfer factors of moss substrates for '*’Cs were from 0.11 to 1.16 (average
value 0.55). Transfer factors of moss substrates for “°K were from 0.24 to 1.05 (average
value 0.53).
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Table 1. Activity levels (Bg/kg) of *’Cs and “°K in moss and substrate samples on
localities in NP Djerdap, measured in 2015, and data measured in 2006 and 2010.

S, LOCALITY, - Activity (B:l()/kg)

No. Management unit MU, (division), mnv* 20%5 1376 /year 2011<5 a0 Jyear
1. MU Kozica, (26/a) 33 127/2010 | 93 240/2010
2. MU Kozica, (63/a), 590 mnv 17.5 - 113 ---

3. MU Leva reka, (27/a), 400 mnv 67 304/2006 118 ---

4. MU Leva reka, (29/a), 250 mnv 22 166/2006 124 233/2006
5. MU Cezava , (36/a), 400 mnv 44 72/2006 123 386/2006
6. MU Cezava, (37/d), 380 mnv 9.4 208/2010 | 89 238/2010
7. MU Cezava, (40/a), 150 mnv 9.2 --- 144 ---

8. MU Desna reka, (1/¢), 170 mnv 22 - 220 ---

9. MU Desna reka, (47/a), 320 mnv 38 190/2006 153 174/2006
10. Substrate MU Desna reka, (47/a),320 mnv | 36 - 145 -—-

11. MU Desna reka, (56/b), 200 mnv 115 -—- 127 -

12. MU Boljetinska reka, (2D), 480 mnv 31 --- 165 249/2010
13. MU Boljetinska reka, (9/¢), 490 mnv 39 - 229 ---

14. Substrate MU Boljetinska reka, (9/¢c) 130 -—- 598 -—-

15. Boljetinska reka, (10/a), 460 mnv 296 - 278 184/2010
16. MU Porecka wood, (44) 51 -—- 163 160/2010
17. MU Porecka wood, (60) 50 199/2010 153 157/2010
18. MU Strbacko korito, (47a) 45 82/2006 96 -

19. MU Djerdap, Manastiracki gaj, (8a) 133 83/2006 152 154/2006
20. MU Djerdap, Brzujka, (41a) 78 -—- 120 -—-

21. MU Djerdap, Brzujka 243 508/2006 176 191/2006
22. MU Djerdap, Faca Tekija, (48b) 127 365/2006 124 172/2006
23. MU Djerdap, (671) 151 186/2006 194 471/2006
24. MU Djerdap, (75b) 226 131/2006 | 592 284/2006
25. MU Djerdap, Popovac, (78f) 512 124/2006 192 108/2006
26. Substrate, MU Djerdap, Popovac, (78f) 632 --- 442 ---

217. MU Djerdap, Dafin 30 158/2006 | 51 -

28. MU Zlatica, (86/a) 120 --- 257 248/2010
29. MU Zlatica, (86/b) 73 87/2010 125 190/2010
30. Substrate, MU Zlatica, (86/b) 63 --- 133 ---

31. MU Crni vrh, Donji Milanovac 230 451/2010 156 115/2010
32. MU Crni vrh, D. Milanovac 303 3463/2006 | 210 481/2006
33. MU Crni vrh, D. Milanovac 504 847/2010 | 237 98/2010
34, Substrate, MU Crni vrh, D. Milanovac 2047 3892/2006 | 660 521/2006

*mnv — altitude
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Table 2. Activity levels of *’Cs and*’K (Bg/kg) in moss and moss substrates and
transfer factors

S. 137 w0
No. LOCALITY (Bg/kg) TF (Bg/kg) TF
1. MU Desna reka, 47/a 38 153

2. podloga MU Desna reka, 47/a 36 1.05 145 1.05
3. MU B reka, 9/c 39 229

4. Substrate MU B reka, 9/c 130 0.30 598 0.38
5. MU Djerdap 78f 512 0.81 192 0.43
6. podloga, MU Djerdap 78f 632 ) 442 )

7. MU Zlatica, 86/b 73 125

8. | Substrate, MU Zlatica, 86/b 63 116 1733 0.94
9. MU Crni vrh, Donji Milanovac 230 0.11 156 0.24
10. MU Crni vrh, D. Milanovac 303 0.15 210 0.32
11. MU Crni vrh, D. Milanovac 504 0.25 237 0.36
12. Substrate, MU Crni vrh, D.M. 2047 660

CONCLUSION

The presence of radionuclides was established in all moss samples. This
confirmed that moss is a good bioindicator of environment pollution.

Activity levels of *’Cs and *°K in moss samples from the Djerdap national park
indicate that there was no new contamination with '*’Cs on the territory of Eastern
Serbia, or it was below measurement errors
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ABSTRACT

Specimens from three populations of native neritid snail Theodoxus danubialis (C. Pfeiffer, 1828)
from the Balkan (the Una, Lepenica and NiSava Rivers) were processed. Obtained 16s rRNA sequences, along
with additional sequences taken from GenBank were analysed. Maximum likelihood consensus tree showing
relations of plotted sequenceswas discussed. Sequences from the NiSava River sample differ from the other 7.
danubialis sequences, pointing to specificl6s rRNA haplotype. In order to better access intraspecific variability
and diversity of T. danubilis, an use of less conservative markers should be implemented.

Key words: 16s rRNA, haplotype, Danube nerite, Balkan.
INTRODUCTION

Theodoxus danubialis, Danube nerite, as the name suggests, is native to the
Danube and its tributaries. Although not on the IUCN red list of threatened species, this
species is critically endangered in the northern part of its range: Germany [1], Austria [2]
and Czech Republic (Red List of the molluscs (Mollusca) of the Czech Republic).
Danube nerit, once common in large rivers, today mainly has been observed in the
Danube tributaries and smaller watercourses [3].

The 16s RNA is one of the most popular and widely used mitochondrial
markers in phylogeography studies. The Theodoxus genus, although being one of the
oldest and the most interesting snail lineages, and despite efforts of a few authors is yet
rather understudied. This is particularly true in the case of the Balkan, which although
considered as one of the most important regions of Europe, regarding biodiversity, is till
date poorly studied. Hence, we aim to assess genetic variability and diversity of
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members of this snail genus in the Balkan. Here we present results of preliminary
analysis regarding 16s rRNA variability in the case of 7. danubialis from this region.

MATERIAL AND METHODS

For our analysis we used snail specimens from the samples from the Una,
Nisava and Lepenica Rivers. All samples were fixed in 95% ethanol and stored in the
zoological collection of Institute for Biological Research SiniSa Stankovi¢ (IBISS),
Belgrade, Serbia.

An identification of snails was performed using appropriate determination keys [4, 5].

In total, 10 individuals from three populations of 7. danubialis were processed.
The DNA was extracted from the snail material (the foot and the head of snail specimens)
by using the kit for the isolation of genomic DNA from eukaryotes tissues (AccuPrep®
Genomic DNA Extraction Ki, Bioneer Inc. Alameda, CA, USA). Universal primers 16Sar
and 16Sbr [6] were used, and PCR products were obtained according to the protocol given
in [7]. An automatic sequencing of amplified 16s rRNA fragments, were done
bidirectional, on an automatic sequencer by chain-termination method (ABI 310,
AppliedBiosystems, Foster, CA, USA). Obtained amplicons were sequenced using BigDye
Terminator Cycle Sequencing v.3.1 kit (PE Applied Biosystems, Foster City, CA, USA),
and the sequences were read using an appropriate software (ABI software v.5.1 and
Sequencing Analysis SeqScape software, v.2.5). In order to assess the quality of acquired
forward and reverse 16s rRNA sequences (chromatograms), and to eliminate ambiguities
in these sequences, the software Finch TV, v.1.4.0 (http://www.geospiza.com) was used.
For analysis purposes, an additional 16s r RNA sequences of Theodoxus and Nerita polita
(as outgroup) were taken from the GenBank (http:/www.ncbi.nlm.nih.gov/genbank).
Assess numbers and basic information of these sequences are provided in the Table 1.

An alignment of allanalysed sequences was done by Clastal W method [8] in
the software MEGA, ver. 5.2 [9]. Phylogenetic analysis and cladograms were performed
by Maximum likelihood method (ML) [10]in the same software. In order to assess the
most suitable ML model, the lowest BIC (Bayesian Information Criterion) scores were
tested [11] by phylogenetic Bootstrap analysis, a popular statistical method for
estimating the mean values in phylogenetic analyses [12].

Table 1. Basic data on 16Sr RNA sequences taken from GenBank

Species Code |Access Number (GenBank) Locality
T.danubialis TD005 AY771236 Garda, Italija
T.danubialis TD137 AY771238 Kustany, Madarska
T.danubialis TD093 AY771236 Pischelsdorf, Austrija

T.prevostianus TP0O01 AY771254 Bad Vislau, Austrija
T.prevostianus TP032 AY771255 Kacs, Madarska

T. euxinus TE001 AY771239 Bilhorod-Dnistrovs’kyi, Ukrajina
T. fluviatilis TF396 AY771245 Rugia, Nemacka
T. fluviatilis TF225 AY771241 Rheinsberg, Nemacka
T. fluviatilis TDI121 AY771237 Esztergom, Madarska

T. transversalis TTO01 AY771259 Edelény, Madarska
Neritapolita / KJ458472

*sequences coded TD00S5 and TD093, belong to the same haplotype (assess number AY771236), so for the analysis
was used only one of them (TD005)
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RESULTS AND DISCUSSION

The chromatograms of forward and reverse 16S rRNA sequences of 10 specimens
from three snail populations (Una (code "U"), Lepenica (L) and Nisava (N)) have been
reviewed by software FinchTV (ver. 1.4.0) and from further analysis were excluded three
sequences (L1, N3 and U5) due to insufficient quality (i.e. high ambiguity). The minimum
length of remaining sequences selected for further analysis was 296bp (base pairs). A
substitution of purine bases (adenine (A) instead of guanine (G)) at 154™ nucleotide site in
sequences from the NiSava was spotted, pointing to a separate haplotype. Moreover,
registered pyrimidine ambiguity (cytosine (C)/thymine (T)) at the 159™ nucleotide sitein
case of one "Nisava sequence" (N1) could indicate another potential base substitution, i.e.
another new haplotype. Testing of most suitable ML models for analysis, was carried out in
accordance with the lowest BIC scores, and as the most suitable model singled out
"Tamura 3-parameter”" substitution model with gamma-distributed substitution pattern,
which then was applied to perform phylogenetic analysis. The obtained bootstrap
consensus tree based on 500 replicates was shown in Figure 1.

L4
D137
D005
56 TP032
) L6
TPOO1
U4
U3
N2
N4
N1
TE001
D121
74 TF396
TF225
TT001

52

51

Nerita polita

Figure 1.Consensus ML (Maximum likelihood) tree based on 16SrRNA sequences.
Bootstrap values are shown for branches with more than 50% support. The tree is rooted
with outgroup Nerita polita. The sequences taken from GenBank are coded as follows:
species are labelled as TF for T. fluviatilis, TD for T. danubialis, and TT for T.
transversalis, with three-digit numbers as suffix; our sequences of T. danubialis are
labelled as N (Nisava), L (Lepenica) and U (Una), with single-digit numbers.

Observing this result a few points should be made. Firstly, used 16Sr RNA
marker is not so suitable for resolution at finer taxonomic scale(intraspecific analysis) in

63



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

case of these snails, given its pronounced phylogenetic conservatism and relative youth
especially close-related species of snails. This is consistent with the literature, so besides
Bunje [7,13], 16Sr RNA was rarely had been used for analyses of this genus. In
GenBank only two 16Sr RNA haplotypes of T. danubialis (Table 1) could be found till
date. Our analysis thus gains importance, particularly by indicating presence of a new,
separate haplotypes from the NiSava sample. These "NiSava haplotypes" were separated
from the others by only one (or two, in case of N1 specimen) base/nucleotide
substitution. Similar result with low degree of divergence for this snails was obtained by
[14] in his comprehensive analysis of 7. danubialis/T. prevostianus based on another
conservative mitochondrial marker COI.

Similar research to [14] was conducted by [15], but samples from the eastern
part of T. danubialis range (the Drina, Nisava and Crni Timok Rivers) were included as
well. According to these authors 7. danubialis populations from the area we investigated
here, belong to so-called "central group", which includes the "Danube clade" (D2; the
Nisava sample), and the "Sava clade" (S; The Kupa River and the Drina, as the samples
geographically nearest to our samples). In the same research a segregation of haplotypes
from the Nisava (and the Crni Timok) relative to western haplotypes from this "central
group" was observed. These COI data are in accordance with our findings (based on 16s
rRNA), and point to distinction of the eastern (the Nisava) populations. Moreover, a
more than one "NiSava haplotype" could be present, according to our 16s r RNA
analysis. Observed genetically differences of the NiSava populations were supported by
morphological differences, registered, as well [3]. In order to better assess genetically
variability of 7. danubialis, an additional samples from this area should be analysed, and
additional and less conservative molecular markers used. As there is general lack of data
from the eastern part of 7. danubialis range (and the Balkan) our result could be
considered as a small complement to knowledge regarding genetic diversity of these
snails.
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ABSTRACT

Introduction of alien species in aquatic ecosystems may or may not produce negative ecological
and/or socio-economic impacts. In a case where impacts of introduced alien species are measurable, the
biological pollution of the ecosystem should be evaluated. Assessment of biopollution of the Serbian reach of
the Danube River was based on samples collected during August and September 2013. In total, 20 alien
macroinvertebrate species were registered. For four species strong biopollution level was estimated:
Chelicorophium curvispinum, Corbicula fluminea, Dikerogammarus villosus and Dreissena polymorpha. As
these species were already proven to be highly invasive in other European waterways it indicates that applied
biopollution level could be a valuable method for estimation of invasiveness of alien species.

Key words: Allochthonous macroinvertebrates, Danube River, BPL index, Serbia.
INTRODUCTION

Danube River is the second largest river in Europe with a 2857 km long
watercourse. The Serbian stretch of the Danube is about 20.6% of its total length which
is 588 km [1], from Bezdan to the mouth of the Timok River. Along this stretch a
numerous tributaries are present. Among them the Tisa with catchment area of 157200
km? and the Sava with catchment area of 96400 km® are two the most significant
tributaries not only in Serbia, but regarding entire Danube basin [1].

The examined sector of the Danube is highly affected by hydromorphological
alterations, the most notable by damming. A construction of two dams and hydropower plants
(Iron Gate I and II) at tkm 943 and rkm 862.8 led to a permanent modification of natural
conditions [2] which had pronounced effect on native communities and ecosystem as well.

As a part of a South Invasion Corridor, the Danube River basin is one of the
most interesting area for monitoring of alien species [3], but allochthonous species of the
Danube and other aquatic ecosystems in Serbia were studied in more details only in a
few publications [4, 5, 6, 7, 8, 9]. On the other hand, risk assessment methodology for
biological invasions was thoroughly studied for the entire watercourse of the Danube
[10] with special emphasis on the territory of Serbia.
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MATERIAL AND METHODS

Macroinvertebrate samples were collected in August and September 2013
during the International expedition Joint Danube Survey 3 supported by International
Commission for the Protection of the Danube River (ICPDR). In total, 16 localities of
the main course of the Danube in Serbia were examined: upstream from the Drava
confluence, Bogojevo, Backa Palanka, Novi Sad (upstream and downstream), Stari
Slankamen, upstream from the Sava confluence, Pan¢evo (upstream and downstream),
Velika Morava conflence (upstream and downstream), Banatska Palanka, Golubac,
Tekija, Vrbica and locality upstream from the Timok confluence. Benthic samples were
taken by benthological hand net (mesh size 500 um and 1000 pm).

In order to estimate the biopollution of the Danube in Serbia Biopollution level
(BPL) was used [11]. Assessment of the biopollution level is one of the most comprehensive
methods regarding the effects of introduced alien species, because it combines alien species
abundance and distribution in relation to their impacts on community, habitat and ecosystem
functioning. According to this method five levels of biopollution could be estimated: 0 — No,

1 — Weak, 2 — Moderate, 3 — Strong and 4 — Massive (Figure 1).
ADR Class Impact (Code) BPL

A. Low numbers in one or Mo (CO, HO, EO)
several localities

Weak (G1, H1, E1)

|

B. Low numbers in many Na (G0, HO, EO)
localities or moderate » or
numbers in ene or several Weak (C1, H1, E1)
localities or high numbers
in one locality -I Moderate (C2, H2, E2) |
Strong (H3)
C. Low numbers in all Mo (CO, HO, EO)
localities, or moderate > or
numbers in many Weak (C1)
localities, or high numbers
in several localities Weak (H1, E1)
> or
Moderate (C2, H2, E2)
Strong impact (H3)
Massive impact (H4)
D. Moderate numbers in Weak (C1, H1, E1)

L ]

all localities, or high or
numbers in many localiies Moderate (C2, E2)
Moderate (H2)

or
Strong (C3, H3, E3)

L ]

Massive (C4, H4, E4)

E. High numbers in all Weak (H1, E1)
localities
Moderate (C2, H2, E2)
or
Strong (C3, H3, E3)
Massive (C4, H4, E4)

Figure 1. Scheme for assessment of Biopollution level (BPL). ADR was used for abundance and
distribution range, C for community, H for habitats and E for ecosystem — according to [11].
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RESULTS AND DISCUSSION

During the expedition 20 allochthonous macroinvertebrate species were found
in the examined sector of the Danube. Based on the level of biopollution, for 16 alien
species negative impact was confirmed, while for four species BPL was not evaluated.
Of all species high D class was only estimated for two species — Corophium curvispinum
and Dikerogammarus villosus, due to moderate numbers of individuals in many or all
localities. Strong impact on community, habitat and/or ecosystem was assessed for
species: Corbicula fluminea, Dikerogammarus villosus, Dreissena polymorpha,
Dreissena bugensis, Orconectes limosus, Pectinatella magnifica and Sinanodonta
woodiana. In accordance with abovementioned, strong biopollution level (BPL= 3) have
had four species: C. curvispinum, C. fluminea, D. villosus and D. polymorpha. Massive
biopollution level (BPL=4) was assessed for none species.

Negative impacts on one or all components of the ecosystems of those four
species contribute to their assessed strong biopollution level. For example, numerous
experimental studies had proven predations of D. villosus on native amphipod species
[12], which in combination with its high fertility and fecundity rate could cause severe
impacts on macroinvertebrate and moreover fish communities in freshwater ecosystems
[13]. Another allochtonous amphipod species C. curvispinum is one of the most
widespread species in Europe [14]. Its high growing rate, an early maturation with few
generations yearly and high fecundity rate, are stated as the most important features
contributing to its rapid colonisation of European waterways [15]. An invasion potential
of D. polymorpha has been increased by presence of free-living larval stage with high
dispersion potential [16], wide ecological tolerance (for example, temperature and
dissolved oxygen concentration) as well as ability to survive short period outside water
[17]. Beside mainly negative impact, positive effects between D. polymorpha and two
other allochthonous amphipod species C. curvispinum and E. ishnus are well
documented, as well as their positive effects on native fauna [18, 19].

Registered species were already proven to be highly invasive in aquatic
ecosystems all around Europe, indicating that biopollution level could be a valuable
method for estimation the level of biological invasions of certain region. Risk assessment
methodology on national level, should include this parameter as well, for more accurate
estimation of impacts of allochthonous species.

Acknowledgements

This study was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia, Projects TR 37009 and III 43002.

REFERENCES

1. Babi¢ Mladenovi¢, M., Kolarov, V. (2010).Natural characteristics of the
Danube River in Serbia. In: Danube in Serbia — Joint Danube Survey 2 (eds.
Paunovi¢, M., Simonovié, P., Simi¢, S., Simié¢, V.). Directorate for Water
Management, Belgrade, pp. 59-78.

68



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

10.

11.

12.

13.

14.

Petkovic, S., Babic-Mladenovic, M., Damnjanovic, M. (2004). Technical,
Hydrological And Environmental Aspects of Iron Gate I and II, Report on
International IAD Workshop ,,Hydrology and Limnology — another boundary in
the Danube River Basin®“, Vienna, Austria, pp. 42-44.

Panov, V.E., Alexandrov, B., Arbaciauskas, K., Binimelis, R., Copp, G.H.,
Grabowski, M., Lucy, F., Leuven, R.S.E.W., Nehring, S., Paunovic, M.,
Semenchenko, V., Son, M.O. (2009). Assessing the Risks of Aquatic Species
Invasions via European Inland Waterways: From Concepts to Environmental
Indicators. Integrated Environmental Assessment and Management 5(1): 110-126.
Paunovic, M., Borkovic, S.S., Pavlovic, S.Z., Saicic, Z.S., Cakic, P.D. (2008).
Results of the 2006 Sava Survey — aquatic macroinvertebrates. Archives of
Biological Sciences 60(2): 265-271.

Tomovié, J., Csanyi, B., Stefanovi¢, K., Atanackovi¢, A., Tubi¢, B., Cakié, P.,
Paunovi¢, M. (2010).Alien Mollusca in Serbian waters.BALWOIS Conference,
Ohrid, Macedonia.

Zori¢, K., Vrankovi¢, J., Caki¢, P., Tomovi¢, J., Vasiljevi¢, B., Simi¢, V.,
Paunovi¢, M. (2010b).Introduced species of aquatic macroinvertebrates. In:
Danube in Serbia — Joint Danube Survey 2 (eds. Paunovi¢, M., Simonovié, P.,
Simi¢, V., Simi¢, S.). Directorate for Water Management, Belgrade, pp. 267-280.
Zori¢, K., Jakovéev-Todorovi¢, D., Pikanovi¢, V., Vasiljevi¢, B., Tomovi¢, J.,
Atanackovi¢, A., Simié¢, V., Paunovi¢, M. (2011). Distribution of the Ponto-
Caspian polychaetaHypaniainvalida (Grube, 1860) in inland waters of Serbia.
Aquatic invasions 6(1): 33-38.

Zoric, K., Markovic, V., Vasiljevic, B., Tomovic, J., Atanackovic, A., Ilic, M.,
Kracun, M., Paunovic, M. (2013). Alien macroinvertebrate species of the
Velika Morava River.,,Ecolst *13*, Conference Proceedings, Bor, Serbia, pp.
43-47.

Zoric, K., Vasiljevic, B., Tomovic, J., Atanackovic, A., Tubic, B., Popovi¢, N.,
Rakovié, M., Novakovié, B., Paunovic, M.
(2015).Allochthonousmacroinvertebrate species of the Serbian stretch of the
Tisa River. ,,Ecolst *15%, Conference Proceedings, Kopaonik, pp. 621-624.
Zori¢, K. (2015). Invasiveness of allochthonousmacroinvertebrate and fish
species of the Danube River.Doctoral dissertation. University of Belgrade,
Faculty of Biology, p. 141. [in Serbian]

Olenin, S., Minchin, D., Daunys, D. (2007). Assessment of biopollution in
aquatic ecosystems. Marine Pollution Bulletin 55: 379-394.

Dick, J.T.A., Platvoet, D. (2000). Invading predatory crustacean
Dikerogammarus villosus eliminates both native and exotic species.
Proceedings of Royal Society of London, Series B 267: 977-983.

Devin, S., Piscart, C., Beisel, J.N., Moreteau, J.C. (2003). Ecological traits of
the amphipod invader Dikerogammarus villosus on a mesohabitat scale. Archiv
fiir Hydrobiologie 158(1): 43-56.

Van der Velde, G., Rajagopal, S., Kelleher, B., Muskd, 1.B., Bij de Vaate, A.
(2000). Ecological impact of crustacean invaders: general considerations and
examples from the River Rhine. U: The biodiversity crisis and Crustacea:

69



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

15.

16.

17.

18.

19.

Proceedings of the 4th International Crustacean Congress (ur. Von Vaupel Klein,
J.C., Schram, F.R.). Amsterdam, Brill, Leiden, Crustacean Issues, pp. 3-33.

Den Hartog, C., Van den Brink, F.W.B., Van der Velde, G. (1992). Why was
the invasion of the river Rhine by Corophium curvispinum and Corbicula
species so successful? Journal of Natural History 26: 1121-1129.

Stoeckel, J.A., Schneider, D.W., Soeken, L.A., Blodgett, K.D., Sparks, R.E.
(1997). Larval dynamics of a riverine metapopulation: implications for zebra
mussel recruitment, dispersal, and control in a large river system. Journal of
North American Benthological Society16: 586-601.

Zaiko, A., Lehtiniemi, M., Nar§¢ius, A., Olenin, S. (2011). Assessment of
bioinvasion impacts on a regional scale: a comparative approach. Biological
Invasions 13: 1739-1765.

Jazdzewski, K., Konopacka, A. (2002). Invasive Ponto-Caspian species in
waters of the Vistula and Oder basin and the southern Balic Sea. U: Invasive
Aquatic Species of Europe (ur. Leppékoski, E., Gollasch, S. Olenin, S.), Kluwer
Academic Publishers, Dordrecht, Boston, London, 384-398.

Koéhn, J., Waterstraat, A. (1990). The amphipod fauna of Lake Kummerow
(Mecklenburg, German Democratic Republic) with reference to
Echinogammarus ischnus Stebbing, 1899. Crustaceana 58: 74-82.

70



INITIAL IMPACT
OF NEW BOR COPPER SMELTER ON AIR QUALITY

. . o ® . 0
Tihomir Popovic , B. Jovic, J. Knezevic

Serbian Environmental Protection Agency
Ministry of Agriculture and Environmental Protection, SERBIA

“tihomir. popovic@sepa.gov.rs
ABSTRACT

The paper analyzes the initial impact of new copper smelter in Bor on air quality. Period of
working only new smelter, Nov 2015 - May 2016, is estimated comparing with the standard and comparing
to the average state before activating a new smelter, which is represented with a several year period 2010 -
2014.

Although in the period when worked only a new smelter, Nov 2015 - May 2016 were exceedences
of LV daily concentration of SO,, implemented analysis indicates a significant reduction in the frequency and
intensity of exceedances; 4 times is rarer exceeding LV, and 7 times rarer exceeding 2 x LV.

Key words: AQ in Bor, new copper smelter in Bor, reduction in SO, exceeding LV in Bor.

INTRODUCTION

According to the Law on Air Protection (“Off. Gazette RS" No. 36/09, 10/13)
and Regulation on determination of zones and agglomeration (“Off. Gazette RS" No.
58/11, 98/12 and 105/15) Bor area is designated as agglomeration Bor although it has
less than 250 000 inhabitants. In accordance with the EU Directive 2008/50/EC it is
done due to the specific problem of air quality in the area of Bor.

Since the establishment of the national network for automatic air quality
monitoring and assessment of air quality in zones and agglomerations, agglomeration
Bor has III category of air quality - excessive air pollution [1]. It is only in the
agglomeration Bor where sulfur dioxide is pollutant which excessive presence causes
this state. Emissions of sulfur dioxide from the copper smelter in Bor were dominant in
the Bor area and are one of the largest in Serbia [2].

So, it is understandable expectation that the activation of new copper smelter in
Bor, with significantly lower emissions of SO,, contribute to the improvement of air
quality in Bor. In order to get insight into the initial impact of new copper smelter in Bor
on air quality, it was analyzed the intensity and frequency of air pollution in the current
period of working only new smelter.
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MATERIALS AND METHODOLOGY

On location Gradski Park, within the national network for air quality
monitoring in the Republic of Serbia, AAQMS Bor Gradski Park functions
operationally. It is one of five AAQMS in the Bor area (others are Bor Institut RiM,
Bor Brezonik, Bor Krivelj and recently Bor Slatina). At this measuring station were
registered the most often and the most intensive exceedings of air quality standards. They
were confirmed in 2006 as one of Europe's maximum daily concentration of SO,, [3].

Continuous, automatic monitoring of SO, is realized with gas analyzers SO,
TELEDYNE API using the reference method - ultraviolet fluorescence, (SRPS EN
14212). Gas analyzer calibration is done at least twice a year, in calibration laboratory of
the Serbian Environmental Protection Agency.

Ll A L

S0 [pg.m-3] Bor Gradshd park == SO2 [jrg.m-3] Boe Gradsid park

Figure 1. Hourly and daily concentrations SO, at AAQMS BOR_Gradski Park
in period 1 Jan 2015 - 24 May 2016

For analysis were used daily concentrations of SO, from AAQMS Bor_Gradski
Park. Although the new smelter were activated in April 2015, for the assessment of the
impact of the new smelter was taken the period after November 1, 2015, when it was
suspended the use of the old smelter.

Assessment of the state of air quality in the period 1. XI 2015 do 24. V 2016
(when this paper was writen) was carried out in two ways: assessment with comparasion
with EU air quality standards, which have been transferred to domestic regulations —
Regulation on monitoring conditions and air quality standards (“Off. Gazette RS" No.
11/10, 75/10 and 63/13) and comparing with the values of daily concentration of SO, at
the same location in the period 2010 —2014.
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For this purpose the appropriate data processing were done for getting
empirical cumulative distribution of daily SO, concentrations at the site Bor Gradski
Park.

RESULTS AND DISCUSSION

Graphic of empirical cumulative distribution of daily concentration of SO, in
the AAQMS Bor Gradski Park in the period 2010-2014 and the period of working only
new smelter is shown in Fig. 2.

Review will be used for assessment of the state of air quality in Bor compared
to the standard and compared to the average state before activating a new smelter which
is represented in several years period 2010 — 2014.

===502 BOR Nov2015- May2016  =—=502 BOR 2010 - 2014

100 -

=
=

Cumulative frequency, %
[

0.1

0 125 250 375 500 625 750 875 1000 1125 1250 1375 1500

Daily concentrations $O2, pug/m3 Ti.Pop_SEPA ‘16

Figure 2. Empirical cumulative distribution of daily SO, concentrations at the site
BOR_Gradski Park in period 2010-2014 and period of working only new smelter,
Nov 2015 — May 2016

During the period of operation only a new smelter, Nov 2015 - May 2016, the
limit values, LV, of daily concentrations of SO, which is 125 pg/m® were exceeded.
During the seven-month period of operation only new smelter, the average concentration
of SO, in the AAQMS Bor Gradski Park was 67.8 pg/m’, and the number of days with
exceedances LV was only 23. The same parameters for year 2015 according to data
from the same measuring point was 1453 pg/m® with 139 days with daily
concentrations above the LV.
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Table 1. Empirical probability, in %, of certan or higher daily concentrations of SO, in
location Bor Gradski Park in period 2010-2014 and period of working only new
smelter, Nov 2015 — May 2016.

Daily SO2, ug/m3 BOR XI 2015 - V 2016 BOR 2010 - 2014
125 (1x LV) 11.5 445
250 (2x LV) 3.9 29.2
375 (3x LV) 0.5 19.2
1250 (10x LV) - 1.2

Numerical values of comparison of period of working only a new smelter and
average state are given in Tab. 1. The empirical probability of occurrence of daily mean
SO, concentrations higher than 125 pg/m’, which is the LV, in the period of working
new smelter is only 11.5%. For the period 2010 - 2014, period that we take as the
representative of the average state before working only new smelter, empirical
probability of occurrence of daily mean SO, concentrations higher than 125 pg/m’is
44.5%! This practically means that in the period of working the new smelter is 4 times
less chance of occurrence daily concentrations higher than allowed under EU and
national regulations.

Available data show that in the previous period exceeding of LV could be
several times higher than allowed, [4]. Therefore, in Tab.l are compered empirical
probability for occurrence daily concentrations higher 2, 3 and 10 times than allowed.

During the period of working only new smelter there were cases when the daily
value was more than 250 pg/m’, which is more than 2 x LV. Their empirical probability
of occurrence is 3.9%. Such situations were recorded in the period 2010-2014, but with
a probability of 29.2%. For the next period, it practically means that the double
exceeding L'V can be expected 7 times less than before the start of working only a new
smelter.

In the case of a triple exceeding LV reduction of the probability of occurrence
is even higher and is even 38 times.

Ten times exceeding LV were recorded in the previous period. In terms of working only
new smelter such cases should not be expect more.
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Figure 3. Annual concentration of SO, at the site BOR Gradski Park and percentage
of days during the year excceding daily LV in the period 1990-2015

Although only the new smelter worked since the beginning of November 2015,
the annual concentration of SO, in the AAQMS Bor Gradski Park is significantly lower
than in previous years, [5]; 2014 it was 246 pg/m’ and in 2015 it was 145 pg/m’, Fig. 3.
In the period Jan-May 2016. SO, concentrations have dropped to 60 pg/m’.

It is important to note that after the 6 previous years with the continual growth
of the annual concentration of SO, in Bor, the average for 2015 is lower than in previous
years.

CONCLUSION

The initial impact of new copper smelter in Bor on air quality in the city is very
encouraging.

Assessment of the state of air quality in Bor was performed compared to the
standard and compared to the average state before activating only a new smelter which
is represented in several years period 2010 —2014.

During the period of operation of only a new smelter, Nov 2015 - May 2016,
there were the exceedances of limit values of daily concentrations of SO,, which
indicates the need to continue actions to improve air quality in Bor.

However, an analysis of data from the period when it was only a new smelter,
Nov 2015 - May 2016, and the period 2010 — 2014, indicates a decrease in the frequency
and intensity of daily exceedances of LV for SO, in Bor; 4 TIMES is rarer exceeding
LV (125 pg/m?), 7 TIMES is rarer exceeding double values of LV (250 pg/m’) and for a
38 times rarer occurrence exceeding 3 x LV (375 pg/m’).
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Reliability of these estimates can be increased by analyzing a longer period of
work only a new smelter. The authors will that fact bear in mind in the coming period
when such analysis can be repeated.
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ABSTRACT

The waste waters coming out of the industrial facilities in the copper production technological
process, carry contaminants in them which may pollute the surface or underground water resources, damaging
them permanently.

In the facility for waster waters treatment, neutralization of waste water and chemical buildup of
metals in the form of hydroxides are conducted, which remain in the sludge, and the precipitated waster waters
are used in the ore flotation process. In this study, the analyses of waste waters from old facilities (when there
was no adequate waste water treatment) are presented, along with the analyses of waste waters from new
facilities of the copper production technological process from the concentrate according to BAT, after the
treatment in the effluent industrial water Plant. The analysis of the heavy metal content was carried out in the
waste waters of the smelter complex after its treatment, paying special attention to Cu, Zn, Cd, and Pb in them.

Key words: effluentindustrialwaters, Cu, Zn, Cd i Pb.
INTRODUCTION

The growing production of copper in the world and the ever increasing rigid
standards with regard to the environmental protection, demand perfecting of the existing
and the development of new technologies. The modern trends transform pyro
metallurgic facilities into so called industrially — ecological complexes. During the
technological processes of copper production, waster waters are generated, which
contain heavy metals, which represent serious environmental pollutants due to their
toxicity.[1-3].

The development of metallurgic processes leans towards application of the best
available technologies which significantly contribute to the improvement of
environmental protection [4-8]. The quality of the precipitated waste water is supposed
to be suitable to the the limit values of the emission, prescribed for certain kinds of
industries, based on the best available technique for precipitation in case of a direct
release into water bodies [14].
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MATERIAL AND METHODS

The effluent treatment plant hosts joint waste waters generated from the
scrubers for gas precipitation and cooling from the flash furnace (FSF flow) 4.8 m*/h
and from the scrubers for gas precipitation and cooling from the converters along with
the suspension from the electrostatic filters with the liquid phase of the sulfuric acid
Plant (PSC flow) 3,9 m’/h. [9].

The treatment of waster waters is made up of FSF and PSC neutralization
process and the process of chemical buildups.

The neutralization is conducted by means of lime milk according to the
reaction:

stO4 + Ca(OH)2 = CaSO4 + 2H20

In order to reduce pH values to acceptable ones.

The chemical buildup is based on converting the soluted metalic iones from the
waste water, by using appropriate reagents, into insoluble compounds, such as
hydroxies, sulfides, and metal carbonates. In the effluent treatment plant, the best
available technique for the treatment of waster waters from the primpary copper smelter
is used (BAT for Non-ferrous metals industries, 2009). [16,17] through the method of
metal buildup in the form of hydroxides with the lime.

The tecnlogical block scheme of the waste water treatment is shown in the
Figure no.1
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Figure 1. The tecnlogical block scheme of the waste water treatment
RESULTS AND DISCUSSION
In the facility for waster waters treatment, neutralization of waste water and

chemical buildup of metals in the form of hydroxides are conducted, which remain in
the sludge, and the precipitated waster waters are used in the ore flotation process. The
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quantities of heavy metals in the waste water from the old facilities (when there was no
adequate waste water treatment) from 1.1.2012 to 1.11.2015 are compared to the
quantities of heavy metals in waste water from the new plant of the technological
process for copper production according to BAT, after the treatment in effluent water
treatment Plant, from 4.11.2015 to 2.2.2016 [10].

From 4.11.2015 — 2.2.2016 the analysis of the heavy metal content was carried
out in the waste waters generated from the scubers for gas precipitation and cooling
from the flash furnace and from the scubers for gas precipitation and cooling from the
converters along with the suspension from the electrostatic filters with the liquid phase
of the sulfuric acid Plant, after their treatment in the neutralization Facility, paying
special attention to Cu, Zn, Cd i Pb in them. The results obtained were compared to the
limit values according to the current law regulation of the Republic of Serbia. [13].

The content of heavy metals Cu, Zn, Cd i Pb of the precipitated waste water before the
test start up of the effluent treatment plant for the observed period from 1.1.2012 to
1.11.2015 is shown in the Figures 2-5 [11].
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Figure 2. Median yearly content of Cu(mg/1) in the precipitated water
from 1.1.2012 to 1.11.2015

0g

08

Zn, mgl

04

02
D — B

012 a3 014 2015

| E==in — — Limitvalue |

Figure 3. Median yearly content of Zn(mg/1) in the precipitated water
from 1.1.2012 to 1.11.2015
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Figure 5. Median yearly content of Cd(mg/1) in the precipitated water

The achieved quality of the output water from the effluent water treatment plant for the

from 1.1.2012 to 1.11.2015

observed perid from 4.11.2015 to 2.2.2016 is shown in Figures 5-8 [12].
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Figure 6. Content of Cu(mg/l) in the precipitated water from 4.11.2015 to 1.11.2016
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Figure 7. Content of Zn(mg/1) in the precipitated water from 4.11.2015 to 1.11.2016
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Figure 8. Content of Pb(mg/1) in the precipitated water from 4.11.2015 to 1.11.2016
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Figure 9. Content of Cd(mg/1) in the precipitated water from 4.11.2015 to 1.11.2016
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CONCLUSION

The quantities of heavy metals in the waste water from the old facilities during
the period when there was no adequate treatment of waste water, compared to the
quantity of heavy metals in the waste waters from the new facilities of the technological
process of copper production from the concentrate according to BAT, after being treated
in the effluent water treatment Plant, were significantly higher.

By comparing the content of heavy metals in the output precipitated water from
the effluent water treatment Plant with the limit values according to the law regulation of
the Republic of Serbia, it can be concluded that the heavy metals Cu, Pb, Zn, and Cd, are
well below the limit values.

By applying the BAT technology in the field of effluent water treatment of the
technological process of copper production, the persistent issue of waste waters which
were inadequately treated and leaked into the recipient, has finally been resolved. The
waste waters which contain heavy metals are precipitated in the effluent water treatment
plant and are then used in the technological process of slag flotation.
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ABSTRACT

Mining and matallurgical activities have had a significant impact on the amient air. Air quality
monitoring data for particulate matter (PM) with an aerodynamic diameter <10 um and their heavy metal
content have been analyzed. Atmospheric samples of PM10 were collected from five ambient air-monitoring
station (AAMS) located in Bor Municipality area, for the period 2015.-2016. and analyzed for lead, cadmium
and nickle. Standard gravimetric method was used for determining particurate matter content and inductively
coupled plasma mass spectrometry (ICP-MS) method was used for determining the concentration of Pb, Cd,
Ni, in suspended paticles PM10, with great precision. The collected data was processed and analysed in
accordance with the Regulation on the conditions for monitoring and air quality requirements - Legistation of
the Republic of Serbia. Improvement of air quality confirmed the application of new tehnologies — Flash
smelting and new Sulphuric Acid Plant.

Key words: air quality, particulate matter (PM10), lead, cadmium, nickel
INTRODUCTION

The sources, characteristics, and potential health effects of suspended particles
and particles with aerodynamic diameter less than 10 pm (PM10) are very different.
Natural emissions (crustal minerals, forest fires and oceans), traffic and industrial
emissions (combustion of fossil fuel and industrial metallurgical processes) are the
principal sources of atmospheric heavy metals [1-7].

Atmospheric particulate matter (PM) is more complex than other air
contaminants because of its chemical composition and physical properties including
density, concentration, and size distribution [8,9].

Accelerated industrialization has resulted in heavy metal air pollution increasing
largely unchecked around the world, especially in many developing countries [10,11].

Lead (Pb), cadmium (Cd) and nickel (Ni), which can be found in PM, are
considered potential public health risk factors because of their carcinogenic properties [12-15].
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MATERIAL AND METODS

Figure 1 presented a map of the Bor Municipality area with measuring points of
air quality control. Five measured ambient air quality values were included: 1. Park; 2.
Institut; 3.Faculty; 4.Jugopetrol; 5.Slatina.
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Figure 1. Map of the Bor Municipality area with sampling sites (1. Park, 2. Institute, 3.
Faculty, 4. Jugopetrol, 5.Slatina) and location of Copper Smelter smokestacks
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Mining and Metallurgy Institute Bor measured the air quality in Bor in the
period from January 2015. to January 2016. - Annual Report on the Air Quality in Bor.

Standard gravimetric method was used for determining particurate matter
content pursuant to the standard SRPS EN 12341:2015 — Ambient air.

Inductively coupled plasma mass spectrometry (ICP-MS) method was used for
determining the concentration of Pb, Cd, Ni, in suspended paticles PM10, with great
precision, pursuant to the standard SRPS EN 14902:2008.

The collected data was processed and analysed in accordance with the
Regulation on the conditions for monitoring and air quality requirements (Offical
Gazette RS n0.11/10, 75/10, 63/13).

Table 1. Ambient air — Standards and Guidelines (Offical Gazette RS no.11/10,75/10,
63/13).

Parameter Legistation of the Republic of Serbia
PMI0, pg/m’ 50
Pb, pg/m’ 1
Cd, ng/m’ 5
Ni, ng/m’ 20
RESULTS AND DISCUSSION

Copper production process in Bor was done in accordance with a standard
smelting scheme and classified as a traditional copper production process.

With the aim of reducing the emission and improving environemntal conditions,
introduction of new technological solutions, RTB Bor started by reconstruction of the
existing smelter, application of autogenous processes.

New Flash Smelting processes and new Sulphuric Acid Plant has started in
November 2015.

Concentration of Pb, Cd and Ni in suspended particulate (PM10) were
calculated from data obtained from five ambient air-monitoring station (AAMS) located
in town and suraunding: 1. Park, 2. Institut, 3. Faculty, 4. Jugopetrol, 5. Slatina, and
presented in figute 2-5.
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Figure 2. Concentartion of particulate matter (PM10) from 5 ambient air-monitoring
station, during the period January 2015. — January 2016.
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Figure 3. Concentration of Pb pg/m’ in PM10 from 5 ambient air-monitoring station,
during the period January 2015. —Jjanuary 2016.
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Figure 4. Concentration of Cd ng/m® in PM10 from 5 ambient air-monitoring station,
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Figure 5. Concentration of Ni ng/m’ in PM10 from 5 ambient air-monitoring station

during the period January 2015. — January 2016.
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CONCLUSION

Concentartion of particulate matter (PM10) from 5 ambient air-monitoring
statio§1, during the period January — October 2015. were higher than limit values 50
pg/m’.

Concentration of Pb in all samples were in accordance with the limit values 1
um/m’ while 71,83 % of PM10 samples had Cd content higher than allowed values
which amount to 5 ng/m’. Concentration of Ni in ambient PM10 samples in 2 days were
higher than guidelines for the protection of human health 20 ng/m’, at the measuring
points "Institut” 26 ng/m’ and "Slatina” 49,1 ng/m’.

New smelter has started with production in November 2015. From Novemer
2015. to January 2016. particulate matter concentration and their heavy metal content
(Pb, Cd, Ni) have been lower and in accordance with the law of the Republic of Serbia.

Applying BAT technology within the New Flash Smelting and Sulphuric Acid
plant are significantly improve the environment.
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ABSTRACT

The generation of large quantities of waste gases from the metallurgic facilities as well as the low
return of matter and energy during the technological processes are the chief causes of environmental pollution
in Bor and its vicinity. Air pollution has been an issue during the past decades. The smelter plant in Bor is one
of the main emitters of harmful particles into the air. By measuring air quality in Bor and vicinity at six
measuring locations, the SO, concentration values in the ambient air have been provided during the given
period, when the old copper smelting plant was in operation and after the shut-down of the old technological
line for copper production and when the new smelter plant was started. It has been confirmed that by means of
using the BAT technology for copper production since November 2015, the air quality has been significantly
improved.

Key words: air pollution, monitoring, sulphur dioxide.
INTRODUCTION

The air quality monitoring is based upon monitoring the polluting particles
concentrations with regard to the allowed values, as well as their impact on the
environment [1-4]. Sulfur dioxide is one of the most common sources of air pollution in
the world. Erupting volcanoes can be a significant natural source of sulfur dioxide
emissions [5]. One of the most significant artificial sources of sulfur dioxide is fossil fuel
combustion [6-10] and the smelting of mineral ores containing sulfur. The obsolete
technologies for production of non-ferrous metals have a large impact to the air pollution
and increased SO, emissions into the atmosphere.

Sulphur dioxide reacts on the surface of various solid particles diffused in the
air, is soluble in water and is oxidized when reacting with water droplets in the
atmosphere, producing sulphuric acid. This acidic pollution is often transported by wind
over many hundreds of kilometres, and produces acid rain [12]. Acid rain is also
responsible for crop damage, buildings’ decay and the negative consequences to people
and animals through transfer of poisonous substances to the food chain.

Many studies have indicated the correlation between SO, concentrations in the
ambient air and the meteorological parameters, especially the wind velocity and blowing
direction, air temperature, humidity and atmospheric pressure [13-17]. The correlation of
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air pollution with the weather conditions as well as the analysis of the correlation
between the meteorological factors and the concentrations of air polluting particles
represents the basis for determining air quality [18-21].

SO, emissions gaseous tend to affect peoples’ respiratory system, cause cancer,
cardiovascular and vision problems [22] responsible for ecosystem instability and the
global warming effect.

By applying modern technologies in the copper metallurgy, the air quality can
be significantly improved, through reducing air polluting emissions, SO, and the
suspended particles containing heavy metals.

MATERIAL AND METODS

Six measuring locations have been analysed in the city and its vicinity. 1. City
park (0.5 km away from the smelter stack in the direction of east wind) ; 2. Jugopetrol
(in the direction of the prevalent, north wind); 3. The Institute (1 km away from the
smelter complex); 4. Brezonik (2.5 km away from the smelter complex) 5. The Faculty;
6. Slatina.

The data concerning the SO, concentrations in the ambient air can be observed
in real time on The Environmental Protection Agency web site www.sepa.gov.rs — the
state network organized monitoring.

At the measuring location, City park, the following equipment was installed:
DKK-TOA Corp. Model GFS-312E Ambient SO, Analyzer, for automatic SO,
monitoring in the ambient air.

At the measuring location, The Institute, the following equipment was installed:
API Teledyne Ambient SO, Analyzer M100E.

At the measuring location, Jugopetrol, the following equipment was installed:
DKK-TOA Corp. Model GFS-312E Ambient SO, Analyzer.

At the measuring location, Brezonik, the following equipment was installed: DKK-TOA
Corp. Model GFS-312E Ambient SO, Analyzer.

At the measuring location, the Faculty and Slatina, the following equipment
was installed: PROEKOS, Beograd.

For the purpose of controlling SO, content the method SRPS ISO 4220/1997 for
determining the index of acidic, gaseous and polluting matter in the air is used. The
technique of examination: titrimetry.

At the automated stations for determining SO, concentrations the UV EN 14212
method is used. The air quality control within this monitoring is conducted by the
authorized, independent firm ,,Mining and Metallurgy Institute Bor®.

The table 1 shows the standards and rules regarding the ambient air quality in
Serbia, the limit value, the tolerable value, and the tolerance limit for sulfur dioxide
according to the Conditions for Monitoring and Air Quality Demands Act (,,Official
Gazette of Republic of Serbia no. 11/2010, 75/10 i 63/13).
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Table 1. The limit value, tolerable value and tolerance limit of SO,

Averaging Limit value Granica Tolerance Deadline for reaching the
period tolerancije limit limit value
One hour 350 pg/m’ | 150 pg/m’ 500 pg/m’ 01.01.2016.
One day 125 pg/m’ - 125 pg/m’ 01.01.2016.
Calendar year 50 ug/m’ - 50 ug/m’ 01.01.2016.
RESULTS AND DISCUSSION

The SO, concentration, in ug/m3 in the ambient air of Bor and its vicinity, for
the period from 2010 to 2016 is given in figures 1-2. Figure No.2 shows median daily
concentrations of SO, in pg/m® in 2015 during the period when the old smelter plant
was in operation and from the moment it was shut down (November 2015). By means of
applying the BAT technology in the copper metallurgy, the air quality has been
considerably improved since November 2015.
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Figure 1. The average yearly SO, concentrations in the ambient air from 2010. to 2014.
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Figure 2. The average monthly SO, concentrations in the ambient air form January
2015 to February 2016

CONCLUSION

Air pollution in Bor has been an issue for many years. The ever increasing rigid
standards of environmental protection require perfecting of the existing and the
development of new technologies. By making use of the best technologies available in
the copper metallurgy, there has been a considerable improvement in life conditions
quality, taking into account that the harmful gases emissions are within the limits
prescribed by the law regulation of the Republic of Serbia.

In period observed, from 2010 to November 2015, the SO, concentration in
pg/m’ in the ambient air, at all measuring locations, was above the limit values
prescribed by the Conditions for Monitoring and Air Quality Demands Act (,,Offical
Gazette of Republic of Serbia no. 11/2010, 75/2010 i 63/2013).

In order to reduce emissions and improve environmental conditions in Bor,
several technological actions were taken, such as the reconstruction of the existing
smelter plant, applying autogenic processes and constructing the new sulfuric acid plant.
Since November 2015, when the new copper smelting plant was started for the purpose
of testing, daily SO, concentrations in pg/m’ have been well within the limit of allowed
values which justifies the application of modern technologies in copper metallurgy in
light of the environmental protection aspects and improving air quality in Bor and its
vicinity.
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ABSTRACT

Air pollution level at six measuring sites in Bor was evaluated during the 7-year period. The average
annual SO, concentrations were above the limit value (50 ug m™) during the examined period, while daily SO,
concentrations frequently exceeded the limit value (125 pug m™). Maximum daily SO, concentration of 3734 pg
m” was recorded at the site Jugopetrol during 2012. Location of the sites Jugopetrol and Technical Faculty
which are at the prevailing wind directions, as well as the vicinity of the site Town Park to the copper smelter
are the main reasons for high level of air pollution.

Key words: sulphur dioxide, copper smelter, emission, air pollution, Bor .
INTRODUCTION

Emission sources of sulphur dioxide (SO;) in the atmosphere can be of natural
and anthropogenic origin, such as volcanic emissions, smelting of sulfide ores or burning
of fossil fuels [1,2]. Although SO, can be oxidized [3] and removed from the atmosphere
by wet and dry deposition [4], it can also be transported several hundred kilometers
depending upon meteorological conditions [5].

Regarding that the copper smelter, a part of the Mining—metallurgical
Complex Bor, represents a major source of pollution in Bor, constant monitoring of the
air pollution is necessary because SO, has negative impact on ecosystems as well as on
human health [3]. Assessment of air pollution level caused by SO, emissions during the
period 2009-2015 was the aim of the study.

METHODOLOGY
Exploitation of copper has led to industrial development of the Bor region.
However surface mining of copper ore and pyrometallurgical production of copper from

sulfide concentrates are primary sources of environmental pollution. Fugitive dust from
overburden dumps and flotation tailings ponds also cause pollution of agricultural land.
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Due to low average utilization of waste gases (about 40%) in the sulphuric acid plant, the
rest of gases are discharged untreated into the atmosphere [2]. New sulphuric acid plant
and smelter are built near existing ones, in order to significantly reduce air pollution in
the area.

The air quality monitoring was performed at the sites [6]:

Town Park (TP) — 0.5 km SW of the smelter in the urban—industrial zone (UI);
Institute (IN) — 2 km S of the smelter in the Ul zone ;

Jugopetrol (JP) — 3.3 km SE of the smelter in the suburban zone (SU);
Brezonik (BR) — 2.5 km N of the smelter in the SU zone;

Technical Faculty (TF) — 1 km WNW of the smelter in the Ul zone;

Slatina (SL) — 6 km SE of the smelter in the rural zone (R).

ASENENENENEN

RESULTS AND DISCUSSION

Wind rose diagram for the Bor region is shown in Figure 1. The predominant
winds in the study area are WNW, NW, W and E winds, while less frequent winds are of
S, ENE, ESE, NNE and SSW directions [6]. The climate of the studied area is
moderately continental.
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Figure 1. Rose diagram based on the annual wind frequencies (%)
for the period 2009-2013

The average annual and maximum daily SO, concentrations, as well as number
of exceedances of the limit value (LV) are given in Figure 2 and Table 1, respectively.

During the 7—year period, the average annual SO, concentrations significantly
exceeded the annual LV, amounting 50 pug m™ [7] at all the sites, except at the measuring
site. BR during 2009. At the measuring site JP the highest average annual SO,
concentrations were recorded, during the whole period, except for 2010 and 2014 when
the maximum average annual SO, concentrations were recorded at the measuring sites
TP and TF, respectively. Although the site JP is located further from the copper smelter,
compared to the TP and TF sites (which are located in the prevailing E wind directions),
SO, concentrations at the JP were largely influenced by the prevailing W wind
directions.
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Figure 2. Average annual SO, concentrations (ug m™) during the study period (dashed
line — limit value according to the Serbian Regulation)

The maximum daily concentrations during the study period were above the
Serbian LV [7], the European Commission Directive LV [8] and the WHO Air Quality
Guidelines for 24—hour average [9]. The most extreme value was measured at the site JP
in 2012 (Table 1). At the measuring site IN during 2014, SO, concentrations have
exceeded the LV [7] in 178 days, while at the BR site the LV [7] was exceeded 119 times
during 2012. At the measuring sites TP and JP exceeding of the LV [7] was recorded at
245 times during 2014. The LV [7] was exceeded 312 and 165 times during 2014 at the
sites TF and SL, respectively. A long—term study (2001—2008) of emissions from one of
the largest Cu—smelter in Europe (Huelva, Spain) has shown that SO, levels did not
exceed the daily limit [10].

Table 1. Maximum daily SO, concentrations (ug m™) and the number of exceedances
of the LVs during the study period

Max daily SO, concentration (pg m?) Number of days above the daily LV*
Year
IN BR TP JP TF SL IN BR TP JP TF SL

2009  241° 446 663 1412 / / 3° 18 36 83 / /
2010 320 303 2079 367 / / 23 69 180 71 / /
2011 545 889 1434 2565 2386 / 68 52 164 136 156 /
2012 1707 2135 2584 3734 2037 / 98 119 156 198 159 /
2013 1241 / 2006 2153 1110 821 74 / 172 194 129 20
2014 1217 / 3339 1851 2040 977 178 / 245 245 312 165
2015 723 / 1357 3181 1088  650° 171 / 208  159°  111°  113°
LV* 125 —

LV¢ 125 —

LV® 20 —

"LV was changed from 150 pg m™ to 125 pug m™ in April of 2010; * Serbian Regulation [7]; ® from 1% to 21
January; © from June to December; ¢ EC Directive [8]; ¢ WHO Air Quality Guidelines [9]; / no data; — not
defined
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The average monthly SO, concentrations, from 2009 to 2015, are given in
Figure 3 [6]. The highest average monthly SO, concentrations in 2009 (Fig. 3a), 2013
(Fig 3e) and 2014 (Fig. 3f) were measured during February at the sites JP (199 ug m™),
TP (557 pg m™) and TF (582 pg m™), respectively. During 2010 the average monthly
SO, concentrations was 387 ug m™ in December at the site IN (Fig. 3b), while during
2012 (Fig. 3d) was measured in March at the site JP (803 pg m™). Only in 2011 (Fig. 3¢)
and 2015 (Fig. 3g) the highest monthly SO, concentrations were measured during the
summer months at the sites JP in August (765 pg m™) and Jun (539 pg m™).
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Figure 3. The average monthly SO, concentrations (ug m™) during the years
a) 2009; b) 2010; ¢) 2011; d) 2012; e) 2013; f) 2014; g) 2015

CONCLUSION

The average daily, monthly and annual SO, concentrations at the measuring
sites in the Bor region from 2009 to 2015 were presented. The annual SO, concentrations
at all the measuring sites exceeded the proposed annual limit (50 ug m™) by the Serbian
Regulation [7], except at the site BR during 2009. Daily SO, concentrations were
frequently above the current air quality guidelines at all the measuring sites, during the
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study period. The most polluted sites were JP, TF and TP because of location in regard to
the prevailing W and E wind directions, and the vicinity of the copper smelter,
respectively. Frequent exceeding of the daily and annual LVs have negative impact on
human health since many epidemiological studies have associated sulphur dioxide
inhalation and respiratory diseases.
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ABSTRACT

The article presents definitions and insights on the global critical raw materials inventory and lists
countries where these materials are most abundant. According to European Commission critical analysis was
based on three groups of criteria: economic effects of supply constraints, the risk of supply reduction (erode or
break), the environmental risk associated with limitation of production in various countries, resulting from the
environmental protection requirements (maintenance of environmental quality standards, minimizing hazards).
The list of critical materials in European Union is given with particular focus on Poland. In Poland, 11 out of
20 selected critical raw materials can be found. Any economic importance may have raw materials such as
fluorspare, phosphate rock, cobalt, magnesite, platinum group (limited), tungsten, rare earth elements and
coking coal. Among this group only cobalt, magnesite and coking coal are economically operated (without
taking into account the secondary recovery).

Key words: critical raw materials, EU economy.
INTRODUCTION

Raw materials policy is increasingly important for both the national economies of
the European Union and across the globe. The increasing demand for raw materials is
associated with the growing global population, rapid economic development and the spread
of new technologies. The range of raw materials necessary for the EU economy increases,
but their availability becoming more and more threatened. A particularly important
problem is the issue of critical raw materials for which the risk of supply shortage and its
consequences for the economy are larger than most of the other raw materials [4,7].

The European Commission defines raw material criticality as follows “To
qualify as critical, a raw material must face high risks with regard to access to it, i.e. high
supply risks or high environmental risks, and be of high economic importance. In such a
case, the likelihood that impediments to access occur is relatively high and impacts for
the whole EU economy would be relatively significant.”

GLOBAL CRITICAL RAW MATERIALS

Analysis of the global primary supply of critical raw material identifies that less
than 3% originate from EU sources. The major producers of critical raw materials are
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China, whose market share is 49%. They are the main exporter of raw materials such as
antimony, fluorspar, gallium, germanium, graphite, indium, magnesium, rare earths
elements (REEs), tungsten. Several other countries have dominant supplies of specific
raw materials: USA (beryllium), Russia (tungsten, platinum group metals - PGMs),
Democratic Republic of Congo (cobalt, tantalum) and Brazil (niobium). Supply of other
materials (e.g. platinum group metals, borates), is more diverse but is still relatively
concentrated. The risks associated with such concentration of sourcing is in many cases
compounded by low substitutability and low level of recycling [3,7].
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Figure 1. World primary supply of critical raw materials [6]
EU REGULATIONS CONCERNING CRITICAL RAW MATERIALS

The first criticality analysis regarding raw materials for UE was published in
2010 by the European Commission. Fourteen critical raw materials were identified from
a candidate list of forty-one non-energy, non-agricultural materials (Tab.1). The
Commission undertook to continue to monitoring the situation to identify priority actions
and the review and update the list at least every three years.
Critical analysis was based on three groups of criteria:

- economic effects of supply constraints,

- the risk of supply reduction (erode or break),

- the environmental risk associated with limitation of production in various

countries, resulting from the environmental protection requirements

(maintenance of environmental quality standards, minimizing hazards) [5].

The next communication on critical raw materials was published in 2014. In this
report fifty-four non-energy, non-agricultural materials were analysed, using the same
quantitative methodology as in the previous study. This extended list includes seven new
abiotic materials (borates, chromium, coking coal, lithium, magnesite, phosphate rock
and silicon metal) and three biotic materials (natural rubber, sawn softwood and
pulpwood). This 2014 list includes thirteen of the fourteen materials identified in the
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previous report, with only tantalum moving out of the EU critical material list (due to
reducing the risk of supply shortages) (Tab.1).
In comparison with report from 2010 information about the rare earth elements
are more detailed — previously REEs were considered as a single group. To provide
greater insight in this report, and to reflect the different supply and demand issues faced
by different REEs, this single group is been split into three in this analysis: light rare
earth elements (LREE), heavy rare earth elements (HREE) and scandium.
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Figure 2. Analysis of the criticality of raw materials selected in 2014 [6].

Table 1. The list of critical raw materials from the 2011 and 2014 [3,6].

Lp. 2010 2014
1 Antimony Antimony
2 Beryllium Beryllium
3 Cobalt Borates
4 Fluorspar Chromium
5 Gallium Cobalt
6 Germanium Coking coal
8 Indium Fluorspar
9 Magnesium Gallium
7 Natural Graphite Germanium
10 Niobium Indium
11 Platinum Group Metals Magnesite
12 Rare Earth Elements Magnesium
13 Tantalum Natural Graphite
14 Tungsten Niobium
15 Phosphate rock
16 Platinum Group Metals
17 Rare Earth Elements — Heavy
18 Rare Earth Elements — Light
19 Silicon metal
20

Tungsten
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CRITICAL RAW MATERIALS IN POLAND

The resources of critical raw materials in Poland, their forms of occurrence,
quantity and potential perspective of exploitation are presented below (Tab.2) [1,2].

Table 2 . Critical raw materials in Poland

Lp.| Raw materials Resources Exploitation/ perspective
1 | Antimony - -
2 | Beryllium - -
3 | Borates - -
4 | Chromium - -
5 | Cobalt Cu ore in Fore-Sudetic Monocline -120 | Yes
720 t; potential sources — coal deposits in | In KGHM Polska Miedz mines
Upper Silesian Coal Basin — estimated | (e.g. “Lubin-Matomice™: 82- 250 g
resources 400 000 t Co per ton of ore)
6 | Coking coal Balance resources - 13737,99 min t Yes
Industrial resources - 1520 mln t
8 | Fluorspar Barite deposit Stanistawow — No
542 000 t
9 | Gallium Zn-Pb gallium-bearing ore in Silesian- | No
Cracow series
7 | Germanium Zn-Pb ore in Silesian-Cracow series — | No
trace amounts
10 | Indium - -
11 | Magnesite Owl Mountains - 6 deposits with balance | Yes
resources of 14,38 min t Open pit mine “Konstanty” from
Braszowice deposit
12 | Magnesium Dolomite deposit No
(methods of obtaining magnesium
oxide and magnesium from
dolomite was implemented in the
quarter-scale in ZM Trzebinia in
1950s)
13 | Natural Graphite - -
14 | Niobium - -
15 | Phosphate Radom - Itza - Annopol - Gos$cieradow | No (exploitation in Annopol
— Modliborzyce belt - 42,4 min t deposit was end in 1971)
16 | Platinum Group Cu ore in Fore-Sudetic Monocline, in | No
Metals polymetallic shale — up to 1000 ppm in
Lubin and Polkowice deposit
Lp.| Raw materials Resources Exploitation/ perspective
17 | Rare Earth Lower Silesia: near to Szklarska Porgba | No
Elements — Heavy | (up to 0,5% RRE) and Bogatynia (up to
18 | Rare Earth 1,5% RRE);
Elements — Light Phosphogypsum dump of chemical plant
“Wizow” — 8280 t of RRE (mainly
ytrrium and europium)
19| Silicon metal Crystalline quartzites in Holy Cross | No
Mountain; quartz veins from deposits of
Lower Silesia
20 | Tungsten Mo-W-Cu ore deposit Myszkéw- 0,238 | No
mln t of W
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CONCLUSION

In recent years, the problem of resources of critical raw materials in the
European Union is a priority, because risk of disturbing or discontinuation of the supply
liquidity and delivery can have serious consequences for the entire economy. Therefore,
it is important to the development of mining sciences and other, such as chemical or
environmental engineering, allowed for the safe exploitation of resources or recovery of
materials from waste or anthropogenic deposits. In Poland, 11 out of 20 selected critical
raw materials can be found. Any economic importance may have raw materials such as
fluorspare, phosphate rock, cobalt, magnesite, platinum group (limited), tungsten, rare
earth elements and coking coal. Among this group only cobalt, magnesite and coking
coal are economically operated (without taking into account the secondary recovery).
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ABSTRACT

Wood is one of the most important renewable resources in the world, chemically composed of
organic and inorganic substances.

In Romania health and safety at work legislation transposes the European Directives on insertion of
measures to encourage improvements in worker’s safety and health at work, also when it comes to timber
industry.

Woodworking through various technological operations releases wood dusts in the workplace air,
dust that is hazardous to worker’s health (leading to asthma, dermatitis, nasal cancer, pneumonia, and cough).

Analysis of the effects of wood dust on health of workers resulted from epidemiological studies of
various abroad health institutes.

Key words: wood dust, occupational disease, cancer, worker’s health.
INTRODUCTION

Wood is one of the most important renewable resources and grows in forests
around the world. Forests cover about one third of the total area of the globe, about 3.4
million km?. This area represents more than 1.0 trillion m® of the total biomass; of this
biomass, about 3500 million m’ per year are harvested, of which about half is used as
fuel, mostly in developing countries. (1)

The species of trees that grow and are harvested in different countries vary
considerably. Hardwoods dominate, for example, in Italy (oak, chestnut, beech) and are
important species. In other colder regions, conifers are predominating: for example,
pine and spruce and northern countries pine, spruce, hemlock, cedar and fir in Canada.

Wood processing industry is divided into mechanical and chemical processing
industries. In turn, the mechanical wood processing industry is divided into the
following sub-sectors: timber industry, plywood and board industry, furniture industry,
production of matches and so on.
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Physical / chemicals agents that workers are exposed to in wood processing
production processes are presented in table 1.

Table 1. Physical / chemicals agents that wood processing workers are exposed to
depending on the technological process

No.| Technological process Physical/chemicals agents that workers are exposed to
1 Raw materials | Disbarking - softwood, hardwood and mixed dusts
preparation Sectioning
Chopping
Flattening
Chipping
2 Treatment - Preservatives (organic solvents or water based)
against Example: chromium, copper and / or arsenic aqueous
fungus  and salts
insects
3 Machinery Chopping in | - softwood, hardwood and mixed dusts
processing length
Chipping
Calibrating
Grinding
Shaping
Mill off
Holing
4 Assembly - wood dusts
- Solvents (in varnishes, paints, solvents, adhesives,
paint strippers, stains, wood preservatives)
Examples of harmful chemical agents: toluene, xylem,
methanol, formaldehyde and so on.
5 Polishing up Bleaching - Peroxides, acids, bases
Colouring - Organic or water based dyes
Puttying - Lute, bitumen
Grinding - wood dusts and solvents
Varnishing Solvents (in varnishes, paints, solvents, adhesives, paint
Painting strippers, stains, wood preservatives)
Drying Examples of harmful chemical agents: toluene, xylem,
methanol, formaldehyde and so on.
Covering
with
laminated
boards
Consequently, workers in wood processing industry, at their workplaces, may

be exposed to: softwood, hardwood and mixed wood dusts various solvents contained in
paints and adhesives, preservatives such as toluene, xylene, methanol, isocyanate
formaldehyde and other hazardous chemical agents.

The furniture industry accounts for approximately 80% of the raw material
produced by the timber industry. In the second half of the twentieth century it
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experienced a remarkable development because of population growth, intense
urbanization process and rising of general standards of living. This industry is developed
in large industrial centers where both extensive outlet and qualified work force can be
found. The biggest producers of furniture are: USA, Russia, France, Germany, Italy,
Sweden, Japan, Canada, and Romania.

ROMANIAN LEGISLATION ON WOOD DUST

In Romania health and safety at work legislation transposes the European
Directives on initiating measures to encourage improvements in the safety and health of
workers at work. (3)

Related to occupational diseases the national legislative framework includes:

- Law 319/2006 on safety and health at work as amended, with implementing
rules approved by Government Decision no. 1425/2006, as amended and

- Government Decision no. 1218/2006 and 1093/2006 on establishing minimum
health and safety requirements to protect workers from the risks related to
exposure to chemical agents respectively carcinogens or mutagens in
workplaces.

In Romania, the limit value for softwood and hardwood dusts is 5 mg / m®, and
for cedar wood dust is 0.5 mg / m’.

EFFECTS OF WOOD DUSTS ON TIMBER INDUSTRY
WORKER’S HEALTH

Particulates existing workplace atmosphere are disperse systems (solid dispersion
phase and gaseous dispersion environment). This type of disperse systems is divided in
turn into aerosol and aero-emulsion, depending on the size of the dispersion phase. (2)

Given these considerations, particulates in workplace environment can be
defined as heterogeneous solid particles disperse systems (aerosol) found in a gas (air),
particle size distribution being predominantly that of a colloid.

In America and Europe there are a number of studies on effects of wood dust
on the health of workers.

Studies in the woodworking industry in North America and Canada have shown
that up to 13.5% of people exposed to wood dust suffer from respiratory disorders.

Extensive data and studies clearly show lower respiratory tract sensitivity to
wood from red cedar, alder, oak and limba species. There are reports of asthma triggered
by timber dust from pine and cherry. (4)

A recent Danish study has shown that a wide range of respiratory organs
diseases and disorders can be caused by wood dust, specifically asthmatic diseases and
deterioration of pulmonary functions. European industrial medicine agrees that working
and processing wood as raw material or work material may cause occupational diseases
including cancer.

Means of entering the body, signs and symptoms of illness and effects of acute
and chronic exposure on workers' health are shown in table 1.
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Table 1. Effects on worker’s health as well as means of entering the body

Effects on | Means to enter the | Signs and symptoms of | Effects on worker’s
worker’s safety | body exposure health
Risks of fire and | -Inhalation (most | Acute exposure: may lead to | -Irritation of the eyes
explosion important) eye irritation, asthma, | and skin
By breathing in an | erythema, -Dermatitis
work environment | blistering, erosion and | -Effects on the
containing wood | secondary infections of the | respiratory system
particulates skin, peeling, itching and | (including asthma)
-Contact with | blistering dermatitis. -Nasal cancer
eyes and skin | Chronic exposure: may lead | (hardwood dusts)

On contact with
the wood dusts

to dermatitis, asthma,
pneumonia, cough, shortness
of breath, fever and other
signs and symptoms
associated ~ with  chronic
bronchitis. Chronic exposure
can lead to nasal cancer.

Limit values for long term exposure of workers (8 hours) in some EU countries

are shown in table.

2.

Table 2. Exposure limit values for different countries

Country Limit values (8 hours) mg/mc Limit values (short time exposure)
mg/mc
Austria(1) Inhalable aerosol 2(A) Inhalable aerosol 5(A)
Belgium 3(A)
Denmark 1(A) 2(A)
European Union (2) 5(B)
France (3) 1(A)
Finland 2(A) 1 (new and refurbished
factories)
Germany 2(4,5) (A)
5(4,6) (A)
Germany - BYD ©)®)
Hungary 5(A+C)
Italia Inhalable aerosol 5 (A)
Norway 1 (B)
2 (C)
Poland 4 (A)
2(B)
2 (A +B)
Spain 5(A)
Sweden 2 (A), 0.5 (pressure impregnated
wood)
Switzerland Inhalable aerosol 2 (A)
Holland 2 (B)
Great Britain 5(A)
Romania 5(A)
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Caption:
A - All wood types, B - Hardwood, C — Pinewood
(1) CTR (reference technical concentration) - based on technical feasibility.
(2) Occupational exposure limit value tokens [2,3] and limit values for occupational
exposure [4] Compulsory occupational exposure limit values — VLOEP.
(3) Restrictive statutory values.
(4) Caused by carcinogenicity, are not included in the VLOERP list; instead, concentration
values are prescribed in the Technical Guidebook on wood dust.
(5) Concentration values described in the Technical Guidebook on wood dust.
(6) Concentration values described in the Technical Guidebook on wood dust based on
technologies state of some workplaces / tools. For these situations additional control
measures are provided.
(7) Classified as being of Class "C 3B" - suspected carcinogen; commonly there is no
differentiable value in terms of maximum allowable concentration.
(8) Beech and oak dusts are classified as Class "C 1" - known human carcinogen;
commonly there is no differentiable value in terms of maximum allowable concentration.

Table 2 shows differences between accepted limit values for worker’s exposure
to dust in workplaces, according to technical and technological level of wood processing
in each country.

The lowest (less severe) inhalable dust limit values (1mg / m) for all types of
wood for an 8 hours exposure of workers are registered in Denmark, France and Norway
(1mg / m) for hardwood.

The effect of wood dust on humans

For worker sin timber processing industry, several epidemiological studies
investigated the risk of cancer, particularly cancer of the nasal cavity and paranasal
sinuses. Some studies have provided specific information on the risk of cancer associated
with exposure to wood dust, and these studies were given the greatest weight in the
evaluation.

Most of the case studies available about nasal cavity and paranasal sinuses
cancer showed increased risks associated with exposure to wood dust. These findings are
supported by numerous case reports. Very high relative risks for adenocarcinoma
associated with exposure to wood dust were observed in many countries, especially in
Europe.

In the few studies where exposure was primarily to softwood dust risk of nasal
cavities and paranasal sinuses cancer was high, but considerably lower than in studies of
exposure to hardwood or mixed wood. In addition, in studies of exposure to softwood,
hardwood exposure may not be clearly excluded. Wood dust concentration and exposure
time may also contribute to differences in risks of workers exposed to different types of
wood dusts. These studies consistently indicate that occupational exposure to wood dust
is causally related to adenocarcinoma of the nasal cavity and the paranasal sinuses.

113



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Prevention of occupational diseases

Further, we will detail the measures to prevent occupational diseases.

* Changing the production process can be achieved through:
- Adapting work to the individual; job designing, choice of work equipment, choice of
working and production methods, improving monotonous work.
- Partially or totally replacing hazardous substances. Substitution of substances known to
be hazardous with others less hazardous, such as replacing benzene with toluene or
xylene or replacing solvent-based adhesives and dyes with water based ones.
- Automation and / or closed processes; encapsulating equipment or parts of equipment
to avoid worker’s exposure to dust.

Figure 1. Model for encapsulating dust generating equipment

- Local aspiration (absorption) / general proper ventilation.

Al TITe -‘-?

Figure 2. Exhauster model
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* Work organizing- Action in Man-Machine-Environment System
Safe storage:
- Organize storage;
- Ensuring compatibility of products stored together;
- Adequate ventilation, dryness and temperature;
- Proper labeling;
- Maintain FDS near chemicals.
* Personal Protective Equipment (PPE)
PPE should only be used when assessing the risk warrants, respectively when it
is not possible to use collective protection measures.

Figure 3. Personal protective equipment (mask)
CONCLUSIONS

- Wood is one of the most important long cycle renewable resources, based on
which multiple sylvan, primary processing and furniture production activities
have developed, supporting the development of Romanian economy.

- Wood industry produces raw products, semi-finished wood products with
modified structures.

- Risk prevention and promoting measures to protect workers health is structured
on “Product specific directives ", issued with the aim of ensuring the free
movement of products within the European Community and on so-called
“Social directives ", targeting health and safety of workers at the workplace.

- The presence of hazardous substances contained in the wood structure led to
setting limit values for exposure of workers to these dusts, in most European
Union countries.

- In Romania for inhalable cedar dusts, very hazardous to workers' health, the
exposure limit value for 8 hours is 0.5 mg / m® and for softwood and hardwood
inhalable dusts limit value is 5 mg / m’.

- Workers in wood manufacturing workplaces can be exposed to softwood,
hardwood and mixed dusts and various solvents contained in paints and
adhesives, preservatives such as toluene, xylene, methanol, isocyanate,
formaldehyde and other hazardous chemical agents used in the wood industry.
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Research conducted abroad has shown that certain fractions of total dust are
responsible for diseases of different parts of the worker’s respiratory system.
Analysis of wood dust effects on health of workers resulted from
epidemiological studies conducted by various abroad health institutes.

There are differences between the accepted limit values for worker’s exposure,
according to wood processing technical and technological level in each country.
The lowest (less severe) inhalable dust limit values for all types of wood are
registered in Denmark, France and Norway (1mg / m) for hardwood.
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ABSTRACT

Plants growing on the abandoned Tungsten mine on Uludag Mountain, highly contaminated with
W, and Mo have been studied for their biogeochemical indication/prospecting and mine restoration potential.
The selected native species were Anthemis cretica L. subsp carpatica, and Trisetum flavescens (L.) P. Beauv.,
Marrubium astracanicum, Erysimum pulchellum, and Plantago holosteum. Trace element contents of different
parts of plants and their soils were analyzed simultaneously by inductively coupled plasma mass spectrometry
(ICP-MS) after acid digestion process.

Key words: Tungsten, molybdenum, bioaccumulation, bioindication, mine restoration, native
plants, soils, inductively coupled plasma-mass spectrometry.

INTRODUCTION

The abundances of trace element in plants significantly depend on plant
species, their ages and growth condition in environment. In our early studies, Atomic
Absorption Spectrometry were used for single element analysis in Tungsten mine
monitoring'. On the other hand, multi element screening of the ecological samples are
required in ecology for better understanding their biological and physiological functions.
In ICP-MS measurements, many elements are subjected to isobaric or polyatomic
interferences.> > More serious problems are often encountered with polyatomic
interferences which may be formed in the plasma or interface region, while some
interfering species already exist in the sample matrix and survive the journey through
the ICP. These interferences arise from atoms associated with the plasma gas (i.e. Ar)
associated reagents (e.g. O, H, N, CI, S), and the sample matrix.* They are particularly
problematic at masses below m/z 80.*” In our study, quality parameters of any analytical
data that were obtained by ICP-MS were evaluated for the content of W and Mo
elements in mentioned species.
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MATERIAL AND METHOD

The study was carried out around abandoned Wolfram Mine Work on Uludag
Mountain. Waste removal pools and waste canals were constructed on the granite
substratum. Two sample sites were selected from unpolluted areas (Site I and II) and one
from waste removal pool (Site-III). Soil and plant samples were taken from three
different places at each sampling site. Sampling area is shown in Figure-1.

r
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Figure 1. Investigation area and sampling sites (re-drawn from Giileryiiz et al., 2002).

Soils samples were sifted with a standard 2-mm sieve and then dried in air.
Plant parts were separated carefully, washed, and then were dried in an oven until their
weights become constant. Dried samples were grounded for analysis. Elan 9000
inductively coupled plasma—mass spectrometry (ICP-MS) (PerkinElmer SCIEX,
Shelton, CT, USA) was used for the analysis of Mo, and W in the plant parts separately.
Perkin-Elmer Ryton cross-flow nebulizer, a Scott-type double-pass spray chamber, a
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standard glass torch, nickel sampler and skimmer cones (i.d.:1.1 mm and 0.9 mm,
respectively) were the components of ICP-MS equipment. Additionally, the optimum
instrument conditions were as follows: RF power: 1000 W; plasma argon flow rate: 17.0
L min—1; nebulizer gas flow rate: 0.85 L min—1; sample uptake rate: 1.5 mL min—1;
dwell time: 50 ms; scanning mode: peak hopping; and detector mode: dual. The classical
open wet digestion procedure was applied to the samples (300-500 mg) with HNO; and
H,O, in a borosilicate glass vessel. Working solutions for external calibration.
Calibration curves were constructed with seven points (5.6-3000 pg L—1 for W). The
differences among the sampling sites regarding the element contents of plants and soil
samples were tested by one-way ANOVA. We used Tukey’s HSD test to determine the
differences among sample sites.

RESULTS AND DISCUSSION

Selection of measured isotopes is the key factor for eliminating the isobaric
interferences. In our case, it is easy to find sensitive and interference free isotopes for
measurement.

These interferences arise from atoms associated with the plasma gas (i.e. Ar)
associated reagents (e.g. O, H, N, Cl, S), and the sample matrix.” They are particularly
problematic at masses below m/z 80.*> The Main problem in this case is the use of
chloride free acids for digestion procedures. It was selected in our digestion procedure.
The other precaution is the dilution of the samples in a proper level in our working
range. Besides these, reference standard materials or standard addition methods may be
used for to check the selectivity of the measurements. W has 5 and Mo has 7 isotopes.
As a result of our study, Mo and **W were used in our measurements. This isotopes
are also the most abundance ones and show no interference except Ru, Os and their
oxides. Although standard deviation of the standard solutions is small, it can be at least
ten factors higher in plant and soil samples. It is not possible to control the homogeneity
of samples beside the triplicate samples were used. The ratio of determined levels of the
bioconcentration factor (BF) was obtained by dividing the total content in shoots by the
total content in the soil. The calculated BF values can be used for different transport
behavior of species to different elements, in our case W and Mo for unpolluted areas and
waste removal pools, in respectively. (Table 1-4). BF ratios are also shown in Table
5.W and Mo levels are different for selected species under stress conditions that shows
their different biological responses for Mo and W. Trisetum flavescens was the sensitive
species against W according to BF rations in Table 5.

Table 1. Determined W levels from unpolluted area

W
Species Soil Root Shoots Total BF
Antemis cretica 61+13 542 5+£2 10+£3 0.08
Trisetum flavescens 32+8 1+£0 8+2 9 +0 0.25
Marrubium astracanicum 3+1 1 £0.04 1.0 £04 1.5+04 0.33
Erysimum pulchellum 90 + 26 3+1 7+0.2 10+1 0.77
Plantago holosteum 34+04 0.05+0.03 0.5+02 0.58+0.18 0.15
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Table 2. Determined Mo levels from unpolluted area

Mo
Species Soil Root Shoots Total BF
Antemis cretica 0.6 £0.2 2+1 3+1 5+1 5
Trisetum flavescens 0.3+0.01 4+1 7+1 11 =1 23
Marrubium astracanicum 8+1 9+3 7 £2 16+5 0.88
Erysimum pulchellum 0.7+ 0.03 2 £0.6 4+1 61 6
Plantago holosteum 3£04 02 +£0.02 0.2 +0.04 0.4 £0.05 0.06
Table 3. Determined W levels from waste removal pools
w
Species Soil Root Shoots Total BF
Antemis cretica 1379 £ 672 9+0 55+£24 64 £24 0.04
Trisetum flavescens 1093 +£224 8+0 35+ 16 43 16 0.03
Marrubium astracanicum 2117 + 131 12 £2 397 +61 408 + 62 0.19
Erysimum pulchellum 883+ 178 21 £13 185+ 112 206+ 124 0.21
Plantago holosteum 2591 + 112 28 +£5 62 £6 85 +17 0.02
Table 4. Determined Mo leves from waste removal pools
Mo
Species Soil Root Shoots Total BF
Antemis cretica 0.8+£0.01 03+02 1.6 £0.8 1.9+£0.8 2
Trisetum flavescens 0.7+ 0.02 14 £1 2+1.2 34 £1.2 2.9
Marrubium astracanicum 6+1 0.04 £0.01 0.9 £0.1 0.9+0.1 0.15
Erysimum pulchellum 0.5+0.1 1.0 £0.3 1+£03 2+0.6 2
Plantago holosteum 7+1 0.5 +0.1 2.8 £0.1 3 +£0.1 0.4
Table 5. BF ratios of the selected species
W Mo
Antemis cretica 200 250
Trisetum flavescens 830 790
Marrubium astracanicum 173 587
Erysimum pulchellum 366 300
Plantago holosteum 750 15

CONCLUSION

ICP-MS was found as a useful technique for the interpretation of biological and
physiological responses of different species under any elementel stress conditions, in our
case study about W and Mo. Further studies have to be performed and have being
planned by our research group by different invasive technique based on Laser Ablation-

ICP-MS for micro distributions in plants and metal imaging studies together.
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ABSTRACT

Steel making process in electric arc furnaces generates the waste materials: non -hazardous electric
arc furnace slag (EAFS) and hazardous electric arc furnace dust (EAFD). The possibility of
stabilization/solidification of EAFD in EAFS based alkali activated binders was investigated.

The results have shown that EAFD addition in amount up to 5 % can be fixed using the alkali
activation of EAFS. EAFD addition affected the properties of fresh and hardened alkali activated binders based
on EAFS.

Key words: steel slag, alkali activation, steel dust, stabilization/solidification, heavy metals.

INTRODUCTION

Electric arc furnace dust (EAFD) is a waste material generated during electric
arc furnace steel making process. The quantity of EAFD generated is about 1% of the
steel produced [1]. This dust is mainly comprises of iron oxide (approx. 50%) and zinc
oxide (approx. 21%) while other constituents include: oxides of calcium, magnesium,
silicon, nickel, chromium, etc. [1]. This dust is considered as hazardous waste due to the
heavy metals content and cannot be disposed of in a landfill due to their leaching into the
environment.

Moreover, the steel production in electric arc furnaces generates another by-
product the electric arc furnace slag (EAFS). This slag is generated generates much
higher quantity of EAFS (up to 15 % per tone of slag), in comparison to the EAFD but
the EAFS, based on its properties, is classified as non-hazardous waste [2].The EAFS is
mainly comprises of iron oxides, such wustite, magnesioferrite/magnetite and hematite
[3] but it mainly depend on the charge composition, desired grade of steel purity and the
furnace operation conditions [2].

The EAFD and EAFS impose a different way of handling due to the difference
in the composition. Worldwide approximately, 70% of EAFD is sent for land fill, the
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remaining 30% is processed for Zn recovery and other purposes, [1]. On the other hand,
a high percentage of EAFS is used in a civil engineering, in different applications but the
35% remaining slags are still dumped [3]. Limiting factor for EAFS application in a civil
engineering is content of free CaO and MgO which are sensitive to weathering
conditions and induce the volume instability of EAFS. In recent decade, innovative alkali
activation/geopolymerization technology is a considering as a promising method for
EAFS valorization in civil engineering [4,5]. Alkali activated binders/ geopolymers are
considering as a new generation of building materials which show the comparable or
better properties than traditionally used cement based materials [6,7].

On the other hand, considering the toxicity of EAFD, especial attention is paid
to its recycling. A various methods are proposed for this purpose, like returning EAFD to
the electric arc furnace with the aim to increase the Zn content to the value which will be
cost effective for its recovery, recovery of valuable metal mainly Zn, by pyro- or hydro-
metallurgical processes [8,9] and stabilization/solidification in construction materials
which potentially can be used in a civil engineering [10].

Moreover, our previous research indicated that innovative technology (alkali
activation/geopolymerization) may be successfully wused for immobilization
(stabilization/solidification) of EAFD [11]. In this process, the non-hazardous waste
(coal fly ash) can be successfully used for stabilization of toxic waste (EAFD) and both
of them converted in a in useful environmental acceptable materials. Alkali activation
technology enables fixation of heavy metals from EAFD in amorphous alkali activated
binders and convert this waste in a more stable form. Mechanical properties and mobility
of toxic materials to the environment when contaminated alkali activated binder expose
to the different aquatic conditions is crucial factor limiting their potential application.

In this paper we have investigated the possibility of use of non-hazardous waste from
steel production for stabilization/solidification of toxic waste from the same industrial
process. Alkali activation of EAFS is used for stabilization/solidification of EAFD.

EXPERIMENT

The EAFS and EAFD used in this investigation was supplied from the Steel
Mill Niksi¢ in Montenegro. Chemical composition of EAFS and heavy metal content in
EAFD are given in the table 1.

EAFS based alkali activated binders were prepared by mixing the EAFS with
alkaline activator in a mass ratio of 4. The alkaline activator was prepared by the mixing of
10 M NaOH and Na,SiOj; solution ( molar ratio SiO,/Na,O= 3.2 ) in a mass ratio of 1.5.
Obtained paste was casted in a cylindrical plastic mould, cured for 48 h at 65 “C in the oven.
After demoulding, the samples were cured additional 14 days at ambient temperature.

The EAFS based alkali activated binders contaminated with EAFD were
prepared in the way that EAFD was first mixed with NaOH solution for 10 min to allow
leaching of leachable component from EAFD and than Na,SiO; solution was added. At
the end, EAFS was added into the mixture of alkali silicate solution and dust, and mixing
was continued for additional 5 min. The percentage of EAFS substitution with EAFD
was 1, 3, 5 and 7 %. The casting and curing procedure of contaminated alkali activated
binders was the same as in a case of pure EAFS based binders.
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Table 1. Chemical composition of EAFS and heavy metals in EAFD.

EAFS EAFD
Component % Component %
CaO 39.1 Zn 29.33
CaF 2.9 Pb 3.19
FeO 3.0 Cr 0.42
SiO, 26.1 Cd 0.10
FGQO3 0.2 Cu 0.35
MgO 13.64
MnO 0.27
Cr203 0.02
Al,0; 14.24
C 0.27
S 0.01
TiO, 0.3

3

Initial and final setting times of fresh alkali activated pastes were determined
using the Vicat needle. The hardened samples were tested for compressive test.The
immobilization efficacy was evaluated using TCLP Method No. 1311,( USEPA -US
Environmental Protection Agency) and EN 12457-2( EULFD -European Landfill
Directive) leaching tests. For the purpose of TCLP and EN 12457-2 reproduction,
grinded specimens are used for leaching tests. During TCLP test, the solid was
pulverized and mixed with an extraction fluid (acetic acid solution pH = 3,) at the solid:
liquid ratio 1:20 for 18 h. In the case of EN 12457-2 test, solid phase was mixed with a
deionized water at the solid:liquid ratio 1:10 for 24 h. After the tests, solid and liquid
phases were separated by filtration and the eluates were acidified with nitric acid to the
value of pH less than two. Metals content was determined using ICP-OES.

RESULTS AND DISCUSSION

Influence of EAFD addition on the initial and final setting time of EAFS based
alkali activated binders is given in the table 2. The results show that EAFD addition to
the EAFS decrease the initial and final setting time. This decrease was higher as the
content of EAFD was higher. When EAFD was added to the EAFS in a mount of 7 %, an
extremely viscous paste (Fig.1) was obtained which enabled the casting of paste in a
mould and thus this sample was not tested for setting time and compressive strength.

Table 2. Influence of EAFD addition on the initial and final setting time of EAFS based
alkali activated binders

EAFD content (%) Initial setting time(min) Final setting time(min)
0 25 55
1 19 47
3 12 35
5 10 25
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The results of investigations of EAFD addition on the mechanical properties of
EAFS based alkali activated binders are given in the Fig. 2. The pure EAFS based alkali
activated binders reach the compressive strength of 20.2 MPa. It is evident that EAFD
addition in amount from 1-5 % decrease the compressive strength of EAFS based alkali
activated binders.1,3 and 5 % of EAFD decrease the strength of alkali activated binders
for 13.3 %, 23 % and 23.5 %, respectively.
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Compressive strength, Mpa
w
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0 1 3 5
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Figure 1. Fresh EAFS based alkali Figure 2. Influence of EAFD addition on
activated binder with the 7 % of EAFS the compressive strength of EAFS based
alkali activated binders

The results of investigation of the efficiency of immobilization of heavy metals
from electric arc furnace evaluated using TCLP and EN 12457-2 compliance tests were
presented in the tables 3 and 4. The efficiency was evaluated by comparing the metals
concentration in a TCLP and EN 12457 leachates with limits established by US EPA and
EULFD. It is evident that concentrations of heavy metals in leachates are below the
limits defined by US EPA and EULFD for non hazardous waste, what indicate to the
successful fixation of heavy metals from EAFD.

Table 3. Content metal analysis from EAFS based alkali activated binders contaminated
with EAFD (mg/kg) ( EN 12457-2) and EULFD limits (<means under detection limit).

EAFD, (%) Metal content
Cd Cr Pb Zn Cu
1 <0.005 0.009 0.006 0.02 0.008
3 <0.005 0.008 0.006 0.03 0.009
5 <0.005 0.009 0.008 0.02 0.007
Inert waste 0.04 0.5 0.5 4 2
Non-hazardous waste 1 10 10 50 50
Hazardous waste 5 70 50 200 100

125



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Table 4. Content metal analysis from EAFS based alkali activated binders contaminated
with EAFD (mg/l) (TCLP) and USEPA limits (<means under detection limit).

EAFD, (%) Metal content
Cd Cr Pb Zn Cu
1 <0.003 0.015 0.008 0.01 0.007
3 <0.003 0.012 0.007 0.01 0.005
5 <0.003 0.015 0.008 0.04 0.007
US EPA limits 1 5 5 300
CONCLUSIONS

The results of investigation have proved that EAFD can be fixed into the EAFS
based alkali activated binders. Concentrations of heavy metals in leachates are below the
limits defined by US EPA and EULFD for non-hazardous waste. The limiting factor for
EAFD stabilization /solidification using the EAFS based alkali activated binders is
workability of fresh paste. The maximal amount of EAFD which can be added to the
EAFS with respect to workability is 5 %. Addition of EAFD in amount higher than 5
%, lead to extremely viscous paste and disables the casting of fresh paste into the mould.
Addition of EAFD in amount up to 5 % decrease the compressive strength of EAFS
based alkali activated binders for 23.5 %.
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ABSTRACT

Cement producers are trying as much as possible to use technogenic industrial waste. On one side,
it is provided a big saving in energy consumption by using these materials, and on the other side, the less usage
of natural resources has a positive effect on the environment. In this paper are discussed granulated blast
furnace slag, fly ash and silica fume as industrial waste materials which can be used in a large extent during
the cement production because these materials have hydraulic and pozzolanic properties. By replacing a
portion of the cement with the above mentioned additives, their accumulation will be significantly reduced and
at same time, it will be reduced the amount of cement that can lower the price of the final product. These
replacement additives also have very good resistance to aggressive environments. Also, by replacing portion of
clinker with granulated blast furnace slag, fly ash and silica fume it would be produced more environmentally
friendly cement.

Key words: granulated blast furnace slag, fly ash, silica fume.
INTRODUCTION

Particular importance in the cement production is given to the significance of
reducing CO, emissions in the cement industry. Reducing the content of clinker and the
use of other additives in the cement production, creates the possibility of reducing CO,
emissions during production. It's not just the environmental aspect given as an argument
for favoring the production of portland-composite cement, but also it is given
sustainable alternative to cement from a technical point of view, since certain additives
in the cement production are much softer for the grinding than pure portland cement,
and thus large amounts of electricity energy are saved. Otherwise, the cement industry is
one of the largest consumers of electrical energy. Possibilities of combining multiple
additives (fly ash, granulated blast furnace slag, silica fume), provide portland-
composite cement great advantages while using these types of cement in various fields.
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CHARACTERISATION OF CONSTITUENTS

Constituents that are discussed in this paper are:

- granulated blast furnace slag from company ArcelorMittal Zenica,
- fly ash from Thermal power plant Kakanj,

- silica fume from company B.S.I. d.o.o. Jajce

Granulated blast furnace slag is a byproduct from the production of iron in blast
furnaces. It is a latent hydraulic material, because in the process od cement hydration
after release of Ca(OH),, hydration of blast furnace slag further runs undisturbed. It is
formed when the agents (the ash from the coke and limestone) are added to the iron ore
to remove impurities. In the process of iron extraction from iron ore, is formed liquid
slag (composed primarily from silicates and aluminosilicates of calcium and other
phases) which floats on the top of liquid iron. Liquid slag is then separated from liquid
metal and cools down. If the liquid slag cools fast enough with water, it will be formed
granulated blast furnace.[1]

Granulated blast furnace slag consists of glassy and crystalline phases. Usually,
granulated slag contains more than 85 wt. % of glassy phase. The content of glassy
phase and alkalinity are considered the most important factors that influence the
hydraulic properties. Crystalline slag (slag that is formed if it is not rapidly cooled) has a
small reactive properties. The amount of glassy phase in the slag can be controlled by
the manufacturer. The glassy phase in the blast furnace slag is much more homogeneous
than in fly ash. Granulated blast furnace slag is the most commonly used additive in
cement production. It has an advantage ahead of other mineral raw materials because of
easy transport to the factory, deposit and manipulation in the cement factory.[1]

Fly ash is silico-aluminum material which is capable to react with the Ca(OH),
at the room temperature and at the same forms compounds that have hydraulic
properties. Fly ash consists of fine, spherical particles with a fineness that is similar to
cement fineness. With this granulometric characteristics fly ashes are able to reduce the
standard consistency of cement and improve the cement composite workability.
Depending on the type of coal fly ashes have a different chemical composition and
different properties. Fly ash from bituminous coal and anthracite is pozzolanic (EN 197-
1 Type V, ASTM Class F), while the fly ash generated from combustion of sub-
bituminous coal and lignite is pozzolanic and hydraulic due to the high content of CaO
(EN 197-1, Type W, ASTM Class C). Both types of fly ash contain significant amounts
of amorphous phase. Each type of fly ash may have particles with different morphology,
different distribution of particle size and glassy phase. There are also other forms of fly
ashes division based on the the carbon content, reactivity and solubility of SiO, or based
on the pozzolanic activity. Fly ash, which is mentioned in this paper belongs to the
calcium fly ashes (class W) according to EN 197-1. [2]

Fly ash with low CaO content, due to the high share of SiO, and Al,O; consist
mainly from aluminosilicate glass. When in the furnace large spherical shapes of molten
glass fail to quickly and uniformly cool down, inside the spherical shape occurs
crystallization in the form of thin needles of aluminosilicates called sillimanite (A1,O3 -
Si0,) and mullite (3AL,0; - 2Si0,). Relative non reactivity of flying ash with low CaO is
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conditioned by this partial "deglazing" and by the presence of crystalline
aluminosilicate. Fly ashes with high CaO content, and which may contain a considerable
amount of MgO, alkalis and sulphates, per structural composition are more complex
than fly ashes with a low content of CaO.[1]

Silica fume (SF-silica fume) is formed by reduction of high purity quartz with
coal in electric arc furnaces in the production of silica and ferro-silica alloys and it
consists of very fine spherical particles that contain at least 85 wt. % of amorphous SiO,.
Silica fume consists primarily of pure non crystaline silicon dioxide. XRD analysis of
silica fume indicates that it is a glassy silicon dioxide. Slow cooling of silica fume, that
is pre-heated to 1100 ° C, leads to the formation of the crystalline form of silicon
dioxide cristobalite. Particles of silica fume are much finer than fly ash or cement
particles. Thus, silica fume has a strong pozzolanic character. Silica fume samples are
showing particle size distribution that is two orders of magnitude finer than the other
samples (Figure 1) [3].
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Figure 1. Comparison of the particle size distribution of the silica fume,
fly ashes and portland cement [3]

THE EXAMINATION RESULTS

The chemical analysis of granulated blast furnace slag, fly ash and silica fume
is given in Table 1. Mineralogical composition of granulated blast furnace slag is given
in Table 2, and the mineralogical composition of the fly ash is given in Table 3. [2]. To
be able to use technogenic industrial waste for cement production, it is necessary for
technogenic industrial waste to conform specific requirements of the European standard
EN 197-1 (table 4). [2]
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Table 1. The chemical composition of constituents [3]

SIOZ A1203 FGQO3 CaO MgO SO3 NaZO KQO
% % % % % % % %
GBFS 39,90 7,70 1,58 36,70 6,98 0,89 0,34 1,22
Fly ash 46,00 | 17,70 | 7,00 19,40 | 3,62 0,60 0,82 2,98
Silica fume 93,94 0,07 0,15 0,19 0,91 0,60 0,82 2,98
Table 2. Mineralogical composition of GBFS [3]
Minerals Glassy Mervinite Akermanite Qqartz Calcite
phase (C;MS,) (C,MS) (Si0,) (CaCOs5)
weight (%) 98,2 0,1 0,7 0,1 0,8
Table 3. Mineralogical composition of fly ash [2]
. . . .. | Amorp-
. Anhydrite| Mullite Quartz | Hematite [Maghemite
Minerals) 8| G5 CAT T Caso) | (Als0) | (502 | (Fe:00) | (Fe0n) | 2%
phase
weight
44 | 80 | 50 0,8 3,9 3,1 0,5 3.8 62,0
(%)
Table 4. The requirements of EN 197-1 for constituents [3]
R?ﬁrl?;?{l ts GBFS Fly ash | Silica fume
Reactive CaO >10,0 wt. % 15,20
Reactive SiO, >25,0 wt. % 40,60
Wet sieving 10<x<30 wt.% 23,00
Activity index 275 % 90
Expansion <10 mm 1,00
CaO0+MgO+SiO, >66,6 wt. % 83,58
(CaO+MgO)/SiO, >1,0 1,09
Loss by annealing <4,0 wt.% 1,00
Specific surface area >15000 cm’/g 18700

DISCUSSION AND CONCLUSIONS

The results of the conducted study have showen that those materials that are
treated as industrial waste, from physico-chemical approaches, can be useful material for
the manufacture of portland-composite cement. Granulated slag satisfies the
requirements of EN 197-1 where the sum of CaO, MgO and SiO, is 83,58% and the ratio
of CaO / SiO; is 1,09. Granulated blast furnace slag contains 98,2% of a glassy phase, and
it is considered that the optimum amount of glassy phase in GBFS is about 98%.

Chemical analysis of fly ash (Table 1) shows that, in accordance with EN 197-
1, fly ash from Thermal power plant Kakanj belongs to the calcium fly ash, because its
content of reactive CaO is greater than 10 wt. % (15,20%), and the content of reactive
Si0, exceeds 25% (40,60%). The specific surface of fly ash is 2440 cm?/g, a bulk
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density 2,70 g/cm’. Loss by annealing of fly ash is 0,42%, which is within the limits
prescribed by standards EN 197-1 (max. 5 wt.%). The high content of amorphous phase
in the ash is desirable, because the amorphous phase contains reactive alumino-silicates,
which makes fly ash very valuable pozzolanic material, while the crystalline phases are
poorly reactive at normal temperatures. In the fly ash discussed in this the paper content
of the amorphous phase is 62,0%

Silica fume that was used in this study meets the EN 197-1 in terms of
amorphous SiO, amonut which is 93,94 wt. % (according to Standard at least 85 wt.%
Si0,) and in terms of loss by annealing which is 1,0 wt. % (according to the Standard
maximum loss by annealing amounts to 4,0 wt.%).

Since the materials mentioned in this paper conform all the requirements
prescribed by EN 197-1, it is safe to begin to use these materials as additives in the
portland- composite cement production. Of course, during the production of any of the
aforementioned types of cements it is necessary to have information about the quality of
the individual constituents, to avoide getting results out of mentioned standards. By
using additive materials for the cement production, it will be obtained more
environmentally friendly cement, because in this case it is reduced the need for
producing larger quantities of the clinker and therefore it is discharged to the atmosphere
much less CO, and other gases during the production of clinker and that is the tendency
of industrial manufacturers worldwide .

An additional benefit with less clinker production would be the economic
effect, producing the cement with additives would save on fuel consumption for the
clinker production and other materials related to the production of clinker.
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ABSTRACT

In many industries the colour of the product is often taken into account for example in production
of motor oils, foodstuffs, paper, textiles and medicines. It is also very necessary to remove the colour from the
waste water. For that purpose, the adsorption is a simple and economical method for the removal of dye in the
place of origin. We have researched adsorption methylene blue from aqueous solution on the synthetic zeolite
SA and zeolite AW-500. To determine the BET specific surface and tests of textural properties of adsorbents,
the low-temperature nitrogen adsorption - desorption from the gas phase was carried out The adsorption from
the liquid phase is held at temperatures of 293 and 303 K. The concentration of methylene blue was
determined by spectrophotometric methods. The parameters of adsorption were counted based on the obtained
Freundlich's adsorption isotherm. These results open up new possibilities of using adsorbents that have
characteristics of molecular sieves in order to protect the environment and process improvements.

Key words: organic dye, methylene blue, waste water, zeolite SA, zeolite AW-500.
INTRODUCTION

In many industries the colour of the product is often taken into account for
example in production of motor oils, foodstuffs, paper, textiles and medicines. Organic
dyes are an integral part of many industrial effluents and demand for appropriate methods
to dispose them is urgent. Most commercial dyes are chemically stable and are difficult to
be removed from wastewater. At present, more than 10,000 dyes have been effectively
commercialized [1]. There are various conventional methods of removing dyes from
waters. Among these methods, adsorption is by far the most versatile and widely used
method because of its low cost and ease of operation [2]. Zeolites are microporous silicate
minerals which have a very highly developed external and internal surface and excellent
adsorptive abilities. The overall surface in these minerals can be up to one thousand bigger
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than the geometric surface [3] This implies that they are very effective in terms of removal
of undesired compounds. They are characterized by thermic and crystal structure stability.

In this research, the water solution of methylene blue has been used as adsorbate,
in order to research the possibility of removal of organic dyes by adsorption into two
synthetic zeolites SA i AW-500. Methylene blue (3,7-Bis(dimethylamino)phenothiazin-5-
ium chloride) is a heterocyclic aromatic compound belonging to the group of cationic
phenothiazine colours, with molecular formula C;sH;gN;SCI. It is used in the printing
industry for dyeing, as an indicator of the chemistry and in the treatment of some diseases
in medicine. It is suitable for use as the adsorbate, because of the easily dissociates to
methylene blue chloride anion and a cation, wherein the solution gives a dark blue colour.
Adsorption of methylene blue on porous materials, provides basic information about the
porosity of these materials and their general adsorption properties.

MATERIALS AND METHODS

In the adsorption from the liquid phase adsorbate is an organic dye - methylene
blue, product Merck KGaA Darmstadt. The standard aqueous solution of concentration
100 mg/L has been used. To research the possibility of adsorption, organic dyes were
prepared with a concentrations would be expected in practice. Mass solution
concentrations of 1.0, 2.0, 2.8, 4.0, 6.0 and 8.0 mg/L were prepared for this purpose. The
absorbance of methylene blue solutions were measured on the basis spectrum of an
absorption with wavelength 663 nm. For determination of the concentration before and
after adsorption suitable for use, the staining solution, the method of UV / VIS
spectroscopy. To determine the concentration of methylene blue solutions before and
after adsorption was used method of UV/VIS spectroscopy. The experimental part was
developed in the Laboratory of General and Inorganic Chemistry, Faculty of
Technology, University of Banja Luka, on the spectrophotometer JENWAY 6300 and
the Laboratory of instrumental analysis of the Faculty of Technology, University of
Banja Luka on the instrument Lambda 25 UV/VIS spectrometer PERKIN ELMER [4].
As the adsorbents have been used synthetic zeolites:

—  5A zeolite, faujasite class (Ca,Naj,., [(AlO;)12(S10,)1,]-xH,0), product Sigma-

Aldrich Co. LLC and

- AW-500 (M x[(AlO2)x(Si0,)y]-zH,0 (M=Na, K, Ca, Mg)), product UOP LLC.

Texture characteristics of these zeolites (specific surface, average porous
diameter, total microporous volume) were determined by the method of low temperature
nitrogen adsorption (LTNA) with Micromeritics ASAP 2010 equipment at the
Laboratory for physical chemistry and catalysis of the Novi Sad, Faculty of Technology.
The samples were tableted and degassed at a temperature of 150°C before the test.

RESULTS AND DISCUSSION

Adsorption from gaseous phase
The method of low temperature nitrogen adsorption/desorption (LTNA) under
high vacuum was performed on the zeolites SA and AW-500, to determine significant
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features of adsorbents. Figures 1 and 2 show the obtained adsorption isotherms for
zeolites SA and AW-500, which were used to determine the type of adsorption,
adsorption capacity, specific surface and size and shape of pores.
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Figurel. Adsorption-desorption isotherm of nitrogen at 77,35 K on 5A zeolite
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Figure 2. Adsorption-desorption isotherm of nitrogen at 77,35 K on AW-500 zeolite
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The obtained adsorption-desorption isotherms of nitrogen, show the advantage
in the adsorption characteristics of zeolite 5SA compared to AW-500. Isotherms can be
classified for zeolite SA in type II, and the AW-500 in type IV adsorption isotherms
according to [UPAC [5]. By analysis of the hysteresis loops may be concluded that the
adsorbent 5A shows the type H4 (according to I[UPAC classification hysteresis loops)
that is characteristic of adsorbents having a pore size which resemble the narrow cracks.
The zeolite AW-500 is represented by the pores of the type H3 consisting of particles in
the form of a leaves or plates with porous structure [5]. The obtained information on the
textural characteristics of zeolite 5A and AW-500 are represented in Table 1. Number of
adsorbed molecules of nitrogen adsorbed per weight and surface unit of the adsorbent,
and the maximum adsorption capacity of the adsorbent, are shown in Table 2.

Table 1. Textural characteristics of 5A and AW-500 zeolite

ADSORBENT
Parameter Unit
54 AW-500
BET specific surface m’/g 524,3377 255,5874
Langmuir specific surface m’/g 690,5992 342,8503
Total microporous volume of adsorption cm’/g 0,0201 0,0766
Total microporous volume of desorption cm’/g 0,0208 0,0726
Average porous diameter of adsorption nm 6,2531 24,3233
Average porous diameter of desorption nm 5,5826 14,9689

Table 2. Number of adsorbed molecules of nitrogen per surface unit and the maximum
adsorption capacity of adsorbent

Number of Number of Maximum
BET specific adsorbed adsorbed adsorption
Adsorbent surface molecules on the molecules on the capacity of the
plateau plateau adsorbent
m’/g molecules/g molecules /m’ cm’/g
5A 524,3377 4,26-10°" 8,12-10™ 158,64
AW-500 255,5874 2,26-10" 8,84-10™ 71,76

Adsorption from liquid phase

The adsorption of substances from one phase to the surface of the second phase
is a specific thermodynamic process, in which after reaching the equilibrium adsorption
the adsorption process was finished. In researching the adsorption process is always
carried out at a constant temperature because adsorption isotherms define distribution of
adsorbate at equilibrium. The diagrams showed amount of adsorbate adsorbed per mass
unit of adsorbent, x/m at the equilibrium concentration of adsorbate in solution ¢,. The
results are shown in tables and diagrams.

The research of adsorption from the liquid phase about dependence the
adsorbed quantity of methylene blue in the function of the concentration of adsorbate
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was given by Freundlich's adsorption isotherm. The research of adsorption from the
liquid phase about dependence the adsorbed quantity of methylene blue in the function
of the concentration of adsorbate was given by Freundlich's adsorption isotherm.
Freundlich's constant, the height of adsorption plateau and total number of adsorbed
molecules on the plateau were calculated from Freundlich's isotherm.

Adsorption of methylene blue at the synthetic zeolite SA was performed at
temperatures of 293 K and 303 K. The Figures 3 and 4 show the obtained experimental
dependence of x/m in the function of the equilibrium concentration methylene blue on
5A or Freundlich adsorption isotherms.
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mol/g 1,2 /
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Figure 3. Freundlich adsorption isotherm, dependence x/m of the equilibrium
concentration of the methylene blue on 5A zeolite, T=293K
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Figure 4. Freundlich adsorption isotherm, dependence x/m of the equilibrium
concentration of the methylene blue on 5A zeolite, T=303K

Adsorption of methylene blue at the synthetic zeolite AW-500 was performed
at 295 K, but in two granulations, extruded and in the form of powder. Figures 5 and 6
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show the obtained experimental dependence of x/m in the function of the equilibrium
concentration methylene blue on AW-500, or Freundlich adsorption isotherms.
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Figure 5. Freundlich adsorption isotherm, dependence x/m of the equilibrium
concentration of the methylene blue on AW-500 zeolite (extruded), T=295K
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Figure 6. Freundlich adsorption isotherm, dependence x/m of the equilibrium
concentration of the methylene blue on AW-500 zeolite (powder), T=295K

Table 3 presents summary data on specific areas of adsorbents and adsorption
parameters obtained on the basis of Freundlich's adsorption isotherm: Freundlich's
constants n and Ky, the height of the plateau, the number of molecules adsorbed
methylene blue, and the heat of adsorption on zeolite SA and AW -500 (extruded and
powder).
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Table 3. Data of the specific areas of adsorbents and adsorption parameters obtained on
the basis of Freundlich's adsorption isotherm; constants n and Kp, height of the plateau
on the isotherms, number of molecules adsorbed methylene blue and the heat of
adsorption on zeolites SA and AW-500

Height of | Number of
Specific . . the molecules
Temp. | Freundlich | Freundlich AgasH
Adsorbent | surface , plateau on the Wy
h 1 K constant, n | constant, Kr Jmol
m-g x/m plateau,
mol-g” Nt/m’
5A 524,34 | 293 0,268 1,56-10* | 1,00-107 | 6,00-10"7 | -653,64
5A 52434 | 303 0,397 1,18-108 1,80-107 | 8,50-107"7 | -999,42
(Ae\)ft’;ﬁgo) 255,58 | 295 0,811 0,151 5,00-10% | 1,34-10" | -1989,00
(Ap\c/,\\l,\;ggg 255,58 | 295 0,699 1,126 1,00-107 | 2,69-10'% | -1714,29
CONCLUSION

The resulting adsorption-desorption isotherms of nitrogen at low temperature
and high vacuum can be classified for zeolite SA in type 11, and for AW-500 in type IV.
By the analysis of obtained hysterisis loops can be concluded that the adsorbent SA
shows type H4, while the AW-500 shows type H3 of pores.

Zeolite 5A has a 2 times stronger adsorption capacity under nitrogen from the
zeolite AW-500.

It is assumed that the adsorption on researched zeolites molecule of methylene

blue (dimensions 0,74x1,69x0,38 nm) has been adsorbed only on the external surface.
This molecule can hardly pass through the holes with diameter about 0.5 nm in internal
channels of adsorbents, where there are significant active centers for adsorption [6].
The calculated amount of adsorbed methylene blue colour on zeolite 5A at 20°C
corresponds to the number of molecules of 6,0-10", and at 30°C to the number of
8,5-10"7 molecules of methylene blue, what is in the case of such large numbers very
approximate. The heights of the plateau obtained for the both temperatures are also
approximately, that we can concluded that the change in temperature did not effect on
the adsorption capacity of the zeolite.

Experimental data of adsorption of methylene blue from aqueous solution on
the AW-500 and 5A zeolites, confirm that their adsorption characteristics and the nature
of the active sites on the surface of these samples which are decisive for the adsorption
very similar [7] [8].

The order of adsorbents according to decline of adsorption capacity, based on a
review in Table 3, is:

AW-500 powder > AW-500 extruded > 5A.
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To the adsorption of methylene blue from aqueous media, on zeolites AW-500
and SA like adsorbents, it can be concluded that neither temperature change, nor a
change of zeolites, as well as changes in granulation of zeolite, did not affect to the
adsorption capacity. This confirm that the adsorption takes place only at the active
centers on the external surface of the zeolites [9].
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ABSTRACT

Depending on the particular production process noise is emitted in the working area of the open pit,
and their analysis can be noted their significant fluctuations. Based on the "in-situ" measured values are
proposed methods and preventative measures to protect to avoid or reduce to a minimum adverse effect of
noise on workers in the open pit mine. Based on the results of the measurements can be performed by a general
conclusion that occasionally occurs exceeding the allowed level of noise, but the noise a short duration, so it
leaves no adverse consequences. In places where the noise level exceeds the permitted intensity adequate
protective equipment applied.

Key words: open pit mine, noise, production processes, workers, environment.
INTRODUCTION

On open pit mines, working environment consists of contoured mining
workspace, with climatic conditions and adverse impact factors, which are the result of
execution of production processes during exploitation of mineral resources. The main
characteristics of surface mining are: working on open space, which is directly exposed
to the climatic elements, with the involvement of robust and powerful highly productive
machinery and other equipment with a relatively small crew (drilling, excavators,
crushers, conveyor systems, stackers, etc.). With increasing depth of open pit mines,
depending on the applied technology and the system of exploitation, designed the
structure and configuration of the open pit, the geographical position of deposits and
other conditions, there are serious problems with air pollution in the area of the crater
mine and its immediate environment. The process of modernization of production in
surface mining has led to the improvement of working conditions through reducing
physical exertion, better working comfort, increase safety and general humanization of
work. This paper explores the impact of production processes on the working conditions
at open pit mines on the example of the open pit mine "Potocari" Purdevik. Data were
collected by measuring the level of noise on characteristic places in the surface mine.
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The data was used to analyse the impact of manufacturing processes on pollution pit
mine in terms of noise.

THE PURPOSE AND OBJECTIVES OF RESEARCH

In accordance with the subject matter of research main purpose and objectives
of the research work are as follows: identifying the sources of noise and air pollution of
the open pit; determination of the emission and noise levels per manufacturing processes
in the open pit; a systematic and methodological approach to the issue of the impact of
production processes on the working conditions in the open pit in terms of noise; plotting
iso-phones or maps of pollution of the working environment of the open pit by noise; on
the basis of the measured values make recommendations for reducing the impact of
production processes on the working conditions in terms of noise.

RESEARCH METHODOLOGY

The research methodology can be represented by the following items: analysis
of the available literature and references related to the subject matter; analysis and
synthesis of previous research in the subject area; In-situ measurements of working
conditions in the open pit (noise, as well as temperature and air humidity at the site);
analysis of the impact of production processes on the working conditions in the open pit,
particularly in terms of noise.

GENERAL TERMS OF NOISE

Noise, in the physiological sense, is any unwanted sound in the environment in
which people live and work, with results in an unpleasant feeling or may adversely affect
health. Reactions to noise are individual and depend on the subjective parameters of
noise. Depending on the level and frequency of noise, and the period of exposure to
noise, they can be from mild and transient to lasting damage. The body which vibrates
produces movement of particles in a flexible environment. Sound is a form of energy of
mechanical movement of particles and is usually measured in units associated with
energy. Depending on the source of noise, distinguish the following types of noise:
according to the timeline, according to the frequency spectrum, according to the
participation of the noise source, according to source of impulse noise.
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Figure 1. Types of noise according to the characteristics in the time domain; uniform,
continuous variable, intermittent, isolated pulses, quasi impulse noise

Frequency represents the number of repeated cycles of sound waves per second.
The frequency is inversely proportional to the wavelength of the sound. Sounds of low
frequency have a longer wavelength, and high-frequency sounds short wavelength. The
wave length is important, when taking into account sound propagation from the source to
the recipient, and when taking into accounts the most appropriate technique of noise
control. The level of low audible frequency ranged from about 20 to 150 Hz. Sounds low
frequencies tend to be spread over long distances. Hearing system is most sensitive to the
frequency of the midle-range of 1000-4000 Hz. Frequency analysis allows determining
the character of noise and possible corrections, as well as the identification of frequency
bands to be taken into account in the application of measures to reduce noise. Types of
noise with different characteristics in the frequency domain are: broadband noise,
narrowband noise and total noise. The duration of the noise is related to the time form its
height. The simplest form is when the height is constant in time (eg. transformer
humming). Noise differences depending on whether the height changes rhythmically or
irregularly.

THE NOISE OF TRUCKS ON THE OPEN PIT MINE "POTOCARI"

Sources of noise at the pit can be considered by the production processes, as
follows: drilling, mining, loading and digging excavator and transport. In addition to
machines, devices, equipment and resources by the basic processes, a significant source
of noise in the pit mine the machines and devices that are used to extra production
processes such as bulldozers and graders on the development and maintenance of roads,
loaders, pumps and compressors, etc.

The primary noise by truck transport is acrodynamic and mechanical origin. In
the internal combustion engine, due to the expansion of oil in the engine cylinders,
produce aerodynamic noise. Mechanical noise occurs due to vibration of the engine and
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other parts of the truck caused the movement of the engine, ventilation, and other
devices. Noise movement of trucks by the decline consists of factors lower intensity, but
with the dominant noise levels of electric braking system. The noises of trucks are
periodically changed, and the estimated impact of the adverse effects on employees.

Table 1. Measured noise of trucks per sections, with the GPS coordinates on the pit mine
Potocari (part of a complete table)

Measured
site
Around . Noise . Temperature | Density GSP
partpic | PO | Night | " gy | Date | Time C) %) | Coordinate
mine
,, Potocari*

065-50-417

1 / 051,9 | 29-10 | 10:54 36,3 32% 049-19-456
266m; 11m

065-50-671

2 / 050,8 | 29-10 | 11:00 36, 4 32% 049-19-568
276m; Sm

065-50-822

3 / 038,4 | 29-10 | 11:15 34,5 31% 049-19-669
278m; 4m

065-50-955

4 / 034,2 | 29-10 | 11:20 35,6 30% 049-19-639
259m; 8m

065-51-103

5 / 034,1 | 29-10 | 11:30 33,4 30% 049-19-673
244m; 4m

NOISE COMPLEX EXCAVATOR-TRUCK ON THE
OPEN PIT MINE "POTOCARI"

Production processes related to loading of material by complex excavator-truck
emit significant levels of noise that spread in working and living environment. In order
of full-scale analysis of the impact of noise of excavator system to ergonomic conditions
of employees, adequate measurements of the noise level for the excavators ES 6/45, ES
10/70, RB 195 were made. Noise emission, of the excavators in various stages of
production cycle, periodically changes. Basic characteristics of the noise that their
influence impair optimal performance requirements of manufacturing processes, and
adversely affects the health of employees are presented with the aim to analyze the
influence of noise excavator working on the ergonomic conditions of employees.

144



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Figure 2. Distribution of noise around excavator ES 6/45

NOISE EMISSION AROUND THE ACTIVE AREA OF
THE OPEN PIT MINE "POTOCARI"

Truck transport on open pit mines emits considerable noise which extends in the
working and living environment. Since the noise decreases with increasing distance, in
order to review the situation were carried out tests and measurements of noise levels
truck transport in different locations (Figure 3). The purpose of these tests is to provide a
basis for evaluation of the impact of truck noise in living and working environments.
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Figure 3. Distributions of noise around active area of pit mine "Potocari"
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NOISE OF AUXILIARY WORKING MACHINES AT THE OPEN PIT

The exploitation of mineral resources in the open pit is based on coordinated
production processes of basic and auxiliary working machines. Production processes
auxiliary working machines in the open pit consist of: maintenance of transport
communication-route; maintenance plateau workspace excavators; planning of landfill;
drilling of the rock mass; drainage of water from the crater of the open pit, etc. Since the
noise of production processes of auxiliary machinery in the open pit in various stages of
the cycle changes periodically, it was evaluated impact of adverse effects on employees,
reference, and equivalent level.

EARTH EMBANKMENTS - BARRIERS

Deposits of mineral raw material in the open pit mines during the operation
become deeper, and it is necessary to provide larger capacity of mining machinery to
meet the technical and economic conditions. By increasing of number of mining
machinery, the impact of noise is increasing on the ergonomic conditions of employees,
working environment of the open pit and immediate environment. In order to reduce
noise emissions of production processes at the open pit it is necessary to implement
organizational measures attenuation of noise levels. Considering the specific working
environment there is a possibility of making the berm - the protective embankment,
which has significant absorption properties. The protective berm located at a distance 15
m from the direction of movement of the truck, and 10 m from the measuring point is
presented on figure 4.

(MO)

Trasa kretanja kamiona

F %

>4 > Barijera - zemljani nasip (MUD)

Figure 4. Schematic representation of developing protective berm of soil
CONCLUSION

This paper discusses the impact of production processes on the working
conditions at the open pit mine on the example of the pit mine "Potocari". Although
working conditions evaluated reviewing a series of influential parameters such as
temperature, humidity, air quality (content of gases, dust and the presence of smoke),
brightness and vibration, the focus of paper was evaluating the presence and intensity of
noise. In order to estimate impact of production processes on working conditions at the
open pit mine, were carried out measurements of noise levels, temperature and humidity
during 2013 and 2014. Digital multimeter - universal noise meter, temperature and
humidity, brand PCE - EM886 used for measurement. Analysing the results of the
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measurements it can be concluded that the measured noise levels in the vicinity of a fully
loaded damper Belaz (capacity 136 t) along the horizontal route is 92.2 dB, 76.4 dB in a
curve, on the incline 99.3 dB, down the route (empty damper in driving the decline) 66.5
dB. The measured level - the intensity of noise in the vicinity for excavator RB195 it
ranges from 66.2 to 99.8 dB. The noise level in excavation for ES 6/45 it ranges from
66.6 to 83.7 dB. The intensity of the noise in the vicinity for the excavator the ES 10/70
ranges from 52.4 to 82.9 dB. The intensity of the noise level for the working bulldozer is
in the interval from 58.8 to 99.7 dB. The measured intensity - the noise level for the
loader in work is 75.2 to 102.0 dB. For separation unit open pit Potocari, depending on
the distance of the measuring point from the noise source, recorded sound levels from
58.2 to 89.4 dB. In order to obtain a greater number of reliable data for the noise level in
the mine, the measurement was made around of the active part of the open pit mine, with
the recorded variation of 34.1 to 66.7 dB.

On the basis of measured data was presented the distribution of the noise using
the software SURFER 8.0. Based to results of the measurements can be made a general
conclusion that occasionally occurs exceeding the allowed level of noise, but the noise is
short term, leaving no harmful effects n the vicinity of mobile machines no employees
except the operator, that the noise could leave the consequences longer exposure. In
places where the noise level exceeds the permitted intensity applied the appropriate
protective equipment.
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ABSTRACT

This paper presents the results of measurements of seismic effects caused by blasting operations
during exploitation of limestone at the open pit Kijevo near Belgrade. Protection measures during blasting are
carried out by measuring the soil oscillation velocity and frequency.

A large number of countries have regulations governing the level of shocks caused by blasting
operations. Such regulations have not yet been adopted in our country, so that in solving this issue, we use
regulations and standards of other countries. In determining the effect of blasting on the adjacent building and
mining structures of the open pit Kijevo, we used criterion of the Institute of Physics of the Earth of the Russian
Academy of Sciences (IPE RAS), criterion of DIN 4150 and criterion according to Russian norms for mining and
building structures.

Key words:blasting, seismic effect, oscillation velocity.
GENERAL CHARACTERISTICS OF DEPOSITS

Wider area of Strazevica deposits has a complex and diverse geological structure.
Volcanogenic and sedimentary formations of Upper Jurassic epoch, which is presented
with a variety of clastics, primarily sandstones, shales, cherts, silicified marl and
limestone calcarenite type limestone and sedimentary series of the Upper and Lower
Cretaceous period consisting of dacite and dotted interlayers, Neogene sediment and
Quaternary alluvial formations [1].

Geological structure of deposits — Based on the results of geological research,
it has been found that geological structure of Strazevica deposits is consisted of humus
cover, proluvial and alluvial sediments, shales and marl with layers of limestone and
marl, marly clay, shales and marly limestone.

Tectonics of deposits — Limestone of StraZevica deposits are lithological
member of Mesozoic series of sediments, which is intensively harvested. Two main
directions of propagation are clearly distinguished on the ground: longitudinal and
transverse direction. The faults of NW-SE direction belong to the older tectonic activity,
while transverse faults were formed by subsequent tectonic activity. There are three
types of fracture systems in limestone massif. The first system is represented by tension
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fractures that have NNW-SSE direction of propagation. The other two systems belong to
the shear fractures in the direction of ENE-WSW.

Physical and mechanical characteristics of deposits — Average values of
physical and mechanical parameters of limestone based on performed analyses:

Compressive strength in dry state 175,0 [MPa]
S[::zlpressive strength in water-saturated 169,0 [MPa]
Compressive strength after freezing 162,0 [MPa]
Abrasion resistance by scraping 16,61 [em®/50cm?]
Bulk density without pores and cavities 2,67 [g/em’]

Bulk density with pores and cavities 2,71[g/em’]
Porosity 0,33[%]

Water absorption 0,31[%]
Resistance to frost Resistant
Resistance to the effect of Na,SO, Resistant

PROTECTION MEASURES DURING BLASTING

Seismic effect of blasting - When performing large-scale blasting or blasting in
urban areas, where from a few kilograms to several thousand of kilograms of explosives
can be activated at once, side effects of blasting may occur and may be manifested as air
shock waves, seismic effects, blast induced fly rock and occurrence of harmful gases.

Seismic effects of blasting represent the elastic deformations of the rock mass
caused by the dynamic action of an explosive charge. The resulting elastic deformations
extend in the form of elastic waves radially from the blast site. According to the form of
transmission of elastic deformation, seismic waves can be divided into two main groups:
bulk and surface waves [2]. Among bulk elastic waves, the most famous are longitudinal
and transverse waves, while among surface elastic waves, the most famous are Raylleigh
and Love elastic waves. The action of explosion in the working environment creates all kinds
of elastic waves at the same time, whereby the change of the distance changes their intensity.
The intensity of seismic waves can be determined by measuring one of the basic
dynamic parameters of the actuated environment as follows: oscillation velocity v,
acceleration a, or displacement of soil x. A parameter, which is most frequently used for the
evaluation of seismic intensity is oscillation velocity of the actuated soil v.

The maximum resulting soil oscillation velocity V. [3] is obtained as the
intensity of the vector components in directions of X, Y and Z-axis, using the formula:

Vo = JETE T[]

where vy, viand v, are vertical, longitudinal and transverse soil oscillation velocities.
The instruments used to register the soil oscillation velocity (seismograph

Vibraloc-ABEM, Sweden) shall be set on a concrete base or buried in the ground in front
of the building structure in the direction of incoming seismic wave.
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CRITERIA FOR EVALUATION OF THE SEISMIC EFFECTS
OF BLASTING

In larger number of countries there are regulations governing the level of shocks
caused by explosions with which buildings can be loaded, depending on their nature,
status and dynamic resistance. These regulations have not yet been adopted in our
country, so that in solving this issue we use regulations and standards of other countries
[4], mostly Russian, German and American.

¢ Criterion of the Institute of Physics of the Earth, Russian Academy of
Sciences' - Seismic scale of the Institute of Physics of the Earth, Russian Academy of
Sciences, which is used for the assessment of blast induced shocks is shown in the Table 1.

Table 1. Seismic scale of the Institute of Physics of the Earth of the Russian Academy of
Sciences for assessment of blast induced shocks

Oscillation Level of
Velocity v seismic DESCRIPTION OF ACTIONS
[mm/s] intensity
To 2.0 1 Action is revealed only by instruments
2.0-4.0 11 Action is felt only in some cases when there is a complete silence
4.0-8.0 111 Action is felt by very few people or only those who are expecting it
8.0-15.0 v Action is felt by many people, the clink of the windowpane is heard
15.0 —30.0 \ Plaster fall, damage on buildings in poor condition
15.0—30.0 \ Plaster fall, damage on buildings in poor condition
Air cracks in plaster, damage, damage to buildings that already have
30.0-60.0 VI .
developed deformations
Damage to buildings in good condition, cracks in plaster, parts of the
60.0 —120.0 VII plaster fall down, air cracks in walls, cracks in tile stoves, chimney
wrecking
Considerable deformations on buildings, cracks in bearing structure
120.0-40.0 VIII and walls, bigger cracks in partition walls, wrecking of factory
chimneys, fall of the ceiling
240.0-480.0 X Wrecking of buildings, bigger cracks in walls, exfoliation of walls,
collapse of some parts of the walls
Bigger than 480.0 X - XII Bigger destruction, collapse of complete structures etc.

Permissible oscillation velocities in building structures (residential, industrial, etc.)
depend on the type of structure, character and its purpose.

¢ Criterion according to DIN — Effect on building structures — This standard
contains information on the determination and evaluation of vibrations on building
structures. This standard defines the approximate values, whose compliance cannot cause
damages in terms of reducing the usability of the building structure.

Assessment of total vibrations on structures is carried out from a numerous
measurements of oscillation velocity on the foundation and ceiling structures. For this
assessment, the maximum value is taken for three individual components of oscillation

! ®epepanbHoe rocymapcTBeHHOE GlOmKeTHOE yupexaenne Haykn Hucturyt dmsmkm 3emmn mm. O.FO.
IImunra Poccniickoii akanemun Hayk (UD3 PAH)
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velocity. Approximate values for oscillation velocity v and oscillation frequency are
given in Table 2 and Figure 1.

Table 2. Approximate values for oscillation velocity v and oscillation frequency
according to DIN

Approximate values of
vibration velocity, v[mm/s]

Type of the structure Foundation TOI,) ﬂ oor

ceilings
Frequency, Hz All

<10 | 10-50 | 50-100 frequencies

1 Structures used for craftsmanship, industrial and

similar structural structures 20 | 20-40 | 40-30 40
Dwelling buildings and structures similar in
2 construction or function. > 5-15 115-20 15

Structures that because of their particular
3 sensitivity to vibrations do not fall into groups 1 3 3-8 810 3
and 2 and are essential for conservation (for inst.

as cultural-historical monuments)

&

8

Oscillation velocity, vimm/s]

B

L1 |
3
/'—____..--"""-
0 20 40 60 80 10
Freguency, £[Hz]

Figure 1. Graphic view of Standard DIN 4150; (1, 2 and 3 - types of structures)

¢ Criteria according to Russian scale for mine facilities - The level of rock
mass deformation plays an important role in the protection of mine facilities constructed
in a rock massif such as shafts, drifts, tunnels, rise headings, dip headings, chambers,
stopes, sublevel posts, hydro-engineering tunnels, bench slopes, etc. Deformation
characteristics of a rock massif have an essential impact while determining the threshold
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of deformations for facilities constructed in the rock masiff. On the basis of experimental
measurements, there have been established oscillation velocities of the rock massif in
varied mining-geological and mining-engineering conditions whose values (Russian
standards) are presented in Table 3.

Table 3. Rock massif oscillation velocities in various mining and geological and mining
and technical conditions

Description of occurrences in rock massif induced by seismic wave Osc¥llatlon
velocity, cm/s

There are no damages <20
The occurrence of insignificant development of fissures induced by
previous blasting; locally, falling out of single pieces along previously 20-50
weakened surfaces.
Intensive development of existing fissures followed by minor caving of
rock pieces with the dimensions to 0.2x0.2x0.2 m; the occurrence of 50-100
cracks in tectonically weaker material filled fissures; the caving of bench
slopes along tectonic deformations.
The development of tectonic fissures and the caving of rock pieces with 100 — 150

the dimensions 0.5x0.5x0.5 m.

Caving from sides and roof of underground chambers along tectonic
fissures, the formation of new fissures in undamaged part of the rock 150 - 300
mass, collapse of safety pillars and benches.

Complete damage of sides and roof of chambers followed by large
blocks with dimensions of 1x1x1 and filling up to the half of constructed 300 — 400
surface; caving of hard rock slopes

Complete demolition of rock mass, the caving of large blocks bigger than

1x1x1 m and covering up more than a half of the chamber. > 400

DATA ON PERFORMED BLASTINGS

There were two blasting operations at the open pit Kijevo during limestone
exploitation at E-130 [1]. Open pit facilities are measuring points on which measuring
instruments MM-1 to MM-9 were placed, while MM-10 and MM-11 are residential
buildings. Boreholes were arranged in a single row. The distance between boreholes was
2.0-2.2m. The distance between blorehole and open-pit bench was 1.5-2.0m.The explosive
Amonex-1 labeled 60/1000 was used for destruction of the rock mass. Review of blasting
parameters i.e. number of boreholes Ny, total quantity of explosive Q, quantity of
explosive per deceleration interval Q;, total depth of boreholes L, stemming length L, and
inter-deck stemming length L, are given in Table 4.

Table 4. Review of blasting parameters at the open pit Kijevo

Blasting Ny Quilkg] Qilkg] Ly [m] L¢[m] Lne[m]
1 8 120,0 15,0 64,0 2.2 0,4
1l 9 125.0 14,0 72,0 2.5 0,4
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The values of the distance from blasting point to observation point r, total
quantities of explosive Q, registered values of soil oscillation velocities by components
Vi, Vy,V, resulting oscillation velocities vy, actual oscillation velocities vy, and
frequences by components f,, f,, f;, for blasting operations I — II, for a total of eleven
measuring points MM are given in the Table 5.

Table 5. Review of the results of measurements

T Quk Vy Vi Vi Vrez Yt fV ft f‘1

B MM ) | kel | [mmis] | fmms] | mmss] | [mms] [“;‘“ [Hz] | [Hz] | [Hz]
I | MM-1 | 106,3 | 120,0 - - - - - - - -

I | MM-2 | 99,7 | 120,0 | 4,537 5,726 2,095 7,600 6,05 | 48,5 | 32,7 | 36,3
1| MM-3 | 97,9 | 120,0 | 3,021 2,942 2,619 4,964 4,12 | 424 | 26,1 38,1
[ MM-4 1003 | 120,0 | 5,103 | 4230 | 3,985 | 7,734 | 6,05 | 47,5 | 458 | 357
I | MM-5 | 97,6 | 120,0 | 4,212 5,846 5,880 9,300 8,28 | 47,2 | 422 | 50,7
I | MM-6 | 1044 | 120,0 | 3,410 6,545 3,061 7,989 6,92 | 42,5 | 36,1 37,7
I | MM-7 | 1394 | 120,0 | 13,62 10,61 7,654 18,884 | 16,55 | 27,0 | 27,8 | 29,0
1| MM-8 | 128,9 | 120,0 | 3,528 3,512 3,026 5,826 3,91 37,9 | 36,2 | 24,1
T TMM-9 | 122,6 | 120,0 | 4,228 | 3,690 | 1,834 | 5904 | 4,88 | 348 | 344 | 275
I |IMM-10] 132,9 | 120,0 | 4,635 2,262 2,160 5,591 . 4,91 23,6 13,2 13,8
I [MM-11]154,0 | 120,0 | 2,171 2,604 3,184 4,651 3,23 | 21,8 | 232 | 23,8
1| MM-1 | 1243 | 125,0 | 1,873 3,699 3,080 5,165 4,53 | 66,8 | 36,0 | 62,0
] MM—2 [ 1230 | 1250 | 1,850 | 2,731 | 0,758 | 3,385 | 2,96 | 46,8 | 37,1 | 803
II| MM-3 | 123,8 | 125,0 | 1,477 1,703 1,276 2,590 | 2,06 | 29,2 | 233 | 57,5
11| MM—4 | 124,5 | 125,0 | 2,041 2,534 3,506 4,783 3,89 | 39,5 | 31,7 | 45,7
1| MM-5 | 1183 | 125,0 | 1,853 2,338 3,006 4,235 | 3,21 40,8 | 20,9 | 74,0
I | MM-6 | 1203 | 125,0 | 2,114 4,017 2,748 5,306 4,03 | 658 | 294 | 27,0
11| MM-—7 | 1649 | 1250 | 9255 | 6,136 | 4,048 | 11,819 | 946 | 27.8 | 273 | 29.6
11| MM-8 | 154,7 | 125,0 1,651 1,767 1,861 3,051 2,20 26,9 16,1 20,4
11| MM-9 | 1443 | 125,0 | 3,719 2,587 1,790 4,871 4,00 | 33,0 | 25,5 | 234
11 | MM-101| 209,3 | 125,0 | 4,794 2,883 1,327 5,749 5,40 | 22,3 16,4 | 21,7
I | MM-11]216,3 | 125,0 | 3,618 2,450 1,996 4,804 3,77 | 21,0 | 41,8 | 27,0

Note: Record was not valid at MM-1

ASSESSMENT OF MEASUREMENT RESULTS

The assessment of intensity of shocks incurred by blasting operations and their
influence on building and mining facilities was performed based on the following criteria:

Criterion according to the scale of the Institute of Physics of the Earth, Russian
Academy of Sciences (11 class structures are taken in accordance with the Tablel)
A — Satisfies, within the limits of permitted oscillation velocities,
B —Does not satisfy, above the values of permitted oscillation velocity.
Criterion according to DIN (Il class structures are taken in accordance with the Table 2)
C — Satisfies, within the limits of permitted oscillation velocities,
D —Does not satisfy, above the values of permitted oscillation velocity.
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Criterion according to Russian norms (I class structures are taken in accordance with
the Table 3)

E —Satisfies, within the limits of permitted oscillation velocities,

F —Does not satisfy, above the values of permitted oscillation velocity.

Review of measurement results with the assessment of results of blasting performed at
the open pit Kijevo is shown in the Table 6.

Table 6. Review of measurement results including the assessment of the results of blasting

O B T O S B e O N TR O T <A -V
m] | el kel | [ams] | [HA | [HZ | [HZ oo | DIN | 2
T]| MM-1] 1063 | 120,0]| 15,0 - - - - - - -
I | MM-2| 99,7 | 120,0| 15,0 7,600 48,5 32,7 36,3 - - E
I | MM-3| 97,9 | 120,0| 15,0 4,964 42,4 26,1 38,1 - - E
1| MM—4|100,3|120,0 | 15,0 7,734 47,5 45,8 35,7 - - E
| MM5| 97,6 | 120,0| 150 | 9300 | 472 | 422 | 50,7 | - - E
1| MM-6|104,4|120,0| 15,0 7,989 42,5 36,1 37,7 - - E
I | MM-7|139,4|120,0| 15,0 18,884 | 27,0 27,8 29,0 - - E
1| MM-8| 1289 | 120,0 | 15,0 5,826 37,9 36,2 24,1 - - E
1| MM-9|122,6 | 120,0 | 15,0 5,904 34,8 34,4 27,5 - - E
[T MM-10 132,9 | 120,0| 150 | 5591 | 236 | 132 | 138 | A C B
1 | MM-11]| 154,0 | 120,0 | 15,0 4,651 21,8 23,2 238 | A C

] MM-1] 12431250 140 | 5165 | 668 | 360 | 62,0 | - - E
| MM—2|123,0 1250 140 | 3385 | 468 | 37,1 | 803 | - - E
| MM-3| 1238|1250 140 | 25590 | 292 | 233 | 575 | - - E
1| MM-4| 12451250 140 | 4,783 | 39,5 | 31,7 | 457 | - - E
| MM-5| 1183|1250 140 | 4235 | 408 | 209 | 740 | - - E
| MM-6| 1203 | 1250 140 | 5306 | 658 | 294 | 270 | - - E
M| MM-7| 1649|1250 140 | 11,819 | 27,8 | 273 | 296 | - - E
| MM-8| 1547 | 1250 140 | 3,051 | 269 | 161 | 204 | - - E
| MM9| 1443|1250 140 | 4871 | 330 | 255 | 234 | - - E
1| MM-10 2093 | 125,0 | 14,0 | 5,749 | 223 164 | 21,7 | A C -
| MM-11/2163 | 1250 | 14,0 | 4,804 | 21,0 | 418 | 270 | A C -

CONCLUSION

This paper presented the results of measurements of seismic impacts caused by
blasting during exploitation of limestone at the open pit Kijevo near Belgrade. Two blasts
were performed, whereby 21 result of soil oscillation velocity was instrumentally recorded
at 11 measuring points. Based on the results of measurements of soil oscillation velocities
we may provide the evaluation of seismic effects of blasting operations.

The registered values of soil oscillation velocity on the approach to open pit
(MM-1 to MM-9), regarding the impact to the elements of pit are in the domain of
acceptable values (Table 6), so they have no impact on pit structures.
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The registered values of soil oscillation velocity in the vicinity of the open pit
(MM-10 to MM-11), regarding the impact to the elements of pit are in the domain of
acceptable values (Table 6), so they have no impact on building structures.
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ABSTRACT

The paper presents industrial waste water of Serbian glass factory, their quantity, quality and way
of treatment. The technological process of glass production is described with special reference of wet
production processes which occur in industrial waste water.

Industrial waste water in glass factory generally occur in different cooling devices used in the
production process, from washing the finished product, in the preparation and use of suspensions with different
abrasive used in the chemical and mechanical cutting, grinding and polishing of glass products, and of
laundering drive and maintenance of working premises. The main characteristics of the waste water is high
content of suspended and sediment matter, the high content of mineral oils, which are very oily water and the
presence of lead. A central plant is described for pre-treatment of industrial waste water of glass factories
which includes primary and secondary treatment. Mechanical treatment - sedimentation and physicochemical
treatment - flocculation and coagulation are represented. Waste water is technological procedure purified to a
level free to engage in city sewage. Even mineral oils are reduced to 18mg / dm®, which is a treatment effect
of 82%.

Key words: Technological waste water, purification effect, oily water.
INTRODUCTION

Serbian glass factory — SGF is producing glass for catering and consumer . The
range of products is large, catering to the consumer by machines are made cups, mugs,
plates, cups, etc. Then, bottles and glass packaging for food, pharmaceutical, chemical,
cosmetics and so on. There's also a handmade high-quality products, such as crystal,
iberfang and vacuum pads. There is a plant for the production of glass products for the
defense industry and boro-silicate glass G-20"™. This shop is the quarry "Plan" on the
mountain Baba, near Paracin, which supplies the plant raw materials limestone and
dolomite. The SGF used a large amount of process water for the process of grinding
and polishing glass. Annual water consumption for technological process is close million
and a half m’, which tap water from their own wells or directly from the river water
intake. [1,2]
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GENERAL CONSIDERATIONS

The glass factory is supplied with water for technological process -
technological water from the municipal water supply, from wells, as well as from our
own river water intake. Annual consumption is 1.314. 000m’, from the public network
from 600 to 700m’/h and from its own resources 3,000m’ for 24 hours.

Industrial waste water of SGF are mainly water of cooling compressor,
suppressor, dryers, vacuum pumps, feeders, molds, accessories and a variety of other
devices in the finishing stages of glass production. For more efficient cooling of the
various additives are added in the form of oil, so that the oily waste water. There are also
waste water from the washing operation and maintenance of working premises.[3,4]

Waste water from the grinding and polishing glass burdened by a high content
of inorganic mainly sedimentary materials. These waste water is drained directly to the
device for primary treatment, settle to remove all solids that formed during the process of
grinding, engraving and polishing glass. After which they go to the central plant for
waste water treatment plant. Waste water treated together with other waste water from
the production of the washing operation and maintenance of premises, sanitary waste
water goes directly into the city sewage system, there is a total of 15 waste water glass
factory in the city sewage system in the whole factory.

Technology of glass production

Glass is an amorphous inorganic material which after melting and cooling the
mineral melt gets brittle mechanical properties of solid bodies. Depending on the basic
components that make up the construction of the glass are different: silicate (SiO,),
aluminosilicate (Al,O;), borosilicate (B,O;) and other glasses. The best application
have silicate, aluminosilicate, borosilicate glass and boralumosilicate. The
characteristics of glass next to the composition affected by the process of obtaining,
processing, processing and finishing. Glass can be conditionally divided into two major
groups:

- in construction, packaging and
- technical glass (optical, protective, high temperature, etc.).

The principal raw material for glass usually are: quartz sand, soda or sodium

sulphate and limestone. The mixture is always added and glass waste (cullet). Cullet
makes a large part (20-30%) and the role is to facilitate the process of obtaining a glass
melting and to obtain a uniform product. The other raw materials are coloring agents,
fining, blurring and bleaching. [2, 3,4]. A method of obtaining glass comprises two
phases:
- Melting of fine, dry and mixed materials - glass stone with the addition of cullet at
temperatures of 1200 - 1500°C so that the mixture becomes thick and the first movable
and then losing viscosity, liquefies which enables its release of gases caused by chemical
reactions. Melting ends at temperatures around 1450°C, and then get the slurry mass at
this temperature;
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- Cooling to a temperature of 900 - 1200°C where again increasing the viscosity of the
glass mass, enables its further processing. The raw materials are melted in two types of
furnaces: furnaces with pots and in cupped furnaces. Terms of melting and cooling affect
the quality of the glass. If the cooling slowly and gradually glass product is elastic,
slightly transparent. If the cooling fast glass is fragile, not resistant to breakage and
changes in temperature, because then the first harden surface layers and inside there is
the appearance of internal stresses. [2]

There are several basic methods of glass processing which molten mass
obtained finished products or semi-finished products:
- DRAW This is the basic process for obtaining glass. It consists in the fact that the
glass mass pulls immersion in molten glass mass plates or rings and their drawing. This
extraction takes place between sets of rollers so that it can control the width and
thickness of the glass ribbon while the glass cools to time.
- ROLLING is procedure for obtaining a flat glass, where the glass mass flows into the
horizontal tables, and then it passes through the iron roller under whose pressure the
glass is formed into panels of different thicknesses. If you use tables with embossed
surfaces or used embossed rollers can get rough, ridged, etc. glass.
- BLOW MOLDING is the oldest procedure of glass processing. Blowing can be mouth
or mechanized. The first is now used to create unique, craft and art objects and the other
for all the hollow objects made of glass (bottles, light bulbs, etc.).

Plant for treatment of waste water

All technological waste water are collected together with the atmospheric water
refers to an open concrete pool volume 3600m’. From this pool of waste water through
the flow meter goes to the unit for treatment. Characteristics of waste water for SGF are
shown in Table 1. In the case of higher rainfall enabled the dressing with the "apron" of
excess storm water runoff, and retention- aggregation surface layer of oily water. [5,6,7]
Capacity unit is 180m*h and currently at the plant comes 120m*/h. It consists of a
primary sedimentation tanks, lamellar separator, secondary sedimentation tanks, strip
stripper oil. The task of the plant is the primary treatment, i.e. bringing the quality of the
waste water to the level of freely engaging in the city sewer. Purification consists in the
separation of mechanical impurities, sedimentation of suspended matter and sediment in
the primary precipitator. This water go on chemical treatment of coagulation and
flocculation. Automatic dosed as a coagulant and a polyelectrolyte flocculant, water is
initially stirred vigorously and then more slowly to the resulting floc would not blown up
in order to precipitate the lamellar sedimentation. At the same time, the automatic belt
remover collecting grease and oil from the water surface. The collected oil is stored in
the receiving metal containers to supply refineries, and purified water, after mixing with
hot water, engages in city sewer where along the city plant for waste water treatment.
The amount of waste water together with sewage water that discharges into the
municipal sewage system is 2880m’/day.
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QUALITY OF TECHNOLOGICAL WASTE WATER

Testing the quality of waste water in the plant is done 4 times a year by an
accredited laboratory for this kind of glorified. Water samples were taken before and
after the purification unit, and test results are shown in Table 1. The water that reaches
the plant is blurred with a lot of suspended solids, 81 mg/dm”’. The reaction was slightly
alkaline, the pH was 7,98 and the specific conductivity 632uS/cm, indicating a
significant presence of mineral substances in the waste void.[8]

Oxygen content is significant, 10mg/dm *, which indicates that the content of
substances that are oxidized by oxygen small, i.e. The content of organic matter is small,
pollution in this waste void of visas in mineral form. Chemical Oxygen Demand-COD as
a measure of organic matter is about 135mgO,/dm’, while the consumption of hydrogen
peroxide only about 24mg/dm’, which indicates the presence of substances that shadows
can oxidize permanganate already stronger oxidant kaliumbihromatom. These are
probably different oils used to prepare the slurry, cutting and polishing glass.

Microbiological degradable is only about 15% of organic matter, BODS is
19,25mg0,/dm’> which indicates the presence of hard - biodegradable materials, as
confirmed by the large difference value of chemical oxygen demand and hydrogen
peroxide. It is high in mineral oil, even 86mg/dm’ as a result of its use in the production
of grinding and polishing.

The water of this quality, after mechanical and physicochemical treatment
significantly improves their quality and all tested parameters are at the free discharge
into the city sewage system except for mineral oil, which is of 86mg /dm’ reduce the
17,8mg /dm’, which is still quite a high concentration but the final purification is yet to
come on the main plant, where should this concentration further decreases.The task for
waste water at the factory - primary treatment, ie. bringing quality waste water for
SGFon level for free to engage in city sewers. The required degree of purification is
calculated according to the formula:

PSP% = [(Cy — Cac)/Cy] * 100%

Cy - concentration industrial waste water [mg/I]
C,. - allowable concentration [mg/1]
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Table 1. Quality of waste water before and after pre-treatment plant at the Factory

Waste water

The tested parameters Waste water Before after
facility

The temperature of the water / air (° C) 24,8/28,5 19,7/28,3
Appearance Suspended matter conferva
Turbidity (descriptive) cloudy clear
Turbidity (NTU) 112,0 28,0
The smell noticed without without
Color noticed without without
Specific conductivity (uS/cm) 632 433
Total dissolved solids (mg/dm’) 316,0 216,5
Dissolved oxygen (mg O,/L) 10,0 10,5
Oxygen saturation (%) 120,77 114,63
pH 7,98 8,30
Chemical oxygen demand (mg O,/L) 134,9 <30,0
Demand KMnO, (mg /L) 28,4 8,2
Biological oxygen demand, BOD 5 (mg O,/L) 19,25 <3(1.8)
Dry residue (mg/L) 498 402
Suspended solids (mg/L) 81,4 29,0
Sedimentary matter (ml/L) <0,1 <0,1
Ammonium ion (mg N/L) 0,49 0,16
Nitrites (mg N/L) 0,098 0,016
Nitrate (mg N/L) 1,22 1,41
Sulphates (mg SO,”/L) 17,8 8,3
Phosphates (mg P/L) 0,30 0,04
Mineral oil (mg/L) 85,8 17,8
Iron (mg/L) 0,56 0,13
Lead (mg/L) 0,1000 0,1490
Cadmium (mg/L) 0,0004 0,0009
Copper (mg/L) 0,080 2,800
The total aerobic mesophilic bacteria /1 ml 15000 100
Total coliform bacteria of fecal origin /100 ml 11000 40

According to the reported results of the waste water treatment plant for the pre-
treatment in SGF Paracin is satisfactory, the quality is not the one parameter does not
significantly affect the deterioration of water quality municipal sewage town of Paracin.

[9,10]

After treatment of purified water are carried from the factory and flow into the
city sewage system. The sewage network is mixed with municipal waste water, and
together they go on a final treatment that is performed on the main unit. This solution
enables a completely collection of waste water in this industry and their simple
elimination from the factory, allowing river Crnica pollution releases that are coming

from this industry.
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CONCLUSION

Based on the test results it can be concluded that the waste water is turbid glass
factory with a lot of suspended solids, low alkaline, the pH was 7,98 and the specific
conductivity 632(uS/cm), which indicates a significant presence of mineral substances in
the waste void. The void is the high content of mineral oil, about 18 mg/dm’, which
represents about 18% of the start up of concentration. So that is applying the technology
of purification removes 82% of floating oil matter. The amount of waste water that
discharges SGF is 2880m’/day.

Industrial waste water of SGF mainly occur in different cooling devices used in
the manufacturing process, then from washing finished products. Also waste water is
generated and in the preparation and use of suspensions with different abrasive material
used in the chemical and mechanical grinding and polishing of glass products, which are
otherwise quite oily, and of washing operation and maintenance of working premises.

In the central plant for pre-treatment of industrial waste water glass factories is
first deposited and then physic processed. Using coagulant aluminum sulphate and
polyelectrolyte as a flocculant, water and procedures are purified to a level free to
engage in municipal sewers.

The task unit for waste water treatment is called primary treatment, ie. bringing
the quality of the water level for free to engage in the city sewer.
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ABSTRACT

The article presents equipment for the removal of impurities from sand-gravel aggregates. It
presents the amount of impurities in mineral deposits of aggregates in Poland.

Key words: aggregates, gravel, sand, removal of impurities.
INTRODUCTION

The sand-gravel aggregate which is mined in a quarry is characterized by its
variability. It usually has a broad range of grain sizes, different physico-chemical
properties and different quality and amount of impurities in the aggregate.

The impurities in the aggregates, particularly the ones designated for concrete
mixtures, lower the final quality of the products. They have an impact on the curing and
hardening time of concrete and its technological properties. Due to that fact sand-gravel
aggregates usually have high quality requirements reflected in standards and regulations.
The proper quality of aggregate which meets the requirements of standards imposes
intensification of classification and cleaning processes to remove impurities [2].

SELECTED EQUIPMENT FOR CLEANING
SAND-GRAVEL AGGREGATES

In general, the impurities in the sand-gravel aggregates can be divided into two
groups:
- organic impurities i.e. roots, pieces of plants, peat, brown coal (lignite), hard
coal and wood,
- mineral impurities (inorganic) i.e. chalk (lake, meadow), limestones, marl (lake,
meadow), clay.
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It is estimated that sand-gravel aggregates contain up to a few percent of
impurities. The allowable content of impurities in sand-gravel aggregates for commercial
purposes should not exceed 0,25% according to the Polish standard PN-86/B-06712
"Mineral aggregates for conrete".

Impurities from the aggregates can be removed thanks to their different size and
density. The second feature allows removing the impurities in washing processes. For
that purpose various types of jigs are used eg. belt jigs (aquamators) and air-pulse jigs.

The basic principle of an air-pulse jig is the separation of minerals in the pulsing
stream of water based on the grain size and density of the raw material, see Table 1.

Years of experience in aggregates processing show that there are many factors
impacting proper washing efficiency. The most important ones are as follows:

- type of impurity in the raw material,
- grain size distribution,

- fraction of sand grains in the raw material (sand point).

Difficulties in the processing of the material appear with increasing density and
grain size of the impurities in comparison to the aggregate grain size [2].

Jigs for the aggregate washing are manufactured by the foreign companies such
as ALLMINERAL or SIEBTECHNIK. Solutions provided by these companies differ
mostly in the way the water pulsation is forced. In case of the ALLMINERAL company
the water pulse is forced by compressed air delivered under the bed. The
SIEBTECHNIK company uses the membrane driven by the eccentric mechanism.
Sample solutions of the air-pulse jig by ALLMINERAL company [6] are presented in
Figures 1 and 2. In Figure 1 the principle of operation of this device is shown and Fig. 2
presents view of the installation with pulse jig ALLJIG®-JIGGING installed in the
quarry. These machines provide capacity of up to 700 Mg/h for the aggregates of up to
150 mm in diameter. Fig. 3 presents the principle of operation of SIEBTECHNIK jig and
Fig. 4 schematic view of the jig.

Table 1. Apparent density of aggregates and their impurities [3], [4]

Material Density, g/cm®
Wood 0,30 -0,90
Charcoal 0,30 — 0,60
Lignite 1,10-1,25
Peat 0,90 — 1,80
Hard coal 1,20 - 1,40
Clay 1,50 — 2,60
Limestone 1,80 — 2,20
marl (lake, meadow) 1,80 — 2,20
chalk (lake, meadow) 1,80 — 2,20
Sand 2,57-2,78
Gravel 2,40 — 2,65
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Figure 1. Principle of operation of Figure 2. Technological circuit wit

ALLMINERAL pulse jig [6] installed ALLJIG® jig by ALLMINERAL
company|[6]

L J

Figure 3. Principle of operation of Figure 4. SIEBTECHNIK pulse jig [8]
SIEBTECHNIK pulse jig [8]
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Currently in Poland there are many solutions of water-pulse jigs designated for
the coal and sand-gravel aggregate washing [5]. In the quarries where aggregates are
produced polish jigs developed by KOMAG Institute of Mining Technology (called
pulse classificators) are used. The pulsation of water in KOMAG solutions is forced in
the same manner as in the ALLMINERAL jigs. The example of such jig is presented in
Fig. 5. This model is used for the separation of sand-gravel aggregate of 16(32)-2(0) in
grain size diameter to obtain sand and gravel fraction. Organic and mineral impurities are
efficiently washed away.

B o T S e, SN

Figure 5. Pulse classificator developed by ITG KOMAG [7]

Pulse classificators of ITG KOMAG development were implemented in the
following aggregate processing plants [5]:
—  Gravel quarry KSM Sp. z 0.0. in Borze¢cin, CEMEX Polska,

— ZPKiP PPMD KRUSZBET S.A. in Suwalki,

—  PRInz. Surowce Sp. z 0.0. in Januszkowice CEMEX Polska,
—  ZP Betonéw PUH M+ Sp. z 0.0. in Kedzierzyn — KoZle,

—  Gravel quarry CEMEX Polska in Bierawa,

—  Gravel quarry Rokitno.

IMPURITIES IN AGGREGATE DEPOSITS

Pulse classificators have to be adjusted to the particular parameters of the
material in the deposit therefore the first step is the assessment of the material properties
such as quantity and quality analysis along with impurities type assessment. Results of
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studies conducted in ITG KOMAG show that the quality of deposits differ significantly
depending on the deposit.
For example:

— In the material of the quarry located near Kedzierzyn-Kozle which is acquired
from the oxbow lake of Odra river, organic impurities such as hard coal and
wood of density 1,8 g/cm® were identified. The share of this material was 1,24%
on average [3], [4].

— Material from Januszkowice (CEMEX Polska) quarry consisted of 0,14% of
wooden impurities [3], [4].

— Trace impurities such as wood and roots were identified in Bierawa quarry
(CEMEX Polska) [4].

— Material acquired from the mineral aggregates mine in Niemcy-Roktino
contained mineral impurities which react in alkaline environment (eg.
carbonates, chalk). The share of this impurities was 21,7% in 16-8 mm fraction
and 8,9% in 8-2 mm fraction [3],[4].

— In the material acquired from the KRUSZBET S.A. Company mineral
impurities were identified. The share of impurities was 6,18% in 32-16 mm
fraction, 6,13% in 16-8 fraction whereas the finest fraction which was analyzed
(8-2mm) contained 5,00% of these impurities [2].

Example of density analysis of the sand-gravel mix where organic impurities
occur is presented in Table 2. In Table 3 density analysis of particular fraction of the
feed where organic impurities occur was presented [2].

Table 2. Sample density analysis of sand-gravel mix where organic impurities occur [2]

X Fraction, %
Density, g/cm
Sample 1 Sample 2 Sample 3 Average
<1, 1,09 0,85 1,02 0,99
1,5-18 1,00 0,65 0,22 0,62
>1,8 97,91 98,50 98,76 98,39
Sum 100,00 100,00 100,00 100,00
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Table 3. Example of density analysis in particular fraction of the sand-gravel mix feed
where organic impurities occur [2]

Fraction, %
Density, g/cm’
32-16 mm 16 — 8 mm 8§ -2 mm
<2,0 2,30 1,57 0,39
2,0-22 1,37 0,46 0,39
22-24 2,51 4,10 4,22
>24 93,82 93,87 95,00
Suma 100,00 100,00 100,00

In Figures 6 and 7, the percentage of organic and mineral impurities in the feed
of various aggregate production plants is presented. In Fig. 6 the share of organic
impurities in four plants is presented. In Fig. 7 the share of mineral impurities in
particular fraction of feed from two power plants is presented. Worth noticing is the fact
that the share of inorganic impurities is higher than that of organic impurities.

% of impurities in
the feed
1,4
1,2
1
0,8
0,6
0,4
0,2
0 . L
> 2 @ e
& <& & &
& & N &
¥ S s_;\« o)
\,b(\ 51’\6
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Figure 6. The share of organic
impurities in four aggregate production

plants [1], [2].

25
% of impurities in the

20

B o Suwatki

10 M Niemce-
Rokitno

5 -

0 |

32-16 mm 16-8 mm 8-2mm

Figure 7. The share of mineral
impurities in particular fraction of feed in

two aggregate production plants [1],[2],[4]
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CONCLUSIONS

Current quality requirements related to the aggregate production force the

producers to use equipment which will remove different impurities from the material
which is send to the market. Equipment and machines which allow to fulfill these
requirements are available either abroad or in Poland by ITG KOMAG.

High efficiency of impurities removal from sand-gravel aggregates generates

organic and mineral waste. Utilization of this waste as a raw material is a challenge for
the aggregate producers.

~
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ABSTRACT

In this manuscript the results of experimental studies of the properties of composite materials based
on lignocellulosic (LC) and poly(methylmetacrylate) matrices filled with electrolytic copper powder are
presented. Volume fractions of metal fillers in composite materials and tested samples were varied in the range
of 0.5-29.8% (v/v), and the samples were prepared by compression - cold pressing and molding.
Characterization included examination of the influence of particle size and morphology on the conductivity
and percolation threshold of the composites using a variety of testing techniques: SEM, TGA, AFM. Thermal
analysis of the prepared composites showed the improvement of the thermal characteristics of the composites.
This was due to the presence of the metallic fillers, which are very good thermal conductors, hence
accumulating the heat emitted during TGA measurements primary to matrix, whether it was lignocellulosic or
PMMA. Presence of three dimensional conductive pathways was confirmed.

Key words: thermal analysis, composite materials, lignocellulose, PMMA, AFM, TGA.
INTRODUCTION

Composites are multiphase materials with a clear phase boundaries, in which
two or more materials with different chemical composition (ceramics, polymers) and/or
forms (granules, fibers, flakes, lamellas) form a single structure with clearly marked
borders. Specific properties are achieved by combining the components in the composite
(hardness, density, stiffness, thermal and electrical conductivity). Properties of
composites depend on the properties of the components themselves, their chemical and
constitutional composition. Basic constitutional components of the composite are:
matrix and the additive (filler/ reinforcement), the material that achieves needed
combination of properties in composite. Composites can be made of ceramic, polymer
and metal matrix. In recent years, from the ecological aspect, special place has been
occupied by biocomposites and green composites [1]. Green composites are fully made
out from renewable natural materials (both matrix and reinforcement). Biocomposites
are composites in which at least one segment, the matrix or reinforcement, is made out
from renewable material, including wood, agricultural wastes, grasses and natural fibers
consisting of carbohydrates (sugars and starches, cellulose and lignin), as well as
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vegetable oils and proteins. Biocomposites can be made of: a) natural fibers (plant or
animal origin) and biologically non-degradable polymers: thermosets (epoxy resins,
phenolic resins) and plastomers (PE, PP, PVC, PS); b) synthetic fibers and biopolymers
(incurred from plant processing) and c¢) from natural fibers and biopolymers, which are
the most ecological composites and they are often called green composites.
Biocomposites are essential for material world because they have unique properties that
do not occur independently in nature. Also, their properties can be tailored in relation to
the design of their composition and processing. This feature gives space for use of
biocomposites in various sectors, like aviation industry and space exploration,
automotive industry, construction, maritime, consumer products and electronic
components [2].

In recent years, scientists and engineers have focused on reducing carbon
dioxide emissions of all existing products, either by mixing bio-plastics and synthetic
plastics and/or reinforcing it with synthetic fibers and fillers [3].

All biocomposites obtained from natural fibers and biodegradable plastics
derived from natural origin (biopolymers and bioplastics) are highly environmentally
[4]. These environmentally friendly green composites have the potential to become new
materials XXI century and can be a partial solution to many global problems.
Consequently, renewable polymer materials provide an answer to the question of
sustainable development of economically and environmentally attractive and acceptable
technology [4].

Lignocellulose is a term used to describe the three-dimensional polymer
composite formed by plants as their structural material. It consists of a variable amount
of cellulose, hemicellulose and lignin [5]. Lignocellulosic raw materials are mainly
composed of carbohydrate polymers (cellulose and hemicellulose) and phenolic
polymers (lignin). Minor concentrations of various other compounds, such as proteins,
acids, salts and various minerals are also present.

Corncob is a very important by-product of the production of corn grain. Every
ton of corn grain yields 180-200 kg of corncob. About 1.2-1.5 million tons of corncob is
produced every year in Serbia as secondary raw materials. In the world, traditional use
of corncob in agriculture, as heating material, material burnt for warming air in grain
drying processes or coarse cellulosic food for feedstock, has been significantly expanded
to the industry. An attempt has been made to produce acetic acid, methanol, charcoal,
xylitol, furfurol etc. out from corncob [6, 7].

Research in the field of electro-conducting polymer composites filled with
metal powders have experienced great development in the last two decades. Adding
metal filler polymer matrix allows the preservation of the mechanical properties of
polymers while, at the same time, exploiting the electric conductive properties of metal
[8]. The conductivity of composites with conductive fillers depends on the nature of
contacts between the conductive filler particles and filler volume fraction, which is well
explained by the percolation theory [9-11].

In recent years, in literature, numerous information on the possibilities of
application of polymers containing dispersed conductive fillers, as well as various
methods for producing such materials, can be found [12-19]. The fine metal particles
dispersed in polymer matrices have contributed to a number of industrial applications.
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Composites with metal fillers have found application as electromagnetic protection of
computers and electronic equipment, conductive adhesives for electronic equipment,
cold solders, switches, materials for dissipation of static electricity in devices for
protection against power surges [8, 20-23]. They also found numerous technological
applications as self-regulating heaters, photothermal optical recorders, chemical sensors
and electronic noses, chemical and electrochemical catalysts and adsorbents [24].
Electrically conductive polymer composites have several advantages over their
constituents, which include lower cost and ease of production, high flexibility, reduced
weight, greater ability to absorb mechanical shocks, corrosion resistance and
conductivity control [8].

EXPERIMENTAL PART

In the experimental part of the work, lignocellulose and
poly(methylmethacrylate) (PMMA) were used as matrices. Lignocellulose was produced
in Maize Research Institute “Zemun Polje” was used for synthesis of tested composites
[7]. Celgran® C fraction was used, which was milled in a ball mill, and then dry sieved
through mesh with openings of 45 pm. PMMA used was commercial PMMA in form of
beads, supplied by Sigma-Aldrich, having average molecular weight of M,, ~350000, with
a density of 1.20 g / cm” and the electrical conductivity of about 10"* S / cm. Before use,
the polymer was dried in a tunnel furnace at 60 °C in a controlled nitrogen atmosphere.

The electrolytic copper powder used in this study was galvanostatically
produced under following conditions: current density, j=3600 A/m?” time of powder
growth t=15 min, electrolyte flow Q=1 change of the cell volume/h, temperature of the
electrolyte t=(50+2)°C, concentration of copper C(Cu'?)=15 g/dm’ and concentration of
sulfuric acid C(H,SO,4)=140 g/dm’. Wet powder was washed several times with a large
amount of demineralized water until the powder was left without traces of acid at room
temperature, because the acid promotes rapid oxidation of the powder during drying
process. Obtained copper powder was subsequently washed with aqueous solution of
sodium soap SAP G-30 to protect the powder from succeding oxidation, which was
prepared and used as explained by Pavlovi¢ et al. [25]. After drying in a tunnel furnace
at 110 - 120 ° C in controlled nitrogen atmosphere, copper powder was sieved through
mesh with openings of 45 pm.

Polymer composites of lignocellulose filled with copper powder were prepared
with the filler volume fraction from 2.0% (v/v) - 29.8% (v/v), while PMMA composites
filled with same powder were prepared with the filler volume fraction ranging 0.5 % (v/v)
- 8.8% (v/v). Pure lignocellulose, PMMA and copper samples were prepared as reference
materials. All the samples were produced from thoroughly homogenized mixtures of
powders, where lignocellulosic composites were cold pressed into tablets 16 mm in
diameter at room temperature (T = 25 'C) at pressures of 10, 20 and 27 MPa, and PMMA
composites were molded while heated at t=180 °C for 30 min. After preparation of PMMA
composites, samples were cooled at room temperature for about 30 min. In order to obtain
flat surface for conductivity measurements, samples were polished with sandpaper.

EDS analysis of lignocellulose and PMMA composites was examined in more
detail using scanning electron microscopy VEGA TS 5130MM microscope (Tescan).
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For the illustration of thermal behavior (stability), thermogravimetric analysis
was performed on all the samples. Thermogravimeter TA Instruments Q600 thermal
analyzer with a heating rate of 20 °C/min in a dynamic nitrogen atmosphere was used.

Topography of obtained PMMA composites was examined by Atomic Forces
Microscope, type "Nanosnope III" AFM "Multi Mode Scanning Probe Microscope",
produced by "Digital Instruments".

RESULTS AND DISCUSSION

The conductivity of the conductive polymer composites is highly dependent on
the nature of contacts between the conductive filler elements. In order to achieve better
electrical conductivity of the conductive polymer composites with the same or similar
characteristics, and hence saving in material, different types of fillers are used,
particularly those with highly developed free surfaces. Theoretical and experimental
considerations have shown that their use leads to the formation of conductive network
through the entire volume of the sample at a much lower filler volume fraction [26]
However, the percolation threshold, the electrical conductivity and the electrical
behavior of the composite systems with fillers with highly developed surface area,
primarily thermal behavior of these materials, have not been fully explored. Therefore
there is a need for more detailed study of real synergetic effects of different fillers
dimensionality suitable for construction of conductive networks in conductive polymer
composites.

TGA curves shown in Figure 1 illustrate the thermal behavior (stability) of
lignocellulose composites and electrochemically deposited copper powder at percolation
threshold. Characteristic temperatures of the observed thermal events in Figure la
confirm presence of the main constituents (cellulose, hemicellulose and lignin) [7].

The mass loss increases with temperature gradually up to approximately 200
°C, while in the region between 200 and 400 °C more significant mass loss occurs. On
the obtained TGA curve (Figure 1) two distinct peaks can be observed within this
temperature interval, suggesting the existence of two separate thermal events. According
to the literature data [27,28], the first event that occurs at 210-300 °C can be associated
with the decomposition of hemicellulose and the slow degradation of lignin, while the
second event (275-350 °C) can be attributed to the degradation of cellulose. Possible
discrepancies between literature data and the TGA results may be associated with the
amount of cellulose and lignin in the lignocellulose material, given that Shebani et al.
[27] demonstrated that higher cellulose and lignin content in lignocellulosic materials
leads to a greater thermal stability.

A characteristic peak that can be observed in Figure 1b corresponds to
degradation of the matrix (an event that occurs at 279-382 "C). All presented results, on
the other hand, showed slight improvement in the thermal characteristics of the
composites due to the presence of copper powder, which is extremely good thermal
conductor, so that the amount of heat emitted during the TGA measurements was
originally accumulated in the copper powder particles, and only after this accumulation
there is a change in matrices themselves.
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Figure 1. The results of thermogravimetric analysis of composites a) lignocellulose
matrix filled with copper powder, treatment pressure of 20 MPa; b) PMMA matrix filled

with copper powder

EDS measurements (Figure 2) show the existence of copper conductive
pathways throughout the composites volumes. Due to the packaging effect and more
pronounced interparticle contact with smaller, highly porous, highly dendritic particles
with high values of specific area lead to “movement” of percolation threshold towards
lower filler content. This feature can be observed on both on Figure 2 and Figure 3.
Figure 3 presents AFM image of the PMMA composite surface after breaking.
Conductive pathways were confirmed by EDS measurements, and the conductivity of
the composite is obtained through conductive pathways of the filler that form in the

composites. These pathways are formed in 3D in a pure random order.
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Figure 2. EDS images of the composite sample prepared at percolation threshold. White
dots represent Cu. a) LC-Cu composite and b) PMMA-Cu composite

Figure 3. 3D AFM images of the PMMA (left) and LC (right) composite filled with
copper powder at percolation threshold

Greater roughness that can be seen on Figure 3 is assigned to copper powder,
since it has greater hardness and greater free surface area than the matrix, which was
confirmed by EDS measurements.

CONCLUSIONS
The results showed that the shape and morphology of the copper powder, and
filler at all, play a significant role in the phenomenon of electrical conductivity of the

prepared samples and the appearance percolation threshold. The particles with highly
developed free surface and dendritic and highly branched structure, such as
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galvanostatically obtained copper powder particles can easier form interparticle contacts
at lower filler volume fractions than particles with more regular surface.

The results of thermal analysis of prepared composites show a slight
improvement thermal characteristics of the composites due to the presence of metal
fillers which are outstanding thermal conductors, so that the amount of heat emitted
during the TGA measurements is initially accumulated in the filler, and only then there
is change in the matrix.

When two different matrices are compared, slight advantage can be given to
PMMA since the percolation threshold is at lower value. Both matrices have improved
thermal characteristics when filler is added. However, lignocellulose is biodegradable,
green matrix, and it comes from abundant, sustainable resource, and it can be used for
green composite production.
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ABSTRACT

The possibility to design polyurethanes (PU) based on either aliphatic or aromatic isocyanates have
ensured widespread use in end products such as high-performance elastomers, electrical and electronic
equipment, coatings, thermal insulation foams, etc. The materials based on isophorone diisocyanate due to its
stable aliphatic structure makes them ideal for producing durable, non-yellowing elastomers that stand up to
UV light exposure. The goal of this work was to investigate the thermal stability of environmentally friendly
castor oil based polyurethane materials. The samples were prepared using several stoichiometric imbalances.
The synthesis was carried out in bulk and without catalyst by a one-step reactive process. Simultaneous TG-
DSC measurements were performed in nitrogen and air atmospheres using TA Instruments SDT Q600
equipment.

Key words: castor oil, isophorone diisocyanate, thermogravimetry, thermal stability, polyurethane.

INTRODUCTION

The hope is that using renewable resources as feedstock for chemical processes
will reduce the environmental footprint by reducing the demand on non-renewable fossil
fuels currently used in the industry and reduce the overall formation of carbon dioxide,
the most notable greenhouse gas. Different manufacturing procedures are possible for
preparation of polymers based on renewable materials: (a) preparation of monomers
which are already widely used, as obtained from fossil resources, (b) original materials
with novel properties and applications, e.g. thermo-reversible polymers, (c) the synthesis
of polymers which are intended to simulate the performance of existing counterparts
from non-renewable resources, and (d) chemical or physical modification of natural
polymers for improving and radically modifying their native properties, e.g. cellulose
and chitosan grafting, and starch plasticization hydrophobization [1]. Due to their high
abundance and annually renewable natural resources, low cost as well as the
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biodegradability of the resultant polyurethane materials, vegetable oils as monomers are
popular row materials for polyurethane fabrication. Castor oil, CO, is a low-cost,
abundantly available, renewable raw material and has attracting research effort because
of its use in coatings, adhesives, paints, sealants, encapsulating compounds. As a
vegetable oil with reactive hydroxyl functional groups, it can be used as a polyol to
develop new and ‘‘green’” macromolecular architectures. Polyurethanes based on CO
with different diisocyanates seem to be interesting alternatives to non-renewable-based
materials, in agreement with the concept of sustainable development [2,3]. Ricinoleic
acid is an 18-carbon acid having a double bond between the 9-10™ carbon atom position
and a hydroxyl group on the 12" carbon atom. This combination of hydroxyl group and
unsaturation occurs only in castor oil. Castor oil is increasingly finding application in the
manufacture of polyurethane foams [4,5]. The polyurethane is produced from polyols
based on castor oil. Due to the wide range of compositions possible, polyurethanes have
found extensive use in different applications such as coatings, foams, adhesives,
membranes, sealants, synthetic leathers, elastomers as well as in many biomedical
applications. Although these materials contain repeating urethane groups, other moieties
such as urea, ester, ether and aromatic may also be present in the structure. In the Figire
1 is given the sheme of the isocyanate group possible reaction during polyurethanes
preparation. The methods of fabrication polyurethane products range from small, hand
pour piece-part operations to high-volume bunstock and boardstock production lines.
Regardless of the end-product, the manufacturing principle is the same: to meter the
liquid isocyanate and reaction mixture with polyols catalyst, chain extenders at a
specified stoichiometric ratio, mix them together until a homogeneous blend is obtained,
dispense the reacting liquid into a mold or on to a surface, wait until polymer network
with permanent or temporary crosslinked points is formed, then demold the finished
part. The greatest dangers in polyurethanes fabrication appear during preparation of
block in a continuous manner, during fabrication in closed rooms, and during foam
spraying in coating production. Polyurethane coatings can enhance a product’s
appearance and lengthen its lifespan. Polyurethane adhesives can provide strong
bonding advantages, while polyurethane sealants provide tighter seals. PU elastomers
can be molded into almost any shape, are lighter than metal, offer superior stress
recovery and can be resistant to many environmental influences [6]. Car bumpers,
electrical housing panels and computer and telecommunication equipment enclosures
are some of the parts produced with polyurethanes using reaction injection molding.
Adding design flexibility, the RIM process produces parts that are usually not
achievable using typical injection molding processes, such as thick- and thin-walled
parts, encapsulated inners and foamed cores. In addition to high strength and low
weight, polyurethane parts can exhibit heat resistance, thermal insulation, dimensional
stability and a high level of dynamic properties. Automotive, construction, appliance,
furniture and recreation and sporting goods are a few of the markets and applications
using RIM technology. Waterborne polyurethane dispersions are coatings and adhesives
that use water as the primary solvent. With increasing regulation on the amount of
volatile organic compounds and hazardous air pollutants that can be emitted into the
atmosphere, materials are being used in more industrial applications. Their primary
areas of use are in the manufacturing of wood panels, rubber or elastomeric flooring
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surfaces and sand casting for the foundry industry. Aliphatic isocyanates are used not in
the production of PU foam, but in special applications, such as enamel coatings which
are resistant to degradation from ultraviolet light. These properties are particularly
desirable for the exterior paint applied to aircraft. The materials based on IPDI due to its
stable aliphatic structure makes them ideal for producing durable, non-yellowing
polyurethane elastomers that stand up to UV light exposure. Thermal degradation of
polyurethane is affected by the structures of used polyols, urethane group concentration
and crosslink density. The study of the decomposition of PUs is particularly difficult
since they degrade with the formation of various gaseous products and a number of
decomposition steps are typically observed using the thermogravimetry [7]. Some
authors claim that the study of the thermo-degradation behavior of PUs at high
temperatures provides a fingerprint of the material that has to do not only with the
characteristics of the original material, but also with its processing and the final quality
of the end use products [8]. Petrovi¢ et al. studied the thermal degradation of different
polyurethanes based on different vegetable oil as polyols. Their study showed that many
factors affect the thermal stability of the urethane groups such as type and structures of
used polyols, urethane group concentration and crosslink density. They concluded that
PU based on vegetable oils have a better oxidative thermal stability than PU based on

poly(propylene glycol) [9].
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Figure 1. The possible reaction of isocyanate group during polyurethane
materials preparation
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Thermal data on degradation allows the determination of optimum conditions
for processing of materials. The thermal decomposition of PU is a complex
heterogeneous process taking part through various decomposition reactions with more or
less overlapped steps. The thermal stability of a material is defined by the specific
temperature or temperature-time limit within which the material can be used without
excessive loss of properties. In the commercial applications point of view the
investigation of thermal stability has two important aspects. The first one concerns the
stabilization of a polymer by changing the composition of the starting materials, in order
to obtain novel materials with a desired level of thermal stability that will be able to
fulfill the demands of contemporary materials engineering. The second one is to
understand the decomposition processes of the materials as well as to obtain
characteristic thermal decomposition data.

EXPERIMENTAL PART
Materials

Isophoronediisocyanate (IPDI) (figure 2), Castor oil (CO) with hydroxyl
number 170 mg KOH/g and acid value 1.27 mg KOH/g; all supplied from Sigma-
Aldrich Company. Acetone was high-performance liquid chromatography grade of
Merck Chemical Co. Prior synthesis the hydroxyl value of castor oil was determined
according to the standard test method using a reaction with p-toluenesulfonyl isocyanate
and potentiometric titration with tetrabutylammonium hydroxide.

H3C

NCO
HaC
NCO
H3;C
Figure 2 . The structure of izophorone diisocyanate (IPDI).
o 5
fl’k/\/\/\F’\)\/\./\/
o I
o 0
oA~ A A

- =
o) o
0’"\/\/\/\/‘:\)\/\/\/
Figure 3 . The structure of castor oil.
Sample preparation
The polyurethanes based on castor oil as a renewable resource were

synthesized without catalyst. A weighted amount of castor oil in a three-neck, round-
bottom flask was dried in the vacuum during 10 hours at 70 °C in water bath, prior the
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use to prevent the reaction of isocyanate component with traces of water and bubbles
formations. The reaction of the castor oil was carried out by addition of the diisocyanate
under stirring at 70°C for 15 minutes in a nitrogen atmosphere. Then the mass was cast
into preheated mold and kept in oven at 110 °C during 12 h to complete the
polyurethane network formation.

Characterization of samples

Simultaneous TG-DSC measurements were performed using TA Instruments
SDT Q600 equipment, in nitrogen and air atmospheres (gas flow: 100 cm® min') in
temperature range of 50 — 650 °C at a heating rate of 20 °C min . Sample mass: 3 — 4 mg.

RESULTS AND DISCUSSION

Urethanes are relatively thermally unstable materials. The thermal
decomposition of vegetable based polyurethanes is important phenomenon from
fundamental and industrial point of views. The investigation of degradation processes
allows determination of optimum conditions for PUs processing. Fundamental research
has established that the thermal decomposition of PUs is a complex heterogeneous
process and consists of several partial decomposition reactions [5]. The thermal stability
of a material is defined by the specific temperature or temperature-time limit within
which the material can be used without excessive loss of properties [6]. With respect to
commercial applications, the investigation of thermal decomposition processes has two
important aspects. The first concerns the stabilization of a polymer to obtain materials.
Derivative TGA curves of the polyurethanes reveal actually three main degradation
processes, (Figure 4). The first stage is due to the breaking of urethane links, which
starts at 250 °C leading to the formation of CO,, alcohols, amines, aldehydes, CO, etc.
Three mechanisms of decomposition of urethane bonds were proposed::

1. Dissociation to isocyanate and alcohol
RHNCOOR® «+» RNCO + HOR®
2. Formation of primary amine and olefin
RHNCOOCH,CH,R" «+» RNH, + CO, + R'"CH=CH,
3. Formation of secondary amine
RHNCOOR® «+» RHNR" + CO,

The thermal decomposition of all polyurethane materials with castor oil, in
order to get a better insight into the decomposition processes, is presented by their DTG
curves. The decomposition of PU based on IPDI forr»=1.0 in air and nitrogen
atmospheres are given in the Figure 5. The decomposition mechanism in air and
nitrogen is different. In air the decomposition rate is slower therefore the processes are
more separated, in spite of the fact that all decomposition steps are accompanied by
high-exothermic effect. In nitrogen atmosphere the decomposition is endothermic.
Above 400 °C the shape of the DTG curve resembles the decomposition of the pure
castor oil. The decomposition in air is complete at 600 °C, while in nitrogen at
temperature higher than 500 °C, with no residue. Samples prepared with excess of OH
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groups (r=0.92 and 0.80 for IPDI series, have the lowest onset degradation
temperature.

All three reactions may proceed simultaneously. The second stage could be a
consequence of the polyol decomposition and starts after urethane bond break. Since
polyol used in this study is castor oil, the formation of 10-undecanoic acid and heptanal
is expected as is found in thermal degradation of ricinoleic acid, which is the main
constituent of castor oil. The shape of the TG curves for all polyurethane samples are
almost ienicat as is presented by TG curves of PU based on IPDI in Figure 6.
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Figure 4. DTG curves for polyurethanes based on IPDI for =1 in air
and nitrogen atmospheres.
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Figure 5. DTG curves for polyurethanes based on IPDI for different stoichiometric
balance of reactive groups obtained in air atmosphere
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Figure 6. TGA curves for polyurethanes based on IPDI for different stoichiometric
balance of reactive groups obtained in air atmosphere

CONCLUSIONS

This study was an attempt to prepare environmentally friendly material based
on castor oil as a renewable resource and based on isophorone diisocyanate. Different
elastomers were prepared using several stoichiometric imbalances. The thermal
properties of the materials are discussed on the basis of simultaneous TG-DSC
measurements results. The assessment of structure—property relationship showed that
desired mechanical properties could be obtained via basic formulations variation.
Samples prepared with excess of OH group have somewhat lower thermal stability.
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ABSTRACT

Copper mine Cerovo operates under RBB Bor, a part of the RTB Bor — Group. At present moment
only one pit, Cerovo 1 is active. However, with the design finished, intensive works are undertaken in order to
prepare the terrain and infrastructure for the development and opening of the second pit, Cerovo 2, to the north
of Cerovo 1. Since technology applied utilizes drilling and blasting operations there is a high probability that
the existing structures in the close proximity of both pits could be affected by ground vibrations generated by
the blasts. In order to protect the structures and prevent damage appearance it was necessary to design the
blasting parameters in order to, through controlled blasting, minimize the probability of blast induced damage.

Key words: ground vibrations, PPV, controlled blasting, safety zone.
INTRODUCTION

Cerovo copper mine is located in East Serbia, North of Bor and operates under
RBB Bor as a part of RTB Bor — Group. Mining operations started in Cerovo —
Cementacija 1 ore deposit back in 1993 and were seized in 2002. However, due to
increased copper prices Cerovo 1 was reopened in 2011 and is active since. The ore is
mined using drill and blast operations and truck hauled to the nearby milling facility.
Milled ore is then transported to Veliki Krivelj flotation plant as a pulp via the pipeline.

Cerovo 2 ore deposit is located north of Cerovo 1 at a distance of several
hundred meters. With mine design finished focus is shifted to infrastructure
development and intensive preparations for mine opening.

In the proximity and to the E-SE of Cerovo 1 there are several inhabited
households with residential structures. The closest residential structure is at a distance of
merely 270 m from the final pit outline. To the west, at a distance of 780 m from the
final pit outline, there is a railroad bridge with a 450 m span.

According to design the west slope of Cerovo 2 will be located at a distance of
only 40 m from the Bor — Belgrade railroad and railroad tunnel and 300 m from the
nearest residential structures located to the northwest.

Since mining technology for both Cerovo 1 and Cerovo 2 considers drilling and
blasting operations there is a high probability that the structures closest to the pits could
be affected by the ground vibrations. In order to protect the structures from damage
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appearance it was necessary to revise the mine design from the aspect of negative effects
of blasting. A thorough study was performed by Technical faculty in Bor (TFB) and
Faculty for mining and geology Belgrade (RGF). The study was conducted in phases,
first defining the intensity of ground vibrations and setting the propagation law. The
second task was to perform initial investigation of the nearest buildings and record any
existing damage in order to set the initial conditions and define the maximum allowed
ground vibrations intensity. The next phase was to revise the blast design in order to
calculate maximum explosive charge per delay upon the determined ground vibrations
limits. Finally, a monitoring system was designed to monitor and collect data on ground
vibrations once the mining operations start. All of these phases were finally presented
through three different documents, Elaborate on seismic measurements during blasts at
Cerovo 1 (RGF) [1], Elaborate on initial state of structures in the proximity of Cerovo
copper mine (TFB) [2] and the Monitoring design for ground vibrations and their affect
to humans and structures (TFB) [3]

This article will give the details on blast design revisions and reference to other
phases of the Study.

DEFINITION OF MAXIMUM ALLOWED
GROUND VIBRATION INTENSITY

Investigation of the initial condition of residential and other structures was
necessary in order to define the maximum allowed ground vibrations intensity. It is
commonly adopted that the best descriptor of the ground vibrations intensity is peak
particle velocity or short PPV.

Various studies were performed during the last several decades in order to
correlate PPV and damage to structures and the results are well elaborated in various
sources. In short, damage threshold is probable at PPV of 12,7 mm/s, limit damage level
is set to 51 mm/s and PPV higher than 254 mm/s can cause damage in reinforced
concrete.

Since Serbia does not have standard covering blast induced ground vibrations
maximum allowed PPV was set in accordance with German DIN 4150. In accordance
with DIN 4150 and PPV/damage correlation maximum allowed PPV was set to 10 mm/s
for residential structures in the proximity of Cerovo 1 and Cerovo 2 and to 30 mm/s for
railroad tunnel considering it being a robust, reinforced concrete structure.

DEFINITION OF THE PROPAGATION LAW

In order to be able to predict the intensity of future ground vibrations it was
necessary to define the propagation law. Propagation law is in fact a dependency of
ground vibrations of the explosive charge per delay and distance from the blast. In order
to define the propagation law it was necessary to perform test blasts and measure the
intensity of generated ground vibrations. The measurements were performed by RGF
and the results are presented in a form of Elaborate [1]. The final result of the
measurements was the propagation law in the form

186



XXIV Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vinjacka Banja, Serbia

-n -1.24
PPV=K(dJ =248.4(dJ , mm/s (1)

Jo Jo

Where d is the distance to the blast and Q is explosive charge per delay.

DEFINITION OF CONTROLLED BLASTING ZONES

According to the blast design from the mine design the blasting would be
performed on the 15 m high benches, using 460 kg of ANFO or 550 kg of Slurry
charged into 250 mm diameter blastholes. Based on these data and the propagation law
it was possible to calculate the distance from the pit to which the structures will be
affected by ground vibrations with PPV higher than 10 mm/s. The distance was
calculated as

1
_Jo.[ K ) ,m 2
=0 (PPVJ @

Once the appropriate values were introduced to equation (PPV=10 mm/s,
Q=550 kg, K=248,4 and n=1,249) the affected distance was 312 m. With the closes
house being at a distance of 270 m from the Cerovo 1 pit outline and it was necessary to
redefine the blasting parameters.

In order to protect the residential structure from possible damage it is necessary
to prevent PPV of ground vibrations to exceed the value of 10 mm/s. Having this in
mind a safe zone limit of 10 m/s maximum PPV was set as shown in figure 1.

S3M

\

Figure 1. Safe zone limit at 10 mm/s max. PPV
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In the similar manner, Cerovo 2 blasting operations had a limiting factor in the
nearby railroad tunnel. Here, due to reinforced concrete structure having higher
resistivity to vibrations a limit PPV was set to 30 mm/s.

Since the affected zone limit was fixed it was necessary to define controlled
blasting, that is to calculate maximum explosive charge per delay in a way that
generated ground vibrations do not exceed 10 mm/s for Cerovo 1 and 30 mm/s for
Cerovo 2 beyond the affected zone limit.

Drilling equipment in use can drill blastholes with diameters 250, 130 and 85
mm and these diameters were considered in blast design revision. Besides the diameter
reduction the controlled blasting design considered reduction of the charge per delay
through the introduction of split column charges and possible variations of three possible
diameters and a maximum of four split deck charges are given in table 1.

Table 1. Possible configuration of explosive charges

Total :
Diameter charge Explosive Charge weight per deck for decked charges
charge per 1 m
mm length kg
kg
m
1 2 3
85 12 6 73 34 23 16
130 12 15 175 73 49 33
250 10 55 550 216 144 94

Based on the results from Tab. 1 it was concluded that decked charges would
be necessary only at one narrow zone at Cerovo 1 and that in the rest of Cerovo 1 and at
Cerovo 2 there will be no need for decked charges application and that blasts can be
controlled through hole diameter reduction. Despite the common opinion (which authors
share) that split charges have the best results in ground vibration control, the decision to
use unpopular method of blasthole reduction in this particular situation is justified as:

a) Splitting (decking) charges requires more time and effort;

b) decked charges are more costly since each deck must be initiated by its own

NONEL tube;

c) there is higher probability of error during wiring.

Consequently, four configurations were accepted for further consideration: 250 mm single
charge, 250 mm two decks, 130 mm single charge and 85 mm single charge (Tab.2)

Table 2. Accepted controlled blasting parameters

Diameter Charge weight per deck for decked charges
mm k.
1 2 3 4
85 73 - - -
130 175 - -
250 550 223 -

Once the parameters of controlled blasting were defined it was necessary to define
the zones within which these parameters will be used i.e. controlled blasting zones. The
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calculations were performed utilizing Eq. 2 and the results are 3 zones of controlled blasting
at both pits. Unusual situation, from the aspect of ground vibrations prevention, occurred at
Cerovo 1 where it was possible to, in some areas of the pit, increase charge weight per delay
without ground vibrations exceeding the safe limit. Calculations showed that it is possible to
detonate two explosive charges i.e. 1 100 kg of Slurry simultaneously and PPV of ground
vibrations at the location of the nearest structure will be below 10 mm/s.

The distance of the specific zone from the pit outline is given in Tab. 3 and Tab
4. and the zones are presented in Fig. 2 and Fig 3.

Table 3. Controlled blasting zone distances at Cerovo 1

Zone Charge weight Distance from the pit outline
kg m
3 223 0-75
2 550 75 200
1 1100 Beyond 200
Table 4. Controlled blasting zone distances at Cerovo 2
Charge weight Distance from the pit outline
Zone
kg m
3 73 0-30
2 175 30-85
1 550 Beyond 85

oo

Figure 3. Controlled blasting zones at Cerovo 1
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Figure 4. Controlled blasting zones at Cerovo 2
CONCLUSION

Due to concerns that blasting generated ground vibrations could cause damage
to the structures in the proximity of Cerovo pits it was necessary to revise the blast
design and define controlled blasting parameters. After taking into consideration all of
the influential factors, primarily the condition and the type of the affected structures
seven zones with corresponding blasting parameters were defined. In addition, a
monitoring system is designed in order to monitor the intensity of ground vibrations for
further actions in terms of blasting parameters adjustments.
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ABSTRACT

Air pollution from point sources (boiler stacks, industrial plants...) is particularly important. It is
surely of our interest to analyze the emission of pollutants from our only steel plant Smederevo. The aim of this
work is to represent the obtained air pollution distribution results from most common gases (SO2, NOx, CO),
at different distances from the steel plant. Gaussian model for assessment the dispersion of gaseous materials
and suspended particles has been used in the analysis. The complex coefficient of air pollution has also been
analyzed.

Key words: air pollution, steel plant Smederevo, Gaussian model, Screen 3.
INTRODUCTION

Steel Plant Zelezara Smederevo is an industrial complex located 7 kilometers
southeast of Smederevo on the area of 350 hectars. It represents the most significant
segment of Smederevo’s development (74% of total production and 97% of exports) in
the field of ferrous metallurgy, production of cast iron and steel. Specific type, large
amount and production methods create major environmental pressure on its
surroundings, which contributed to the highest level of environmental hazard in this area.
With the production of 2.2 million tons per year over 70 billion m® waste gases (about 32
000 m’ per ton of produced and processed steel, or 8.2 million m® per hour) is emitted
into the air. 89 emitters are registered in Smederevo Steel Plant: 34 in Sintering plant, 8
in Blast furnace 1 and 2, 32 in Steel plant, 4 in Hot rolling mill, 10 in Cold rolling mill, 1
in the Power plant (Group of authors 2007). Besides the above mentioned emitters, The
Steel Plant has also got 5 ore and secondary raw materials landfills which belong to
specific pollutants(contaminants), actually, ground-level emitters of great amounts of
dust which pollute the air of nearby settlements. Until the year 2005 continual
measurements had not been done, but only individual measurements on individual
emitters. Measurements were conducted by the Institute ,,1st May* from Nis. At the end
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of year 2005, ,,U.S.Steel Serbia“ started the measurements in accordance with the
Regulations on limit values of emissions, the method and terms of measurements and
data recording. Measurements were carried out by the Department of Public Health
,Pomoravlje“ from Cuprija.

Since 2007, three automatic air quality monitoring analysers have been
installed, one in the city centre and two in the immediate surrounding of the Steel Plant
(Radinac and Ralja). In this way a comprehensive study of environmental quality and its
impact on the health of the population has begun.  Besides with pollutants in waste
gases there is 25 000 tons of Carbon monoxide (CO), 10 000 tons of Sulphur dioxide
(SO,), and approximately 1500 tons of Nitrous oxide (NOy). The waste gas also contains
dust whose amount depends on the quality of input raw materials and technological
process.

It was calculated that the production and processing of one ton of iron, produces
about 100-120 kg of dust, sludge and scale, which means that during the production of
2.2 million tons of iron , 200 000 tons of dust is released into the atmosphere every year.
Not all emitters have multistage purification, because waste gases are not used, but
released into the atmosphere (Group of authors, 2006).

CALCULATION MODEL FOR MAXIMUM CONCENTRATION
OF AIR POLLUTION

Determining the state of air pollution by applying mathematical model of air
pollution distribution enables the simulation of spreading of harmful substances for
different assumed emission intensities in known topological, urban and meteorological
situation.

Gaussian statistical method for assessment of ground dispersion of gaseous
substances, for certain values of gaseous substances emissions and parameters related to
external environment. The basis of this model is the assumption that admixtures emitted
by continuous point source form a smoke column where symmetrical distribution of the
concentration of particles in relation to the axis of the smoke column is observed. The
basic equation of statistical Gaussian model is made up of two probability functions of
normal laws and have the form (Lazaridis 2011).

C(x,y,2)= Q exp(— y2 ){exp {—(;_H)z} +exp {_(24—1-1)2}} @)

270, (x)o, (X)u 20')2, (%) ol(x) 207 (x)

where (Q — is mass flow; C—concentration of admixtures in a space point;
o,(x),0, (x) diffusion dispersion in the direction of appropriate axis, which depend on
meteorological conditions and the distance which the substance carry out from the source
to the point with the coordinate x, where the direction of the axis 0X is assumed to match
the direction of wind vector; # - average wind velocity on the measuring level; H —
effective source height
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ol

Figure 1. Graphical display of smoke column from the source (Ja¢imovski, 2013)

In the equation (1) 0,,0 are horizontal and vertical dispersion of admixture

distribution. For determining these dispersions the following relations are used.

a, _ b
o,=ax‘;o, = fx

where a,a, ,b are coefficients which depend on atmosphere stability and the relief of
the surface and are experimentally determined. (Lazaridis, 2011).

With analyses of influence of steel plant Smederevo on air quality (average
hourly concentrations) software of American Environmental Protection Agency
SCREENVIEW 3.5.0, license number E474AA382E2AE61A has been used. For
calculation of sulphur oxide concentration the following input values have been used:

1. Stack height
2. Inner diameter of the stack
3. Mass flow and the speed of flue gases at the exit point
4. The temperature of flue gases at the exit point
5. Characteristics of the terrain around the steel plants (rural and urban
areas, absolute height, topographical characteristics)
6. Atmosphere condition concerning the stability and speed of the wind
Tablel. Adopted parameters for calculation of distribution of gases SO,, NO,i CO
PARAMETER STEEL PLANT SMEDEREVO
Stack height [m] 152
Inner diameter of the stack[m] 6,5
The temperature of flue gases at the exit [°K] 600
Mass flow SO,[g/s] 317
Mass flow NO,[g/s] 48
Mass flow CO[g/s] 793
Ambient temperature [°K] 293
The speed of gas at the exit of the stack [m/s] 2,6
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According to the annual report of the Republic hydro-meteorological agency
for the year 2015, in Smederevo stability class D and B prevailed. With calculations it
has been adopted that the terrain is characterized by lowland and plain features. In this
work it is also adopted that steel plant Smederevo is situated in rural area.

After the analysis for stated parameters the results are as follows
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Fgure 2. 24 — hour distribution of concentration of SO,(left), NOx (right) i CO (below) in the
function of distance from the source for the stability class D and wind speed of 4 m/s
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Figure 4. 24 — hour distribution of concentration of SO,(left), NO, (right) and CO
(below) in the function of the distance from the source for complex atmospheric
conditions with wind speed of 4m/s

ANALYSIS OF THE RESULTS

In this work distribution of concentration of SO,, NO, and CO for two stability
classes D and B, the same (prevailing) wind speed and the same temperature has been
analyzed. In graph 2 distribution of concentration for stability class D (neutral), and wind
speed of 4 m/s and 293 K is presented. Maximum concentration is at about 1500m from
the source for all three types of gases and is around 40,29 pg/m’, 6,1 pg/m’ i 100,7
ng/m’, respectively, which is considerably lower from permitted limit values. For
stability class B (unstable), the same wind speed of 4 m/s, concentration of SO, has
maximum at distance of 1000 m from the source and that maximum is approximately
143,2 ng/m’® | concentration of NO, has maximum at distance of 2000 m and is 21,69
pg/m’ , concentration of CO has maximum also at 2000m and is 357,8 pg/m’ (Graph 3).
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It can be seen that, in case of unstable meteorological conditions, maximum
concentration moves away from the source and has higher values.

For complex case, when stability classes, wind speed as well as outside
temperature change, distribution of concentration of SO,, NO, i CO is represented in
picture 3. Maximum concentration of all three gases is at 1000 meters from the source
and is 487;1g/m3 for SO,, for NO, maximum concentration is 73,74ug/m3 , and for CO
maximum concentration is 1217pg/m’. Therefore, maximum concentration are
considerably higher than in previously analyzed cases and are reached at distance closer
to the source (Graph 4).

Calculation of total concentration of air pollution, which comes from different
sources and from more components, is a complex problem. Total concentration of
homogenous substances which come from different sources is obtained by simple
summation, which is in table 3, for different components, given as C;, C; and Cj, then for
all components reduced coefficients are found. (Vnukov A.K, 1992).

K =C/GV;i=123
Here GV; are limit values for appropriate components. The resulting pollution of
atmosphere with simultaneous functioning of more components is determined by

complex coefficient P =

Table 2. 24 — hour distribution of concentration of different components dependant on
the distance from the source

Distanc | Concentrat. | Concentrat. |Concentrat] K;=C;/GV, | K;=C,/GV, | Ks=C3/GV; P

[km] C,SOx C;NO, C;,CO

[pg/m’] [pg/m’] [pg/m’]

1 487 73,4 1217 3,2467 0,8635 0,2434 10,5674
2 323,5 49 808,3 2,1567 0,5765 0,1617 4,6631
3 237.8 36,01 594,2 1,5853 0,4236 0,1188 2,5197
4 223,1 33,78 5574 1,4873 0,3974 0,1115 2,2178
5 195 29,53 487,2 1,3000 0,3474 0,0974 1,6943
6 175 26,5 4373 1,1667 0,3118 0,0875 1,3646
7 169,5 25,67 423,6 1,1300 0,3020 0,0847 1,2802
8 164.4 24,89 410,8 1,0960 0,2928 0,0822 1,2043
9 155,2 23,5 387.,8 1,0347 0,2765 0,0776 1,0733
10 144,8 21,92 361,8 0,9653 0,2579 0,0724 0,9342
15 112,1 16,97 280 0,7473 0,1996 0,0560 0,5599
20 88,12 13,34 220,2 0,5875 0,1569 0,0440 0,3460
25 72,58 11 181,3 0,4839 0,1294 0,0363 0,2347
30 61,93 9,38 154,7 0,4129 0,1104 0,0309 0,1709

The dependence of complex coefficient P on number of pollutants and the level of
pollution is known from literature (Vnukov A.K.,1992). The dependence is represented
in Table 4.

198




XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Table 3.Values of complex coefficient P on number of pollutants and level of pollution

Level of Broj zagadivaéa
atmosphere 2-3 49 10-20 Preko 20
pollution
I permitted 2 3 4 5
11 weak 2,1-4 3,1-6 4,1-8 5,1-10
III moderate 4,1-8 6,1-12 8,1-16 10,1-20
IV strong 8,1-16 12,1-24 16,1-32 20,1-40
V very strong >16 >24 >32 >40

For the analyzed case in the work we can see that the level of pollution is strong
2 km from the source, moderate at distance of 3 km, weak at distances to 5 km and
permitted at greater distances. Total coefficient P is 5,5647 for the analyzed case, which
indicates moderate air pollution.

CONCLUSION

Smederevo is a settlement with highly polluted environment ( The assembly of
Smederevo, 2012). Without taking certain measures significant improvements and
enhacement of environmental quality cannot be expected. The main priority that would
contribute to reducing air pollution by typical and polluting matters and their elimination
from the air is setting of air polluters cadastres in the city of Smederevo. In this way an
insight can be provided into the air quality condition at any time. This especially applies
to Smederevo Steel Plant, which is a dominant source of air pollution. Based on the
cadastre meteorological diffusive model of pollution for the entire city territory can be
made, based on which the procedures in case of accidents and excessive pollution can be
defined. Also, air protection from the harmful effects of pollutants is achieved through
control over facilities and equipment which can contaminate the air, and emission
limitation is included to the limits stipulated by the Regulations on limit values, the
method and terms of measuring and recording data, taking technological and other
necessary measures for emission reduction, as well as monitoring the impact of air
pollution on human health and the environment (Group of authors, 2006). The city of
Smederevo in its firther development must rely on an ecological component and the
general principle of sustainable development, because in this way it can be closer to
European standards, which can create opportunities and access to the EU funds and
develoment loans (Group of authors, 2007).
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ABSTRACT

Smederevo-Pozarevac Danube region covers an area of 968km?” with population of 200000
inhabitants. Negative microclimate alterations are the result of impact of Steel Plant “Zelezara Smederevo” and
Kostolac Thermal Power plants. The Steel plant and power plants emit substantial amounts of SO,, NO(NO,),
Co, ash and dross into the air. Applying the Gaussian model to calculate ground concentration of air pollution,
we have calculated total concentrations of air pollution and determined distances to which increased pollution
stretches. While calculating pollution in Kostolac thermal energy basin we have also applied Pasquill-Gifford
atmospheric stability classification and SCREEN3 model defined by EPA (US Environmental Protection
Agency).

Key words: Steel plant “Zelezara Smederevo”, Kostolac basin, air pollution, air quality,
environment

THE IMPACT OF " ZELEZARA SMEDEREVO" AND "TPP
KOSTOLAC" ON THE STATE AND QUALITY OF THE
ENVIRONMENT

Steel Plant Zelezara Smederevo is an industrial complex located 7 kilometers
southeast of Smederevo on the area of 350 hectars. It represents the most significant
segment of Smederevo’s development (74% of total production and 97% of exports) in
the field of ferrous metallurgy, production of cast iron and steel. It is characterised by
high techno-economic and spatial characteristics regarding water consumption, waste
water discharges, electrical energy consumption, large-scale transport, with stressed
productive link within intra-regional (Republic) and trans-regional spatial dimension. The
steel plant emits over 70 billion m® waste gases (about 32 000 m® per ton of produced and
processed steel, or 8.2 million m® per hour) into the air. 89 emitters are registered in
Smederevo Steel Plant: 34 in Sintering plant, 8 in Blast furnace 1 and 2, 32 in Steel plant,
4 in Hot rolling mill, 10 in Cold rolling mill, 1 in the Power plant (group of
authors(2007)). Besides the above mentioned emitters, The Steel Plant has also got 5 ore
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and secondary raw materials landfills which belong to specific pollutants(contaminants),
actually, ground-level emitters of great amounts of dust which pollute the air of nearby
settlements. Along with pollutants in waste gases there is 25 000 tons of Carbon
monoxide (CO), 10 000 tons of Sulphur dioxide (SO,), and approximately 1500 tons of
Nitrous oxide (NOy). In the waste gas there is also dust whose amount depends on the
quality of input raw materials and technological process. Since 2007, three automatic air
quality monitoring analysers have been installed, one in the city centre and two in the
immediate surrounding of the Steel Plant (Radinac and Ralja). In this way a
comprehensive study of environmental quality and its impact on the health of the
population has begun. The state of the atmosphere and the quality of the environment in
the Kostolac basin are mainly the result of the impact of industrial facilities of the
company Thermal Power Plants and Mines Kostolac. Major changes in environmental
quality are caused by coal combustion in boilers of thermal power plants, the creation of
dust from open pits, Drmno, Cirikovac and Klenovik and disposal of slag and ash. About
9 million tons of coal is combusted and more than 2 million tons of ash is deposited
annually in boilers of Kostolac Thermal Power Plants (Report of the Service for
Environmental Management of the Thermal Power Plant and Open Pit Mines Kostolac,
2012).

The greatest changes have been caused by emission of flue gases, dust
substances and by ashes and slag production. Thermal Power Plants Kostolac with their
emission of pollutants, primarily flue gas and ash, represent dominant source of air
pollution. Flue gas also contains solid substances which are the product of incomplete
fuel combustion, such as soot and mineral components in the fuel (ash). The most
common element in flue gas is sulphur dioxide with quantity of about 97%.

ANALYSIS OF CALCULATION OF MAXIMUM
CONCENTRATION OF AIR POLLUTION

Determining the state of air pollution by applying mathematical model of air
pollution distribution enables the simulation of spreading of harmful substances for
different assumed emission intensities in known topological, urban and meteorological
situation. The real picture of events related to pollutants dispersion is obtained by using
the mathematical model, which can be used as a basis for assessing the potential risks
and resolving technical protection system. Using the model, we have calculated at which
distances from the stack of blast furnace in the Steel plant (there) is maximum
concentration of SO, and how high it is. The procedure for finding ground concentration
of harmful gaseous substances, listed in this section, is the part of the standards which
are used in engineering practice during the plant designing with emissions of harmful
substances. The aim of the standard is to assess how high the emission of harmful gases
is for the appropriate installed power (and other source characteristics) and their
accordance with legal regulations. The procedure has been performed in accordance with
empirical and theoretic models which are used in the field of air pollution. (Vnukov A.K.
1992). The maximum value of ground-level concentration of harmful substances in
(mg/m’) in case of exhaust of gaseous substances from a single point source with round
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opening, in the event of adverse weather conditions, at the distance of x;; (m) from the
source is:

AMFmnn
P

M=
3
AT ()

where A is the coefficient which depends on temperature stratification of the
atmosphere; F' is dimensionless coefficient which reflects the speed of deposition of
harmful substances in the atmosphere; M(g/s) is the mass of ejected harmful substances
into the atmosphere per time unit; m and n are coefficients which characterise the
conditions of release of harmful substances from the openings of the source; H(m) is the
height of sources of harmful substances above the earth’s surface; 77 is dimensionless

coefficient which characterises the impact of terrain on harmful substances spreading;
AT (OC) is the difference of temperatures of gas mixture coming from the sources and
the temperature of ambient air; " (m3 /'s) gases expense which is determined by the
formula
zD’
= WO
4 2)

where D(m) is the diameter of source opening, W,(m/s) average speed discharge of

4

harmful substances in gaseous state from opening at the source. The calculated
concentration of gas refers to 24 hour time period after the emission from the stack. The
height of the stack of Steel Plant Smederevo is 150.2 m, width of the stack at the top is
6.5mAverage height above the sea level of the city territory is 120.7 m, the lowest point
has a height of 69m, and the highest has 273 m. Adopted values of the parameters
required for the calculation of the maximum ground-level concentrations of SiO, and the
corresponding distances are:

A=160;F:1;H=30.5m;AT=1500C;77=1; Wy =2m/s; M =600g/s

Using the formula we find that maximum ground concentration of
SiO, cpr = 5.287 mg/m3 and that it is located at a distance Xy = 1102 m from the
source. Concerning the fact that the most frequent wind is south wind at the average

speed of 2,6 m/s, we can say that a concentration of SiO, ¢ My = 0284 mg/m3 and that

it is realised at the distance of x Mu = 3306.5m from the source.

According to the Regulation on limit values, immission measuring methods, criteria for
establishing the monitoring points and data records (Official Gazette of the Republic of
Serbia, No 54/92, 30/00, and 19/2006) permitted immission limit of sulphur dioxide is
0.15mg/m’. Based on theoretical calculation of permitted immission limit of sulphur
dioxide and permitted emission limit, we can conclude that Steel Plant with its emission
of SO, in normal weather conditions greatly exceeds emission limit values of sulphur
dioxide.
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Table 1. Annual statistics of hourly values of pollutants SO,, NO, and soot during the
period1.1.2015-31.12.2015 at measuring point High school Gimnazija (Environmental
Agency)

Parameter SO, NO, Soot
Annual statistics of daily values
LV 125/m>/24h 85/m’/24h 50/m°/24h
vV 125/m*/24h 109/m*/24h 75/m’/24h
Number of measurements 364 364 364
Minimum 5 6 6
Maximum 222 150 110
Average values 44 49 18
Number of days>LV 12 28 26
Number of days>TV 12 10 9

According to air quality which depends on emissions of sulphur dioxide, nitrous
oxides, carbon monoxide, soot, powder substances and others, Smederevo is one of the
10 most polluted cities in Serbia. However, fortunately for the inhabitants, favourable
geographical position and atmospheric movements spread out the emitted gas and dust in
much larger space, which significantly reduces the percentage of pollutants. By the Wind
rose analysis we can conclude that south and southeast wind, known as Kosava, are
predominant in Smederevo. Movements of air depresion and anticyclons across
Pannonia and nortern parts of The Velika Morava, slightly reduce air pollution in
Smederevo. Nevertheless, based on all that, we can say that air in Smederevo during
2015 belonged to the third category, excessively polluted air.

During the analysis of impact of Thermal power plants Kostolac A and
Kostolac B on air quality (average hourly concentrations) software of US Environmental
Agency SCREENVIEW 3.5.0, licence number E474AA382E2AE61A was used. For
calculating concentrations of sulphur oxides and powder substances, the following
values have been used: stack height, inner diameter of the stack, mass flow and the speed
of flue gases at the exit point, the temperature of flue gases at the exit point,
characteristics of the terrain around the power plants (rural and urban areas, absolute
height, topographical characteristics) and atmosphere condition concerning the stability
and speed of the wind. During modeling for calculating ground-level concentration of air
pollution climate elements data for period 1990-2009 were used

Table 2. Parameters of production in Thermal power plants Kostolac in
December 2008. (J.Djordjevic-Miloradovic 2012)

PARAMETER KOSTOLAC Al KOSTOLAC A2 KOSTOLAC b
Stack height [m] 105 110 250
Inner diameter of the stack at 5 6,02 9,5

the exit [m]

Temperature of flue gases at 190 200 170

the exit [°C]

Mass flow SO,[g/s] 24.4 403 1410,8
Mass flow NO,[g/s] 16,6 33,1 116
Mass flow PM [g/s] 24.4 48,8 170,8
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According to monthly report of the republic hydro-meteorological agency, we
have calculated that average monthly temperature in December 2008 in Kostolac basin
was 3.3°C. In December, the same year, stability class D and class F prevailed. At
distances larger than 20 km from the emission source there are no significant heights
which would stop or lessen the speed of the pollutants. The researches have shown that
physical obstacles can lead to higher concentrations of harmful substances, particularly
in conditions of stable atmosphere (stability classes D, E and F). Concerning that the
obtained data in this case are primarily determined by plain relief, which means that
there are no significant impacts of the terrain. It has also been adopted that thermal
power plants Kostolac are in rural area. According to the analysis (Jacimovski and
others, 2014) the results for the stated parameters are as follows:
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Figure 1. Concentration of SO, dependant on distances from the source with thermal
power plants Kostolac Al (left) and Kostolac A2 (right)
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Figure 2. Concentration of SO, dependant on distances from source with thermal power
plants Kostolac B

From graph 1 it can be seen that with thermal power plant Kostolac Al,
maximum concentration of polluting materials is 85,39 pg/m’ at a distance of 906m
from emission source, with thermal power plant A2 maximum concentration is 467,5
pg/m’ at a distance of 1122m, while with Kostolac B, (graph 2) maximum concentration
is 410,2 pg/m’ at a distance of 1381m. In case of thermal power plant Kostolac A2,
concentration of SOy is above the allowed and is 150 pg/m’ at a distance from 700m to
10000m, and with thermal power plant B at distances from 600m to 7500m. The highest
pollution caused by sulphur dioxide emission is in the vicinity of TPP Kostolac A and B,
at a distance of 7.5-10 kilometers from the source, in the direction of the dominant wind.
The most frequent wind is from southeastern direction, the second most frequent is the
wind from eastern direction. That means that these winds carry polluting materials far
away into the west and northwest. In that way big cities such as Pozarevac, Smederevo
and Pancevo, which normally have certain degree of pollution, particularly Smederevo
and Pancevo, are endangered. By analyzing powder and suspended particles, it can be
noticed that maximum concentration at thermal power plant Kostolac A1 46,91 pg/m’ at
a distance of 962m, thermal power plant Kostolac A2 emits maximum concentration of
42,55 pg/m’ at a distance of 1102m, while at thermal power plant Kostolac B maximum
concentration is 49,69 ug/m’ at a distance of 1381m. The limited value for PM particles
is 50 ug/m* Single values do not exceed limited values. Total concentration of PM
particles is less than allowed at distances greater than 7000m from emission source. High
concentration, particularly of fine particles PM-2.5 can have negative influence on
human health. Good air quality, with permitted quantity of suspended particles,
according to our calculations covers space which is more than 7 kilometers away from
the pollution source. Comparisons of influences which certain stability classes have on
air quality have also been performed, for different wind velocity and different
temperatures. The comparisons have been performed for sulfur oxides sine they account
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for the largest percentage in flue gas. In December 2008 class D and F of atmospheric
stability were the most contained in percentage, so the comparisons have been done for
these stability classes.
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Figure 3. Distribution of SO, concentration for stability class D at temperature of
3.3 °C and the wind speed of 1m/s (left) and wind speed of 5m/s (right)
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Figure 4. Distribution of SO, concentration for stability class F at temperature of 3.3 °C
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Figure 5. Distribution of SO, concentration for stability class D at temperature of 3.3 °C
(left) and 11,26 °C (right)

In graphs 3 and 4 the increase in air temperature in the environment for the
same stability class of atmosphere can be seen, it causes the increase of polluting
materials concentration comparing to values at lower temperatures. The air quality
decreases during warm weather due to high ozone concentration caused by photo-
chemical effect. Vertical temperature distribution, represents a norm of temperature
stability, that is one of the most significant elements which influence on admixture
spreading. Although greater wind speed should lead to lower concentrations, the
modeling results show the increase of concentration along with wind velocity increase
for the same atmospheric stability class. During windy periods Aeolian erosion, rising
and spreading of tiny ash fractions occur, which is inadequately deposited which causes
the uncontrolled secondary emissions. The measurements have shown that exceeding of
sedimentary particles emission is highest in Stari Kostolac and Kostolac, which are
closest to the landfill. In case of thermal power plant Kostolac B, the greatest pollutants
are surface sources of overburden, open limestone dumps, ash dumps and plaster dump.
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Particles from the landfills mostly pollute immediate environment. In graphs 3 and 5 it
can be seen that concentration of harmful substances under the same conditions is for
stability atmospheric class D(neutral) higher than for class F(very stable).

CONCLUSION

Based on the reported values of substances that make up the quality of the
environment in the surroundings of Steel plant “Zelezara Smederevo”, we can conclude
that the City of Smederevo is a settlement with highly polluted environment. The main
priority that would contribute to reducing air pollution by typical and polluting matters
and their elimination from the air, is setting of air polluters cadastres in the city of
Smederevo. Also, air protection from the harmful effects of pollutants is achieved
through control over facilities and equipment which can contaminate the air, and
emission limitation is included to the limits stipulated by the Regulations on limit values,
the method and terms of measuring and recording data, taking technological and other
necessary measures for emission reduction, as well as monitoring the impact of air
pollution on human health and the environment. In order to improve the quality of the
environment, additional measures such as the implementation of project of gasification
and central heating are needed. Existing boiler houses on liquid and solid fuels, shoul be,
in the near future, converted in the boilers that use gas as a fuel. Renewal, maintenance
of existing and growing of new green areas in the city and protection of low and medium
green foliage of long growing period in the vicinity of major pollutants.

The problem of pollution from Thermal power plants Kostolac is also evident.
It is obvious that that the highest pollution is caused by sulphur oxide components. Total
pollution exceeds permitted limited values up to 15 km away from the source for the
analysed case. The results are surely even more unfavourable when all the components
which cause air pollution are considered, because the deposited substances of Kostolac
basin are present in all coal and power production stages. Appearance of floating dust is
connected to forming overburdens of open pit mines, grinding and combustion of coal,
releasing of particles while coal combustion to the huge production of ash and its
storage. One of the most important jobs is the adoption of policies and procedures for air
protection by decreasing hazardous materials emission on the pollution source. If limit
values of emissions of SO, in flue gas are considered, thermal power plants Kostolac,
concerning the installed power, must decrease exit concentration of SO,, for more than
94%, in order to reach values lower than 400 mg/Nm3, under full charge of blocks and
combustion of low quality coal. Spreading of sulfur oxide emission has the greatest
influence on air pollution. According to current nitric oxide emission with currently
permitted value of 400mg/Nm’, since January 1% 2016, according to new regulations of
European Union, the values must be decreased to 200 mg/Nm’, and therefore, they must
search for solutions to decerase their emission, since current projects for
desulphurization of flue gases do not anticipate the decrease of nitric oxides(Study on
estimation of impact on environment-Desulphurization of flue gases of thermal power
plant Kostolac B, 2010).Besides modern technological solutions, possibility of plants to
contribute to so called green technology by absorbing should not be neglected, which
includes growing of forests near the pollutants and protection areas near settlements.
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ABSTRACT

The paper is considered industrial waste in the heating plant "New Belgrade", covered by the
dangerous and non-hazardous waste. There are shown the quantity and quality of waste. Unique system of
management is considered of this waste which has been required knowledge of the process of formation, the
procedure of handling, storage, transport, treatment and final disposal of the same.

The management of this waste requires compliance with the legislation by applying the latest waste treatment.

Key words: industrial waste, waste management, waste separation.
INTRODUCTION

Waste management in the context of environmental protection involves the
creation, accumulation, storage, transport, treatment, recycling, utilization and disposal
of waste materials. Efficient management system of non-hazardous and hazardous
industrial waste, from the city of its origin to its final disposal, to protect workers and
population in general of environmental pollution that this will incur.

The establishment of uniform system of waste management requires knowledge
of the process of formation, the procedure of handling, storage, transport, treatment and
final disposal of the same. The management of waste streams require monitoring of
legislation, in particular, given the complexity of environmental issues, all the newer
technologies of waste treatment.

In this paper, the management of waste treated in the case of heating NB, where
the waste stream depends on several factors, but primarily on the work and activities on
the basis of which it can be made for the solution of reducing, collection, recycling,
transport and disposal.

BASIC INFORMATION ON THE ORGANIZATION OF HEATING
PLANT "NEW BELGRADE"

"Belgrade Power Plants" was established in 1965 by merging the companies in
establishing a plant in New Belgrade and the old power plant on the Danube Promenade.
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HP NB is located at the Sava embankment no. 11, and is engaged in the production of
thermal energy is used for heating of residential and office space in New Belgrade,
Zemun work and the work of the Old Town. From the beginning, the basic activity was
combined production of electricity and heat and transfer thermal energy to the consumer.
Total nominal production capacity HP NB is 2.832MW. The thermal energy is carried
out from 59 thermal sources. Production and delivery of thermal energy for heating
domestic hot water, is carried out throughout the year from 11 thermal sources. The hot
water is supplied by around 30.000 apartments in Belgrade, where the delivery to
customers is about 2,2 mil.m’ hot water.

The total installed thermal power is 925MW. Within the heating there are three
steam boiler where steam is produced exclusively for the technological needs of district
heating, as well as three turbines that are out of use.

INDUSTRIAL WASTE IN HEATING PLANT "NEW BELGRADE"

During the production process in the heating plant NB generated industrial
(hazardous and non-hazardous), municipal and packaging waste [1]. Cities of waste are:

e Office Space - communal waste, commercial waste including separately
collected fractions — paper,

e Production plants - waste, household waste and similar including separately
collected fractions - paper wastes not otherwise specified in the list, wastes
from oil and liquid fuels residues, capacitors, soot from burning coal and fuel
oil, waste chemicals and propulsion of metal, wood, rubber and plastic wastes
from shaping and physical and mechanical surface treatment of metals and
plastics, packaging waste, absorbents, wiping cloths, filter materials and
protective clothing not otherwise specified, construction waste;

e Cities of works - construction waste and demolition waste including dredging,
waste from welding wastes from oil and liquid fuels residues, wastes from
shaping and physical and mechanical surface treatment of metals and plastics,
packaging waste, waste tires, batteries ; [2,3]

e  FElectronic and electrical waste.

Sorting waste

Sorting waste is a simultaneous process of determining the type of waste
according to origin, nature and type of waste. The origin of waste - a set of actions that
are specified index number of waste, waste generator sets. Figure 1 shows the scheme of
waste segregation HP NB.

Rules on categories, testing and classification of waste, are determined in the
procedure of classifying waste according to the Waste Catalogue, which forms an
integral part.

In HP NB determined space for sorting, storing and packaging, intended
exclusively for the types of waste that are defined procedures and instructions as well as
municipal waste, secondary raw material or industrial waste.
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Management of municipal and commercial wastes

Waste management is a set of activities, decisions and measures aimed at
achieving the prevention of waste, reducing the quantity and the total environmental
performance.

Hazardous waste management must be implemented in a way that no danger to
human health, environmental pollution, uncontrolled waste disposal and incineration, the
formation of explosion or fire and disturbance of public peace and order.

Municipal and commercial waste is disposed of in containers intended for the
collection of municipal waste, paper containers intended for disposal of paper, which
takes "City Sanitation".

The management of non-hazardous industrial waste

Non-hazardous industrial waste is generated as a result of business processes in
the public communal company BE, in accordance with a documented quality
management system so that the waste management system is set at the level of the same
company. After manufacturing facilities there are special boxes for disposal of municipal
and industrial non-hazardous waste.

Industrial non-hazardous waste, which is generated at the work site immediately
transported to an appropriate landfill.

Disposal of secondary raw materials, regulating their sale. If it is not possible to

sell secondary raw materials, applying the Law on Public Procurement. [5]
Waste owner or operator is obliged to classify waste in a proper manner. [2] The
procedure provides a description of all activities as well as responsibilities for all
handling of hazardous waste in power stations and large boiler to a temporary central
warehouse. Final disposal of hazardous waste is regulated by engaging organizations that
have appropriate permission from the authorities which selected according to the Law on
Public Procurement. [5]

Before final disposal of hazardous waste stored on temporary central warechouse
HP NB.

In the framework of the procedure are defined records: Register of hazardous
waste, Registration of newly generated waste, daily records of the waste producer, the
Document on movement of hazardous waste, and Guidelines for hazardous waste
disposal, QUP.50.P19.01.01.

The management of non-hazardous industrial waste management

and reporting

Collection and handling of waste performed HP NB workers and subcontractor
companies with which they concluded agreements on cooperation with the use of proper
equipment. Waste is, depending on place of origin, type, properties and aggregation state
prepared for transport by posting it on the palette, reinforces stretch wrap, possibly
reloading to another packaging, and so prepared is transported to the scale or temporary
central storage of hazardous waste in the HP NB. [6,7]

Unloading of waste is carried forklifts or manually if possible. The waste in
drums, unless the rack is placed on them and provides. If the waste arrived in bulk
transhipment or in barrels or in suitable containers, from 5- 7 m® according to the type of
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waste, which is stored until final disposal. The waste is stored until collected large
quantities that allow transport.

The coordinator for the management of hazardous waste in the form PART 1,
keep daily records of waste.

Transport of waste carried out by operators who have integrated permit for the
collection and transportation of hazardous waste, ADR certificate of roadworthiness of
vehicles carrying dangerous goods specified index number for that type of hazardous
waste. Every transport of hazardous waste, which is performed between the plant and the
boiler room as well as the operator who disposes hazardous waste, wash Document on
movement of waste, as well as authorization by the competent authority under the
applicable legislation. [4]

Generator of hazardous waste is required to provide adequate storage to its
acquisition by a third party with a view to permanent disposal or destruction.

The person responsible for keeping daily records, delivering information
services for the development of quality systems and environmental protection, and Co-
ordinator for the management of hazardous waste.

CONCLUSION

Based on the foregoing, it can be concluded that the production cycle HP NB
generates integrated waste which is an indicator of the efficiency of the cycle of
production and utilization of resources.

The strategy is to establish a manufacturing enterprise integrated waste
management, where attention is paid to the respect of legislation, prevention,
minimization, identification, collection, classification, recording, storage, controlled
movement within the plant, safe transport to the place of treatment, effective utilization
and as a last resort safe disposal with as little harm to the environment and human health.
An essential element of the waste management strategy is to develop awareness of
employees and their continuous improvement, and constantly improve the system of
waste management. Particular attention should be paid to the development of
cooperation with state authorities and local communities and other stakeholders.

REFERENCES

1. Waste Management Strategy for the period 2010-2019, the "Official Gazette of
RS", No. 29/10.

2. Rules on categories, testing and classification of waste, "S1. Gazette of RS ", no.
56/2010.

3. The Law on Waste Management, "S1. Gazette of RS ", No. 36/09, 88/10

4. Reay and Span (1979), "Heat Recovery System".

5. The Law on Public Procurement, "Official. Gazette of RS "', No. 124/12 and 14/15.

6. Instructions for disposal of hazardous waste, QUP.50.P19.01.01.

7. Kothadaramar and Subramanyan (2010), "HMT Data Book", New Age

International (P) Ltd.

215



o

12 15 June 2016 Hotel "BREZA“’ VrnJacka Ban]ars‘ERBI‘A

|..‘~

_Sm

OPTICAL MICROSCOPY AND SEM/EDS ANALYSIS OF PHASES IN AGE
HARDENABLE AND RECYCLABLE ALUMINUM ALLOYS
FROM 6000 SERIES

Uros S. Stamenkovic’, S. Ivanov, I. Markovic

University of Belgrade, Technical Faculty in Bor,
Vojske Jugoslavije 12, 19210 Bor, SERBIA

“ustamenkovic@tf bor.ac.rs

ABSTRACT

In this paper two aluminum alloys EN AW-6060 and EN AW-6082 have been artificially aged and
investigated. After the heat treatments microscopic investigations were done, using optical microscopy and
SEM followed by EDS analysis of the present phases. The difference between the alloys was apparent due to
different chemical compositions. Microscopic investigations showed that the microstructure of EN AW-6082
alloy is richer and more robust compared to the EN AW-6060 alloy, due to the higher amount of alloying
elements. SEM analysis followed by EDS showed that in the EN AW-6060 alloy phases based on Al, Fe, Mg
and Si were present. In addition to these phases, in the EN AW-6082 alloy one other phase was discovered
which was based on manganese, due to manganese concentration in these types of alloys.

Key words: aluminum alloys, 6082, 6060, artificial aging, SEM analysis, EDS analysis.
INTRODUCTION

Excellent physical and chemical properties of the 6000 series of aluminum
alloys puts them on top of the most requested materials for commercial use. The most
extruded products in Western Europe are made of these types of alloys /1/. Alloys from
the series 6000 are mainly hardened by the presence of magnesium and silicon. These
two elements make stable and metastable phases throughout the aging sequence /2/. The
accepted sequence in the literature is SSSS (o) — atomic clusters — GP zones — °” — §°/B’
— PB (stable) /3-5/. The B’* phase is the primary cause of the hardening of these alloys
with the Mg:Si ratio close to 1:1.74 respectively /2, 6/. Besides the Mg,Si phase, some
other phases are present in the structure depending on alloying elements. The occurrence
of iron is necessary in these alloys, so the microstructure in both investigated alloys
always contains phases based on Al, Fe and Si. Also, the presence of manganese in 6082
alloy increases the strength either in solid solution or in a form of finely distributed
intermetallic. Besides that, manganese combines with Al, Si and Fe to form an
intermetallic phase. During the annealing, some processes are taking place such as the
transformation of B-AlsFeSi into the o, — Aljs(FeMn);Si particles and the dissolution of
the stable - Mg,Si phase /7-9/.
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MATERIALS AND EXPERIMENTAL

The investigations were done on commercial aluminum alloys, on EN AW-
6060 and EN AW-6082. The chemical composition of both alloys was determined by
using a portable optical emission spectrometer “Belec Compact Port” manufactured by
Belec Spektrometrie Opto-Elektronik GmbH and it is presented in table 1. Both alloys
were delivered in aged condition (T6 temper). The samples were annealed at 550 °C for
6 hours in an electric resistance furnace, after that, the samples were air-cooled. After
this annealing, samples were annealed again. Temperature of this solution heat treatment
was 550 °C. After solution treatment, all samples were quenched in ice water in order to
obtain a super saturated solid solution (o). Immediately after obtaining oy, the
samples were subjected to artificial aging at 200 °C for 7 hours.

The metallographic investigations were performed on artificially aged samples.
Microstructures of characteristic phases in examined alloys were observed using an
optical microscope Carl Zeiss Jena Epytip 2 followed by more thorough investigation
using a scanning electron microscope Tescan Vega 3 LMU with installed EDS detector.
Samples were mechanically wet grinded, polished and etched with Dix-Keller or 1%
NaOH solution in order to reveal relevant phases.

Table 1. Chemical composition of investigated alloys

EN AW-6060 EN AW-6082

Si 0.49 0.807

Fe 0.182 0.354

Cu 0.012 0.042

Mn 0.006 0.453

Mg 0.594 0.696

Cr <0.003 <0.012

Chemical composition Ni 0.028 0.012
in weight percent Zn 0.01 0.115
(%owt.) Ti 0.005 0.025
Pb <0.003 0.01

\Y 0.014 <0.003

Co <0.003 0.006

Sn <0.003 <0.003

Zr <0.003 <0.003

Al 98.62 97.45

RESULTS AND DISCUSSION

By observing the data in table 1, it can be concluded that the EN AW-6082
alloy has more alloying elements than the EN AW-6060 alloy, particularly manganese
which is only found in traces in the EN AW-6060 alloy. Based on the chemical
composition and other literature data /2/, it can be concluded that the EN AW-6082 alloy
would have more phases present in its microstructure, especially due to higher Mg:Si
ratio. This difference between the alloys can be seen in obtained microstructures in
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figures 1 and 2, with magnification 200x. Microscopic investigations showed that the
microstructure of EN AW-6082 alloy is richer and more robust than the microstructure
of the EN AW-6060 alloy.

Etching solution revealed grain boundaries in the EN AW-6060 alloy and finely
precipitated phase based on Mg and Si. Further investigation using optical microscopy
and larger magnification revealed a couple of different phases in the microstructure,
presented on figures 3 and 4 (mag. 500x).

It is rather difficult to distinguish intermetallic phases using optical microscopy.
Even if the difference is apparent the precise and detailed identification is only possible
by using more than one method. Further investigation of present phases in the
microstructure was done using SEM with EDS.

Figure 1. Microstructure of EN AW-6060  Figure 2. Microstructure of EN AW-
sample aged at 200 °C for 7 hours 6082 sample aged at 200 °C for 7 hours
(magnification 200x) (magnification 200x)

Figure 3. Microstructure of EN AW-6060  Figure 4. Microstructure of EN AW-
sample aged at 200 °C for 7 hours 6082 sample aged at 200 °C for 7 hours
(magnification 500x) (magnification 500x)
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In figures 5 and 6, the SEM images can be seen. These images are much clearer
than the optical ones. The phases are very easy to distinguish on these magnifications
(mag. 2000x), as they are often very different in shape and form as well as in contrast.

Figure 5. SEM image of EN AW-6060 Figure 6. SEM image of EN AW-6082
sample aged at 200 °C for 7 hours sample aged at 200 °C for 7 hours

Even though the SEM images provide information about different phases, it is
still not possible to completely define what types of phases there are in the structure and
their chemical composition. On the SEM images, the differences between the alloys are
more apparent, specifically the difference in chemical composition. Due to contrasted
images, finely dispersed phases based on Mg and Si are more visible on micrographs
made by optical microscopy (figures 3 and 4).

EDS analyses of the samples can be seen in figures 7 and 8. The analysis of EN
AW-6060 indicates that after aging at 200 °C for 7 hours there are a couple of different
phases present in the structure. The phase which is mostly present is the B’ phase
(spectrum 5) with the Mg:Si ratio close to 1:1 also found by some other authors /6, 10,
11/. Additionally, some other phases are present in the microstructure but in very small
quantities, AlSi (spectrum 2), B-AlFeSi (spectrum 4) and one new AlFeSiNi phase which
contains a small quantity of nickel (spectrum 3). As seen in figure 7, AlFeSiNi particle is
not very different from AlFeSi particles, so it can be concluded that it is probably the
same phase but the nickel precipitated from the solid solution in this way due to its
affinity for silicon and iron.
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Spectrum 1
Spectrum 2
Spectrum 3
Spectrum 4
Spectrum 5

Al

0.42

Si

98.53
99.54
85.72
92.75

99

1.04
0.46
5.31
2.99
0.55

Ni

8.68
4.26

Figure 7. EDS analysis of EN AW-6060 sample aged at 200 °C for 7 hours

0.29

Figure 8 shows the EDS analysis of the EN AW-6082 sample aged at 200 °C
for 7 hours. Similarly to the previous sample, a couple of phases are present in this one
as well. B’ phase is also the most dominant in the microstructure (spectrum 1, 2, 4, 5).
One new phase appeared in this sample, the first one is the previously mentioned
AlFeMnSi which appears white on the SEM images (spectrum 3), as documented by

another author /12/.
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Because manganese is present in this alloy, it is expected to be in microstructure
with Mg and Si. Manganese is present in almost all phases due to the high percent ratio
in the chemical composition.

CONCLUSIONS

This paper provided an experimental investigation of two artificially aged
aluminum alloys EN AW-6060 and EN AW-6082. Three different methods were used to
distinguish the types of phases present in aged samples depending on chemical
composition. Right from the start, by looking at obtained optical micrographs,
differences between the alloys are apparent. However, the usage of optical microscopy
doesn’t provide full understanding of the phases that are present and information about
their morphology. SEM images improve the understanding of different types of phases.
The high degrees of magnification available on the scanning electron microscope
provide information regarding size, morphology, appearance of the different phases
present in both alloys. EDS in combination with SEM provides the most complete
analysis of the microstructures of aluminum alloys. Due to SEM/EDS analyses it is
possible to find out what is the chemical composition of present phases and in what way
they appear in the microstructure. These analyses provided information about phase
composition and their appearance in the microstructure, which is in agreement with other
available research.
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ABSTRACT

The Elovich equation is widely used in describing adsorption kinetics for different systems. It
relates to chemical adsorption mechanism characteristic for systems with heterogeneous surfaces. In this paper
we have used peach stone particles (PS) obtained by mechanical activation of peach stone, an agricultural
lignocellulosic waste material as copper sorbent. The statistical parameters obtained from comparison of three
common kinetic equations applied, revealed that Elovich equation was the most suitable one. For evaluation of
characteristic adsorption kinetic curves under different initial Cu(Il) concentrations, the approaching
equilibrium parameter of Elovich equation (Rg) was used.

Key words: biosorption, peach stone, kinetic model, Elovich.
INTRODUCTION

For the last few decades, increased concern worldwide has been the problem
solving of water resources polluted by heavy metals. Among the other metals found in
nature, copper and its compounds are ubiquitous, spread out to the environment by
different natural phenomena as well as human activities. Among the other techniques
used for copper removal, biosorption have proved to be an eco-friendly alternative,
potentially low cost effective technology that removes pollutants from water solutions,
using dead or alive, but mostly waste biomass as adsorbent-biosorbent [1].

In order to evaluate the kinetic mechanism that controls the biosorption process,
different kinetic models based either on chemical reaction or diffusion might be used. Most
common reaction models used are the pseudo-first-order, pseudo-second-order and Elovich
equation. The Elovich equation, originally presented in 1939, is satisfied in chemical
adsorption processes and is suitable for systems with heterogeneous adsorbing surfaces [2].
This equation have been widely applied in the adsorption different heavy metals such as
Co™, Ni*', Cu*, Cd*", Zn*", Pb*' [3, 5], dyes, humic acid and phenols [6, 7].

Peach stones are agricultural waste biomass, containing biopolymers with free
active groups that suitable for the adsorption of different pollutants. Although the
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adsorption process involving peach stones is chemical in nature [8, 9], the Elovich
equation has scarcely been used to analyze its adsorption kinetics. In this work, the
characteristic curves of adsorption kinetics by Elovich equation were studied by means
of its approaching equilibrium parameter (Rg). In the same time, kinetic data were
modelled with two other common reaction models, compared and evaluated.

EXPERIMENTAL

Raw peach stones were obtained from Juice Factory “Vino Zupa” Company,
Aleksandrovac, Serbia, where they have been disposed as by-product waste at an open
landfill in the factory area. After sampling, the peach stones were first separated from
soft fruit residues, washed in tap water, dried at room temperature for several days, and
kept in polypropylene bottles for further treatment. Reducing the size of peach stones
was gained by vibratory disc mill “Siebtechnik - TS250” (Siebtechnik GmbH,
Germany). Vibratory disc mill operates discontinuously in the batch conditions, applying
the pressure, impact and friction action. During the milling process, temperature inside
the cylindrical vessel can rise, so the operating time was adjusted to 5 minutes. During
this time, both grinded and coarse materials are continuously exposed to vibratory mill
action.

After milling, particles were screened through the wire sieves with different
aperture sizes. For most biosorption kinetic experiments presented in this paper, peach
stone particle of size less than 100 um were collected. In order to eliminate surface
impurities, the samples were first washed several times in 0.001M HCI and then in
distilled water until negative reactions with chloride ions. The samples were dried at 60
°C until the constant mass and kept in desiccator before use.

Copper solutions was prepared by dissolving CuSO,-5H,0 (analytical grade) in
distilled water using standard flasks. The initial metal concentration varied from 10 to
250 mg I, while the solution pH was adjusted to 5.0, according to our previous
investigations [8], and kept constant all the time during the experiment. The pH
measuring was performed using pH meter SensION+, model MM340 (Hach Lange).

The adsorption kinetics was carried out in closed flasks each containing 1.00 g
of each PS sample and 100.0 ml of Cu(Il) solutions. The total metal concentration in
solution was determined with atomic absorption spectrophotometer (Perkin Elmer AAS
Analyst 300).

The amount of Cu(Il) ions adsorbed by the biosorbent, ¢ (mg g™), is obtained
by the following equation:

G- :ﬂ':—f::!ﬂ‘ (1)
where C; and C, (mg 1) are the initial and the equilibrium metal ion concentration,
respectively, M (g) is the mass of biosorbent and V (1) is the volume of the copper
solution.

In this study, all the experiments were carried out in duplicate and the average
values are presented.
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The selection of the best-fit model was based on linear regression correlation
coefficient (R?), model calculated g,, values and the minimum value of some statistical
indicator. For this purpose reduced chi squared (yx°) was employed as error function
according to the following equation:

rt = 5 sl @)

where ¢,, is the value of biosorption capacity predicted by the fitted model (mg g"') and
g. is the biosorption capacity at equilibrium obtained experimentally (mg g") while p is
the number of experiments performed.

RESULTS AND DISCUSSION

Ho [10] had proposed general guideline which suggests that the sorption
process is usually reaction controlled if the changes in pH have a greater effect on the
sorption of solutes and if the equilibrium is achieved within three hours. If the
equilibrium is appointed above twenty four hours, it is usually diffusion controlled. In
period from three to twenty four hour period, either or both reaction and diffusion
processes may be rate controlling. According to our previous investigation, pH of
solution has significant impact on sorption process, while the equilibrium is attained in
less than three hours in investigated concentration range [8, 9]. This indicated that
reaction process might control the kinetic of Cu biosorption, thus following reaction
models were tested: the pseudo-first, pseudo-second and Elovich models. Obtained
values served to interpret the experimental data and explain the adsorption mechanism of
the metal ion on the peach stone particles.

The pseudo-first order Lagergren rate equation is based on solid capacity. Its
linear form is given by the following equation [11]:

Whgy — gt = lngg — By 3)

where k; (min™) is the pseudo-first rate constant, ¢, (mg g™) is the biosorption capacity at
time ¢ (min), and ¢, (mg g) is the value of biosorption capacity at equilibrium.

The linear form of pseudo-second-order equation [12] is expressed by Eq. (3):

t L L

—=—4 —E 4

w AT @
where £, (g mg ' min ") is the second-order rate constant, ¢, (mg g ') and ¢. (mg g ') are
the biosorption capacities at any time ¢ and at equilibrium, respectively.

In order to elucidate the possible chemisorption process for systems with
heterogeneous adsorbing surface, the following simplified form of Elovich equation [13]
was used:

G = Elni-::&} + EEm‘. (5)
where ¢, (mg g ') represents the biosorption capacity at any time ¢, « is initial copper
biosorption rate (mg g ' min""), while b is related to the extent of surface coverage and
activation energy for chemisorption (g mg ™).
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An approaching equilibrium factor Ry obtained from dimensionless Elovich

equation [14] is defined as:
i

By =t ©)
where g,.s is the solid phase concentration at time f,, which is the longest time in
adsorption process.

According to classification of characteristic curves based on Rg derived from
the Elovich equation [14], there are four type of characteristic curves, depending on Rg
value: if Rg > 0.3, then the curve rises slowly; if Rg is between 0.1 and 0.3, the curve
rises mildly (mild adsorption); the value of Rg between 0.02 and 0.1 indicate rapid
adsorption and when Rg < 0.02, the curve instantly approaches equilibrium.
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Figure 1. (2) Amount of Cu(Il) uptake by PS-V vs. time at different Cu(II)
concentrations (Ci = 10-250 mg 1!, M/V = 10 g I, stirring speed = 250 rpm, pH = 5,
T=2 5°C) ; (b) Regression analysis of Cu(II) uptake kinetic at Ci=100 mg 1"*

Figure 1.shows the kinetics of the biosorption of ions of Cu(Il) by PS under
different initial Cu concentrations. The availability of active sites on biosorbents surface
caused an initial rapid metal uptake, especially for Cu(Il) concentration of 10 mg 1"
where the equilibrium was reached in less than 10 min. Increasing the driving force in
the form of initial Cu(Il) concentration lead to the increase in biosorption uptake: for
initial Cu(II) concentration of 50 mg 1" biosorption capacities was 3.81 mg g, while
initial Cu(II) concentration of 100 and 250 mg I"' resulted in capacity 7.26 and 12.70 mg
g, respectively.

The kinetic parameters for biosorption of Cu(Il) under different initial Cu
concentration are given in Table 1. Based on the obtained correlation coefficients,
Elovich equation was the model that provides the best fit for the experimental kinetic
data, evidencing chemical sorption as rate-limiting step of biosorption mechanism. The
experimental g, values are in good agreement with the calculated ones, which do not
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happen with the pseudo-first-order kinetic equation. The other statistical parameter also
confirms that this equation best fits the experimental data.

Table 1. Kinetic parameters calculated for Cu biosorption by PS particles and initial Cu
concentration 100 mg I

Kinetic model Experimental value

ge (mg g") )

G (mg ") 7.03

k; min’! 0.3865
Pseudo-first-order R 0.5748

X 0.07203

Gu(mg g7 7.15

k> (g mg " min’") 0.1299
Pseudo-second-order R 0.8945

X 0.01784

Gn(mg g7 7.268

a(mgg "min!) 5.10E+5

' b (g mg'I) 2.9325

Elovich Ry 0.0695

R 0.9729

X 0.0046

The quantity a in the Elovich equation is equivalent to the initial gradient which
varied different C; values and different PS masses. Results presented in Table 1 show a
very good compliance with the Elovich model, resulting in high correlation coefficients
and low error functions for all concentration range [9]. It can also be observed that the
increase in initial Cu(Il) concentration leads to the increase in constant ¢ and to the
decrease of constant b, which is in accordance with the assumption that a is a constant
related to the rate of chemisorption and b is the constant related to the surface coverage.
Also, it was noticed that values of approaching equilibrium factor, Rg, fall in the region
of fast adsorption for whole concentration range, except for initial Cu(II) concentration
of 10 mg I"' when an instantaneous adsorption occurred.

Table 2. Parameters obtained from the analysis of adsorption kinetics by Elovich

equation

Elovich parameter B 1 1 B
Cu concentration 10mgl 50 mgl 100 mg 1 250 mg 1

a(mgg 'min”!) 7.39E+37 4.76E+2 5.10E+5 2.45E+6

b(g mg”) 81.30 3.181 2.932 1.622

Re 0.0104 0.0823 0.0695 0.0486

Summarizing presented data it can be concluded that kinetic of Cu biosorption
can be well represented by Elovich equation which is applicable on heterogeneous
systems. The complex structure of PS is confirmed by the FTIR analysis. Generally, the
FTIR spectra of most lignocellulosic materials can be divided in two regions: first one
relates to -OH and -CH stretching vibrations (4000-2600 cm™) region, and the
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“fingerprint” region assigned to stretching of different functional groups present in the
samples (1800 - 800 cm™). The most representative bands in the first region are those
assigned to —OH intramolecular and intermolecular stretching modes (3600-3000 cm™)
and to symmetric and asymmetric methyl and methylene groups (3000-2800 cm™) [15].
A consistent strong and sharp peak typical to intramolecular hydrogen bond of cellulose
I, was observed in PS sample at 3345 cm™. Also, it should be noted that the peak at 1235
cm™ is used to indicate the presence of structural carbohydrate such as cellulose, while
the absorptions situated at 1510 and 1600 cm™ (aromatic skeletal vibrations) are caused
by lignin; the absorption located at 1730 cm™ is caused by holocellulose-combination of
cellulose and hemicellulose [16].

T

Wavenumber, cm ~ Band assignments

3345 O-H stretching vibration (hydrogen bonded)
2910 C—H stretching vibration
1736 C=0 valence vibration of acetyl or COOH groups
1597 Absorbed water
1512 Aromatic skeletal vibrations
1329 CHs rocking vibration
1232 OH plane deformation, also COOH
1156 C—0-C asymmetric valence vibration
1034 C-O ether vibrations
896 C-H out-of-plane cellulose ring stretch due to B-linkage
.I.I.I.I.{/{V.I.I.I.I.
104 -OH stretching » S
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e 1/ e
> 0,8+ ~ 9
© : L o
= O
8 0,6 -
% -
2 044
o d
3 02
<C : _—/\/\
o0 4+———-ryr—"—r——rr/f——F—7—T7—7

T
3800 3600 3400 3200 3000 1800 1600 1400 1200 1000 800

Wavenumber (cm™)
Figure 2. FTIR Analyses of PS sample
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CONCLUSION

The complex mechanism of biosorption depends on the physical and chemical
characteristics of the biosorbents. Regarding this, adsorption can be either physical or
chemical, governed by diffusion or chemical reaction, respectively. Although the
Elovich equation does not provide any mechanistic evidence, it has proved suitable for
highly heterogeneous systems of which the adsorption of Cu(II) on to PS is a case. The
heterogeneity of this system is confirmed by FTIR analysis which provided evidence of
presence of different active groups responsible for metal binding.
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ABSTRACT

The influence of pH value on the anti-corrosion ability of binary inhibitor system of azoles and
gelatin in 0.01 M H,SO, solution was studied. The experiments were carried out at different pH values, from
2.0 up to 4.0. Electrochemical methods were used in this investigation. Results refer that mixed system of
azoles (1H-benzotriazole, 5-methyl-1H-benzotriazole) and gelatin acts as mixed type inhibitor. As solution pH value
increases, the effectiveness of investigated system also increases. The obtained results by cyclic voltammetric
measurements confirmed good inhibitory properties of binary inhibitor system at different pH values.

Key words: azoles, gelatin, copper, corrosion, sulfate solution.
INTRODUCTION

Copper and its alloys have wide application in industry and in daily life, so the
corrosion of them is an important issue [1]. Due to the use of acids in industrial
processes, such as pickling, cleaning, descaling copper can undergo corrosion process
[2]. The application of inhibitors is one of the most practical methods to protect metals
against acid attack. According to the literature, the most effective inhibitors have an
atom such as nitrogen, oxygen or sulfur in their molecular structures [3-5]. Also,
compounds with high molecular mass have proved to be effective inhibitors [6]. Organic
compounds reduce corrosion through adsorption on the metal surface and complex
formation with metal ions [7]. The efficiency of 1H-benzotriazole and its derivatives as
copper corrosion inhibitors in different media is well known [8]. Also, it has been found
that gelatin has ability to protect copper against corrosion [9]. The main components of
gelatin are amino acids: glycine, proline, hydroxyproline, alanine and glutamic acid. The
structure of gelatin molecule is the cause of its ability to be adsorbed on the metal surface.

MATERIALS AND METHODS

For the electrochemical measurements a three electrode cell system was used at
room temperature. Copper electrode with area of 0.49 cm’ was used for the
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electrochemical measurements as working electrode. Saturated calomel electrode (SCE)
was used as reference electrode while platinum was used as counter electrode.
Experiments were conducted in 0.01 M H,SO, at different pH values, without and with
the addition of binary inhibitor system. 1H-benzotriazole (BTAH) and 5-methyl-1H-
benzotriazole (MBTAH) were added into the solution in concentration of 8.4:10° M,
while gelatin was added in concentration of 1% (wt.%). The pH value of solution was
adjusted using diluted NaOH solution.

Electrochemical methods including open circuit potential (OCP) measurement,
linear potentiodynamic and cyclic voltammetric measurements were used for
investigation. The OCP was determined for 10 minutes before starting the
potentiodynamic polarization measurement. Linear voltammograms were recorded over
the range of OCP £ 0.25 V vs. SCE in the cathode and anode direction. Scan rate was 1
mVs™. Cyclic voltammograms were recorded from -1.0 V to 1.0 V (vs. SCE), at a scan
rate of 10 mVs™.

RESULTS AND DISCUSSION

The open circuit potential measurements of copper

The open circuit potential of copper in 0.01 M H,SO, solution without and with
the addition of mixed inhibitors containing azoles (BTAH, MBTAH) and gelatin is
measured during 10 minutes. The measurements were carried out at different pH values
from pH 2 up to pH 4. The recorded OCP values are summarized in Table 1. According
to the presented results, the OCP values are shifted into positive direction in the presence
of mixed inhibitor system in comparison to bare sulfate solution. This behavior indicates
the adsorption of organic compounds on the copper surface [10].

Cyclic voltammetry measurements of copper

According to the literature data, anodic dissolution of copper in an acidic
medium can be presented by the following reactions [11]:

Cu-e — Cu:wf (1)
+ - 2+
Cug,r —e —Cugy, ()

The cathode reaction represents the reduction of dissolved oxygen according to the
reaction (3) [12]:

Oy +4H" +4¢” —2H,0 3)

The cyclic voltammograms of Cu in 0.01 M H,SO,, at various pH values,
without and with the addition of inhibitors in the potential range from -1.0 to +1.0 V
versus SCE are shown in Figure 1 (a, b, ¢). Cyclic voltammetry curve for copper in
naturally aerated sulfate solution indicates that Cu undergoes oxidation to Cu" ions [13].
In the reverse scan, the cathodic peak represents the reduction of copper ions.

Further, cyclic voltammetric measurements were performed in the presence of
azoles (BTAH, MBTAH) and gelatin in sulfate solution at different pH values. The
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obtained CV curves (Figures la, b and c) confirmed that applied binary inhibitor system
had a protective effect aggainst corrosion. According to the Figure la, the anodic peak
was not observed until the potential reached the value of ~ 0.3 V (vs. SCE). Further, with
increasing the potential value in the anodic direction (above 0.3 V), the current density
also increased. This fact maybe indicates that protective layer is destroyed so the
dissolution of copper is continued. It is noticed that with pH increase from 2.0 up to 4.0,
protection degree of copper increases (Figures 1b and 1c). It is assumed that there is an
interaction between gelatin and azoles which leads to the formation of more compact layer
on the copper surface. As it is known, BTAH is weak acid and the extent of its ionization
depends on pH value. Ionization of BTAH takes place by the reactions (4) and (5) [8].

BTAH, <> BTAH + H ", pK| =1 (4)
BTAH <> BTA +H ", pK, ~8.2 )

So, with increasing solution pH the concentration of BTA" species increase
which contributes to higher protection degree of copper in the investigated medium [14].

0.008 0,008 -
a
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00064 = 0O0TMHSED
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- T galatin
JETAH + 1% guluin
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0.004 1P 00034 L2
-&E’_ 5 0002
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00044 €
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Figure 1. Cyclic voltammetric curves of copper in 0.01 M H,SO, in the presence of
mixed inhibitor of azoles (BTAH, MBTAH) and gelatin at pH 2 (a), at pH 3 (b) and at
pH 4 (c)
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Potentiodynamic polarization measurements of copper

Corrosion parameters of copper such as corrosion potential (E.,), corrosion
current density (jeorr), anodic and cathodic Tafel slopes (b, i b.) were calculated based on
the polarization curves (Figures 2a, b, ¢) and summarized in Table 1.

The inhibition efficiency is calculated according to the equation (6) [15]:

jcorr = ]
I = corr(inh) 8

: 100 (6)
Jeorr

Where jeorr and jeorinny are the corrosion current densities in the absence and presence of
investigated binary inhibitors.

1E34 8 b
1E-4 1E-4 4
1E—5i 54
o ™
5 e g !
< 2 e - :
BT 4 5 N
4 1E-7 o
BB oo so, * + 001N HSO,
3 . LA 2
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Figure 2. Potentiodynamic polarization curves of copper in 0.01 M H,SO, in the
presence of mixed inhibitor of azoles (BTAH, MBTAH) and gelatin at pH 2 (a), at pH 3
(b) and at pH 4 (¢)
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Table 1. Electrochemical parameters of copper corrosion in 0.01 M H,SO, in the
presence of binary mixed inhibitors (8.4-10° M BTAH with 1% gelatin as well as 8.4-10°
> M MBTAH with 1% gelatin) at different pH values

. EOCP, V Vs Ecom V Vs jcom _ 0,
Medium pH SCE SCE uA Tom? b, V b., V %IE
001 M
TS0, 2 -0.026 -0.03 1.84 0.045 0.136 /
0.01 M
SO 3 -0.028 -0.03 1.47 0.026 0.066 /
0.01 M
SO 4 -0.031 20029 124 0.038 0.117 /
BTAH + 2 0.079 0.077 0.109 0.039 0.039 94.1
gelatin
MBTAH 2 0.0502 0.050 0.0833 0.038 0.057 95.5
+ gelatin
BTAH+ ) 0.0065 | -0.0017 | 0.0492 0.049 0.063 96.6
gelatin
MBTAH 3 0.021 -0.0049 0.0427 0.030 0.064 97.1
+ gelatin
BTAH + 4 -0.0017 20011 0.0449 0.020 0.033 96.4
gelatin
MBTAH 4 0.0037 0.0053 0.0376 0.038 0.079 97.0
+ gelatin

Potentiodynamic polarization measurements were performed in sulfate solution
with the addition of mixed inhibitors (azoles with gelatin) in a pH range from 2.0 up to
4.0. According to the data in Table 1, binary inhibitor system offer high inhibition
efficiency at all investigated pH values. The change of E.; in sulfate solution with the
addition of BTAH/MBTAH and gelatin is less than 85 mV. This suggests that binary
inhibitor system acts as mixed type inhibitor at different pH values [16]. The values of
both anodic and cathodic Tafel slopes are changed in the presence of inhibitors which
indicate the adsorption of organic compounds on the copper surface. However, as the pH
value increases the inhibition efficiency of investigated inhibitors slightly increase. pKa
of gelatin is around 4.7 and as the pH of the solution become closer to this value, the
gelatin molecule becomes less charged and thus less soluble in the aqueous solution. So,
it is proposed that bonds between molecules of inhibitors become weaker and as a
consequence, the protective film is less stable and less adsorbed on the metal surface.
Due to these facts, the inhibition efficiency of mixed inhibitor at pH 3 and pH 4 is almost
equal.

It should be noted that with increasing the pH value of inhibitor-free medium,
the corrosion current density decreases. This could be related to decrease in the
aggressiveness of sulfate solution.

The obtained results refer that the higher protection degree of copper in
aggressive medium is achieved in the presence of MBTAH and gelatin in comparison
with BTAH and gelatin. The presence of methyl group in MBTAH which has positive
inductive effect makes the lone electron all the time on nitrogen atom and provides a
good chance for coordination bond with copper surface [17].
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CONCLUSION

Binary inhibitor system containing azoles (BTAH, MBTAH) and gelatin can be
considered as effective corrosion inhibitor for copper in 0.01 M H,SO, solution at
different pH values. The open circuit potential of copper, in the presence of investigated
compounds at different pH values, is shifted toward noble values compared to the
inhibitor-free solution. According to the results obtained by potentiodynamic
polarization measurements binary inhibitor system acts as mixed-type inhibitor. Cyclic
voltammetric measurements confirmed that these compounds efficiently protect copper
surface against aggressive solutions.
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ABSTRACT

Striving to own the latest model information and telecommunication devices, leading to their rapid
technological obsolescence, and production of larger quantities of different electronic waste. Recent data show
that the world generates in a year of 40-70 million tones of this waste, while the percentage of recycling is very
small. Around 267.3 tons of gold and 7275 tons of silver annually consumed in the production of mobile
telephones, personal and notebook computers, and other electronic devices. The paper presents the
characterization of printed circuit boards of computers and mobile phones. Qualitative and quantitative
composition of samples of printed circuit boards were determined using the method: X-ray fluorescence X-ray
fluorescence spectrometry (XRF), optical emission spectrometry with inductively coupled plasma (ICP-OES)
and scanning electron microscopy (SEM) with energy dispersive spectrometry (EDS). Based on the results is
presented the modified procedure of recycling printed circuit boards of computers and mobile phones and
separation and recycling of gold and silver.

Key words: characterization, PCBs, separation, recycling, gold, silver.
INTRODUCTION

A wide range of obsolete electrical and electronic devices makes EE - waste. He
is growing globally at a rate of 3 to 5% per year, making it the fastest growing waste on
the planet. Old data of UNEP [1] estimate that 20-50 million tons of e-waste is discarded
worldwide every year. That’s an average of 35 million tons or 4,000 tones per hour.
According to the data of [2] quantities of electronic waste in the world are significantly
larger and amount to 40 - 70 million tons annually. However, the problem is not only in
quantity but also the toxicity of the waste constituents that pose a grave danger to the
environment and human health. One of the priorities of the European Union is to protect
the environment and improve the process of recycling electronic waste, with particular
reference to the hierarchical approach to waste management in general, which is
reflected in waste prevention — reduce,, reuse and recycling of electronic waste [3]. The
concentration of metals in discarded EE-waste is greater than the minimum
concentration of these metals in ores [4], so that materials intended for recycling are an
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important source of valuable raw materials and make the recycling process economically
justified [5]. At present, we are far from a closed system of material cycles, recycling or
the possible benefit enormously [6]. Waste electrical and electronic equipment includes a
particularly complex waste stream in terms of diversity, because it contains inorganic
and organic substances (metals, plastics, glass and other components), thereby, in the
processing of EE waste, a substance may be hazardous [7]. The process of recycling and
utilization of materials is very complex [8-10] and is often accompanied by emission of
harmful substances into the environment and the working environment [11]. From e-
waste, less than 15% metals are being recuperated world over [12]. Recycling electronic
waste is a complex process, because in most electronic devices there are a number of
different components (materials) in a relatively small area [13], which depends on the
type and method of treatment, to a greater or lesser extent, affect human health and the
life in both programs. The degree of danger, and the impact on human health, especially
the workers directly involved in the recycling process and the indirect impact on the
environment varies greatly, depending on the specifics of individual recycling process
[7]. The rapid development of recycling technology is based in ecological and economic
justification of disposal of such waste. This was helped by knowing how the final stocks
of non-renewable raw materials and the need for their rational use, as well as on
environmental protection. Rich and developed countries were the first to realize the
disposal of electronic waste, and therefore the forefront in the development and
implementation of recycling [14]. Separation materials for recycled provides the
reducing the amount of waste material for disposal, saving natural resources, more
efficient use of the potential of EE waste, achieved economic benefits, saving money and
energy, which is necessary to invest in the extraction and production of these materials,
reduces the adverse impact on the environment middle, both directly and indirectly,
through the emission of gases (in the processing and production of mineral resources)
that cause greenhouse effect. The aim of this study is characterization of potentially
polluting, and valuable material in electronic waste and improving recycling process this
waste, primarily stem printed circuit boards of computers, laptops and mobile phones.

The concentration of gold in ores is an average of 0.5 to 15 g per ton of ore,
while its concentration in the PCBs about 10 times higher (about 150 g/ t) [15], or how
the [16] stand out: ,, in only one ton of discarded computers have more gold than can be
extracted from 17 tons of ore”. Precious metals make up more than 80% of the total
economic value of PCBs, even when their concentration is less than 1% by weight,
recycling of these metals from PCBs is economically feasible [16 and 17].

Separation of recycled, provide conditions for: reducing the amount of waste
material for deposit, saving natural resources, more efficient use of the potential of EE
waste, achieved economic benefits, saving money and energy, which is necessary to
invest in the extraction and production of these materials, reduces the adverse impact on
the environment middle, both directly and indirectly, through the emission of gases (in
the processing and production of mineral resources) that cause greenhouse effect. The
aim of this study is characterization of potentially polluting, and valuable material in
electronic waste and improving recycling process this waste, primarily stem printed
circuit boards (PCBs) of computers, laptops and mobile phones.
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EXPERIMENT

Materials and methods

In the experimental part of the investigation are two different types of PCBs, in
order to determine whether PCBs of computers and mobile phones contain hazardous
and harmful metals such as lead, arsenic, cadmium and others. The goal of the
experiment was to determine in which parts of PCBs are concentrated individual metals,
because the be separation certain metal parts prior to the melting process, could provide
better selectivity and thus better revitalization of some precious metals.

For investigation and characterization of waste and the PCBs computers and
mobile phones were used the following methods: separated mechanical parts typical of
waste PCBs computers are directly analyzed by X-ray fluorescence spectrometry (XRF),
which was used for noninvasive, speed tests and because it does not require prior
preparation and melting samples. Testing was performed on: EDXRF spectrometer with
CANBERRA Si (Li) detector and 241 Am, 55Fe, and 109Cd excitation sources. Scanning
electron microscopy with energy dispersive spectroscopy (SEM-EDS) was used for
quantitative and qualitative analysis of mechanically separated and melted parts of
printed circuit boards and methods of optical emission spectrometry with inductively
coupled plasma (ICP-OES) is used as a very accurate analytical method for
determination of trace elements in different patterns, which provides speciation isotopes.

Samples PCBs of computer and a mobile phone were formed from
mechanically separated parts: granulated and composite parts, contact solders (Figure 1)
Metal parts of PCBs are separated,, pulling " with pliers, breaking and cutting.

a)

n-‘J- lﬁﬂnym rl't A

g

Figure 1. Parts of PCBs: a) characteristic parts of computer like contacts, solders[18], and
composites were analyzed by XRF spectrometry; b) chopped parts PCBs mobile phone; ¢) melted
metal parts PCBs mobile phone for SEM-EDS analysis[18]
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To analyze the composition of PCBs mobile phone, samples were formed from
mechanically separated parts of the PCBs, chopped to granules of maximum size up to
3.0 mm, tightly sealed in quartz tubes and melted in an induction furnace (gradual
heating up to 1200 °C).

RESULT AND DISCUSION

In many studies that dealt with determining the content of precious metal in the
PCBs from different categories of EE waste, it was pointed out that the highest content
of precious metals located on PCBs computers and mobile phones [19-22]. In addition to
silver, which is primarily used for switches and contacts, and the PCBs are represented
with 0.1% [15], gold is economically the most valuable component is used for wires in
integrated circuits, as a coating for connectors or solder in integrated circuits, in the alloy
with tin [15], are also used palladium, platinum, rhodium and iridium.

The results of quantitative and qualitative analysis of samples PCBs
investigated in this paper, with different methods, are shown in Table 1.

Table 1. The results of quantitative and qualitative analysis of samples PCBs
investigated in this paper, with different methods, are shown in Table 1

. The methods used for quantitative and qualitative analysis
Chemical 7CP
composition SEM-EDS VY, (mas.%) Mob.tel.* o XRF (mas.%) PC*
of PCBs (mas.%)
Spec.1 | Spec. 2| Spec. 3 || Spec. 4 |Spect. 5| Mob.tel. | 1deo | 2deo | 2deo | 3deo | 4deo

Ag 1,76 1,48 | 2,57 - - 0,39 - 7,149 113,976 | 4,374 | 5,696
Al 0,46 0,54 | 0,51 - 1,95 0,05
Au 0,99 0,12 0,34 - - 0,018 - 18,892 | 44,123 - -
Ba - - - - - 0,48
Ca - - - - - 0,07
Co - - - - - 0,10
Cr - - - 0,61 1,98 1,08
Cu 60,52 || 75,06 | 71,75 | 7,09 | 545 62,81 [61,735|71,438(32,019]62,939 | 43,677
Fe - 0,68 0,53 | 38,64 || 32,98 9,09
Mg - - - - - 0,01
Mo - - - - - 0,01
Mn - - - - - 0,05
Ni 1,06 1,57 1,25 || 23,24 || 25,77 3,37 11,635 - - - -
Pb 11,32 || 3,16 | 3,89 - - 8,96 - - - 15,442 | 19,820
Pd 1,12 | 2,98 3,13 - - 0,01 4,970 - - - -
Pt 3,0E-7 - - 1,893 - -
Rh 0,002 - 2,521 | 7,989 - -
Si 0,71 2,18 | 2,50 | 28,11 | 31,87 0,03
Sn 15,09 | 1,02 3,49 - - 5,47 14,251 - - 11,769 | 24,586
Sr - - - - - 0,09
Ti - - - - - 0,2
\ - - - - - 0,004
Y - - - - - 0,002
Zr - - - - - 0,02
Zn 4,46 949 | 9,11 2,31 - 7,75 7,391 - - 5,476 | 6,221
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Based on the analysis results shown in Table 1, it can be concluded that the
content of precious metals, Ag, Au, Pd, Pt and Rh, is much higher in a special separate
parts PCBs computer, such as contacts and composite parts, but in mobile phones and
metal content varies from sample to sample and highly depends on the location of the
analysis. Gold has the most in a separate composite Part 2, in which in addition to Cu,
present Ag, Pt and Rh. Silver is also present in parts 3 and 4, and the presence of Pd was
detected in part 1. These characteristic parts of the PCBs computer is necessary, if
possible, set aside in the phase of dismantling and pre smelting process and treat them in
a special recycling process, in order to achieve better efficiency in the revitalization of
metal. Extracting these parts slows down the process of recycling, but provides better
selectivity and easier recovery of valuable metals.

To extract gold and silver from used electronic devices submitted a modified
procedure of dissolving the recycling of [18] metal parts PCBs in razblezenoj nitric acid
(eg. 100 ml of dilute HNO3 is obtained from 70 ml of distilled water and 30 ml 68%
HNO3). The solution was heated to a temperature of 60-85 °C; gold and platinum are
deposited in the form of a fine precipitate, and other metals, such as Ag, Pd, Ni, Zn, Pb,
Cu pass into solution. After careful decanting and filtering, the solution remain, in
addition to other metals worth of silver and palladium. Silver from the solution may be
precipitated in the solution by inserting the rod of pure copper, in which remain in
solution until the solution appeared in the air bubbles, and can be up to 24 h. The
precipitate was (and in the case of the deposited gold) potrbno carefully decant and rinse
with warm water 3-5 times, while the decanted water is completely clear and clean. The
pellet is then carefully dried, and melted. At the end of the melting add a little borax, to
molten gold and silver get a nice glow.

CONCLUSION

In order to increase the efficiency of recyclable components from electronic
waste, and establishing optimal recycling process, which should provide an effective and
affordable methods of recycling, primarily rejected the PCBs, in the paper is analized,
separated metal parts of computer, as well as complete PCBs of mobile phones, from
which removed are mounted components, such as capacitors and resistors. The results of
quantitative and qualitative analysis of samples PCBs with different methods, are
presented in this paper. Also in work is proposed modified technological process the
recycling, which correspond to requirements and technological solutions developed
world.
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ABSTRACT

Cigarette manufacturers, mainly because of various claims about the dangers of smoking to human
health and the environment, strive to use modern technological methods of producing cigarettes with a lower
health risk. Trends of modern production include the development of a new generation of products, so-called
global cigarette. Global cigarette involves producing a new type of reconstituted tobacco (RECON), with
particular physical and chemical properties, which would be the only filler for cigarettes. All cigarettes would
produce the same smoke, and the character of the individual brands or the variation in the quality and
characteristics of smoking, would be secured with a special kind of flavor.

The goal of this work is to determine the value of tobacco reuse from industrial plants in the
Republic of Serbia, in the manufacturing of reconstituted tobacco.

Key words: reconstituted tobacco (RECON), tobacco scrap, tobacco dust, midrib, use value.
INTRODUCTION

All components of mixtures for making cigarettes are different, in their physical
and chemical composition. Therefore, the selection of tobacco and the determination of
their share in the mixture are made on the basis of the understanding of how the actions
of all factors unified within the so-called they use value (1). The use value is determined
by the role of the individual in a mixture of tobacco, and consequently, the amount of
which will be represented in it on the basis of three groups of factors: the economy in the
making, chemical quality and smoking quality (2). In the domestic and world market
dominate blend cigarettes (so-called American blend). This type of cigarette contains
three main tobacco types: SC (oriental tobacco), AC (Burley) and FC (Virginia). In
addition to these three types of tobacco, modern technological manufacturing techniques
blend cigarettes, also include the use of expanded midrib and reconstituted tobacco.

During the manipulation and fermentation, tobacco, due to different mechanical
treatments, breaks and crumbles, so it remains a certain amount of waste resulting from
tobacco lamina or midribs. Also, during the production of cigarettes, in the fabrication,
appears a certain amount of tobacco scraps and dust. The above-mentioned waste can be

245



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

used as raw material for the production of nicotine, tobacco by-products and
reconstituted tobacco.

Tobacco foil (reconstituted tobacco or RECON) is a tobacco-based product
which should correspond to the tobacco leaf, according to physical and chemical
characteristics (Picture 1). It is made from tobacco scrap, tobacco dust, cellulose and
related connective material (1). In the cigarette manufacturing, RECON is added before
blending, so it cuts together with the tobacco. Its application is a primarily solution for
the reduction of losses in production, by re-using waste generated in the process of
threshing, scraps from processing and preparation storages, scrap from tobacco cigarettes
and from tobacco with bad properties. Optimum results in terms of taste properties are
obtained when using 25-30% of RECON in a mixture of cigarette (3).

Reconstituted tobacco was first used in the original Winston mixture in 1954,
and until 1960 it has been used by all US companies. Initially, the main purpose of its
use has been to save the money. From the aspect of economy important fact is that the
price of making a reconstituted tobacco is less from the price of purchase the same
quantity of tobacco leaf (3). Since 1965, the application of the RECON has become
much more important, due to published results of the reduced activity of its smoke
compared to natural tobacco smoke (4). On the other hand, publishing the results on the
relationship between smoke and physical properties of the RECON (5) opened the
opportunities for the development of new and improvement existing processes for its
production.

Figure 1. Reconstituted tobacco (6)

Reconstituted tobacco in addition to economic benefits has technological
advantages too. Technologically speaking, the RECON is a suitable material for use, as it
is easier and more evenly dosed into the mixture. RECON thickness is determined by the
amount of pulp applied to the conveyor, and after the drying process should not exceed
the value of 0,2 mm. It is considered satisfactory if the value of the thickness ranges is
between 0,140 to 0,155 mm. Tearing resistance after cutting should be at more than 700
mm VS. The moisture content should be 12 - 14%. Lower values are not suitable
because the RECON slowly absorbs moisture, and less is retained. In addition, lower
moisture content affects the production of large amounts of dust during cutting. Given
that reconstituted tobacco has good filling power (from 2 c¢m’/g, when RECON has a
normal density, to 11 cm®/g, with reduced density), the main purpose is to reduce the
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required mass of material in a cigarette, and thus affect the reduction in total production of
smoke. According to the research (7), the companies that produce the cigarettes using the
RECON, have reduced the required amount of tobacco by 27%, in the period 1960-1999.
The use of reconstituted tobacco in a mixture of cigarettes primarily affects the
increase of filling power. Reducing the amount of material which is burned in cigarette
automatically decreases the amount of formed smoke. The main objective of the use of
RECON in the mixture is to change smoke characteristic with compliancy to legislation
related to the maximum permissible content of harmful substances in tobacco smoke (2).

MATERIALS AND METHODS

For the purposes of the experiment we used tobacco waste from industrial
plants in the Republic of Serbia, according to the following classification:

1. Waste from the processing of tobacco - scrap from manipulation, tobacco
purchase and processing.

2. Waste from cigarette manufacture — generated during handling in the fabrication,
the tobacco dust which is separated by cyclones in the preparation, and the
tobacco dust which is separated on the cigarette machine filters.

3. Tobacco midribs - parts of tobacco leaf which are separated in the process of
threshing, and that are classified as waste, because it does not meet the criteria
related to length.

In the experiment was used tobacco waste in which, according to the basic
requirements of quality of waste, there weren’t pebbles and sand granulation through 0,1
mm, and other foreign objects that reduce use value or completely exclude the use of
such material.

Within the analysis of the chemical composition of the starting raw materials,
and manufactured reconstituted tobacco was performed to determine the pH, nicotine,
ash, total proteins and protein nitrogen, total nitrogen, soluble sugars and total reduction.
All analyzes were performed according to SRPS -ISO methods.

Specific weight and the equilibrium moisture content of samples were
performed within the analysis of physical properties of the starting raw material.
Physical properties of manufactured reconstituted tobacco, such as tearing resistance,
thickness, specific weight and filling power, were determined by CORESTA methods.

Chemical properties of cigarette smoke that is made from pure RECON were
determined, after smoking a cigarette on the smoking machine, according to SRPS ISO
methods. Sensory properties of cigarette smoke were done according to Sozonovic-
tasting key (8).

RESULTS AND DISCUSSION

Physical properties of tobacco waste

Given the importance of these qualities in the production of cigarettes, specific
weight and equilibrium moisture content have been examined. Other physical properties
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have not been tested because tobacco waste is non-unique part of tobacco leaves,
different shapes and sizes.

Table 1. Physical properties of tobacco waste

Sample Specific weight (g/cm®) Equilibrium moisture content
(%)

Scrap 1,491 15,38

Midribs 1,509 24,82

Waste from fabrication 1,521 18,79

Specific weight of tobacco affects all processes during fabrication and it is
important for the physical characteristics of cigarettes (weight) and chemical and sensory
characteristics of smoke (the amount of products depends on the amounts of precursor).
Specific weight of tobacco waste has a direct impact on the amounts that will be used in
the production of reconstituted tobacco. This value depends on the chemical composition
of tobacco, especially by the specific content of heavier materials such as lignin and ash.
In process of making reconstituted tobacco it is allowed approximately 10 % of mineral
dust. This dust is difficult to remove during the process of waste preparation, but they
have a significant effect on the specific weight of RECON. Based on the data presented
in Table 1, tobacco waste are in the category of specifically heavier tobacco.

Equilibrium moisture content is of great importance to the material's resistance
to physical treatments during the processing of tobacco, and for the correct formation of
a cheese (compacted tobacco in hopper before slicing) for cutting tobacco. Equilibrium
moisture content of tobacco waste is different (Table 1), which is quite understandable
because we used different parts of tobacco leaf in the experiment. These parts vary
significantly in their chemical composition, in particular by the content of colloid and
crystalloid substances, and thus by its physical structure (9). From Table 1 it is evident
that the maximum equilibrium moisture content is highest in tobacco midribs, followed
by waste from fabrication of cigarettes, and at the end, minimum in scrap.

Chemical properties of tobacco waste

Table 2. Chemical properties of tobacco waste (%)

Tobacco Moisture | Ash | pH | Nicotine| N-total | N-protein |Total Soluble | Total
waste proteins sugars [reduction
Scrap 9,65 18,80 | 6,1 | 0,70 2,53 1,40 8,75 2,42 5,32
Midribs 13,75 18,67 5,5 | 0,34 2,00 0,90 5,62 3,93 9,38
Waste from 10,80 | 20,40/ 55 | 0,89 2,56 | 145 9,06 5,41 10,90
fabrication

*pH is given in units

Chemical properties of the waste are shown in Table 2. It is evident that the
waste is a mixture of different tobacco varieties and different parts of the leaf. Results
represented in Table 2, show that the content of mineral substances in scrap has
increased by 0,13 % compared to their content in tobacco midribs, and lowered by 1,6 %
compared to the content of the waste from the fabrication of cigarettes. It is the same
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thing with the protein content. A little content of soluble sugars (2,42 %) and the total
reduction (5,32 %) is noticeable. Scrap has low acidity and almost approaches the
reaction of the base environment.

The tobacco midribs show a slightly higher acidity of 5,5, the lowest nicotine
content (0,3 4%), protein nitrogen (0,9 0%) and total proteins (5,62 %) but a higher
percentage of soluble sugars (3,93 %). These properties of tobacco midribs are quite
understandable given the fact that in the midribs prevails structure of conductive body (10).

Waste from the fabrication of cigarettes show an inharmonious relationship of
chemical substances, which is particularly evident from the ratio of the total proteins and
the total reduction. The pH value is in an acidic medium (5,5), but the largest nicotine
(0,89 %) and soluble sugars (5,41 %) content are noticeable.

Physical properties of RECON

After preparing the waste on a particular recipe, reconstituted tobacco was
made, on which were determined physical parameters qualities (Table 3).

Table 3. Physical properties of RECON

Tearing resistance RECON thickness Specific weight Filling power
(mm VS) (mm) (g/em?) (cm’/g)
1284 0,114 1,039 4,80

Testing results of physical parameters indicate that the produced RECON has a
thickness of 0,114 mm and a tearing resistance of 1,284 mmV'S, which is consistent with
the literature data (2). It could be concluded that experimental RECON has a small
specific weight and a good filling power.

Chemical properties of RECON

The content of each component individually and all together is dependent on the
quantity and relationships of the basic raw materials. In any case the chemical
composition of the reconstituted tobacco should be within the limits of the content of
components that are characteristic of tobacco as raw material in general. The differences
in the chemical composition of initial materials (Table 2) and the RECON (Table 4) are
obvious.

During the development of the RECON, the contents of some components may
be changed, particularly those that break down under the influence of high temperatures
(such as nicotine). In the RECON making process, larger amount of carbohydrates
dehydrates. It is similar with the total reduction. It reduces the amount of polyphenols,
essential oils and resins (2).

Table 4. Chemical properties of RECON (%)

Ash pH Nicotine | N-total N- protein | Total Soluble Total
proteins sugars reduction
19,29 5,30 | 1,00 3,07 2,00 12,50 4,99 6,39

pH is given in units
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Comparing the values of the content of chemical components we can conclude:
preparing the RECON, especially in the drying phase, leads to the evaporation of gases
and vapors, primarily ammonia, free nicotine and other volatile acids and bases. As a
result, there has been a decrease in pH value of RECON. While preparing the RECON,
the amount of total nitrogen increased to 3,07 %, nitrogen protein on 2,00 % and total
proteins on 12,50 %. This can be explained by the reduction of dry matter on the one
hand and the relative increase of nitrogen complexes on the other. Soluble sugars and in
particular the total reduction follows a major change, because part of the components in
the preparation dehydrates, which is in accordance with literature data (11). Significant
changes in mineral content were not found. Nicotine content is also in the limits shown
in the literature (12).

Chemical properties of RECON smoke

At the end of the experiment we made cigarettes from pure RECON.
Characteristics of cigarette and smoke (the mean value) are shown in Table 5.

Table 5. Characteristics of cigarettes and smoke from RECON

Length of cigarettes (mm) 83
Length of filter (mm) 20
Length of cigarette butt (mm) 25
Weight of cigarettes (g) 0,8325
Draw resistance (mmVS) 71
Draw resistance of filter (mmVS) 42
Moisture (%) 12,11
Number of indentation 9,1
Nicotine in smoke (mg/cig) 0,43
TAR (mg/cig) 11,15

The results represented in Table 5 show that the RECON made of tobacco
waste is suitable for cigarette making. The most important part of the results is related to
the content of TAR and nicotine in cigarette smoke. Analyses show that cigarette made
from pure RECON has a TAR content little above 10 mg/cig, which is the value
prescribed by the Tobacco Act of the Republic of Serbia (13). However, further
reduction of TAR can be achieved by technological solutions in the production of
cigarettes, primarily perforation cigarette paper, filter wrap and tipping paper. Nicotine
content of 0,43 % is far below the permissible limit of 1 mg/cig, which is also the value
prescribed by the Tobacco Act of the Republic of Serbia.

Sensory properties of RECON and cigarette smoke

Experimental foil which is made in this experiment is elastic, dark and brown.
Tasting has established that cigarette smoke made of RECON have moderate
physiological strength, without special aroma, and less bitter taste. During smoking it has
appeared mild irritation in terms of smoke deposition on the basis of tongue and mild
irritation of the throat. Combustion is very good; the ash is compact, white-grey color.

250



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

CONCLUSIONS

According to the results of this experiment we can conclude:

On the basis of all three groups of parameters that define the use value of the
components in the mixture, waste from the manipulation, processing and fabrication of
tobacco can be used for the production of reconstituted tobacco.

The obtained RECON has good filling power (4,80 cm’/g) which meets the
economic aspect of use value. Reducing the amount of material that fills the cigarette
also reduces the amount of burning material, and thus the quantity of total cigarette
smoke.

The chemical composition of the RECON was also satisfying, which is directly
reflected on the sensory characteristics of smoke. Mild irritation and lack of aroma can
be overcome by adjusting the percentage of individual categories of tobacco waste, as
well as the addition of suitable additives.

Nicotine content in smoke (0,43 %) is far below the permissible limit of 1
mg/cig, which is the value prescribed by the Tobacco Act of the Republic of Serbia. The
content of the TAR is above 10 mg/cig, but further reduction can be achieved by
technological solutions in the manufacture of cigarettes, especially perforation of
cigarette paper, filter wrap and tipping paper.

The participation of high-quality reconstituted tobacco in cigarette blends is
growing, and bearing in mind the large amounts of waste and contemporary trends in
production, it acquires great importance in correcting the physical, chemical and sensory
characteristics of smoke.
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ABSTRACT

Problems arousing from the large amount of used tires are best resolved by recycling. The biggest
recycling challenge is the primary treatment or simple and feasible separation of steel and rubber
components of a tire. Once completed, the primary treatment is followed by secondary which considers rubber
recycling and steel melting. This article presents primary treatment method which is successfully applied
within the RTB Bor Group. A significant amount of used tires is accumulated in RTB Bor group during the
years of mining production and new amounts are constantly disposed.

Key words: Used tires, recycling.
INTRODUCTION

The constant increase in haulage needs, at all levels, demands adequate
equipment for loading and hauling, which, due to mobility demands, is equipped with
rubber tires. As a result, the amount of used tires withdrawn from the use because of
decreased reliability and safety issues constantly rises.  Rubber tires cannot
spontaneously decompose and as a result, on a global level, a large amount of waste tires
became a major environmental issue.

Two main aspects of environmental tire problem are occupation of vast land
areas for tire disposal and constant danger of fire which cannot be safely and effectively
extinguished. Recent event from Spain from May 2016 is a reminder of fire danger.
Namely, the largest European tire waste located in Sesefia, near Toledo partially caught
fire. The waste consumes 100 ha of land and contains over 100 000 t of rubber tires. The
battle with fire lasted for 30 h and 9 000 people were evacuated. Actually, it was not
possible to efficiently extinguish the fire so the tires which were not under flame were
moved and the firefighters just waited for the fire to go out by itself.

RTB Bor was resolving the problem of used tires by burying them under the
mine waste dumps. However, during the last several years, the tires are being collected
since efficient recycling methods have been developed.
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ON TIRES, IN GENERAL

The structure of standard (radial) haul truck tire and its basic components is
given in figure 1.

T =idewral
W) Sidewall

. BRBGE Wﬁ -

h‘gﬂ“ﬁF 1 T

y—

Figure 1. Tire structure

The basic material contained in a tire are steel wire rims (Wire Beads) and
rubber (natural and/or synthetic) with addition of other materials (textile plies, carbon,
silica...)

RUBBER TIRES WITHIN THE RTB BOR — GROUP

RTB Bor — Group engages quite a number of equipment with rubber tires,
mainly haultrucks at open pit mines Veliki Krivelj and Cerovo and North and South pits
Majdanpek. Rubber tires with 33, 36 and 40” diameters are mainly in use and they
weigh 5, 5.5 and 8 t (for Bridgestone tires). Having in mind that truck haulage was
intensified during 1960-ties a large amount of tires was withdrawn from use during the
period of the last 50 years. The precise number of tires is not known and the fact is that
the tires were disposed without particular order or plan.

The services of Veliki Krivelj open pit mine have been keeping record on the
number of truck tires used at the mine and the results, over the period 20 months from
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August 2013 to April 2015, are 111 tires size 40”, 69 size 36 and 3 tires size 33”
yielding in 1 300 t in truck tires only.

To resolve a problem of waste tires a bussines and technical cooperation was
established with companies dealing with tire recycling. The cooperation resulted in
installation of primary treatment facility at the plateau of General overhaul workshop at
open pit Bor. The workshop became a center for primary treatment during which steel
rims are removed from the tires and remaining rubber is cut into pieces of 500X500 mm
approx. size.

Since primary tire treatment in Bor is in final stage the complete facility will be
relocated to Majdanpek. It is estimated that more than 4 000 large size tires (33, 36 and
40” size) and more than 500 of small size tires are disposed in Majdanpek. This amount
of waste tires will take several years to process and once all of these waste tires are
treated the balance between the rate of tire withdraw from the use and the rate of
primary treatment will be established. This will eliminate the problem of used tires and
all the dangers related to it.

TREATMENT OF USED TIRES WITHIN THE RTB BOR - GROUP

At Veliki Krivelj, the primary treatment of a used tire starts at the very moment
when an inspection showed that the tire is not reliable anymore and not safe for further
use. At that moment, the wheel bearing a tire is removed from the truck and temporarily
disposed at the plateau of the equipment maintenance workshop. Once the necessary
conditions are met (i.e. sufficient number of wheels is gathered) the forklift loads the
wheels onto a low bed truck trailer to be transported to the General overhaul workshop.

Once at the overhaul workshop the tires are first removed from the wheel rim
and disposed at the used tires depot where it waits for further primary treatment.

The primary treatment of used tires runs through several phases and each phase
uses specific machines specially designed for that procedure. The phases of treatment are:

- Cutting of the rubber lining of the bead toe
- Removal of steel wire rims

- Cutting of rubber into pieces

- Disposal of cut pieces onto a depot

All machines used during the process are hydraulic, powered by electric
motors. The capacity of the machines and the whole facility is 2.5 h per tire or 170 tires
per month in three shifts per day operation.

The cutting of rubber lining is performed in order to make access to steel wire
rims. The toe is cut in as many positions as many rims are in it (Fig.2). The cut is made
along the inner side of the toe in the following manner. The tire is rested horizontally so
that cutting machine can be placed in the center. The cutting machine has four hydraulic
cylinders (in pairs of two facing opposite directions for balance and support). Hydraulic
cylinders carry blades which are pressed into the rubber toe. The cylinders and blades
are adjustable in order to ensure use with various tire sizes. Once fully pressed, the
cylinders (and the blades) retract and the machine is manually rotated for an angle
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allowing partial overlap of new cut with the previous. Once the toe has been cut along
the whole circumference the tire is turned to allow access to the second toe.

The second phase is the removal of steel wire rims. Vertically positioned tire is
leaned against the shield of the machine used for this phase. The steel wire rims are
hooked to the machine and the rims are pooled out by hydraulic cylinders pulling the
hooks. First the rims from the inner side are pulled out and then the tire is turned around
so the rims from the other side can be hooked and pulled. The result of this operation is
the tire without steel (fig.2) which can now be easily cut into pieces. In some cases, the
steel wire rim can break during procedure and that tire is then subjected to a bit different
treatment.

The third phase of primary tire treatment is rubber cutting. For this purpose, the
tire is placed horizontally onto cutting machine. Machine has a hydraulic blade which
makes vertical cuts and is coupled with two stationary vertical blades. The tire is cut in
the radial direction, and manually rotated after each cut for an angle that will result in a
500 mm long tire section. Each section, as it is too large for further treatment, is
additionally cut longitudinally into three pieces roughly 500 x 500 mm in size. These
pieces are further manually manipulated.

The tires for which it was not possible to remove the steel wire rims are also cut
on the same cutting machine. To allow this, the cutting blades are designed and
sharpened in a manner that allows cutting through steel without damage to the blade.

3 o

Figure 2. A cut through tire presenting the location of the steel wire rims (removed) and
the cuts in the tire toe (arrow marked)
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The tire with remaining steel is cut in the same way as previously explained
with the difference in two additional cuts. These two cuts are performed along the rim
line to remove the whole tire bead containing the steel wires.

Once separated and cut steel and rubber components of tire are transported to
corresponding depots. The transport is done by a belt conveyor with material feeding
being manual.

The disposal of tire components at the rubber depot and steel depot is the final
phase of primary used tires treatment. The secondary treatment of the steel parts
considers the melting and further reuse. The rubber component, during secondary
treatment, is loaded, hauled, grinded, heated with various additives and reused in
different forms.

CONCLUSION

Used tires are permanent danger to the environment due to potential of fire
which cannot be effectively extinguished but only controlled. The risk of fire resulted in
tires being buried as prevention. However, nowadays feasible tire recycling methods are
developed and resolved the primary problem of steel/rubber separation. One of the
mechanical separation methods, the one being successfully applied within the RTB Bor
— Group, is presented here. The method is simple, and utilizes hydraulic powered
machinery. However, the method still incorporates high amount of manual labor thus
increased probability of injury. Because of that, the means of further automation of the
processes must be developed in order to increase safety, economy and capacity.
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ABSTRACT

The process of mediated oxidation of synthetic alkalized sucrose wastewater, by ferrate(VI)
electrochemically generated in the reactor, was explored and compared with respect to such wastewater
electrochemical oxidation at the stainless steel anode, where generation of ferrate(VI) was not noticed. The
results showed that oxidation of sucrose by the in situ generated ferrate (V1) could be an efficient and feasible
method for engineering of the treatment plant for wastewater from a sucrose refinery.

Key words: ferrate(VI), sucrose wastewater, treatment, mediated electrooxidation.
INTRODUCTION

Biological oxidation is certainly the cheapest treatment process of effluents
polluted with organic compounds, but the presence of toxic or bio refractory molecules
may hinder this approach. For this reason, physical-chemical methods (filtration,
coagulation, adsorption, and flocculation), chemical oxidation (use of chlorine, ozone,
hydrogen peroxide, wet air oxidation), and advanced oxidation processes (AOP)
(Fenton’s reaction, ozone + UV radiation, photochemistry) are currently used to treat
these wastewaters. However, all these methods have some major drawbacks; filtration
and adsorption are not always sufficient to achieve the discharge limits; coagulation and
flotation generate large amounts of sludge; chemical oxidations have low capacity rates
and need transportation and storage of dangerous reactants; and advanced oxidation
processes require high investment costs. [1-4]

In this context, oxidative electrochemical technologies offer an alternative
solution to many environmental problems in the process industry, because electrons
provide a versatile, efficient, cost-effective, easily automatable, and clean reagent. The
electrochemical treatments of organic compounds founded a wide range of applications
recently, because of their relative technological versatility and ease of process control
with respect to the processes of chemical treatments by strong oxidants. [1-7]

The electrolytic treatment of sucrose has already attracted interest in various
technological fields, particularly in the processes of chemical oxygen demand (COD)
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reduction of the wastewater from sugar refineries and in the electrical power generation
in microbial fuel cells. [1 - 4]

In electrooxidation, pollutants can be removed by (i) direct electrolysis, where
pollutants exchange electrons directly with the anode surface without involvement of
other substances, or (ii) indirect electrolysis, where organic pollutants do not exchange
electrons directly with the anode surface but rather through the mediation of some
electroactive species regenerated there, which act as intermediaries for electrons
shuttling between the electrode and the organic compounds. [1-8]

In this paper the process of mediated oxidation of artificial sugar refinery
wastewater by in situ generated ferrate(VI), in the process of transpassive oxidation of
silicon containing electrosteel, is demonstrated in a laboratory reactor and compared with
the process of electrochemical oxidation at stainless steel anode where generation of
ferrate(vi) is not recorded.

EXPERIMENTAL

Mediated electrochemical oxidation of sucrose was performed in the reactor
with anolyte and catholyte separated by a Naphion-PTFE membrane. In the anolyte
ferrate(VI), as an oxidation mediator, was generated by transpassive oxidation of silicon
electro-steel [9, 10] in the first set of experiment; in the second set of experiments, sugar
was oxidized by oxygen and other oxidative species generated by water oxidation at the
stainless steel anode. The cathode was of high purity nickel mesh.

It was necessary to alkalize synthetic wastewater before electrolysis to reduce
electrode potential of ferrate generation and increase its stability. [9, 10]

All purchased chemicals were of p.a. grade. Ferrate(VI) was electrochemically
synthesized in the reactor NaOH solution using electrical steel (3.5% Si) as anode
material. Solutions were freshly prepared using distilled water. Sucrose was bought as
pure consumable white sugar (purity > 99%).

For quantitative determination of organic compounds in water (in our case it is
sucrose only) COD value is used as the most appropriate method. Chemical oxygen
demand (COD value) was measured according to standard chromite open reflux method
described in ISO 6060:1989. [11]

All measurements were carried out at room temperature (25 £+ 1°C).

Concentration of sucrose in samples was chosen according to COD value that
can be found in these types of effluents.

RESULTS AND DISCUSSION

Mediated sucrose oxidation by in situ electrochemically generated
ferrate(VI)

Mediated oxidation of sucrose in synthetic wastewater was based on the

electrochemical generation of ferrate(VI) in a sodium hydroxide solution, Eq. (1), and
immediate reaction of the produced disodium ferrate with sucrose Eq. (2).
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Fe+80H'—>Feo42'+4H20+6e'

)

16 Na,FeO,, +C;,Hy,0; | +17Hy0—12Na,CO5 +8 NaOH +16 Fe(OH), ©)

Equation (2) shows that oxidation of 1 mole of sucrose requires 16 moles of
ferrate(VI) for complete carbonization, or 7.75 g of ferrate(VI) per 1 g of sucrose.

Voltage-time and current intensity—time diagrams for constant current mediated
oxidation of sucrose from synthetic wastewater by electrochemically produced
ferrate(VI) obtained in different sodium hydroxide concentration solutions are presented
in Figs. 1-3. For all voltage-time dependences decrease of voltage with time of
electrolysis is evident, which is the result of the anode surface developing and change of
the electrode surface physicochemical characteristics [9, 10].

Concentration of sucrose in the wastewater was measured before and after
oxidation by determination of COD [11], because the sucrose and its products were the
only oxidizable components of the treated solution.

L L S B N S L R B
74 Steel Fe 3%Siin 10 M NaOH + 5 g dm” sucrose

T+ 10
400 0 100 200 300 400 500 600 700 800

ts

Figure 1. Time dependences of voltage and
current for electrolysis of 10 M NaOH
sucrose solution.
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Figure 3. Time dependences of voltage and current for
electrolysis of 2 M NaOH sucrose solution.

Results of the analysis of experimental data are summarized in Table 1. It
follows from Table 1 that in all solutions remarkable reduction of organic matter has
been achieved after two hours of electrolysis. Evidently, notable quantities of organic
matter has been carbonized, between 26% and 39%, and that efficiency of ferrate
increases with reduction of alkalinity from 0.54 in 10 M NaOH to 0.80 in 2 M NaOH.

This behaviour can be explained regarding increased activity of ferrate(VI) in
the less alkaline environment because of the ferrate reduction potential increase with
decrease of solution pH value.

Table 1. Electrochemical oxidation of sucrose solution (C =5 g/dm3) on silicon steel, Q
=4Ah.

C NaOH CODin, CODﬁ}’l, 4 COD, C SCfin, 4C 4 CscT, 4 CscEF 4 CscEF
mol/dm® | gOydm® | gOxdm’ | gOdm’| g/dm® | scerg/dm’® | g/dm’® | /g ferr /Ah
10M 5.62 4.15 1.47 3.70 1.30 1.55 0.54 0.32
M 5.69 3.84 1.85 3.43 1.57 1.55 0.66 0.39
2M 5.69 3.46 2.23 3.09 1.91 1.55 0.80 0.48
C — concentration, COD — chemical oxygen demand; ACOD = COD;,, - CODxsp;
AC= Cin — Cﬁn.

— The suffix “in” denotes initial values; the suffix “fin” denotes final values; the sufix
“SCEF” denotes sucrose effective values; the suffix “SCT” denotes sucrose theoretical
values.
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Mediated sucrose oxidation by in situ electrochemically generated oxygen
and oxygen containing oxidative species

A set of experiments on mediated and straight electrochemical oxidation of
sucrose at the stainless steel anode in alkalized wastewater were conducted to find net
effect of mediated sucrose oxidation by the in sifu generated ferrate(VI). Stainless steel
has been chosen because its transpassive oxidation to ferrate(VI) was not possible in the
given conditions. Reactions given in Egs. (3) and (4) describe two possible cases of
electrocatalytic carbonization of sucrose, the first one present straight anodic oxidation,
the second one mediated oxidation by oxygen electrochemically produced.

- + -
C12H22011+13OH —>12C02+25H +25e¢ 3)

CipHyy0;; +1205 = 12CO, +11H,0 “

Table 2 presents results of exploration of influence of the artificial wastewater
alkalinity on the kinetics of electrochemical oxidation of sucrose at a stainless steel
electrode.

From the equations (3) and (4) one can see that 1 g of sucrose spends 1.12 g of
dissolved oxygen or current capacity of 1.96 Ah. 1.49 g O, dm™ produced in the
electrolytic reactor theoretically could oxidize 1.33 g of sucrose, and those data were
used for calculation given in Table 2.

Table 2. Electrochemical oxidation of sucrose solution (C =5 g/dm3) on stainless steel.

Q=4 Ah.
CNaOHa COD ins CoD finy 4 COD. ) 4 CscEFa MOxygen l]%r/v 4 CscEF
mol/dm® | gOy/dm’ | gO,/dm’ g0,/dm’ g/dm’ /Ah
10M 5.62 4.45 1.17 1.04 0.78 5.48 0.26
5M 5.69 4.73 0.96 0.85 0.63 4.95 0.21
2M 5.69 4.83 0.86 0.76 0.57 4.52 0.19

From Table 2 evidently follows that efficiency of electrochemical oxidation of
sucrose drops slightly with a decrease of alkali concentration, from 21% in 10 M NaOH
to 15% in 2 M NaOH.

Two factors may be causes of such behaviour, one is increase of the
overpotentials of reactions given in Table 3 with a drop in sodium hydroxide
concentration, and the other would be slowing of the kinetics of reaction (3) with a
decrease in alkali concentration.
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Table 3. Possible electrode reactions at high anodic potentials in the alkaline solutions
[5. 12]

Reaction Evs. NHE /V
OH'+H +e¢ S H,0 2.80
05(g) + 2H" +2¢ S 04(g) + H,0 2.075
H,0,+2H" +2¢ S 2H,0 1.763
HO," +3H" + 3¢ 5 2H,0 1.65
0, +4H" + 4e S 2H,0 1.229

It is obvious, from the presented experimental results that the process of
mediated sucrose oxidation by the in situ generated ferrate(VI) increases efficiency of
the electrochemical oxidation of the sucrose in respect to the process of sucrose
oxidation by oxygen or its oxidative species generated at the stainless steel anode, while
the mean electrolysis voltages in both sets of experiments are very close, between 4 V
and 5 V. Obviously, in situ generated ferrate(VI) shows, in given experimental
conditions, more oxidative strength than oxygen and oxygen compounds generated in the
processes of water anodic oxidation.

CONCLUSION

Presented experimental results on the alkalized synthetic sucrose wastewater
mediated oxidation by the ferrate(V1), in situ generated by a transpassive oxidation of the
silicon steel show efficiency of such wastewater treatment process. These results, in
respect to the results obtained by electrochemical oxidation of the equivalent wastewater
at the stainless steel anode, when ferrate formation was not noticed, obviously confirmed
prevalence of ferrate(VI) oxidative strength in relation to the oxygen and oxygen
compounds. Current efficiency of the sucrose wastewater oxidation by the in situ
generated ferrate(VI) shows that such method of decontamination appears promising
possibility in the engineering of the plants for treatment of sucrose refineries wastewater.
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ABSTRACT

The goal of this paper was the determination of mineralogical nature of mixer slag. It is within the
group of metallurgical slags representing a part of secondary raw materials that originated in the processes of
iron and steel metallurgy. In order to determine the mineralogical nature of mixer slag, several methods were
used for testing, such as the optical microscopy in transmitted and reflected light, XRD method, XRF method
and electronic microscopy. The results have shown that mixer slag is essentially a calcium-magnesium-alumo-
silicate glass. In the glassy base appears the mineral melilite, representing an isomorphic mixture of minerals
Akermanite and Gehlenite, then Fayalite — Tephroite from the Olivine group and Fe inclusion. These results
represent a supplement to previous research and knowledge acquired in the area of secondary raw materials
that originated in the metallurgical processes of iron and steel production.

INTRODUCTION

Iron homogenization is performed in the mixer. Hot metal with defined weight
and chemical composition, from the Blast Furnace, is transported in ladles to the
desulphurization facility. Depending on sulphur content in hot metal, necessary degree of
desulphurization, as well as the required quantity of additive - desulphurant, have been
determined. Desulphurized hot metal, after slag skimming, is poured into a 600-ton and
1300-ton mixer, most often with a highly-baked magnesite material lining. Mixer is a
complex metallurgical unit in which hot metal homogenization is performed according
to chemical composition and temperature. Mixer slag is formed during the homogenization
process. Mixer slag is most often glassy, and its basicity ranges from 0,9 to 1.0[1,2].
Crystal phases, belonging to silicates containing Fe, Mn, Mg or Ca, appear in it too.

EXPERIMENTAL

Optical testing of mixer slag has been carried out on the Neophot-32 reflected
light polarization microscope and Jena-pol transmitted light polarization microscope.
The chemical composition of mixer slag has been determined by the XRF method on the
X-ray fluorescent spectrometer ARL 9800 IX — P. Testing of mixer slag by the X-ray powder
diffraction method has been carried out on the X-ray diffractometer Kristaloslex 810.
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Obtained data of diffraction peak positions (°20), interplanar spacings d (A) and intensities

are compared with literature data and JCPDS. Mixer slag has been tested on the electronic
microscope (SEM-EDS analyses) type JEOL JSM-6610 LV with INCA Energy 350.

RESULTS AND DISCUSSION

The micrographical presentation of mixer slag is shown in Fig. 1. As it can be seen,
mixer slag is basically formed from glass, in which there are also crystal phases of minerals
of the Olivine group and the Melilite group. Fig. 2 shows a micrographical presentation of
mixer slag obtained by testing of mixer slag in the transmitted light microscope.

The presence of glassy base and crystal phase, that belong to Olivine, can be
also seen in it. X-Ray diffractogram of mixer slag is shown in Fig. 3. Diffractions,
corresponding to crystal phases, present in the silicate glassy base of mixer slag, can be
clearly seen on it. The diffraction values 3.72, 2.85, 2.03, 1.75 and 1.50A correspond to
minerals of group olivine (Fayalite-Tephroite).

- B S F

Figure 1. Micrograph of the Mixer slag, Reflected light, magnification x250;
(1- silikate glass, 2- minerals of the group Olivine, 3- minerals of the group Melilite, 4-
holes in microscopic preparation)

i A A e

Figure 2. Micrograph of the Mixer slag, transmitted light (objektiv x5, paralell nicols)
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Figure 3. X-Ray diffractogram of the Mixer slag

SEM image of the Mixer slag 1 Interest 1 (Fig.4) shows the presence of tabular
and elongated prismatic forms which belong to Mellilite group. Interspaces of the glassy
matrix contain olivine group minerals. The chemical composition of the selected points
is shown in Table 1 and EDX spectrums in Figure 5.
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Figure 4. SEM image of the Mixer slag 1,
(selected points)- Interest 1
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Figure 5. EDX spectrums of the Mixer slag 1,
(selected points)- Interest1

Table 1. Chemical analyses of the mixer slag 1 - Interest 1 (wt-%)
Mg Si S Ca Ti Mn Fe

Spec. 1 11.07 44.75 - 42.16 - - 2.02 100.00

Spec. 2 14.56 38.67 - 18.65 2.54 4.94 20.64 100.00
Spec. 3 2.97 8.65 37.90 4.89

Total

- - 45.60 100.00

SEM images of the Mixer slag 1 Interest 2 (Fig. 6) shows eutectic exolution of

olivine group minerals in the glassy matrix. The chemical composition of the selected
points is shown in Table 2 and EDX spectrums in Figure 7.
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Figure 6 . SEM image of the Mixer slag 1,
(selected points) - Interest 2

Figure 7. EDX spectrums of the mixer Slag 1- Interest 2

Table 2. Chemical analyses of the mixer Slag 1- Interest 2 (wt-%)

Mg Al Si S Ca Ti Mn Fe Total
Spec. 1 12.03 1.68 | 44.80 - 38.37 - 0.50 2.62 | 100.00
Spec. 2 20.68 | 295 | 39.25 - 12.62 | 1.39 441 | 18.69 | 100.00
Spec. 3 14.74 | 4.05 | 39.12 091 | 1642 | 148 440 | 18.88 | 100.00
Spec. 4 0.55 - 2.35 0.6 1.95 - - 94.49 | 100.00
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SEM image of the mixer Slag 1, Interest 3 (Fig.8) shows elongated forms of
Mellilite group minerals in the glassy matrix. The chemical composition of the selected
points is shown in Table 3 and EDX spectrums in Figure 9.

+L pectrurm 4

I" 20urm Y

Figure 8. SEM image of the mixer Slag 1 Interest 3

Spectrum 1

Figure 9. EDX spectrums of the Mixers slag 1- Interest 3
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Table 3. Chemical analyses of the Mixers Slag 1- Interest 3 (wt-%)

Mg Al Si P Ca Ti Mn Fe Total
Spec. 1 10.15 7.22 | 4094 | 0.86 | 16.60 2.27 6.29 16.67 100.00
Spec. 2 12.84 1.62 | 45.12 - 38.18 - 0.76 1.57 100.00
Spec. 3 12.38 1.89 | 44.46 - 38.43 - 0.99 1.85 100.00
Spec. 4 10.80 6.85 | 42.23 - 16.68 2.37 5.81 15.27 100.00

Testing of mixer slag on the electronic microscope has been shown on all three
Interest that mixer slag is basically glassy and that there are crystal mineral phases in it,
representing isomorphic mixtures of minerals of the Olivine and the Melilite group.
Those are minerals Fayalite (Fe,Si04) and Tefroite (Mn,SiO,) of the Olivine group, from
one side, as well as minerals Akermanite (2MgCa,Si,0;) and Gehlenite
(CayAl(AlSi)O;), representing an isomorphic mixture of the Melilite group. EDX
spectrums in the Figures 5,7 and 9, chemical analyses in the Tables 1, 2 and 3 confirm
this.

CONCLUSION

Based on the presented testing results a conclusion can be drawn:

Mixer slag is basically glassy. This glass is, by chemical composition, alumo-
silicate glass. In addition to glassy base, slightly crystallized minerals, characteristic for
isomorphic mixtures of the Olivine and the Melilite group, are also present. These
minerals are silicates that often appear in metallurgical processes in the iron and steel
production.
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ABSTRACT

Copper ore from the Veliki Krivelj (RTB Bor, Serbia) is a porphyry type, main mineral of copper is
chalcopyrite. The most important accompanying mineral is pyrite, content in the ore is about 10%.

In a sample of ore from the mine Veliki Krivelj it was carried out research with the aim to
determine the optimal reagent regime. Experiments were carried out with the available flotation reagents, the
goal is to determine the influence of each collector on copper recovery and to determine the optimal
combination of collectors also the optimum dose of the collector. Reagents applied in the study are IPETC,
PEX, SIPX, MBT (Isopropyl ethyl thionocarbamate, Potassium ethyl xanthate, Sodium isopropyl xanthate,
Mercaptobenzothiazole). In the following studies were carried out experiments to determine the effect of
fineness of grind on the recovery of copper.

The results indicate that is the biggest copper recovery using a combination IPETS and PEX also
the results show that the copper recovery directly proportional to grinding fineness.

Key words: copper ore flotation, flotation collectors, minerals grain size.
INTRODUCTION

Veliki Krivelj operates within the RTB Bor Group; witch annually produces

10.6 million tons of ore. Ore exploitation started on 1982. After thirty years of operation,
flotation plant is reconstructed for capacity of 10.6 million tons per year.
After many years of open pit began to develop in breadth which means that the
excavated ore is mined from different levels. An Ore deposit from the Veliki Krivelj is
porphyry type, with four zones of mineralization: the oxidation zone, sedimentary zone,
a zone of secondary sulphides enrichment and primary sulphide zone. This structure
represents a challenge for ore flotation process and constantly adapting to the
characteristics of the ore in order to achieve maximum results.

The composite ore that is transported from the mine is often different in its
composition, so it is often necessary to examine the optimal mix of collectors and their
dozes in order to achieve maximum copper recovery. On the other hand, the fineness of
grinding is of great importance due to changes granulation of copper mineral in the ore
which leads to the need for finer grinds the ore in order to achieve optimal results.
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EXPERIMENTAL PART

The ore required for experiments was sampled from open pit mine Veliki
Krivelj. Samples were prepared in the laboratory of flotation Veliki Krivelj. The samples
were crushed and sieved on a sieve of 3 mm. Further samples are ground in a laboratory
ball mill, determining the grinding kinetics. The fines ground should be most closely
matches to the fineness of grinding that is achieved under operating conditions.
Flotation concentration tests were conducted on laboratory flotation machine
from manufacturer Metso minerals.
The applied reagents were:
« [IPETS - isopropyl ethyl thionocarbamate
* PEX - potassium ethyl xanthate
* SIPX - Sodium isopropyl xanthate
*  MBT - mercaptobenzothiazole

RESULTS AND DISCUSSION

The first series of experiments conducted on samples of ore, using the
following collector PEX, IPETC, SIPX. Flotation tests are carried out 25min to yield
after each five minutes of flotation, a new dose of collectors was given. The total dose
collector is as follows: IPETC 35g/t, PEX 35g/t, SIPX 30g/t. the goal is to determine the
maximum required dose collector and the collector that provides the highest recovery of
copper. The results are shown in Figurel.

100

» ,kfﬁ:o‘
////‘/ —+— PEX
70 SIPX

A/ —&— |IPETC

Recovery (%)
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Time (min)

Figure 1. The copper recovery depending on the time of flotation by using three
collectors (PEX - Potassium ethyl xanthate, SPEX - Sodium isopropyl xanthate, IPETC
- Isopropyl ethyl thionocarbamate)
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Figure 1 shows that the application of two xanthate, the higher recovery was
obtained by using PEX in relation to the SIPX. Applying IPETS kinetics is slower but is
obtained in higher final copper recovery.

The next series of experiments conducted by a combination of the two
collectors. The conditioning was added to the first collector, after five minutes of
flotation is added to the second collector and then after every five minutes of flotation
adds another collector.

As the primary collector were applied IPETC I MBT, as secondary collector
were applied xanthates PEX And SIPEX. In Figure 2 are shown the obtained results.

100

95

a0
85 f——_—
. o

g &
= 2
% 75
o —+— IPETC+ PEX
g 70
IPETC + SIPX

65 —&— MBT + KEX

60 MBT+SIPX

55

0 5 10 15 20 25 30

Time [min)

Figure 2. The copper recovery depending on the time of flotation by using multiple
combinations of collectors (IPETC + PEX, IPETC + SIPX, MBT + PEX, MBT + SIPX).

The figure shows that the highest copper recovery obtained by using a
combination of collectors IPETC and PEX (89.4%), and IPETC SIPX (88.7%) after
25min flotation. The combination of collectors with PEX MBT and SIPX leads to less
recovery of copper (84.4% and 84.6%) also 25min after the flotation.

Further research is applied to a combination of collectors IPETC and PEX.

In the next series of experiments the influence grind fines on copper recovery
were done. Or that the fineness of grinding enough to liberate the copper minerals.
Flotation time was 20min. The first dose of the collector (IPETC) was added at the
conditioning, the other two doses of the secondary collector (PEX) were added after
seven minutes (70%), after flotation of the fourteenth minutes (30%). In Figure 3 and 4
are shown the obtained results.
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Figure 3. Dependence of copper recovery on flotation of time for different grind
(105pm, 115pm, 130pm and 150um).

The figure shows that the fineness of grinding of direct relevance to copper
recovery, with an increase of sample fines the copper recovery grind increase. Copper
recovery is significantly higher in the first seven minutes of flotation, and then until the
twentieth minute is constantly growing. The largest of copper recovery of 89.9% was
obtained with the fineness of grinding of d80 = 105pm and time of 20minutes flotation.
In Figure 4 the value of copper recovery for different values of d80 milling products.
The figure shows that with increasing values d80 value the copper milling product
declines. On the biggest grinding to size by the largest d80 150 microns per observes
significantly slower kinetics and a minimum recovery in the first seven minutes.
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Figure 4. The copper depending on the value d80 milling products
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CONCLUSION

The value of copper recovery is the largest application of IPETC as the primary
collector and PEX as a secondary collector. By applying these two collectors produces a
maximum yield of 89.4%. Tests were made to the flotation grinding fineness which
approximates to that which is obtained under operating conditions. In the second part of
the test, the influence grind on copper recovery, with the grinding rising copper
recovery. The highest copper recovery was obtained in the grinding fineness which is
d80 = 105um from 89.9% at the time of flotation, which is less than the time of flotation
in the first series of the experiment.
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ABSTRACT

As part of the reconstruction projects in RTB Bor Smelter and construction of a new sulphuric acid
plant, it was necessary to develop and project of reconstruction of facilities for the processing of smelting slag.
It was decided to utilize available resources flotation plant Bor, which are processed underground ore and
smelting slag technogenic deposits Depo slag 1, for the construction of technological line for processing new
smelting slag. This line consists of new flotation machines, conditioners, slurry pumps, blowers and equipment
for the control and regulation of processes and equipment for the preparation and dispensing of reagents.

Plant for flotation concentration of the slag will be placed in the new part of the Flotation Plant in Bor.

This paper presents a description of the slag flotation process. Hydrocyclone overflow go to the
conditioning and the rougher flotation. Rougher tails go on scavenger flotation. Scavenger tails connects with
the flotation tailings underground ore and sent to the thickening tailing dump. Rougher concentrate go on the
conditioner before the first cleaning. Scavenger concentrate go into the conditioner before the first cleaner.
First cleaning concentrate go to second cleaning, the second cleaner concentrate go to the third cleaner. Tails of
the third cleaner go to second cleaning. Tails of the second cleaner go to the first cleaner. The first cleaner tails
go in the conditioner before the rougher flotation. The third cleaner concentrate is copper concentrate and it go
to thickening and filtering.

Key words: Copper slag, flotation concentration.
INTRODUCTION

When it comes to RTB Bor, the first recorded testing of copper valorization by
flotation of smelting slag dating back to 1970. The testing was carried out on samples of
differently cooled converter slag. It was then found that at various modes of slag cooling,
a quality copper concentrate could be obtained. Regarding the granulated slag,
concentrate grade was between 20 and 25% Cu, with recovery of 90-92%. The results on
non-granulated slag were slightly worse. Corresponding tests on slag from blast furnace
didn’t give positive results.

In mid-1972 a detailed research of the possibilities for industrial valorization of
copper from the converter slag was performed. On that occasion, total amount of 5913
tons of slag was processed (average copper content in slag was 4.80%). The final
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flotation concentrate contained 38.97% Cu with recovery of 83.83%. Tailings grade was
0.86%. However, despite the satisfactory results, industrial slag processing line was not
established.

In the following period until 1990, there was no detailed research regarding the
slags from Bor Copper Smelter. After that, a series of testing related to the possibility of
copper flotation from smelting slag were conducted in the nineties. Finally, on the
01.06.2001 the first industrial processing of blast furnace slag was started in Bor
flotation plant. Table 1 shows the achieved results in the period of 2001-2005 [1].

Slag processing in the Bor flotation plant lasts until today. However, the Project
of the Smelter reconstruction and the construction of the Sulfuric Acid Factory have
imposed the need for a new reconstruction of the flotation plant. Namely, for more
effective processing of smelting slag from the new Smelter, one of the existing
technological lines in Bor flotation (grinding section "B") have been employed. Section
"B" have been revitalized and equipped to work with new raw material, so that the
requirements for high grade concentrate can be achieved (copper content in concentrate
above 30%) [2].

Table 1. The results of smelting slag processing in period 2000 — 2001 [1].

Year Slag production Cu content in Cu content in Cu recovery in
[t/year] slag [%] concentrate [%] concentrate [%]
2001. 14 617 0.747 15.16 75.06
2002. 159 717 0.644 12.76 63.47
2003. 333 438 0.565 10.16 57.04
2004. 271 624 0.529 12.56 51.27
2005. 138 963 0.729 12.76 36.57

The total annual production of smelting slag from new Smelter is planned to be
340 000 tons per year, with an average copper content of about 2%. Thereof, one
quantity of smelter slag will be obtained from Flash smelting process, while the other
quantity will be obtained from PS-converter.

THE PROCEDURE OF SLAG GENERATION AND PROCESSING

Slag from the flash furnace and PS-converter of new Smelter (temperature of
1200 — 1300°C) will be poured into the slag pots and trasported to the slag cooling place
by special vehicles for slag pots transportation. The cooling of slag will be combined:
firstly slow at the air and after that rapid by water. This procedure enables appropriate
crystallization of copper grains, which results in a better flotation recovery as well as
lower costs of comminution. Average chemical composition of smelting slag is presented
in Table 2.
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Table 2. Chemical composition of smelting slag.
Origin of slag Cu,% | Fe,% S, % Pb,% | Zn,% | Si0,,% | As,% | Sb,%

Flash furnace 1.4 42.5 1.2 0.07 0.5 29.0 0.04 0.01

PS-converter 6.0 48.6 1.0 0.62 0.8 24.0 0.07 0.01

The whole cooling process will last about three days. This process is slightly
shorter in winter, compared to summer conditions.

The cooled slag will be discharged from pots and stored in a pile. On this pile,
slags from the flash furnace and PS-converter will be mixed in order to form the
appropriate composite for transport to the flotation plant.

Thereafter, the slag will be transported by trucks to the receiving bunker, from
where the further processing of slag will be performed, in order to obtain the final
product — copper concentrate. This process includes the following technological lines:
two-stage crushing and screening, three-stage grinding with two-stage classifying, rough
flotation and scavenger with three-stage cleaning of copper concentrate, joining of final
concentrates from slag and underground ore processing, thickening and filtration of
collective final concentrate.

Collective final tailings (consisting of tailings from slag processing and tailings
from underground ore processing) will be disposed, after thickening, on the existing
RTH flotation tailings dump.

The process water supply of flotation plant will be from the pool located near
the plant. The main electric power supply will be from the new substation, the
construction of which is predicted as part of the flotation plant reconstruction and which
will be located in the industrial complex MSC Bor. Drinking water is provided from the
municipal water system.

FLOTATION CONCENTRATION PROCESS

The cyclone overflow pumps will transfer slurry to the rougher conditioning
tank to begin flotation. Doses of Dowfroth 250 and SIPX will be added to the rougher
conditioning tank. The conditioning tank overflow will feed 3 RCS 40 rougher cells by
gravity. The rougher concentrate will flow by gravity through froth launders to the
rougher concentrate pump tank. The rougher concentrate pumps will transport the full
slurry stream to the Thermo Scientific Multi Stream Analyser for real time elemental
analysis and metallurgical accounting. Rougher concentrate will then flow by gravity to
feed cleaner 1 conditioning tank.

Rougher tailings will flow directly to 2 new RCS 40 scavenger cells. The
scavenger concentrate will flow by gravity through froth launder to the scavenger
concentrate pump tank. The scavenger concentrate pumps will transport the full slurry
stream to a Thermo Scientific SamStat-30CF to achieve a representative sub split stream.
The split stream will be feed to the Multi Stream Analyser by gravity for real time
elemental analysis and metallurgical accounting. The main stream from the SamStat will
flow to the rougher conditioning tank by gravity, and the sub stream from the Multi
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Stream Analyser will flow by gravity to the cyclone overflow pump tank. The scavenger
tailings will flow by gravity to a new Thermo Scientific AnStat-230 for elemental
analysis and metallurgical accounting. The scavenger tailings slurry will then flow by
gravity to the final tailings pump tank. Tailings slurry from the underground ore
enrichment process (Jama) will also flow to the final tailing pump tank. The final tailings
pumps will transfer of final tailings slurry to dewatering equipment.

A dose of SIPX will be added to the cleaner 1 conditioning tank. The
conditioning tank overflow will feed 4 RCS 5 cleaner 1 cells by gravity. The cleaner 1
concentrate will flow by gravity through froth launders to the cleaner 1 concentrate
pump tank. Process water will be added to the froth launder to prevent blockage. The
cleaner 1 concentrate pumps will transport the full slurry stream to the Multi Stream
Analyser for elemental analysis and metallurgical accounting. The cleaner 1 concentrate
will then flows by gravity to feed cleaner 2. Cleaner 1 tailings will flow by gravity to the
scavenger concentrate pump tank. Cleaner 1 concentrate will feed 2 RCS 5 cleaner 2
cells by gravity from the Multi Stream Analyser. The cleaner 2 concentrate will flow by
gravity through froth launder to the cleaner 2 concentrate pump tank. Process water will
be added to the froth launder to prevent blockage. The cleaner concentrate pump will
transport the full slurry stream to the Multi Stream Analyser for elemental analysis and
metallurgical accounting. The cleaner 2 concentrate will then flows by gravity to feed
cleaner 3. Cleaner 2 tailings will flow directly to cleaner 1. Cleaner 2 concentrate will
feed 2 RCS 5 cleaner 3 cells by gravity from the Multi Stream Analyser. The cleaner 3
concentrate will flow by gravity through froth launder to a Thermo Scientific AnStat-230
for elemental analysis and metallurgical accounting. The Cleaner 3 concentrate will then
flows by gravity to cleaner 3 concentrate pump tank. Concentrate slurry from the
underground ore enrichment process will also flow to the cleaner 3 concentrate pump
tank. The cleaner 3 concentrate pumps will transfer final concentrate to dewatering
equipment. The cleaner 3 tailings will flow directly to cleaner 2.

The frother Dowfroth 250 will be utilized to promote a stable froth layer at the
top of the flotation cells. There will be a dedicated station for the storage and dosing of
the frother. The frother will be added at 100% solution as dilution is unnecessary. Dosing
pump will add frother to the rougher conditioning tank.

The collector sodium isopropyl xanthate (SIPX) will be utilized to increase the
separability of the hydrophobic and hydrophilic particles. There will be a dedicated
station for SIPX mixing and storage. Big bags of solid SIPX will be added to a mixing
tank with water to achieve the required reagent solution rate of 10% by weight. Dosing
pump will add SIPX to the rougher conditioning tank. Dosing pump will add SIPX to the
flotation intermediate box that feeds the scavenger line. Dosing pump will add SIPX to
the cleaner 1 conditioning tank.

Figure 1 shows the technological scheme of flotation concentration of new
smelting slag.
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Figure 1. The technological scheme of flotation concentration of new smelting slag
CONCLUSION

Reconstruction of the flotation concentration of new smelting slag is to replace
the entire new equipment such as: conditioners, flotation machines, slurry pumps, a
device for determining particle size in the hydrocyclone overflow, analyzers of copper to
six flotation products, thirteen cameras that monitor the foam each of the thirteen
flotation machine, PLC control system , control system , complete equipment for
preparation and dosing of reagents.

It is expected that the new line of flotation processing, which is fully adapted to the
new slag, to enable the processing of 324 700 t of slag, which, on average, should contain
2.072 % copper and will concentrate obtained a 31.2 % copper with a yield of 84 % .
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ABSTRACT

Three different short chain waste PET-based alkyd resins were prepared by
reacting hydrolysis products of waste PET with trimethylolethane, pentaerythritol,
trimethylolpropane, phthalic anhydride, and linseed oil fatty acids. The reactions were
followed with acid values (AV) and also by determination of volume of removed water
during the reaction of polyesterification. The structures of resins were confirmed by
FTIR, 'H and *C NMR spectral data. By testing mechanical properties it was shown
that synthesized alkyd resins showed satisfactory homogeneity, viscosity and
transparency. All of resin films showed good results on impact resistance test.

Key words: alkyd resins, PET waste, recycling.
INTRODUCTION

As one of the most used synthetic polymer, especially for food, water and soft
drink packaging, poly(ethylene terephthalate) (PET) causes serious environmental
problems because of large amount of disposal arising from aggravated decomposition of
PET [1, 2]. Waste PET recycling, as one of the most successful polymers recycling
method prevents pollution of environment and saves energy. One of the most
investigated chemical ways for PET recycling, but still with great potential for research,
is glycolytic depolymerization (glycolysis) [3]. This process involves the solvolytic
cleavage of PET chains by using diverse glycols to give the so called glycolyzates
consisted of monomers for the repolymerization of PET (bis (hydroxyalkyl)
terephthalate) and/or oligomers. Ethylene glycol (EG) is the most usually used solvent in
PET glycolysis [4-6], but also diethylene glycol (DEG) [7], triethylene glycol (TEG) [8],
propylene glycol (PG) [9] or dipropylene glycol (DPG) [10].

In this work multifunctional glycolyzates were used to prepare alkyd resins
with improved applicative properties. For that purpose waste PET was glycolyzed using
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three multifunctional alcohols: trimethylolethane (TME), pentaerythritol (PE) and
trimethylolpropane (TMP).

The applied process was further justified because two important environmental
issues were resolved: (1) the use of waste material promoted the reduction of the amount
of waste PET disposed to landfills or just dumped and (2) the replacement of a certain
amount of alcohols with the derived PET glycolyzates also reduced the amount of
phthalic anhydride in the feed composition, because PET glycolyzate also introduced an
aromatic ring.

EXPERIMENTAL PART

Glycolysis of PET

First step is to produce glycolysis product of waste PET. In a three-necked
glass reactor equipped with a Dean—Stark separator, contact thermometer, and
mechanical stirrer system 150 g PET flakes, and 187.4 g trimethylolethane (TME) were
poured. Initial temperature was 115°C and after 30 minutes, a catalyst was added and
temperature was set on 220°C for 5 h. Eurocat 9555 was used as catalyst. The mole ratio
of trimethylolethane with respect to PET was 3 : 1. The same ratio of moles was used
and in the glycolysis with PE and TMP.

Synthesis of Alkyd Resins

To prepare alkyd resins based on waste PET material, glycolysis productsof
PET flakes were reacted with, phthalic anhydride, trimethylolpropane and linseed oil
fatty acids. The combinations of reactants and their used masses in a synthesis of alkyd
resins are shown in Table 1. Given amounts of reactants were placed in a four-necked
glass reactor equipped with a Dean—Stark separator, nitrogen inlet tube, contact
thermometer, and mechanical stirrer system. The temperature of the reaction was
maintained constant at 220-250°C. Xylene [10% (w/w) of total ingredients charged] was
used as the azeotropic solvent. The reactions were followed by determining the acid
value (AV). Condensation reaction was allowed to proceed until the AV of the resin was
approximately 20 mg KOH/g. The acid values were determined by titration of samples
dissolved in ethanol-toluene with 0.1 M KOH solution. The alkyd samples were
dissolved in white spirit to produce 60% (w/w) solution.

Table 1. The combinations of reactants and their used masses in a synthesis of alkyd resins

. Hydrolysis products of PA? TMP® LFA®
Alkyd resin waste PET () () () @
AR-TME 10 18 8 63
AR-PE 18 21 7 48
AR-TMP 20 23 8 45

“phthalic anhydride; “trimethylolpropane; linseed oil fatty acids
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Analysis

The hydroxyl and the acid values of the synthesized alkyd resins were
determined by standard methods [11,12]. Thin films of alkyd resins were deposited on
KBr discs and Fourier-transform infrared (FTIR) spectra were recorded using a FTIR
BOMEM MB 100 instrument. The 'H and '>C NMR spectral measurements of the alkyd
resins were performed on a Varian Gemini 2000 (200 MHz). The spectra were recorded
at room temperature in deuterated chloroform (CDCl;). The chemical shifts were
expressed in ppm values referenced to tetramethylsilane (TMS).

Results and Discussion

Characterization of the Synthesized Alkyd Resins. Three alkyd resins with
different moieties of hydrolysis products of waste PET and different combinations of
other reactants (Table 1) were synthesized.

Achieved yields, acid and hydroxyl values and the mass ofremoved water during the
reaction of polyesterification for all synthesized alkyd are presented in Table 2.

Table 2. Yields and acid values for alkyd resins and volumes of removed water during
the reaction of polyesterification

Alkyd resin AV HV Removed Yield
(mgKOH/g) (mgKOH/g) water (g) (%)

AR-TME 8 27 2.18 87.20

AR-PE 8 50.1 2.55 98.46

AR-TMP 8 77 2.80 99.20

It can be seen from the Table 2 that acid values are less than 20. This implies
that reaction lasted long enough what is important for obtaining the resign with good
mechanical properties.

The obtained alkyl resins were further characterized by FTIR and NMR
spectroscopy. FTIR spectra are shown in Fig. 1. Characteristic broad band in the range
from 3447 to 3520 cm™, was attributed to the stretching vibration of OH group, while
the aromatic and vinyl C-H stretching vibration could be observed as a shoulder at 3007
for AR-TME and 3009 cm™ for AR-PE and AR-TMP. Overlapping stretching vibrations
of the CH; and CH, groups, asymmetric and symmetric, were located at 2961, 2927 and
2855 cm’', respectively, and the corresponding bending vibrations appeared at 1463 and
1385 cm™', respectively. The stretching vibration of the ester carbonyl group appeared at
1727 for AR-TME, AR-PE and AR-TMP. Also very strong band that appear in the range
from 1268 to 1274 cm™ arise from the stretching vibrations of C—O in ester group. In
the FTIR spectrum of the alkyd resins, the band that occurs from 970 to 976 cm’
corresponded to the C=C stretching (skeletal) vibration of the benzene ring. The two
sharp and moderate bands observed around 740 and 730 cm™' were assigned to the
skeletal deformation, y(CH), vibration of the benzene ring.
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Figure 1. FTIR spectra of alkyd resin

Structure of synthesized alkyd resin was also analyzed with NMR
spectroscopy. NMR spectra of three obtained resin showed very similar and the results
of '"H and ?C NMR analysis of AR-TME, as representative sample, are as follow:

'H NMR: (200 MHz, CDCls): 6 = 0,76-1,05 (m, 9H, CH3), 1,12-1,44 (s, 23H,
CH,), 1,46-1,78 (s, 5H, CH,), 1,82-2,15 (m, 6H, =CHCH,), 2,20-2,40 (m, 4H,
CH,COOCH,), 2,72-2,88 (d, 4H, =CHCH,CH=), 3,40-3,76 (m, 2H, PACOOCH, i
alkilCOOCH,), 4,01-4,68 (m, 9H, TPACOOCH,), 5,22-5,48 (d, 7H, -CH=CH-), 7,40-
7,82 (d, 4H, PAH), 7,96-8,14 (d, 1H, TPAH) ppm;

BC NMR: (125 MHz, CDCly): § = 7,321; 13,748; 14,039; 14,203; 15,532;
15,552; 19,647; 20,466, 20,867; 21,249; 22,487; 22,597, 23,143; 24,800, 25,455;
25,456, 27,112; 29,042; 29,242; 29,515; 29,625; 30,355; 31,455; 31,828; 32,429;
34,104; 40,804; 42,443; 42,716, 62,143; 63,745; 65,402; 70,464; 73,741; 125,268-
132,459; 134,626; 137,739; 165,396; 167,308; 173,480.

Testing of the mechanical properties of the coating.

Dry films of the synthesized resins are shown in Fig. 2. It can be seen that all of
them have adequate transparency so they can be used as lacquers and stains. It was
concluded, by detailed visual inspection, that AR-TMP has the best aesthetic
characteristics.
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Figure 2. Dry films of the AR-TMP on metal plate

Due to mechanical properties of coatings depend of the thickness of dry films,
they were measured prior to testing and the data are given in the Table 3, along with the
data of mechanical properties.

Table 3. Thickness and mechanical properties of the dry films

Alkyd resign | Thickness, Hardness, Elasticity, Flexibility Stickiness
um sec mm 9 6 mm 0-good 4-bad
AR-TME 20 60 10 OK 0
AR-TMP 33 13 10 OK 0
AR-DPG 35 89 10 OK 0

Thickness of dry film is in the range from 35 to 20 um depending on the dry
matter content of the synthesized resins. Hardness varied between 13 and 89 sec,
whereby AR-DPG resign showed significantly higher hardness than commercial resins.

CONCLUSIONS

The main purpose of this work is to investigate possibility of waste-PET
glycolizates using in alkyd resin production. Therefore, waste PET-based alkyd resins
were prepared by reacting hydrolysis products of waste PET with trimethylolethane,
penthaerythritol, trimethylolpropane, phthalic anhydride and linseed oil fatty acids.
Mechanical properties testing resalts provided improved mechanical properties
compared to the reported alkyds from difunctional glycolyzates and also conventional
general purpose resins.
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THE CONCEPT OF SUSTAINABLE LANDFILLS
Vesna Alivojvodic, N. Bukumiric, A. Bozic, M. Stamenovic, S. Djarmati

College of Vocational Studies , Belgrade Polytechnic, SERBIA

ABSTRACT

Many countries have made efforts to reduce the amount of waste going to landfills, through waste
reduction, recycling, composting and incineration. But no matter how much prevention, reuse and recycling a
societu manages to realize, there will always be a role for landfills in an integrated waste management. The
important goal for any society would be to adopt sustainable methods of desposing waste in order to minimize
the negative effects on the environment, and the economy of the involved area.

INTRODUCTION

The sustainability is an ideology interlinking social, economic and
environmental pillars, with the goal of reducing climate change and improving the
health of people and the planet [1]. The terms "landfill" and "sustainability", may
suggest a contradiction, as landfills sites, set aside for the final disposal, appear to be the
opposite of sustainable practice [2]. Development of technologies that allow landfills to
be operated in a more sustainable manner is the goal of sustainabilitty. In the developed
world, morden landfills are constructed and operated to meet some sustainability
objectives by providing protection of human helth and the environment in a cost-
effective fashion [3]. For a landfill to be sustainable it must be designed to minimize its
impact during its operative life.

TOWARDS SUSTAINABLITY
As landfills remain a major component of most integrated waste management

systems around the world it would be important to be recognize by the society as a
valuable and essential element of a waste management system (Fig. 1).
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Figure 1. Development of municipal waste management in the EU-27, 1995-2010
(published: Jun 2012, EEA)

We have to have in mind that municipal generation and composition varies by
country and region, depending on factors such as income per capita, dominant

industries, and cultural practises (Fig. 2) [3].

Other, 3.6%
WTE

0.2%
Recycled.
2.5%

Compost_—~
1.3%

Landfills
42.5%

Landfills
45.3%

Recycled
21.9%

Figure 2. Estimated MSW management in (a) middle and low income countries, and (b)
high income countries [3]

Throughout the world various methods are proposed to stimulate landfill
processes in order to accelerate achievement of a stabilised landfill. In the end the goal is
the same: to achieve completion of the landfill. For all types of waste on the road to
completion it seems inevitable to ‘pass through’ a stage that is comparable to an
inorganic waste landfill (Fig.3).
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Figure 3. Waste types and processes to achieve a stabilised sustainable landfill [2]

One of the main research issues for the scientific community active on
landfilling, is finding the way to put in practice everything this priciple represents. Main
questions are [4]:

- Which technolgies and tools may be applied for reaching sustainabilty?

- How to set targets for the final residual landfill quality

- Which legal and financial liability should be provided and by which means?

-Which changes/integration in the existing regulations are necessary in order to

implement the sustainable landfill concept?

PRINCIPLE OF MASS BALANCE

One of useful tools for approaching the sustainable landfill concept and for
organising the information needed for supporting policy is the mass balance model [2].
It usually considers the fate of substances entering and leaving a system in various ways

(eq.1).
Accumulation (dm/df) = Inlet - Outlet - Degradation (eq.1)

This model (Fig.4) allows to determine the effects of different alternatives for
waste and landfill management, on the reductions of the emissions within a given time
frame.
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Figure 4. The landfill mass flow scheme [4,5 ]

This should be the reference criteria for evaluating any technology, or
combination of technologies, which could be applied for reaching this target [4]. Pre-
treatment, in situ treatment, and post-treatment in the aftercare phase should be
considered in an integrated way looking for the performance of the system, at the same
time having in mind the final result: reach of the sustainable targets. Several treatment
methods are presented as well as their influence to the landfill, especially to the
environmental impacts mainly caused by the organic load in Table 1.

Table 1. How we can affect mass balance [5].

Treatment Decomposition | Landfill Income Leachate Biogas Disposed Solid
duration volume | Organic load | organic load | organic load waste quality
Mechanical/ - - - - - Acceptable
Biological
Trestment Treatment (MBT)
rea :’WEI"I Thermal - — — — — Acceptable
prior C_) Treatment
landfilling
Waste - - + + Non acceptable
minimisation
Bailing + - - - Non acceptable
Leachate +
recirculation
In-situ - -
In situ aeration - - - - Acceptable
treatment
Anaerobic - + ++ Non acceptable
degradation
Cross (+): parameter increasa

Dash (-): parameter decrease

This table shows that an acceptable quality of the disposed solid waste, that will
not consist a threat for the environment at the end of the aftercare phase, can be achieved
only by solid waste treatment prior to landfilling.

CONCLUSION

Prevention, reuse and recycling should be favoured over disposal,
unfortunately, the landfills still remain an important and indispensable technology for
our society, so it is important to adopt sustainable methods of desposing waste.
Sustainable landfills are a realistic and promising technique for the future and they do
not necessarily have to pose a threat to the environment or to human health. The mass
balance is a useful tool for approaching the sustainable landfill. Basic condition for the
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implementation of an integrated solid waste management system, with respect to the
environment is sustainable landfill, for accomplishing this, solid waste treatment prior to
landfilling is a precondition.
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ABSTRACT

Polymer foams are made up of a solid and gas phase forming polymer matrix with either air bubbles
or air tunnels incorporated in it, which is known as either closed-cell or open-cell structure. They make up the
largest part of global polyurethane production. A large part of polyurethane foams can be re-used after certain
modifications. Different technologies for recycling PU foams and waste from their production have developed
such as chemical recycling, pyrolysis and the re-use of materials through the use of minced granules and
energy recovery. The aim of this work is synthesis of rigid polyurethane foams using a recycled foam as a
feedstock. Rise and gel time as well as mechanical properties of synthesized foams were investigated and
compared to properties of pure rigid foams, synthesized without addition of recycled one.

INTRODUCTION

The polymeric materials, known as polyurethane, form a family of polymers
which are different from most other plastics. It is a huge family of polymers different
composition and properties, where the monomers are linked by urethane bond.
Polyurethanes are made by the exothermic reaction between dyols or polyols that have
two or more reactive hydroxyl (-OH) groups per molecule (diols, triols, polyols) and
isocyanates that have more than one reactive isocyanate group (-NCO) per molecule
(diisocyanates, polyisocyanates). Urethane bond is formed by addition of hydroxyl group
on the isocyanate group (Figure I).

—N—-RI—N—C—0—R2—
AOmCal—Ri—NeGel + (HO-FE-OH —» T | N -§ 9RO
O H H O i

Figure 1. Forming of urethane bond by the reaction between diisocyanate and dyol
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Chemical structure and physical properties of polyurethane materials depend on
reactive component structure. Aromatic diisocyanates exhibit a greater reactivity
compared to aliphatic or cycloaliphatic isocyanates. Thus, for example, the use of
aromatic isocyanate polyurethane gives considerably more rigid polyurethane materials
in comparison to aliphatic, but with reduced oxidative and UV stability. The type and
structure of the isocyanate, and the position of isocyanate groups affect the reactivity
with nucleophilic reagents, as well as the properties of the polyurethane. The polyols
used in polyurethane production are polyalcohols, hydroxy-polyethers and hydroxy-
polyesters. Recently, in order to obtaining ecologically acceptable materials, the natural
oils such as castrol oil are used as polyol component for polyurethane synthesis. The size
of polyol molecule, number of reactive hydroxyl groups per molecule and flexibility of
molecular structure control the degree of cross-linking between molecules. It has
significant effect on mechanical properties of polyurethanes. Beside monomers
(isocyanates and polyols), different kinds of additives are employed in production of
polyurethanes, such as catalysts, chain extenders and cross-linking agents, blowing
agents and surfactants, plasticisers, fillers, flame retardants, antibacterial and antistatic
agents, stabilizers and colorants.

Type of additives depends on desirable properties of obtaining material and its
application. Polyurethanes can be produced in different forms including elastomers,
thermoplastic elastomers, coatings, adhesives, thermoreactive polyurethanes, foams.
Cross-linking agents such as polyisocyanate or polyol with more functional groups are
used in order to obtain foams, elastomer and thermoreactive materials. Blowing agents
and surfactants are components of polyurethane foams. Plasticisers reduce the hardness
of the products and fillers improve stiffness and reduce the cost of final product.
Stabilizers are added to protect polymer from light, heat, atmospheric contaminants. To
protect material against light degradation UV screener such as hydroxybenzotriazole are
used. Protection from oxidative degradation are provided by adding of antioxidants.
Commonly used antioxidants are monomeric and polymeric hindered phenols.
Compounds with tertiary amine functionality can interact with the oxides of nitrogen in
air pollution and inhibit discoloration. Colorants can be added to change aesthetic
appearance of formed polymer. Polyurethane foams make up the largest part of global
polyurethane production. They are divided into two families — rigid foams and flexible
foams. Rigid foams are primarily used as thermal insulation in refrigerators, building
panels and other similar insulating applications. Flexible foams are used most for
mattresses, cushions and car seats, also for packaging materials and floor coverings.

Polyurethane foams

Polymer foams are made up of a solid and gas phase forming polymer matrix
with either air bubbles or air tunnels incorporated in it, which is known as either closed-
cell or open-cell structure. Closed-cell foams are generally more rigid, while open-cell
foams are usually flexible. The difference between making polyurethane and
polyurethane foam is that a gas has to be incorporated in the final product, by reaction
between isocyanate group and water forming an carbamine acid in first step, that is being
decomposed into amine and CO, gas in the second step (Figure 2) [1]. Gas expands the
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polymer into a foam. Reaction of obtained amine with other isocyanate will result in
some urea-linkages in the polyurethane foam, but that does not affect the properties of
the foam much.

O
R-N=C=0 + HO —— R-N—C—0—H ——» R-NH, + CO,"
H
0
step3 I
R-N=C=0 + R-NH, ——» —R—N—C—N—R—
Ho H

Figure 2. Reaction of forming CO, in process of polyurethane foams obtaining

Isocyanates those are commonly used for synthesis of polyurethane foams are
toluene diisocyanate or TDI (1,4-, 2,4-, 2,6 isomers), 4,4-methylenediphenyl
diisocyanate or MDI and polymeric MDI. The other important ingredient in foams
production is polyol component - polyether and polyester polyols. Polyether polyols are
produced by reacting polyhydric alcohols (for example glycols, glycerol, sorbitol) or
amines (for example ethylene diamine) with alkylene oxides, and rigid foam polyols are
mainly produced by reaction with propylene oxide. Polyester polyols are obtained by
reacting polybasic carboxylic acids (for example phthalic, terephthalic or adipic acids)
with glycols, glycerol and similar polyalcohols. Polyols with ester structures are formed
with water being eliminated [2]. Polyols mostly used in production of flexible foams are
polytetramethylene glycol and polypropylene glycol. In process of production of foams,
blowing agents are added to the polyol together with other components such as
activators, stabilisers and flame retardants.

Heat realised in reaction of polyaddition provides evaporation of blowing
agents such as hydrocarbons (pentanes), hydrogen chlorofluorocarbons and
hydrogenfluorocarbons. Carbon dioxide formed in reaction between isocyanate and
added water serves as a co-blowing agents, but also can be the sole blowing agent.
Activator those are commonly used to accelerate polyaddition reaction and reaction
between isocyanate and water are tertiary amines, organo-tin compounds or alkali salts
of aliphatic carboxylic acids. Formed foams tend to collapse if they do not contain foam
stabilizers such as organo-silicon compounds (polyether polysiloxanes) which have a
surface active effect. Trialkyl, trihalogen alkyl and triaryl phosphates are commonly used
as fire retarding components. In forming of rigid foams NCO groups have to be in excess
to provide cross-linking.

Recycling of polyurethane materials

A large part of polyurethane foams can be re-used after certain modifications.
Different technologies for recycling PU foams and waste from their production have
developed such as chemical recycling, pyrolysis and the re-use of materials through the
use of minced granules and energy recovery. The unique goal of these different
technologies is to preserve and re-use as much energy and funds invested in the
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polyurethane material [3]. Table 1 shows the different recycling technologies of
polyurethane foams.

Table 1. Technologies of PU foam recycling

Technology Process
Physical recycling Chopping
Fine grinding
Chemical recycling Hydrolysis
Glicolysis
Pirolysis
Energy recovery Gasification at high temperatures

Combustion in rotary kilns

Physical recycling of polyurethane foams

Polyurethane foams in car seats will become probably the most important
plastic resins for recycling [4]. The reasons lie in the many benefits of foam at critical
steps in the recycling process. First of all, PU foams can be easily separated from the
other materials in the seat. They have low price for processing into a product (by
chopping) that can be sold and there is a huge market for recycled materials (substrates
for carpets). A critical issue that can prevent high degree of recycling is the high cost of
removing foam from the vehicle. In the preparation of soft polyurethane foam for
cushioning 8-12% of waste foam is used, depending on the form of foam blocks, and the
complexity of the cut parts. Granulate PU foam in combination with some other waste
material is used in the manufacture of carpets. The first step towards the re-use of
polyurethane foam is the separation of foam from wire, fabric and other debris. The foam
is then chopped into pieces of appropriate size and sealed in a binder. The generally used
binder is isocyanate prepolymer prepared from toluene diisocyanate (TDI) or
diphenylmethane diisocyanate (MDI) with a lower stechiometric ratio of the polyether
polyol. This type of prepolymer contains an excess of isocyanate which reacts with
vapour in the curing process. The amount of binder used in process is about 10-20% per
foam weight. After addition of the catalyst and stirring, the mixture of foam and binder
are placed in a mold, compressed and cured, by heating using a vapour [5].

This process can be carried out in various degrees of compression (Figure 2),
that results in production of foams in the desired density range of 40-100 kg m™.
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Figure 2. The procedure for obtaining the polyurethane foam from foam waste

New flexible foams also can be obtained by re-using of ground or powdered PU
materials. The mixture polyol/ground foam can be processed by conventional equipment
to obtain molded foam. Optimization of the catalyst and the isocyanate can be influenced
by the properties of the obtained foam [3].

Chemical recycling of polyurethane foams

Chemical recycling methods include hydrolysis, pyrolysis and glycolysis.
Flexible polyurethane foams can be hydrolysed by high pressure vapour to give
polyamine, polyol, and carbon dioxide. Diamines are distilled and separated from the
vapour stream, and polyol was obtained by separating of the hydrolyses residues.
Obtained polyol can be used for the preparation of new foam with amount of 5%
(relative to pure polyol), with excellent results [6]. Reaction of glycolysis between
polyurethane and glycol gives a mixture of polyhydroxy compounds which can be used
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directly, without further separation [7]. Polyols obtained by this method have a fairly low
equivalent weight (95 £ 5) and they are best suited for rigid foam. In the process of
obtaining PU foam recycled polyol can replace up to 70% pure polyol [8]. Conditions for
pyrolysis of polyurethane materials are temperature range of 250-1200 ° C, and the
oxidizing or inert atmosphere [9]. The isocyanate and hydroxide are formed by random
cleavage of urethane linkages during the process of pyrolysis polyurethane based on
polypropylene glycol (PPG) and toluene diisocyanate (TDI) in an inert atmosphere at
200-250 °C [10].

EXPERIMENTAL PART

In this paper mechanical properties as well as rise and gel time of rigid
polyurethane foams have been investigated before and after addition of different
amounts of recycled PU foams. Recycling of PU foams were done by physical method.
Mechanical characterisation included tensile tests.

Materials and methods

Polyurethane foams were syntehised using a polymer 4,4'-methylenediphenyl
diisocyanate or polymethylene polyphenyl isocyanate (PMDI) as isocyanate component
(IsoPMDI 92140, manufacturer BASF) with average funcionality 2.7 (Figure 3). Polyol
component was polyether (Elastopor H 1622, manufacturer BASF) and castrol oil, with
hydroxy number 170 mg KOH g and acid value 1.27 mg KOH g, (producer Merck
Chemical Co). As filler was used cement (manufacturer Lafarge, Beo¢in, Serbia).

os0 LI O
Cany N b

Figure 3. Structure of PMDI

Synthesis of polyurethane foams was carried out by mixing of polyol and
izocyanate component for 10 s, and pouring in the mold after that heated to 45 °C.
Synthesis were performed in fume hood with all the necessary protective measures.
Tensile tests were performed by using an universal testing machine Instron 1122,
monitoring of force during the stretching of the sample. Samples of rigid PU foams were
prepared by varying the amounts of polyol an isocyanate. After stirring for 10 s, rise and
gel time of prepaing samples were determined, as well as tensile strength and elongation
at break after different stirring time. Another series of samples were prepared by addition
of different amounts of recycled PU foams, and the same measurements have been done
for them.
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RESULTS AND DISCUSSION

The obtained results showed that rise time of samples increases with increasing
of amount of recycled PU foams, as reported in Table 3. In values of gel time were

observed fluctuations.

Table 2. Rise and gel time of rigid polyurethane foam stired for 10 s

Polyol:isocyanate Rise time [s] Gel time [s]
1:1 243 380
1:1,05 336 449
1:1,1 327 495
1:1,2 337 572
0,9:1 404 545

Table 3. Rise and gel time of rigid polyurethane foam with the addition of recycled PU

foam in different amounts

Amount of recycled PU Mass of recycled PU Rise time [s] Gel time [s]
foam [wt %] foam [g]

0,25 0,0187 225 594

0,5 0,0375 243 483

1 0,0750 251 500

2 0,1500 279 475

5 0,3750 343 632

10 0,7500 491 807

20 1,5000 531 890

With increasing of stirring time, compressive strenght first increase then
decrease for pure PU samples (without addition of recycled PU foams), as reported in
Table 4. Plastic deformation of PU foam after 100 % of compression has fluctuations in
values. Compressive strenght of samples with addition of recycled foams alternately rise
and wane with increasing the amount of recycled PU foam.

Table 4. Mechanical properties of rigid polyurethane foams without the addition of

recycled PU foams
Polyol:isocyanate Stirring time [s] F [N] Plastic deformation, %

1:1,05 5 320 0,938
1:1,05 10 403 0,831
1:1,05 15 400 0,939
1:1,05 20 340 0,919
0,9:1 10 405 0,916

1:1 10 390 0,832
1:1,1 10 402 0,913
1:1,2 10 460 0,898
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Table 5. Mechanical properties of rigid polyurethane foam with the addition of recycled
PU foam

Amount of recycled PU foam [wt %] F [N] Plastic deformation, %
0,25 460 0,879
0,5 430 0,907
1 497 0,9
2 429 0,888
5 473 0,89
10 432 0,905
20 712 0,912
50 535 0,878
CONCLUSIONS

Polyurethane foams were synthesized using a polymer 4,4'-methylenediphenyl
diisocyanate or polymethylene polyphenyl isocyanate (PMDI), polyether and castrol oil.
Samples of rigid PU foams were prepared by varying the amounts of polyol an
isocyanate. Rise and gel time of prepaing samples were determined, as well as
compressive strenght and plastic deformation after different stirring time. Another series
of samples were prepared by addition of different amounts of recycled PU foams, and
the same measurements have been done for them. Obtained results have showed that
using a recycled foam as feedstock in synthesis of rigid polyurethane foams does not
deteriorate structure and mechanical properties of synthesized foams.
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ABSTRACT

Reconstruction of Bor Copper Smelter and construction of the new Sulfuric Acid Factory demand
new technological line for smelting slag processing with the aim of achieving maximal metallurgical recovery
of copper. Consequently, reconstruction of the existing and installation of new equipment in the Bor flotation
plant is required.

This paper contains a textual and graphical representation of technological scheme of final tailings
dewatering as a part of slag processing plant. Final tailings is a mixture of tailings from slag and underground
ore flotation processes. In addition, paper contains the description of characteristic technical solutions of final
tailings thickening and recycling water transport back to the flotation process.

Key words: smelting slag, copper, flotation tailings, dewatering.
INTRODUCTION

When it comes to RTB Bor, the first recorded testing of copper valorization by
flotation of smelting slag dating back to 1970. The testing was carried out on samples of
differently cooled converter slag. It was then found that at various modes of slag cooling,
a quality copper concentrate could be obtained. Regarding the granulated slag,
concentrate grade was between 20 and 25% Cu, with recovery of 90-92%. The results on
non-granulated slag were slightly worse. Corresponding tests on slag from blast furnace
didn’t give positive results.

In mid-1972 a detailed research of the possibilities for industrial valorization of
copper from the converter slag was performed. On that occasion, total amount of 5913
tonnes of slag was processed (average copper content in slag was 4.80%). The final
flotation concentrate contained 38.97% Cu with recovery of 83.83%. Tailings grade was
0.86%. However, despite the satisfactory results, industrial slag processing line was not
established.
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In the following period until 1990, there was no detailed research regarding the
slags from Bor Copper Smelter. After that, a series of testings related to the possibility of
copper flotation from smelting slag were conducted in the nineties. Finally, on the
01.06.2001 the first industrial processing of blast furnace slag was started in Bor
flotation plant. Table 1 shows the achieved results in the period of 2001-2005 [1].

Slag processing in the Bor flotation plant lasts until today. However, the Project
of the Smelter reconstruction and the construction of the Sulfuric Acid Factory have
imposed the need for a new reconstruction of the flotation plant. Namely, for more
effective processing of smelting slag from the new Smelter, one of the existing
technological lines in Bor flotation (grinding section "B") have been employed. Section
"B" have been revitalized and equipped to work with new raw material, so that the
requirements for high grade concentrate can be achieved (copper content in concentrate
above 30%) [2].

Table 1. The results of smelting slag processing in period 2000 — 2001 [1].

Year Slag production Cu content in Cu content in Cu recovery in
[t/year] slag [%] concentrate [%] concentrate [%]

2001. 14 617 0.747 15.16 75.06

2002. 159 717 0.644 12.76 63.47

2003. 333438 0.565 10.16 57.04

2004. 271 624 0.529 12.56 51.27

2005. 138 963 0.729 12.76 36.57

The total annual production of smelting slag from new Smelter is planned to be
340000 tonnes per year, with an average copper content of about 2%. Thereof, one
quantity of smelter slag will be obtained from Flash smelting process, while the other
quantity will be obtained from PS-converter.

THE PROCEDURE OF SLAG GENERATION AND PROCESSING

Slag from the flash furnace and PS-converter of new Smelter (temperature of
1200 — 1300°C) will be poured into the slag pots and trasported to the slag cooling place
by special vehicles for slag pots transportation. The cooling of slag will be combined:
firstly slow at the air and after that rapid by water. This procedure enables appropriate
crystallization of copper grains, which results in a better flotation recovery as well as
lower costs of comminution. Average chemical composition of smelting slag is presented
in Table 2.

Table 2. Chemical composition of smelting slag.
Origin of slag Cu,% | Fe,% S,% | Pb,% n,% | Si0,,% | As,% Sb,%

Flash furnace 1.4 425 1.2 0.07 0.5 29.0 0.04 0.01

PS-converter 6.0 48.6 1.0 0.62 0.8 24.0 0.07 0.01
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The whole cooling process will last about three days. In winter, this process is
slightly shorter compared to summer conditions.

The cooled slag will be discharged from pots and stored in a pile. On this pile,
slags from the flash furnace and PS-converter will be mixed in order to form the
appropriate composite for transport to the flotation plant.

Thereafter, the slag will be transported by trucks to the receiving bunker, from
where the further processing of slag will be performed, in order to obtain the final
product — copper concentrate. This process includes the following technological lines:
two-stage crushing and screening, three-stage grinding with two-stage classifying, rough
flotation and scavenger with three-stage cleaning of copper concentrate, joining of final
concentrates from slag and underground ore processing, thickening and filtration of
collective final concentrate.

Collective final tailings (consisting of tailings from slag processing and tailings
from underground ore processing) will be disposed, after thickening, on the existing
RTH flotation tailings dump.

The process water supply of flotation plant will be from the pool located near
the plant. The main electric power supply will be from the new substation, the
construction of which is predicted as part of the flotation plant reconstruction and which
will be located in the industrial complex MSC Bor. Drinking water is provided from the
municipal water system.

THE CHARACTERISTIC TECHNICAL SOLUTIONS WITHIN THE
REVITALIZATION OF TAILINGS DEWATERING PLANT

Within the reconstruction of the Bor flotation plant, it is planned to use the
existing main equipment in the process of final tailings dewatering. That is the
equipment at the disposal of plant, and it only needs to be overhauled, because the
calculations showed that it satisfies the new processing conditions.

In order to provide undisturbed collective tailings thickening, the existing
thickeners will be in use (Fig. 1 — positions 2 and 3), with a diameter of 60 m both, and
the rake engine powers of 7.5 and 4 kW. Recycling water will be transported by the
existing pumps (manufactured by Jastrebac — Nis§, with engine power of 90 kW each),
located in the pumping station PS5. However, it is planned to replace the existing piping
systems for transporting the recycling water from the thickener to the process water pool.

Transport of thickened tailings to the tailings dump will continue to be done
using centrifugal slurry pumps HPHZ 10"x 8", manufactured by FOD Bor, with engine
power of 90 kW each.

For the equipment maintenance at the pumping station PS5 the existing crane
(manufactured by Vulkan — Rijeka) will be in use. This crane has a load capacity of 2 t.
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Figure 1. Thickeners for final tailings (taken from maps.google.com)

DESCRIPTION OF THE TECHNOLOGICAL SCHEME OF THE
FINAL TAILINGS DEWATERING IN THE RECONSTRUCTED
PLANT FOR SMELTING SLAG PROCESSING

Technological scheme of dewatering process of final tailings (consisting of
tailings from slag procesing and tailings from underground ore processing) is presented
in the Fig. 2.

The final tailings will be transported through the existing pipeline system to the
divider (pos. 1), and from there by canals to the thickeners (pos. 2, 3 and 4, two in work
and one in reserve). Thickened tailings will be further gravitationally transported to the
divider (pos. 5) in pumping station PS5, and then to the tanks of pumps (pos. 6, 7, 8, 9
and 10). Centrifugal slurry pumps at these positions send thickened tailings to RTH
flotation tailings dump.

Overflow from thickeners (pos. 2, 3 and 4) represents the recycling water, that
is transported by canals to the receiving pool (pos. 11) in the pumping station PS5. From
the receiving pool at this position, recycling water is directed to three identical pumps
(pos. 12, 13 and 14). Pumps at positions 13 and 14 are connected to a single pipeline
with a diameter of 300 mm, which directs water to the water tower (pos. 15). The pump
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at position 12 has its own pipeline with a diameter of 250 mm, which directs water to the
process water pool (pos. 16).

Final tailings

Figure 2. Technological scheme of the final tailings dewatering in reconstructed plant

CONCLUSION

The planned reconstruction of slag processing plant in Bor involves a series of
new steps that include: revitalization of the existing equipment, replacement of existing
equipment with new, setting of a new accompanying installations, setting of a new
control and monitoring system, etc. When it comes to tailings dewatering plant, it was
found that all the existing devices in the plant satisfy the new conditions in terms of
processing capacity. Therefore, the plan is only to overhaul the devices as part of routine
maintenance of the plant.
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ABSTRACT

A new project for the reconstruction of the Smelter plant and the construction of a new Sulfuric
Acid plant provides the new technological line for processing of smelting slag, in order to achieve maximum
metallurgical recovery of copper. This paper presents basic information about the plant design for dewatering
of final copper concentrate in the reconstructed Flotation Plant Bor. The paper contains the technological
scheme of the process of thickening and filtering the copper concentrate (final copper concentrate includes
concentrates from smelting slag and underground ore flotation processes) as well as the characteristic technical
solutions envisaged for this part of the flotation plant Bor

Key words: flotation, smelting slag, thickening, filtering.

INTRODUCTION

Smelting slag presents waste raw material with considerable content of copper.
To produce every ton of copper, approximately 2.2-3.0 tons of copper slag is generated
as a by-product material [1]. Smelter slag, a by-product of metallurgical processes, was
made and dumped for over 100 years of ore exploitation in Bor Copper Mine.

In the RTB Bor, the first recorded testing of copper valorization by flotation of
smelting slag dating back to 1970. The testing was carried out on samples of differently
cooled converter slag. It was then found that at various modes of slag cooling, a quality
copper concentrate could be obtained. Regarding the granulated slag, concentrate grade
was between 20 and 25% Cu, with recovery of 90-92%. The results on non-granulated
slag were slightly worse. Corresponding tests on slag from blast furnace didn’t give
positive results.

In mid-1972 a detailed research of the possibilities for industrial valorization of
copper from the converter slag was performed. On that occasion, total amount of 5913
tones of slag was processed (average copper content in slag was 4.80%). The final
flotation concentrate contained 38.97% Cu with recovery of 83.83%. Tailings grade was
0.86%. However, despite the satisfactory results, industrial slag processing line was not
established.

308



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

In the following period until 1990, there was no detailed research regarding the
slags from Bor Copper Smelter. After that, a series of testings related to the possibility of
copper flotation from smelting slag were conducted in the nineties. Finally, on the
01.06.2001 the first industrial processing of blast furnace slag was started in Bor
flotation plant. Table 1 shows the achieved results in the period of 2001-2005 [1].

Slag processing in the Bor flotation plant lasts until today. However, the Project
of the Smelter reconstruction and the construction of the Sulfuric Acid Factory have
imposed the need for a new reconstruction of the flotation plant. Namely, for more
effective processing of smelting slag from the new Smelter, one of the existing
technological lines in Bor flotation (grinding section "B") have been employed. Section
"B" have been revitalized and equipped to work with new raw material, so that the
requirements for high grade concentrate can be achieved (copper content in concentrate
above 30%) [2].

Table 1. The results of smelting slag treating in the period 2001 - 2005 [2]

Year Slag production Cu content in Cu content in Cu recovery in
[t/year] slag [%] concentrate [%] | concentrate [%]
2001. 14 617 0.747 15.16 75.06
2002. 159 717 0.644 12.76 63.47
2003. 333438 0.565 10.16 57.04
2004. 271624 0.529 12.56 51.27
2005. 138 963 0.729 12.76 36.57

The total annual production of smelting slag from new Smelter is planned to be
340 000 tones per year, with an average copper content of about 2%. Thereof, one
quantity of smelter slag will be obtained from Flash smelting process, while the other
quantity will be obtained from PS-Converter.

SLAG FROM THE FLASH FURNACE AND PS CONVERTER

Slag from the flash furnace and PS-converter of new Smelter (temperature of
1200 — 1300°C) will be poured into the slag pots and transported to the slag cooling
place by special vehicles for slag pots transportation. The cooling of slag will be
combined: firstly slow at the air and after that rapid by water. This procedure enables
appropriate crystallization of copper grains, which results in a better flotation recovery as
well as lower costs of comminution. In Table 2 average chemical composition of
smelting slag is presented.

Table 2. Chemical composition of smelting slag

Origin of slag Cu,% | Fe,% S.% Pb,% Zn,% | Si0,,% | As,% Sb,%
Flash furnace 1,4 42,5 1,2 0,07 0,5 29,0 0,04 0,01
PS-converter 6,0 48,6 1,0 0,62 0,8 24,0 0,07 0,01
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The whole cooling process will last about three days. This process is slightly
shorter in the winter, compared to summer conditions.

The cooled slag will be discharged from pots and stored in a pile. On this pile,
slags from the flash furnace and PS-converter will be mixed in order to form the
appropriate composite for transport to the flotation plant.

Thereafter, the slag will be transported by trucks to the receiving bunker, from
where the further processing of slag will be performed, in order to obtain the final
product — copper concentrate. This process includes the following technological lines:
two-stage crushing and screening, three-stage grinding with two-stage classifying, rough
flotation and scavenger with three-stage cleaning of copper concentrate, joining of final
concentrates from slag and underground ore processing, thickening and filtration of
collective final concentrate.

Collective final tailings (consisting of tailings from slag processing and tailings
from underground ore processing) will be disposed, after thickening, on the existing
RTH flotation tailings dump.

The process water supply of flotation plant will be from the pool located near
the plant. The main electric power supply will be from the new substation, the
construction of which is predicted as part of the flotation plant reconstruction and which
will be located within the industrial complex MSC Bor'. Drinking water is provided
from the municipal water system.

THE CHARACTERISTIC TECHNICAL SOLUTIONS IN THE
REVITALIZATION OF DEWATERING PLANT OF COPPER
CONCENTRATE

In the process of dewatering of definitive copper concentrate, as part of the
reconstruction project, it is planed that the existing equipment keeps and repaired.

In the part of the filtering of copper concentrate, there are four disk vacuum
filters with disk diameter of 2.8 m and engine power of 2.5 kW (manufacturer Denver)
and four vacuum pumps with engine power of 75 kW (manufacturer NASH). It was
provided that one disk vacuum filter (Figure 1 - position 3) with associated pumping unit
(position PU3) will be repaired.

For compressed air system supply it will be use two existing air blowers (engine
power 22 kW each) and the both blowers will be repaired.

At a later stage, it is proposing that all disk vacuum filters repairing, as well as
all the associated vacuum pumps. In addition, in the troughs of filter should be installed
mixers, to prevent the precipitation of material on the bottom of the trough. For the
installation of equipment and subsequent maintenance of the same the existing cranes
will be used, with load capacity of 5t and 3t (manufacturer MIN Nis).

! Only plant for dewatering of copper concentrate will be supplied with electrical power from a
exiting substation, which is powered directly from the station "Bor 3".
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DESCRIPTION OF THE TECHNOLOGICAL SCHEME OF THE
FINAL COPPER CONCENTRATE DEWATERING IN THE
RECONSTRUCTED PLANT FOR SMELTING SLAG PROCESSING

Technological scheme of dewatering process of final copper concentrate
(consisting of copper concentrate from slag processing and copper concentrate from
underground ore processing) is shown in Figure 1.

The final copper concentrate will be transported by existing pipeline system to
the thickener (pos. 1). The thickened product, which contains about 58% solids, is
transported by a centrifugal slurry pumps (pos. PU1 and PUIS, one in work and one in
reserve) to the pulp divider (pos. R1). From the pulp divider (position R1) the thickened
product is introduced into the filters (pos. 2, 3, 4 and 5) in order to perform the second
phase of dewatering of copper concentrate. Thickener overflow is gravitationally
transported by pipeline system to the pumping station PS 4A.

In the filtration plant 4 disk vacuum filters (pos. 2, 3, 4 and 5) are instalated.
Each filter has 5 discs and each disc has 10 segments on which the process of copper
concentrate filtering is carried out (currently in operation are 3 disc vacuum filters (pos.
2, 4 and 5), while the disc vacuum filter (pos. 3) together with a vacuum pump (pos.
PU3) after reparation will be reused in the process. The filtration plant also includes four
vacuum pumps (pos. PU2, PU3, PU4, PUS) providing a vacuum to operate the filter. For
supplying the disk vacuum filters by compressed air two blowers will be used (position
6A and 6B, one in work and one standby).

Final concentrate from slag and

8
underground ore processing /‘
Rt
[ i
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Figure 1. Technological scheme of dewatering process of final copper
concentrate
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Excess pulp from the troughs of filters (position 2, 3, 4 and 5) gravitationally
returns to the thickener (pos. 1) by existing pipeline. The filtrate is gravitationally
emptied over receiver (pos. RB2, RB3, RB4 and RBY) and then by the filtrate pumps
(pos. PU6 and PU6S, one in work, one standby) returns to the thickener (pos. 1). In the
process of thickening of copper concentrate, a certain amount of flocculant (Superfloc A-
100, producer Kemira, Finland) is added to the thickener to provide easier precipitation
of particles.

Filtered copper concentrate containing about 10% moisture gravitationally falls
on the reversible belt conveyor (pos. 7) and disposed on open pile from where is then
transported by truck to the Smelter plant.

Crane with load capacity of 5t is located in the plant where they are the disc
filters, while the 3t load capacity crane is located in the plant where they are vacuum
pump.

Flocculant Superfloc A-100 is delivered to a plant for copper concentrate
dewatering in bags of 25 kg weight, while the preparation of flocculant is carried out in
the tank with mixer (pos. 10). After preparation, the flocculant in the form of 0.4%
solution is added to the thickener (pos. 1).

CONCLUSION

Revitalization of equipment in the part of dewatering of definitive copper
concentrate in Bor flotation plant creates conditions for the realization of the projected
processing capacity of the new smelter slag and also uninterrupted operation of this part
of the plant. In addition to the continuous and stable production, it is also created the
conditions for a safe work of employees.

Acknowlegment

This paper is the result of Project TR 34025 funded by the Ministry of
Education, Science and Technological Development of the Republic of Serbia.

REFERENCES

1. Chavan, R.R, Kulkarni, D.B, 2013. Performance of Copper Slag on Strength
properties as Partial Replace of Fine Aggregate in Concrete Mix Design.
International Journal of Advanced Engineering Research and Studies /I/IV/
July-Sept. 95-98.

2. Mitrovi¢, Z., Jovanovié, R., 2007. Sto godina borskog rudarstva 1903-2003,
sedamdeset pet godina basenskih flotacija 1929-2003, RTB Bor i Megatrend
Univerzitet Beograd, 536 p. In Serbian.

3. Dopunski rudarski projekat rekonstrukcije postrojenja za preradu topionicke
Sljake u flotaciji Bor, IRM Bor, 2015. (In Serbian)

312



POTENTIAL TOXIC EFFECTS OF COPPER IN METAL INDUSTRY
Vesna Lazarevic'’, I. Krstic?, M. Stanisavljevic3

'Military hospital in Nis, SERBIA
*University of Nis, Faculty of Occupational Safety, Nis, SERBIA
3High Technical School of Professional Studies, Pozarevac, SERBIA

* . .
vesna.toxicology@gmail.com

ABSTRACT

Technological procedures in metal industry which are major sources of copper exposure are:
casting, welding, smelting, rolling and electrolysis of copper, its alloys and compounds, which enables
simultaneous exposure to other metals (lead, nickel, manganese etc.) have the task to study its potential toxic
effects.

We used data from the annual reports of social medicine services and medical statistics, medical
records of primary and specific health care of employees and expert findings of the Public Health Institute in
Nis. The concentration of copper in biological samples was determined by spectrophotometric methods.
Statistical analysis was performed using software packages Excel, Matlab and SPSS19.0.

The research has shown that chronic exposure to copper results in an increase of its concentration in
biological material, but there is no negative impact on the health of the exposed population, as determined on
the basis of the identified symptoms.

Key words: copper, chronic exposure, potential toxicity, metal industry.
INTRODUCTION

The essential metals have three levels of biological activity: low concentrations
(in traces), which are necessary for the growth and development, homeostatic level,
which is located in depots and toxic levels [1].

In the process of electrolytic deposition, copper shows a significant trait that it
adheres well to the surface of another metal, and on the other hand, it can be easily
ironed to high gloss, so coatings of copper are used as an intermediate layer, or substrate
for the application of other coatings.

Copper, as an essential trace element, is essential in the metabolism of enzymes
[2], the synthesis of hemoglobin, bone formation, iron [3,4]. and maintenance of myelin
in the neural tissue [5].

Toxic effects of copper can be expressed in endogenous intoxication in which
the increased amount of copper in the body is the result of metabolic disorders (primary
biliary cirrhosis, intrahepatic and extrahepatic cholestasis) [6], disorders at the level of
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the gene (Wilson’s and Menkens’s disease, as a result of mutations in the genes and
ATP7B ATP7A, respectively) [7], as well as neurodegenerative diseases (Alzheimer's
disease) [8].

Poisoning by exogenous copper occurs in cases of occupational exposure,
accidental, suicidal, and iatrogenic ingestion of copper.

Copper and its compounds act locally causing irritation of the mucous
membranes of the upper respiratory tract and digestive tract.

Chronic inhalation causes lung fibrosis and acute renal failure. Also,
occupational exposure to copper leads to cataracts.

Excessive amount of copper often causes connective tissue problems,
interfering with the disulfide bonds in connective tissue causing arthritis and
osteoporosis [9].

Industrial exposure to copper fumes, dusts or mists may result in metal fume
fever with atrophic changes in nasal mucous membranes [10].

Studies of the health effects of subchronic or chronic exposure of inhaled
copper compounds were not located in the available literature.

Copper is an essential metal that can be toxic in high doses of exposure.

Copper toxicity is uncommon and occurs only at very high exposure levels. The
association between copper and cancer incidence rates is unclear. The heavy metals
copper, cadmium, zinc, and lead (Cu, Cd, Zn, and Pb) are known to be associated with
prostate cancer, but their functions are unclear [11].

Determination of the concentration of copper in biological samples (whole
blood, plasma, serum, urine) serves as a biological monitoring in assessing the risk of
being exposed to copper. In exposed workers concentrations were significantly higher,
but there isn’t a correlation between the concentration that indicates increased exposure
and those that occur during intoxication.

The given research indicates the importance of the potential toxic effects of
copper on the exposed population and suggests establishing statistical correlations of
copper concentrations, age and length of service.

MATERIALS AND METHODS

Biomonitoring is based on the determination of the concentration of copper in
biological samples (serum and urine) in exposed and control groups of patients. The
applied analytical method is the retrospective epidemiological cohort study type,
covering the period from 2001 until 2010. The exposed cohort consisted of the male
respondents employed in "NISSAL", average age 45.4 years, who had worked for at
least one year in the metalworking processes during the observed period. The control
cohort consisted of the respondents of reference technology systems, male, average age
44.1 years, who were employed in the administration during the observed period.

We used data from the annual reports of social medicine services and medical
statistics, medical records of the professional primary and specific health care of
employees and expert findings of the Public Health Institute in Nis. The analyses of
biological material in exposed and control groups were analyzed in the Public Health
Institute in Nis and the Military Medical Academy in Belgrade. The analysis of the
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concentration of copper in serum of the exposed and control groups of patients was
performed using the method of flame atomic absorption spectrophotometry. The analysis
of the concentration of copper in urine was performed using the method of graphite
furnace atomic absorption spectrophotometry.

The results of copper concentrations in biological samples were analyzed using
standard statistical methods: descriptive statistics technique (mean and standard
deviation, frequency, percentage) to determine the severity of basic research variables,
correlation techniques to determine the direction and degree of correlation between the
variables, the Student's t statistics for major independent samples and the chi-square test
for differences in frequency.

Statistical analysis and the presentation of the results was performed by
software packages Excel, Matlab, SPSS19.0 (Statistical Package for the Social Sciences).

RESULTS

In the statistical analysis of biological material, we started from the analysis of
the expression of copper in exposed and control groups, as shown in Table 1.

Table 1 The level of copper in biological material in exposed and control groups
The measured

Group Min Max AS SD Mod DNV
parameter
Cop}ier (s}erurn), Exposed 9.12 3277 1775 3.63  20.90 12.56.23.55
umol/dm Control 209 329 253 027 234
Copper (urine), Exposed 0.23 4.17 2.12 0.79 2.54 392
pmol/dm’ Control 0.13 4.82 0.74 086 036 ’

Min - minimum value; Max - maximum value; AS - mean; SD - standard deviation; Mode - the most frequent
value; DNV - allowed normal value

The average concentration of copper in serum is 17.75 pmol/dm’, and is slightly
lower than the most frequent value of 20.90 pmol/dm’, while the maximum value of
32.77 pmol/dm® , which was present in 27 patients, is above the concentration limit
(12.56 to 23.55 umol/dm®). The average concentration of copper in urine is 2.12
umol/dm’, while the most frequent value is 2.54 umol/dm’, which is a higher level of
presence. The value of the maximum concentration of 4.82 pumol/dm’, present in 7
patients, was above the maximum allowed concentration (3.92 pmol/dm’), which
indicates high statistical significance.

Pearson's correlation coefficient estimated the correlation between the age
structure and length of service of the exposed and control groups, and copper
concentrations in biological samples. Based on the results, it was determined that there is
a statistically significant correlation between the concentration of copper in biological
material and the age and length of service. These correlations are positive and indicate
that the concentration of copper in biological material increases with the increasing age
and length of service, as a result of many years of exposure. The value of the correlation
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coefficient is above 0.60, which indicates the high correlation between age and copper
concentrations in biological samples, with statistical significance at the 0.01 level.

The correlation between the age structure and the length of service in the
exposed group and copper concentrations in biological samples is shown in Table 2.

Table 2. The correlation between the age and length of service of
the exposed group and copper concentrations

r 0.673"
Age p 0.000
Copper (serum), N 419
pmol/dm?® r 0.771"
Length of service p 0.000
N 380
r 0.687
Age p 0.000
Copper (urine), N 416
umol/dm’ r 0.903"
Length of service p 0.000
N 368

r - correlation coefficient, p - statistical significance, N - sample size.
** Statistical significance at the 0.01 level

The dependence of the concentration of copper in biological materials on the
age in the factory Nissal was performed in MATLAB and is shown in Figure 1.
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Figure 1. Dependence of the concentration of copper in serum and urine on age

Linear dependence of the concentration of copper in serum and urine on the age
in the exposed group shown in Figure 1 are of the form: ¥ =0,29- X +4,6 and
Y =0,067- X —0,91, which means that with the increase in the age limit for one year,

concentrations increase, on average by 0.29 and 0.067 mol/dm”, respectively.
The dependence of the concentration of copper in biological material on the
years of exposed work was performed in MATLAB and is shown in Figure 2.
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Figure 2. Dependence of the concentration of copper in serum and urine
on length of service

Approximate linear dependence of the concentration of copper in serum and
urine on the exposed length of service in exposed groups of patients is shown in Figure 2

in the linear form: ¥ =0,34- X +11 and Y =0,074- X + 0,63 . It was found that

with the increase in the exposed length of service for one year, concentrations increase
on average 0,34 and 0,074 pmol/dm’, respectively.

DISCUSSION

The average concentration of copper in serum is 17.75 pmol/dm’, and is slightly
lower than the most frequent value of 20.90 pmol/dm’, while the maximum value of
32,77 umol/dm’, which was present in 27 patients, is above the concentration limit
(12.56 to 23.55 pmol/dm®). The average concentration of copper in urine is 2.12
pmol/dm?, while the most frequent value was 2.54 pmol/dm?®, which is a higher level of
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presence. The value of the maximum concentration of 4.82 pumol/dm’, present in 7
patients, was above the maximum allowed concentration (3.92 pmol/dm®), which
indicates high statistical significance.

Based on the identified symptoms in this research, copper intoxication was not
determined, which is in accordance with the available data of other authors. Also, based
on the given and the existing data of many authors, the determined concentrations of
copper in serum and urine, although increased, do not cause harmful effects on the health
of occupationally-exposed people. Toxic effects of copper exposure appear rarely and
are difficult to identify because they do not only depend on the quantity but also on the
interaction with other microelements such as zinc, iron and calcium, and toxic metals
present in metal processes. Lethal dose of copper is up to 3.5 g, and also imbalance in the
ratio of copper and zinc can be a significant factor in copper toxicosis [12].

The level of copper in serum and urine of exposed groups during the study
period was positively correlated with the age (r=0.673, p<0,01 and r=0.771, p<0,01
respectively). The correlation is high and positive, which indicates the significance of the
connection.

The high correlation between the concentration of copper in serum and urine
and the exposed length of service in exposed subjects during the time of study was also
determined, (r=0.687, p<0,01 and r=0.903, p<0,01, respectively).

CONCLUSION

A retrospective cohort epidemiological study showed that the systematic effects
of copper exposure result in an increase of its concentration in biological material, but
copper intoxication has not been established within this research. The level of copper in
serum and urine of the exposed group during the study period was positively correlated
with the age, and the exposed length of service. These data confirm the connection between
the occupational exposure to copper as well as the age and length of exposed service.
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ABSTRACT

Smelter slag contains large amounts of metals that have economic value but also can cause
environmental pollution, so it is often being processed in terms of extracting valuable metals. One of the most
commonly used methods for slag processing is flotation. As a by-product of flotation process, large quantities
of flotation tailings are being generated. Flotation tailings from smelter slag flotation is usually being
deposited in flotation tailings dumps, which represent serious environmental hazard concerning the fact that
there are still some heavy metals in tailings but also flotation collectors. Also numerous ecological accidents
occurred in the past when dams of flotation tailings dumps broke down and tons of tailings polluted waterways
and surrounding land.

In order to prevent these accidents to happen in the future but also to extract all valuable components from
flotation tailings, some possibilities for reprocessing this “waste” material are presented in this paper.

Key words: smelter slag, flotation tailings, environment, metals, extraction.
INTRODUCTION

Smelter slag is a by-product of pyrometallurgical processing of concentrates.
As such it contains large amounts of metals, as well as other valuable components, so it
can represent a raw material for production of some metals and components [1] but also
can be a potential hazardous material [2].

In order to recover metals, smelter slag can be processed by various
technologies such as: leaching [3-5], roasting [6] and the most commonly used flotation
[7-10]. In the flotation process, minerals are being separated depending on their
hydrophobicity, i.e. hydrophobic minerals are separated from hydrophilic. Because the
mass recovery in flotation process is 10 — 15%, large amounts of flotation tailings are
being generated as a by-product of flotation process. Therefore flotation tailings is being
deposited in for that purpose specially determined place, flotation tailings dump.
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Flotation tailings dumps represent a potential threat to the environment, because
flotation tailings contains flotation reagents and heavy metals that may pollute water due
to the effects of atmospheric precipitation, and also because of the fact that this material
is comminuted it can pollute air and the surrounding land by wind [11-14]. Also there
are risks of dam rupture and spilling polluting materials into the waterways [16-19].
Because flotation process is not 100% efficient flotation tailings still contains some
metals, as well as other useful components that can be additionally recovered. This way,
amounts of flotation tailings that are being deposited on flotation tailings dumps are
being reduced and additional financial benefit is being created.

FLOTATION TAILINGS AS A POTENTIAL HAZARD

Flotation tailings is a product of flotation process with significantly reduced
content of useful minerals in relation to their content in the feed. Despite this, the
flotation tailings still contains significant amounts of metals and other components that
can represent hazard to the environment. Also tailings contain flotation reagents that can
be toxic and can induce health problems and pollution of environment [15].

Also, in the past years numerous environmental accidents occurred due to
flotation tailings dump dam breaking. One of the biggest ecological disasters in Serbia
happened when water collector under the old flotation tailings dump in Bor broke and
large amounts of flotation tailings were spilled in Bor River and then into the Veliki
Timok River and the Danube [16] causing their pollution. As a result, Bor River is still
polluted to the extent that there are no living organisms in its water and the land in its
basin can no longer be used for agricultural production. Also, the ecological disaster of
global proportions was breaking of flotation tailings dump dam at gold mine in Baia
Mare in Romania when 120 tonnes of material contaminated with cyanide and heavy
metals arrived in the Tisza River and Danube [17]. In April 1998 Aznalcollar dam, in
southern Spain, slid forward and released a flow of acid-saturated tailings into the Agrio
and Guadiamar valleys [18,19].

POSSIBILITIES FOR RECOVERING METALS
FROM FLOTATION TAILINGS

After the flotation of smelter slag, flotation tailings contains significant
amounts of metals such as: Cu, Zn, Fe, Ni, Co, etc. that could be additionally recovered
[20-26]. These metals can cause serious environmental pollution if they get into
waterways due to atmospheric precipitation so it is important to find a way for their
extraction from tailings. Thus, it is very important to find a best method for extracting
heavy metals from tailings and minimise their possible hazardous influence on
environment.

In order to determine method for reprocessing flotation tailings and for
additional recovery of metals it is necessary to preform detailed characterization.
Depending on chemical and mineralogical compositions of flotation tailings, one of the
possible methods for its processing could be flotation [20-23]. Considering the fact that
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tailings is already fine grained its additional treatment by flotation could be
economically justified, despite lower contents of valuable metals.

Also, one of the methods that could be applied for recovery of metals from
flotation tailings is [24-26].

Roasting can be considered as a possible method for reprocessing flotation
tailings and extracting valuable metals from it [27].

POSSIBILITIES FOR USING FLOTATION TAILINGS IN CEMENT,
CONSTRUCTION AND BUILDING INDUSTRY

When content of metals in flotation tailings is not high enough application of
above mentioned methods for metal extraction from tailings may not be technologically
possible or economically profitable. In that case, some alternative solution for using
flotation tailings should be considered.

Many researches have been investigating application of smelter slag in cement
and concrete industry [28-31].

On the other hand, only few researches have been investigating possibility for
application flotation tailings as additive to cements and concretes [32-34].

One of the possibilities for using flotation tailings is as cement paste backfill in
underground mines [35-37].

Using flotation tailings in these purposes can significantly reduce amounts of
tailings that are being deposited in flotation tailings dumps, thus contributing
environmental protection along with certain economic benefits.

CONCLUSION

Pyrometallurgical processing of concentrates is generating large quantities of
smelter slag. Considering that smelter slag contains large amounts of metals and other
valuable components, it can represent a raw material for some metals and components
but also can be a potential hazardous material.

In terms of extracting valuable components from slag, flotation of slag can be
applied. As a by-product of flotation process, flotation tailings is being generated and
deposited in flotation tailing dumps. Since, flotation tailings still contains some amounts
of heavy metals, as well as flotation collectors it can represent potential environmental
hazard. Also, ecological accidents occurred in the past when dams of some flotation
tailings dumps broke and polluting material ended up in surrounding rivers and their
coasts.

Flotation, as well as leaching and roasting can be applied as methods for
reprocessing and re-extracting metals from flotation tailings.

Also flotation tailings can be used as additive in cements and concretes, and as
cement paste backfill in underground mines.

In this way, quantities of tailings can be reduced and economic profit can be
achieved, with significant contribution to environmental protection.
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ABSTRACT

The aim of this study was the recycling of platinum from crucibles for melting and casting. This
paper has considered the possibility of direct melting of crucibles as well as the possibility of processing the
crucibles by PMS methods (shaking table and flotation concentration). Laboratory studies have shown that
leaching of ground crucibles in sulfuric acid has achieved the leaching degree of magnesium oxide of 99.98%
thus providing a material suitable for melting.

Key words: platinum, recycling, flotation, leaching.
INTRODUCTION

Platinum group metals (PGMs) play a key role in the modern society, as they
specific importance for clean technologies and other high-tech equipment. Important
applications beyond the well-known areas of chemical process catalysis and automotive
emissions control include information technology [1-2]. Precious metals, especially
platinum, are important catalytic materials for many chemical reactions. For example,
platinum is used in some fuel cells; however, a broad commercialization of such fuel-cell
technology is hampered by the fact that platinum is rare and thus far too expensive [3].

Development of modern industry is inconceivable without the use of products
of platinum and platinum-based alloys. The use of platinum dating from the ancient
times, and platinum in Europe was brought by Vood in 1735, and Brownrig Vatsoh were
the first who described its characteristics. Platina del Pinto from Coka (Colombia)
attracted the attention of Antonio de Utloae in 1748, and Slalieer from Leiden even more
in 1558 mentioned some non-melting metal, which was considered to be platinum [1].
Due to its color, unique physical-chemical properties, the demand for platinum is
growing in the chemical industry, automotive industry, medicine, jewelry production,
etc. [2, 4]. Also, platinum is irreplaceable material in making corrosion-resistant and fire-
resistant chemical apparatus and vessels of various purposes.
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Such a wide range of application the platinum and platinum based alloy leads to
increased demand in the world for this metal. One way to ensure the adequate amounts
of platinum is to increase the exploitation of ore deposits [S]. This however, does not
lead to the sustainable development, and the efforts are directed towards increasing the
degree of recycling the secondary raw materials (waste electrical and electronic parts,
jewelry, consumable dental and orthopedic materials, used catalysts, etc. [6-9].)

Recycling platinum is a difficult, complicated process. The first step is the
dissolution of the used platinum in highly corrosive aqua regia, a mixture of nitric and
hydrochloric acids, or a highly oxidizing mixture of sulfuric acid and hydrogen peroxide,
known as piranha [3].

In the Mining and Metallurgy Institute Bor, the Profit Center Processing of
platinum metals as the secondary raw materials, the ceramic melting crucibles of melting
(MgO) and casting nozzles (Al,O3) appear from own production. These crucibles contain
in their composition Pt, MgO and Al,O;. The aim of research was to develop the
technology for processing the crucibles that are used for melting and casting of platinum
in order to obtain the platinum purity of 99.99.

EXPERIMENTAL PART

Chemicals

Amylopectin (starch), collectors of potassium amyl-xanthate (Zupa Krugevac),
Aero 3302 promoter (Cytec) and frothers Dowfroth 250 (Dow) and Aerofroth 65 (Cytec)
were used in laboratory research. Sulfuric and nitric acid p.a. quality (Zorka Sabac)
were used for leaching of crucibles.

Methods and Apparatus

To determine the chemical composition of electrolyte and control the
concentration of Pt, Mg, Al and impurities was used (ICP-AAS Manufacturer: Spectro,
Model: Ciris Visio, detection limit < 0.0001 g/dm®).

To record the X-ray diffractogram was used the model: EXPLORER,
manufacturer: GNR Analytical Instruments Group, Novara, Italy.

Physico-chemical characterization of material

In order to determine the optimal way of processing in experimental work, a
detailed physico-chemical characterization of crucibles was carried out.

The chemical analysis results obtained by the instrumental analytical chemistry
are shown in Table 1, and the X-ray diffractogram is shown in Figure 1.
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Figure 1. X-ray diffractogram of ground crucibles

X-ray diffractogram (Figure 1) shows two intesive peaks corresponding to
periclase (MgO) and corundum (Al,O;). Besides these two minerals, the presence of
quartz can be seen on diffratogram. Since that this method can not detect the low levels
of impurities, the samples were analyzed by AAS method (Al,O;, MgO, Ca i Fe), G
(SiO,) and ICP AAS (Pt).

Table 1. Chemical composition of milled crucibles

SIOZ A1203 MgO Ca Fe Pt
G AAS AAS AAS AAS ICP-AES
% 8.28 36.55 45.36 1.52 0.99 0.28

It can be seen from Table 1 that the main component in a sample are MgO and Al,Os.
RESULTS AND DISSCUSION

Theoretical Considerations of Direct Melting of Crucibles

Milled crucibles and casting nozzles, (chemical composition shown in Table 1),
are very difficult to process using the pyrometallurgical processes.

The melting temperature of this mixture (45.36 %MgO, 36.55 % Al,0O; and 8.28 % Si0,)
is about 2300°C (Figure 2).

The main reason for this is the impossibility of forming the mixtures with a low
melting of slag, which would provide a flowable slag and good layering with the metal
collector (which allow minimum losses of collector and precious metals with slag) and
simultaneous heating of collector metal to the casting temperature without oxidation.
Components of material for processing have extremely high melting temperature MgO-
2800 °C, Al,05-2020°C, Si0,-1723 °C as well as the flux and addition in pellets at CaO-
2570°C [10]. The phase diagram of the system MgO-Al,0;-SiO, is shown in Figure 2.
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Figure 2. Phase diagram for the system MgO-Al,03-SiO, [10]

Melting temperature of material slag is mainly over 1600 °C, with very narrow
intervals where the temperature is slightly lower and that are highly sensitive to the
slightest change in chemical composition. With change of some batch component from 1
to 1.5%, the melting temperature may rise for 250-300 °C, what leads to "freeing" the
bath surface. On the other side, the brick of furnace (Birlac furnace) can withstand the
bath temperature of max. 1550 °C. Also, the collector metal will at such high
temperatures "burn out" (oxidized) and as such cannot be processed by electrolytic
refining. In addition, to achieve high temperatures in the furnace, the electricity
consumption is significantly higher.

Due to this reason, it is necessary, before to melting, to process the material by
hydrometallurgical method in the aim to reduce MgO content below 5% and in this way
to ensure the batch with eutecticum in the temperature range of 1330 to 1350 °C. In
doing so, the care must be taken that variation in chemical composition of batch of a few
percentages can lead to occurrence of peritectum points with high melting temperature
above 1567 °C. So, in terms of pyrometallurgy, it is necessary that MgO content in
mixture is below 5%.

Possibility of Preparation the crucibles for Melting by the Mineral

Processing Methods

Sample of used crucibles for platinum melting was homogenized. From sample,
the excluded smaller samples were tested on a shaking table and by the method of
flotation concentration to obtain material that would be suitable for further metallurgical
treatment. The aim of this testing was to concentrate platinum or to reduce MgO below
5% from the product with platinum.
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Testing the Possibility of Concentration on a Shaking Table

Sample for concentration experiment on a shaking table, in the amount of 1 kg
was crushed by impact crusher to the grain size - 1.40 mm. Four products according to
the density of particles were separated in a thin layer of water current. Visually, there
was no the satisfactory separation. It was expected for platinum to go in the heaviest
product of a shaking table, the so-called concentrate. Since this is a sample that is not
only polymineral but is composed of mineral grains of a wide range of sizes, the heaviest
grains, i.e. coarse, large and small, went to the heaviest product. Due to this reason, the
heavy product was sieved into three size classes and then each one was observed under a
microscope.

Based on a visual assessment concentration process and microscopic
observations of the heaviest faction, it was concluded that the shaking table cannot
provide samples with less than 5% MgO.

Testing the Possibility of Flotation Concentration

Samples of 500 g were excluded from the starting sample. One of these samples
was ground by the wet process in a ball mill in the presence of collector. Figure 3 shows
the scheme according to which the experiment of flotation concentration was carried out.
Amylopectin (starch) was added in order to deprivation MgO, and due to very bad foam
with frother Dowfroth 250, the frother Aerofroth 65 was added until the appearance of
foam. From collectors, the Aero 33023 promoter was used that was added at the stage of
grinding and the KAX that was added in the conditioning phase. Balances of platinum
and MgO are shown in Table 2.

Table 2. Balance of platinum concentration from sample "crucibles"

Product m, % Pt, % Dlsgtl’b‘:}: ton Moio’ DlsNgl(l))’u‘t;:n
Total 100.00 0.2857 100.00 56.67 100.00
Concentrate 1.57 1.9 10.43 40.14 1.11
Tailings 98.43 0.26 89.57 56.93 98.89
1500 g/t strach
15 g/t KAX
A B5in excess
—_— Flotation time 5 min —a1
o ©)
Condition time 5 min
70% S pH10.3

40 g/t AEROD 3302 promoter
Grinding time 7 min

Figure 3. Technological scheme of flotation concentration the sample “crucibles”
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Experiment of flotation concentration did not give the results because there was
no satisfactory concentration of platinum as well as lowering the MgO content. Grinding
time was chosen on the basis of experience while the reagent regime was selected from
literature data relating to the natural mineral raw materials and not on artificially
obtained materials [11,12].

Leaching
In order to reduce MgO content below 5%, the samples of crucibles were
leached in sulfuric acid (the cheapest and most suitable for further melting) at different
conditions. Leaching conditions were chosen on the basis of previous experiences and
reviews of literature [2]. Leaching was carried out in two stages.
| stage: Testing of the effect of acid on leaching degree of magnesium oxide.
The samples were leached in sulfuric acid at 60 °C with the ratio of S:L = 1: 20
for a period of 6 h with stirring (400 min™"):
I;: leaching with 15% sulfuric acid
I,: leaching with 20% sulfuric acid
I3: leaching with 30% sulfuric acid
The first stage of research showed that the highest leaching was achieved by 20%
sulfuric acid.
11 stage: Two experiments were carried out in this stage of research:
11;: leaching with 20% sulfuric acid without stirring and additional heating,
I1,: leaching with 20% sulfuric acid with stirring, heating and addition of nitric acid.
Table 3 shows the testing results for both stages.

Table 3. Leaching degree of magnesium (content of Mg was determined by AAS
method)

Leaching conditions % leaching MgO
I, 15% H,SO,; t=60°C 98.35
1, 20% H,SO,; t=60°C 99.60
15 30% H,SO,; t=60°C 97.20
1, 20% H,SO,; t=25°C 96.55
1 20% H,SOy; t=25°C
’ 1 10%HNO, 932

CONCLUSION

After a detailed physico-chemical characterization of sample, as well as the
theoretical considerations of direct melting the crucibles for melting and casting of
platinum, it can be concluded that this mixture cannot be directly melt due to the high
tempererature of eutecticum. It is possible to melt this mixture only if MgO content is
reduced to below 5%. Research the possibilities of processing the crucibles using the
mineral processing methods (shaking table and method of flotation concentration) did
not give the satisfactory results. Leaching in sulfuric acid has achieved MgO leaching
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from 95.32 to 98.35%, which provided MgO content of less than 5% and therefore the
conditions for this mixture melting.
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ABSTRACT

This work presents the results of flotation tailings sampled from the Old Flotation Tailing Dump of
the Copper Mines in Bor. The aim of experimental tests is to find the optimal parameters of flotation for copper
valorization from the flotation tailings. Copper content in a composite sample of flotation tailings was 0.35%.
The following parameters of flotation tailings process were tested: the impacts of collector concentration, solid
content in the pulp, regulators the pH value, flotation time, concentration of sulphurizing reagent and pH value
of the pulp. The achieved copper recovery was 79.74% in the following flotation conditions of tailings: pH 4.7;
frother MIBC=200 g/t; solid content in the pulp to 25%; flotation time 15 min; collector PAX-100 g/t and
sulphurizing reagent NaHS-200 g/t.

Key words: flotation tailing, flotation process, copper.
INTRODUCTION

In the Mining and Smelting Basin Bor, in the flotation process of copper ore, in
the flotation concentration plants, Veliki Krivelj and Bor flotation, the flotation tailings
is generated as a waste product. It is estimated that in Bor and the surrounding area there
are about 1,000 million tons of mining waste, out of which over 200 million tones is the
flotation tailings. From the moment of disposal and onwards, the flotation tailings under
the influence of atmospheric conditions represents a permanent source of acidic water
that carry the dissolved heavy metals and contaminate the surrounding soil, surface
watercourses and groundwater. Disposed flotation tailings, apart from representing the
ecological problem, also represent the mineral resource containing a significant amount
of copper and precious metals for achievement the economic benefit by valorization.
Taking into account that a larger part of oxide copper minerals, as well as a smaller part
of non-flotationed sulphide minerals, are present in tailings, the experiments of the
flotation process were carried out on a sample of tailings with suphidization of oxide
surfaces of copper minerals applying the sulphidizator NaHS. In Akita University in

334



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Japan, testing the copper concentrations from tailings of the Old Flotation Tailing Dump
in Bor [1,2] the achieved technological recovery on copper was 60%, with the quality of
concentrate of 0.81% Cu. The process of flotation tailings on Mine Musselwhite Mine in
Ontario, [3,4] confirmed that the flotation is effective for reducing the content of
sulphides present in the tailings. The conducted tests [5] of the flotation process of oxide
copper ore in the site Katanga were focused on copper and cobalt valorization from
tailings. This work presents the experimental study the flotation concentration process of
copper from the composite tailings sample from the Old Flotation Tailing Dump. The
effect of the following parameters was tested: the pH value of the pulp, concentration of
copper collector, concentration of sulphurizing agent, flotation time and pulp density on
degree of copper extraction.

EXPERIMENTAL
Sample characterisation

A composite sample of flotation tailings from drill hole from depth of 36 m
from the Field 1 of the Old Flotation Tailing Dump was used for all experimental
investigations of flotation process.

Based on the results of grain size analysis, the determined particle size was 71%
-75 um. Density of the composite tailings sample was 2.965 g/cm’.

Analysis of a sample of flotation tailings was done on the instrument XRF Rigaku Super
Mini 200. The results of XRF analysis are shown in Table 1.

Table 1. XRF analysis of composite sample of flotation tailings

COMPONENT | CONTENT, mas % COMPONENT CONTENT, mas %

Na,O 0.863 CaO 1.58
MgO 0.542 TiO, 0.396

ALO3 14.98 Mn 0.0246
Si0, 61.35 Fe,0, 9.93
P,0; 0.0793 Cu 0.35

S 6.66 As 0.188

K,O 0.723 Sr 0.0548

Ba 0.185

The results of quantitative XRD analysis (instrument XRD Rigaku Mini Fleks
600) showed that the main minerals, included in the composition of tailings, are: quartz
(84%), pyrite (13,2%), clinoptilolite (2,28%), albite (0,30%), copper oxide (0,07%) and
chalcopyrite (0,02%).

Experimental procedure of the flotation process of tailings

Experimental testing the re-flotation process of tailings in MMI Bor were
carried out by the procedure shown in Figure 1.

335



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Conditioning

MIBC)

-

Figure 1. Experimental procedure of the flotation process of tailings

A flotation machine, type DENVER with the flotation cell volume of 1.2 L, was

used for the experiments of tailings flotation. Floatation of tailings was carried out in the
following conditions:

pH value of flotation: 4,7-12

Regulator of pH value: Ca(OH), i NaOH

Agent for sulphidization of oxide surfaces of copper mineral: Sodium
hydrosulphide, NaHS (0-1000 g/t ore)

Collector for sulphide copper minerals: Potassium amyl xanthate, PAX (0-
100g/t ore)

Conditioning time: 5 min

Flotation time: 5-20 min

Frother: methyl isobutyl carbinol, MIBC (200 g/t ore)

Pulp density: 10-40 %.

RESULTS AND DISCUSSION

The influence of the pH regulator: sodium hydroxide and lime on copper

recovery in concentrate is tested of the following conditions: pulp density - 25%, 100g/t
PAX, 200g/t NaHS, 200g/t MIBC, time - 15 min, pH = 10 i 12. The highest degree of
copper recovery from 70.31% achieved by the application of lime as pH regulator at pH
10, while using sodium hydroxide achieved degree of copper recovery from 67.74%.

Figure 2 shows the percentage of copper recovery and copper content in concentrate,
depending on the pulp density. Based on the copper analysis by the AAS method, it can
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be concluded that the same degree of recovery is achieved on copper of 70% in the value
of pulp density of 25 % and 40%. Taking into account that the copper content in
concentrate is higher at the pulp density of 25%, this pulp density was taken as the
optimal parameter for further testing.
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Figure 2. The impact of pulp density on copper recovery and copper content in concentrate
(pulp density 10-40%, pH 10, 100g/t PAX, 200g/t NaHS, 200 g/t MIBC, time 15 min)

The effect of pH on the degree of copper recovery was tested. The highest
degree of copper recovery of 76% was achieved at the pH value of the pulp of 4.7
without the addition of pH regulator (Figure 3) so that further laboratory tests were done
without the addition of a pH regulator.
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Figure 3. The impact of pH on copper recovery and copper content in concentrate
(pH: 4,7-12, pulp density 25%, 100g/t PAX, 200g/t NaHS, 200 g/t MIBC, time 15 min)
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Tested influence of flotation time of 5, 10, 15 and 20 min on the efficiency of
the flotation process are given in Figure 4. The best technological recovery on copper of
79.74% was achieved with a flotation time of 15 min, while the lowest degree of
efficiency was achieved in flotation time of 5 min, which indicates that it takes a long
time for formed aggregate mineral grain — air bubble to float on the pulp surface.
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Figure 4. Influence of flotation time on the efficiency of the flotation process
(time 5-20min, pH 4,7, pulp density 25%, 100g/t PAX, 200g/t NaHS, 200 g/t MIBC,)

In the experiments of testing the impact of PAX concentration on a recovery
degree of copper in concentrate with 0, 50, 75 i 100 g/t PAX (Figure 5) it can be
concluded that the highest achieved technological recovery is on copper and concentrate
of 79.33% at concentration of 100 g/t, which consequently leads to the conclusion that

the addition of PAX realizes a hydrophobization of mineral surfaces.
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Figure 5. The impact of PAX concentration on copper recovery and copper content in concentrate
(0-100g/t PAX, pulp density 25%, pH 4,7, 200g/t NaHS, 200g/t MIBC, time 15min)
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The impact NaHS concentration on efficiency flotation process is tested (Figure
6). Slightly higher technological recovery on copper in concentrate was achieved by
addition of NaHS in concentration of 200 g/t (79,74 %). The lowest recovery of 72.44%
was realized without its addition, which suggests that the present oxide copper minerals in
the flotation tailings require the addition of sulphidizator the surfaces of mineral grains.
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Figure 6. The impact of NaHS concentration on copper recovery and copper content in
concentrate (0-1000g/t NaHS, pulp density 25%, pH 4,7, 100g/t PAX, 200g/t MIBC, time
15min)

CONCLUSION

Based on the experimental test parameters for the process of flotation tailings
from the old flotation tailings with the copper content of 0.348%, achieved maximum
copper recovery of 79.74% and the content of copper in concentrate of 0.684%. We used
the following reagent regime: pH of 4.7; MIBC frother of 200 g / t; solid content in the
pulp 25%; flotation time 15 min; PAX collector of 100 g / t and sulfurizing reagent
NaHS of 200 g / t.
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ABSTRACT

An HPLC-DAD method was developed to determine four neonicotinoids in surface water and soil
samples. UAE with acetone/0.5% HCOOH was developed for soil; extract was purified by SPE developed for
surface water. Recoveries for surface water were 99.6-107.1% and for soil 63.6-93.4%. LOQs were in the low
ppb range. Method was applied to study neonicotinoid sorption on soil, which was up to 50% in 5 days,
indicating high leaching potential. Photodegradation under UV light was also monitored: it was very fast in
water, but negligible on the soil surface. Under solar light, neonicotinoids on soil surface degraded with half-
lives 68-104 days.

Key words: neonicotinoids, extraction, sorption, photodegradation, soil.

INTRODUCTION

Neonicotinoids are a group of synthetic insecticides with a chemical structure
derived from the natural alkaloid nicotine. Their systematic action against a range of
harmful insects has since their introduction in 1991 earned them a market share of 25%
global insecticide sales." High application rates and possible toxicity have raised
concerns regarding the risks for human health and effects on other living organisms.
They are thought to have low acute toxicity for vertebrates, but there is a connection
between the introduction of neonicotinoids and decrease in honeybee population.” Due to
the possible link to colony collapse disorder (CCD) affecting honeybees, European
Union in 2013 introduced a temporary moratorium on the use of thiamethoxam,
clothianidin and imidacloprid. Besides honeybees, neonicotinoid residues in the
environment affect other insects, disrupting ecological equilibria™ and have been shown
to also affect earthworms.* Some target species have developed resistance.'
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Table 1. Some physico-chemical properties of selected neonicotinoids.’

Molecular Water Partitioning | Degradation half-
Insecticide mass solubility coefficient time in water
[g/mol] [mg/L] (logKow) samples [days]
Thiamethoxam (THM) 291.7 4100 —0.13 30.6
Clothianidin (CLO) 249.7 340 0.91 40.3
Imidacloprid (IMI) 255.7 610 0.57 30.0
Acetamiprid (ACE) 222.7 2950 0.8 4.7

Neonicotinoids belong to the class of systemic insecticides. They distribute
throughout the plant and enable the protection against insects during a longer period of
time.” They are non-volatile and polar compounds with high water solubility (Table 1)’
and are not ionized at environmental pH values. These properties make them highly
mobile in soil and increase their potential to leach into ground and surface waters.’
Mobility in the soil depends on its composition and on the partitioning coefficient (Kow)
for neonicotinoids (Table 1). Their stability in the environment depends on the
environmental conditions. Main degradation processes are photolysis, photoinduced® and
biotic degradation.” More stable neonicotinoids have a half-time of 30-40 days in
environmental waters: IMI, THM, CLO (Table 1). Acetamiprid is less stable.” In soils,
dissipation times (DTs) vary widely from 1 month to >10 years,*® depending on the
compound and soil type.

The method of choice for their determination is high-performance liquid
chromatography (HPLC) with UV or diode-array detection”’ or coupled to mass
spectrometry.™ "> Prior to HPLC, they are extracted from environmental samples by
solvent extraction or solid-phase extraction (SPE). Suitable solvents for their extraction
are dichloromethane, methanol, acetonitrile and acetone.” For extraction from soil,
pressurized liquid extraction, microwave-assisted or ultrasound-assisted extraction
(UAE) can be used. Extracts are further purified by SPE”'"*"* or by QuEChERS."

In the present study, a SPE-HPLC-DAD method for the determination of
selected neonicotinoids in environmental waters has been developed and then extended
to soil samples by including ultrasound-assisted extraction (UAE). The developed
methods have been applied to study neonicotinoid photolytic degradation in water and on
the soil surface, as well as neonicotinoid sorption on soil.

EXPERIMENTAL

Materials. The following standard substances were used: acetamiprid (ACE),
clothianidin (CLO), imidacloprid (IMI) and thiamethoxam (THM), purchased from
Sigma-Aldrich, Germany (Pestanal quality). Solvent acetonitrile was of chromatographic
grade quality and acetone was >99.8%, both from Sigma-Aldrich. Formic acid >85%
was from Panreac, Spain; acetic acid >99.8% was from Sigma-Aldrich. Purified water
was prepared by Milli-Q system (Millipore, USA). For SPE, Supelclean LC-18, 1 g, 6
mL cartridges from Supelco (Germany) were used. Pesticide-free soil samples were
homogenised, sifted and air-dried for 48 h before the use.
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Extraction from water samples. Before extraction, SPE cartridge was
conditioned by passing through 5 mL of acetonitrile and 5 mL of Milli-Q water. A
suitable volume of aqueous sample was passed through the cartridge by applying
vacuum with Supelco Visiprep™ manifold from Supelco (Germany) and water pump.
The cartridge was then rinsed with 8 mL of Milli-Q water and dried for 5 min under
vacuum. Analytes were eluted with 5 mL of acetonitrile. Before the analysis, extract was
dried under a stream of nitrogen gas and reconstituted in 1.0 mL of acetonitrile/0.5%
HCOOH (1:9).

Extraction from soil samples. Soil samples or spiked soil samples (10 pg/g)
were weighted (5.0 g) into a glass container, 15 mL of solvent (acetone/0.5% HCOOH in
Milli-Q water, 1:2) was added and the suspensions were placed into a ultrasound bath for
30 min. Suspension was then centrifuged for 10 min at 3000 rpm (Heraeus Megafuge
1.0, DJB Labcare, UK). Organic phase from the supernatant was evaporated in vacuum
concentrator (RVC 2-12, Martin Christ, Germany). The remaining aqueous phase was
subjected to SPE extraction.

HPLC method. Liquid chromatograph with diode-array detector Agilent 1100
Series (Hewlett Packard, USA) was used. Column was Kromasil Eternity C18, 100x4.6
mm, 5 um particles (Sigma-Aldrich). Mobile phase A was acetonitrile and mobile phase
B was 0.5% (v/v) HCOOH in Milli-Q water. The following gradient program was used:
0-3 min 10% A, 3-10 min to 25% A, 10-15 min to 40% A. Mobile phase flow was 0.8
mL/min and the injected volume was 20 pL.. UV spectra were recorded in the 200-400
nm range and the wavelength for quantification was 254 nm.

Sorption experiments. Aqueous solutions of neonicotinoids (10 mg/L, 100
mL) were measured into glass containers and 5 g of dried soil was added. The containers
were sealed and placed on a mechanical shaker (Thys 2, MLW, Germany) for 1-120 h.
The suspension was centrifuged for 10 min at 3000 rpm. Supernatant was extracted by
the SPE method for aqueous samples.

Photodegradation experiments. 100 g of soil spiked with neonicotinoids (10
pg/g) was thinly spread over glass surface and covered with UV/Vis-transparent plastic
foil. Soil was irradiated with UV light (254 nm) from Hg lamp (500 W, Heracus,
Germany). 5.0 g of soil was removed every 2 h up to 8 h and subjected to extraction and
SPE clean-up. In the experiments with natural (solar) light, identically prepared soil was
exposed outdoors to solar light for up to 21 days. Every few days, 5.0 g samples of soil
were taken and subjected to extraction. The experiment was conducted in the month of
May in sunny weather.

RESULTS AND DISCUSSION

Development of SPE-HPLC-DAD method for neonicotinoids in water
samples. HPLC separation of four neonicotinoids was achieved by using a gradient of
acetonitrile and 0.5% formic acid in water (Figure 1). We noticed a severe distortion of
analytes’ peaks when injecting standard solutions prepared in acetonitrile. Therefore, all
standard solutions and also sample extracts were prepared in acetonitrile/0.5% HCOOH
(1:9). For solid-phase extraction of neonicotinoids from aqueous samples, several

343



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

parameters were optimized: type of sorbent (C18 or C8), elution solvent (acetonitrile or
methanol) and its volume, addition of neutral salt (NaCl) and volume of sample. Optimal
conditions are listed under Experimental. Breakthrough volume was established at 300
mL of aqueous sample, higher volumes resulted in lower recoveries. NaCl addition (3%)
only slightly improved the recoveries. Parameters of SPE-HPLC-DAD method for
spiked pesticide-free surface water are listed in Table 2.

Y ACE
CLO

IMI

Signal

# [oui]

Figure 1. Chromatogram of SPE extract of four neonicotinoids from aqueous sample,
final concentration 2 mg/L.

Table 2. Parameters of SPE-HPLC-DAD method for neonicotinoids in surface water.

fg [min] | lin. range R LOQ? extraction RSD® [%]| accuracy®
[ng/L] [ug/L] | recovery [%]
ACE 12,7 5-500 |0.9999 5 107.1 0.8 +0.9%
CLO 10,8 5-500 |0.9996 5 105.1 0.8 +0.9%
IMI 11,4 5-500 1.00 5 99.6 1.0 +4.9%
THM 8,9 5-500 |0.9996 5 101.6 1.2 +4.5%

*atS/N=10; ® forn=4; © average of 2 levels (8 pg/L and 30 pg/L)

Development of extraction method for neonicotinoids in soil. Several solvents
or combinations of solvents (acetone, methanol, Milli-Q water, 0.5% formic acid) were
assessed for their ability to extract four neonicotinoids from spiked pesticide-free soil.
Suspensions of soil and different solvents were immersed into ultrasound bath to assist
desorption of pesticides from soil. Suspensions were then centrifuged and the
supernatant was subjected to SPE extraction method. In cases when extraction solvent
contained also organic solvent, the latter was evaporated before SPE. Best recoveries
(Table 3) were obtained by using a combination of 5 mL acetone and 10 mL 0.5%
HCOOH in Milli-Q water. Parameters of the method for determination of neonicotinoids
in soil are listed in Table 3. Higher limit of quantitation for acetamiprid was a
consequence of a matrix interference eluting at almost the same retention time.
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Table 3. Parameters of UAE-SPE-HPLC-DAD method for neonicotinoids in soil.

lin. range® [mg/kg] | LOQ® [mg/kg] | extraction recovery [%] | RSD® [%]
ACE 0.08 — 1.00 0.08 63.6 8.2
CLO 0.01 —1.00 0.006 86.4 12.1
IMI 0.01 — 1.00 0.006 93.4 8.8
THM 0.01 — 1.00 0.006 65.9 13.8

TR>099; ° atS/N=10; ¢ forn=6

Sorption of neonicotinoids on soil. In the sorption experiments, aqueous
solution of neonicotinoids was mixed with dry, pesticide-free soil and shaken on a
mechanical shaker for different length of time. Suspension was then centrifuged and the
supernatant extracted by SPE. The amount of adsorbed neonicotinoids was calculated

from the remaining concentration in water (Figure 2).
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Figure 2. Percent of sorbed neonicotinoids on soil from aqueous solution during
different time of exposure.

Thiamethoxam has shown the weakest sorption as more than 70% remained in
the aqueous solution after 5 days which is not surprising regarding its water solubility
and polarity (Table 1). The remaining three neonicotinoids sorbed to a comparable extent
between 40 and 50% in 5 days. Thus, these four neonicotinoids have a high leaching
potential, which is in agreement with other studies.®
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Photodegradation of neonicotinoids. Photodegradation was first tested under
UV light (Hg lamp) at 254 nm, which is a wavelength of strong absorption for all four
compounds. In aqueous solution (10 mg/L), the concentration of all compounds fell
below LOD already after 1 h of irradiation, indicating fast photodegradation under these
conditions. However, the experiment with irradiation of thin layer of spiked soil with UV
lamp gave quite different results: concentrations in the soil remained at the initial values
+ RSD even after 8 h. The results of this experiment can be explained by the shielding
properties of the soil components, especially organic matter, which prevents absorption
of UV light by target pesticides. This effect has already been observed for other types of
pesticides."

Photodegradation under solar light was conducted for neonicotinoids in a thin
layer of soil covered with a transparent foil to prevent any evaporative losses. Samples
were exposed to natural solar light (month of May, average temperature 14 °C) for up to
21 days. Results are shown in Figure 3. Assuming the 1% order of reaction, average
degradation half-times were calculated: ACE 104 days, CLO 94 days, IMI 95 days and
THM 68 days. The degradation of neonicotinoids in this experiment could be attributed
to at least two processes: photosensitized reactions catalysed by organic matter'> or
minerals in the soil, or direct chemical degradation. No leaching was possible under the
applied experimental conditions. Reported average dissipation times for the compounds
in this study vary widely from 28 to 6931 days,>™'® but they are not directly comparable
to our results since in these studies, disappearance of compounds from the bulk soil
which is not exposed to sunlight was monitored.
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Figure 3. Percent of remaining neonicotinoids (parent compounds) in soil after different
time of exposure to solar light.
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CONCLUSIONS

The results of the sorption and photodegradation study for the four

neonicotinoids indicate their high leaching potential and high photodegradability under
natural solar light at environmental conditions. Further research is planned to reveal the
main mechanisms of photodegradation and the transformation products.
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ABSTRACT

The basic dependence of cerium and lanthanum extraction and separation from aqueous systems has
been investigated. The optimum parameters of the process for individually extracting of each component with
extraction degree up to 99% were identified. Electrochemical oxidation selected as a promising method for the
oxidation of trivalent cerium in the tetravalent form; further using electroflotation extraction at pH=4.5 for
cerium (IV) and using electroflotation extraction at pH=10 for lanthanum.

Key words: electrochemical oxidation, electroflotation, cerium, lanthanum.
INTRODUCTION

The successful development of many branches of modern technology - aviation,
space exploration, nuclear industry, semiconductor and quantum electronics, new
materials technology is significantly due to the extensive use of rare earth elements
(REE). Currently, industry produces in a given amount of almost all REE and the need
for their production is continuously increasing. In this regard, an actual problem is the
development of effective methods of processing rare earth containing mineral raw
material and industrial wastes, which contain REE considering environmental
requirements and reduce the economic costs [1, 2].

A distinctive characteristic of the rare earth elements is the similarity of their

chemical properties that significantly impairs their separation and preparation in pure
form [1, 3]. In addition, mineral raw materials and industrial waste of REE are present in
a mixture with other compounds and elements; also in the process of leaching the
solution richly saturated with various third-party anions.
In the broad range of rare earth ore the most common in the mass shares of REE are
lanthanum and cerium. This article provides an experimental material for selective
separation and extraction of the aqueous solutions containing the cerium (III), cerium
(IV) and lanthanum using electrochemical oxidation and multiple stage of
electroflotation processing.
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EQUIPMENT AND EXPERIMENTAL RESULTS

For carrying out experiments of electroflotation extraction of cerium and
lanthanum used method for general recovery of heavy and non-ferrous metals, described
in details in [4]. Electroflotation extraction studies were carried out at room temperature
(20+2 °C) in a non-flowing electroflotator volume of 500 ml with the cross-sectional
area of 10 cm” device; used anode - ORTA (oxide ruthenium-titanium anode), cathode —
wire mesh of stainless steel. Scheme of laboratory electroflotation system shown in
Figure 1.
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Figure 1. Scheme of batch-action laboratory electroflotation system: 1 — electroflotator
column; 2 — valve; 3 — electrode unit; 4 — anode; 5 — cathode; 6 — rubber gasket;
7 — DC power source.

For determining the concentration of lanthanum and cerium used inductively
coupled plasma mass spectrometry Thermo Scientific XSeriesll. The recovery rate of the
individual element a calculated using the formula:

e oA

o T B0 ) g
Cinen

Cqart and Cgpign — concentrations of cerium and lanthanum before and after treatment,

mg/1.

Preliminary experiments showed that the presence in solution mainly trivalent
cerium, despite the difference in optimum pH of the formation of hydroxides between
cerium and lanthanum in several pieces doesn’t occur the selective separation when
using electroflotation technology. Assumed that works the sorption mechanism of
sparingly soluble particles of lanthanum on the surface of the particles of trivalent
cerium. For this reason, cerium (III) and lanthanum extracted together in a pH range of 7
to 10 degrees with recovery rate from 82 to 95%.

Accordingly, the first stage of the experimental part was transfer trivalent
cerium in the tetravalent form. There are several methods for the oxidation of cerium
(II) — hydrogen peroxide treatment, ozone treatment, air oxidation, oxidation with
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halogens, etc. The authors choose another promising method — electrochemical
oxidation.

The electrochemical oxidation of cerium chloride and sulphate solutions

complicated by several disadvantages associated with the release of chlorine, the
resulting instability of cerium (IV), and others. Therefore, in practice, mainly use a
method of electrochemical oxidation nitrate solutions. The most effective anode material
being platinum and platinized titanium, the cathode material — graphite or titanium [5].
It has been studied electrooxidation of cerium (III) in nitric acid solutions of REE. In the
cell areas with unshared electrode as anode used a platinum mesh cylindrical shape with
a surface area of 0.1 dm’, as cathode — coaxial disposed titanium rod with varying
surface area. The concentration of cerium (IV) in solution determined by titration with a
solution of Mohr's salt in the presence of DAS indicator; according to the analysis was
calculated oxidation state from cerium (III) to cerium (IV).

As a result of experiments were obtained the optimal conditions for the process
cerium electrooxidation: current density of 1.5-2.0 A/dm’, the concentration of cerium
(IIT) 100-150 g/1, temperature 20 °C, concentration of nitric acid at least 10-15 g/l [6].
Under these conditions of the process, 100% of cerium (III) contained in the solution
changes from trivalent to the tetravalent state.

After the electrolysis in the aqueous solution stayed only cerium (IV) and
lanthanum. There have been studies showing that using electroflotation can share these
rare-earth elements with a high degree of efficiency. We can obtain high selectivity ratio
with selectivity coefficient K(Ce™/La"®) = 40 in these optimal conditions: pH about 4,
volume current iy = 0,4 A/, 1(processing time) = 10 min.

The recovery rate of cerium (IV) without additions may be up to 95% when
initial concentrations up to 100 mg/l, but when the concentration increases, recovery rate
becomes lower. Some kinds of flocculants and surfactants have positive impact for
electroflotation extraction of cerium (IV) at high initial concentrations. Data on the effect
of additives on the recovery of cerium shown in Table 1. Was applied the following
additives: cationic flocculant C-496, anionic flocculant A-137, nonionic flocculant N-
300 (all — Superfloc series), cationic surfactant Catinol, anionic surfactant NaDBS,
nonionic surfactant PEO-1500. The concentrations of additives — 1-10 mg/1.

Table 1. Effect of flocculants and surfactants cationic, anionic and nonionic types on the
recovery rate of sparingly soluble compounds of cerium (IV).

. o (Ce™) in 7, min
Type of additive 2 5 10 5
Without additives 2 15 30 30
C-496 95 99 99 99
A-137 10 67 98 98
N-300 2 9 9 9
Catinol 49 53 53 53
NaDBS 51 55 58 58
PEO-1500 1 1 2 13

CoarCe™) = 400 mg/1, cogivive = 1-10 mg/l, iy = 0,4 A/l
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As can be seen from Table 1, the flocculant C-496 is highly effective - in 5
minutes of electroflotation treatment recovery rate reaches 99%; also effective flocculant
A-137 (o up to 98% after 10 minutes of treatment). Other types of additives adversely
affect the electroflotation process of sparingly soluble compounds of cerium (IV), or
increase its efficacy not significantly.

The next step after removal of cerium (IV) from a solution is increase pH up to
10 with concentrated alkali and secondary electroflotation treatment for extracting
sparingly soluble lanthanum compounds. Experimental data of electroflotation extraction
of lanthanum shown in Table 2.

Table 2. Recovery rate (a, %) of sparingly soluble compounds of lanthanum, depending
on the solution composition.

© min Background electrolyte
’ NaCl NaNO; Na,S0, Na,CO4
5 51 55 79 11
10 30 58 68 11
20 56 22 33 13

pH =10, iy = 0,4 A/l, C (La*) = 30-100 mg/L.

As seen from Table 2, the recovery rate of electroflotation extraction of
lanthanum compounds aren’t so high as cerium, however, the process is quite effective,
allowing to extract 80% of the lanthanum in the foam layer. For increased the efficiency
of the process is possible to use various surfactants and flocculants. Separately, it is
worth noting that in the carbonates background electroflotation process is very difficult.
Based on experimental data, with the prevalence of nitrate ions in solution are effective
surfactant additives: Septapav (cationic), NaDDS (anionic), PEO-1500 (nonionic) and
flocculants: cationic C-496, anionic A-137 and non-ionic N-300; in all cases the
recovery rate is increased up to 95-98%. In the case of sulphate background very
effective Septapav and NaDDS (o up to 97%) and C-496 flocculant (a0 = 96%). In the
chloride background NaDDS and PEO-1500 increase the recovery rate (98 and 95%
respectively). In the carbonates background additives wasn’t effective, but nonionic
flocculant increase the recovery rate up to 93%. The concentrations of surfactants and
flocculants were set in the range of 1-5 mg/1.

CONCLUSIONS

Sequence of processes for the separation and extraction of cerium and
lanthanum from the aqueous solutions wusing electrochemical oxidation and
electroflotation treatment has been developed.

The first stage — transferring trivalent cerium in the tetravalent form using
oxidation in electrochemical cell under the following optimal parameters: 1.5-2.0 A/dm’
of current density, concentration of cerium-ions (IIT) 100-150 g/I, temperature — 20 °C,
concentration of nitric acid least 10-15 g/1.
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The second stage — electroflotation method of extracting sparingly soluble compounds of
cerium (IV) under the following optimum conditions: pH = 4.5, C (Ce"*) up to 1.5 g/,
Caaditives = 1 mg/l, iy = 0.4 A/l, as additive use a cationic flocculant C-496.

Third stage — electroflotation method of extracting sparingly soluble
compounds of lanthanum under the following optimum conditions: pH = 10, C (La") up
to 100 mg/l, Cuggitives = 1-5 mg/l, iy = 0.4 A/l, as additives use surfactants Septapav or
NaDDS, or cationic flocculant C-496.

The described sequence of processes carried out under optimal conditions,
allows for the selective extraction of cerium (IV) and lanthanum at the level of 95-99%.
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ABSTRACT

In this paper, the origin of the floating landfills in accumulation of ‘Drinsko-
Limske hydropower plants’ is analyzed. In addition, the procedure for their removing
from the accumulations is proposed.

INTRODUCTION

‘Drinsko-Limske hydropower plants’ division for the electric energy production
(with total nine (9) hydropower plants) uses the water from the following rivers: Drina,
Zapadna Morava, Lim, Uvac and Bistrica. One of the most significant issues with these
hydropower plants is the floating landfills, which retains on the dams and the
hydropower plant buildings. The floating landfills typically have the same structure on
all accumulations. The floating landfills are mostly composed from plastic bottles,
plastic bags, trees and other small waste. Percentage parts are as follows: 70% of pet
packaging (plastic bottles), 20% of wood, and the last 10% is referred as the other
wastes.

Waste composition suggest us about its anthropogenic origin.

NATURE AND ANTHROPOGENIC GENESIS FACTORS OF THE
FLOATING LANDFILLS

Floating landfills are composed from the all kind of materials, which water
flows carry, with them until they come up on nature or manmade obstacles where they
gather. It occurs due to both nature and anthropogenic actions.

The people have the dominant impact on the quantity and the composition of
that waste.

Coasts of rivers Drina and Lim are contaminated with large amounts of these
wastes, which are located on both unorganized landfills and illegal dumping grounds.
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Unfortunately, over the years, the disposing waste along the river coasts became people’s
bad habit and typical routine. When the rain starts to fall, or the water level raises, the
large amount of waste slip downward from river coasts, get into the river watercourse
and lead into the forming ‘swimming islands’ made out of junk, which river has
collected from its coast (Fig. 1).

It is established that all landfills in studied river flows are unhygienic and
insanitary dumps and that every municipality has at least one landfill for municipality
based waste, where it brings the own waste. Presence of nylon bags and pet packaging
are established on river coasts, and it is located even on trees due to high water flows.

Figure 1. Coast of river Lim

Waste from river coasts during the large amount of rains and high water flow gets
into those rivers and is being transported along the coast and hydropower plants dams.

Public carelessness and unresolved questions in the waste managing on the
municipality and government levels contributes that the all types of waste cover this
area, that is very rich on the natural resources. It influences to degradation of the entire
eco system and disruption of natural landscape. Nature potentials of these areas are
significantly reduced, because of floating waste issues and garbage of all types. Rivers
Drina and Lim are often mentioned as the main sources of the flowing landfills, because
in these waters large amounts of pet packaging are floating and are stopped by
hydropower plant dams. Cleaning cost is very high, and when waste is taken out from
accumulations there comes a question of sharing this waste.

Origin of this waste that reaches hydropower plants is from unorganized and
wild landfills, which are located right next to river coasts and individuals that throw
garbage on river coast or directly in river flows.

Last years in our countries hard work is done for finding solutions for landfill
problem, legalization is being made, but we should take a look at consequences and
damages on our environment that are made from already existing landfills.

It is “easier” for population to throw garbage in rivers, because you know that
river carries it all.
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SISTEMATIC SOLVING OF THE FLOATING LANDFILLS
PROBLEM IN ‘DRINSKO-LIMSKE HYDROPOWER PLANTS’

Floating waste (or landfills) that reaches to hydropower plant dam is collected
and being taken out with various manual techniques.

Security measures that are changed so far and refer to eliminating the coats
from lake’s surface and above or from gratings, with use of boats or divers.

In ‘Bajina Basta hydropower plant’ the lake’s surface cleaner is purchased, and
for the first time it has been used for the waste cleaning at the beginning of 2005. year
only in Perucac lake.

The boat that has been used for eliminating the floating debris and floating
landfills did not meet qualifications for this service. Equipment and capacity of this boat
did not meet requirements for the amount and kind of waste that was collected on the
dam. On bar basket of mentioned boat wood waste would be stuck, making the pet
packaging harder to collect (Fig. 2).

Since, the floating waste is being collected manually from little boats.
Financing of waste collection is made with support from the management of ‘Bajina
Basta power plant’, National park and municipality (Fig. 3).

Figure 2. The boat used for collecting floating waste on Perucac accumulation

356



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

Figure 3. Collecting waste from Perucac accumulation

In ‘Zvornik hydropower plant’ sprockets were planted close to dam on which waste is
collected so that it can be taken out manually. Also, the primary waste selection is being
made. Plateau where the press for compacting the plastic waste is located is shown in
Fig. 4, but the largest pieces of floating debris are taken out by grapples (Fig. 5).

In ‘Lim hydropower plant’, the problem of the floating debris and floating landfills is
resolved by the leakage with the assistance of the gradient to ‘Bajina Basta hydropower
plant‘. The floating debris is collected by grapples that are installed on the dam (Fig. 6),
and also by recruiting professional divers (Fig. 7).

Figure 4. Plateau with the press for compacting of the plastic waste
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Figure 5. The largest pieces of floating debris are taken out by grapples (the example
from ‘Zvornik hydropower plant’)

T

Figure 6. The floating debris collected by the grapples (the example from ‘Bajina Basta
hydropower plant’)

Figure 7. Recruiting professional divers
(the example from ‘Bajina Basta hydropower plant”)
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MAKING CADASTER OF LANDFILLS NEXT TO WATER FLOWS,
UPSTREAM TO THE ACCUMULATIONS

In order to comprehend the floating landfills issues, cadaster of landfills was
made upstream of the accumulations of ‘Drinsko-Limske power plants’.

For making the landfill cadaster in flows of Drina, Lim and Zapadna Morava
land studies were made and the all landfill locations are recorded. The landfills are
officially used for every days waste storage of communal waste and are organized by the
utility services or companies who collect and transport the waste.

Large number of these municipality waste landfills are unhygienic, also known
as wild landfills. Unauthorized individuals with their own transport and without any
regulation and control make unloading this waste.

Every landfill is described with many details and these data are collected:

1) municipality where landfill is located;

2) type of landfill (wild, communal or sanitary);

3) name of landfill;

4) coordinates of the landfills;

5) landfill status (active or inactive), when landfill was made, their capacity,
landfills surface area (how close it is to river flow);

6) characteristic of waste (dangerous, safe or mixed), type of waste being collected

(communal, construction, electronic, animals or other);

7) presence of smoke on landfill, covering with inert materials and other.

Next to Drina water flow, there are problems with collecting the firm materials,
lack of penalty policies and others.

For making the landfill cadaster in Lima water flows that is going through several
municipalities there were registered many active communal landfills and many wild ones.

Active landfills beyond river Lim were registered, where mixed, dangerous and
safe waste is collected. On the river Zapadna Morava, only the landfills for safe waste
were registered and one landfill for mixed and safe waste.
Waste recorded in Drina, Lim and Zapadna Morava river flows (Figs. 8, 9 and 10,
respectively).

PROPOSAL FOR INTEGRATED APPROACH IN RESOLVING
THE FLOATING LANDFILLS ISSUES

When defining the proposal for integrated approach we should observe next
important notes:
1. International and regional character of the problem.
2. Low living standard of the population in this area.
3. Low level of awareness of the significance of the problem in this area

Propositions for the problem resolving should be divided into two categories: 1)
short-term steps, and 2) long term steps.
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Figurel0. Landfill in river flow (the example from river Zapadna Morava)
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Short-term steps should include: 1) establishing good and effective system for
waste collecting in all hydropower plants, 2) establishing the monitoring systems, and 3)
establishing a web page for informing the public in already made and planed activities.

Long-term steps should include: 1) continue the monitoring of these systems, 2)
establishing the foundation for protecting rivers with floating debris and landfills issues,
3) raising the public awareness, 4) creating cooperating between municipalities in areas
where floating waste is managed according with national strategy in managing these
wastes, and 5) managing these activities in success and implementation of law.

CONCLUSION

The problem of floating debris and floating landfills is verified in all
accumulations of ‘Drina-Lim hydropower plants’. This problem would be solved if
sanitary landfills would be built out of blue zones and closing of existing landfills, wild
landfills and communal landfills in river areas. In addition, then the massive usage of pet
packaging would be reduced, the problem of floating debris would be minimized, but not
fully eliminated.
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ABSTRACT

By combustion of coal dust in the boilers of the heating plant ash and slag remains as by-products.
There is a need for theirs everyday disposal on locations where the environment will not be affected, i.e. where
the pollution of soil, surface and ground water will be prevented.

For this purpose, and according to the legislative regulation in force, special cassettes, lined with
watertight geomembranes are built. They allow re-enter of clarified water into the technological process of the
hydraulic ash transport.

Key words: Combusting, ash, slug, geomembranes.

INTRODUCTION

Coal is the basic energy resource in Serbia. Electric Power Industry of Serbia
produces about 70% of electricity in its thermal plants with two coal basins, Kolubara
and Kostolac.

According to EPS, in the year 2014 it has been excavated about 29 million
tons of lignite for production of electricity, what means over 20,500 GWh.

RB: "Kolubara" is located 60 km southwest of Belgrade and covers an area of
nearly 600 square kilometers. The opening of the I. open pit field "A" - 1952 begins
mass surface exploitation of the Kolubara lignite.

RB. "Kolubara" is organized as a host utility which consists of five branches:
"Direkcija/Headquarters", "PovrSinski kopovi/Open pits", "Prerada/Processing”,
"Projekt/Project" and "Metal".

The Branch ,,Prerada/Processing®consists of the three operational unites: Dry
Separation, Railway Transport, and Coal Refinement. Within the operational unit Coal
Refinement there are OU Drying Plant, Wet Separation, Heating Plant, and Maintenance.
Heating Plant is obliged to produce enough quantity of heating energy for production of
dry coal, aerated concrete, district heating of the town Lazarevac and industrial area of
RB. ,,Kolubara“.
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TECHNOLOGICAL DESCRIPTION OF THE HEATING PLANT

The Plant “Toplana“ (Heating Plant) is a heating plant designed for the
production of thermal energy and it was built in 1980 with two boiler units of power of
2 x 60 KW of heating energy.

In the process of heating energy production, 22,000 tons of coal are combusted,
thereby producing about 29, 000 tons of ash and slag.

Coal from the OPMs Field “D* and Field “B* is delivered by belt conveyors to
the operational unit Dry Separation plant and further on to the Heating Plant. For the
needs of the Heating Plant, coal of the grade “Cube” (- 60 + 30 )mm, and calorific value
of about 9 000 KJ is delivered.

The capacity of steam generators (boilers) is 70 t/h and they are stoked a
lignite coal dust. Preparation of coal (grinding) is performed for each boiler by fan mills.
Superheated steam pressure is 59 bar and the temperature 450°C. Boiler feedwater is
transported from the chemical water treatment plant.

Slag remains in the boilers after coal combustion, and after the passing of flue
gases through the electrofilter plant, ash retains on the electro filters.

Operational unit Heating Plant consists of three interconnected production
units:

a) CWT — chemical water treatment,
b) Steam generators — boilers,
c¢) HPT — Hydro-pneumatic transport

a) CWT — Chemical water treatment
— performs the boiler feedwater treatment (demineralised water) as well as cooling water
treatment (decarbonized water).

b) Boiler plant (steam generators)
It consists of two boilers with capacity of 2 x 70 t/h superheated steam of pressure p =59
bars and temperature t=450°C.

¢) HPT — Hydro-pneumatic transport
Mixture of crushed slag, ash and water is discharge by pumps Q= 2 x 60 m’/h, into the
pipeline to the dump site in Medosevac.

Clarified water from the dump site goes back to the technological process (
tank) for the purpose of making a mixture of ash and slag and retransportation to the
dump site.

CHARACTERISTICS OF ELECTROFILTER ASH

Electrofilter ash is produced by the combustion of coal dust in boilers and then
removed by dry method (electrofilters) from the flue gas.

Combustion results in: ash - 19%, slag and sand -13%

Ash is removed using the dry method, purification of flue gases of 96% by
using electrostatic electrodes into the settling basins - containers for collecting dust.
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CONSTRUCTION AND LINING OF ASH AND SLAG DUMP SITE

First dump site for ash and slag disposal from the Heating Plant was built in
1977. Since 2008 a new dump site in MedoSevac has been used for ash and slag disposal
which was built for two-year disposal with the possibility of clarified water refill and
discharge after filling. In order to dispose 29,000 tons of ash and slag, it is necessary to
provide about 41,000 m® of storage area protected by waterproof foil.

Dump site is 4 meters deep and includes 3 meters of embankment. Perimeter
embankment is 3 meters high with the lateral slope 1:1,5 and the width of the
embankment crown of 4m. The depth of the excavation is 4m with the internal slope
inclination 1: 1.

It was excavated approximately 50,000 m’® of earth, and it was used for the
construction of the embankment. The embankment was constructed in layers of 30cm by
rolling by means of a toothed roller. After the completion of rough earthworks, the
finish of the interior sides was done as well as the dump site bottom levelling and the
preparation for putting the geomembrane.

The size of dumpsite is 240 x 60 x 7 m , the lining is HDPE geomembrane of
high density, 2mm thick, UV and abrasion resistant.

Crucial for the selection of geomembranes were the characteristics and
references of the offered products. According to our needs, we have chosen HDPE
geomembranes, 2mm thick, made by German company “NAUE”.

The chosen geomembranes showed extraordinary features in exploitation of
dumpsite as well as in dumpsite reclaiming later on.

Figure 1. Setting up of the geomembrane in the large settling basin
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TECHNOLOGICAL PROCEDURE OF ASH AND SLAG DISPOSAL
ONTO THE DUMP SITE

The main concept of hydraulic transport of ash and slag from the excavator pit
in the Heating plant to the dump site in Junkovac has been established back in 1977.
Since 2008, a new dump site in MedoSevac has been used for the ash and slag disposal.
Next to the dump site there are three pipelines set up. One of them is a discharge pipeline
for the misture of ash and slag and the other one is used for clear water coming from the
dump site and the third one serves as a backup pipeline.

Combustion products in the boilers — are being sent to the tank (200m*) where
the ash and slag mixture is being mixed with water in 1:8 ratio, and as such pumped into
the 2km pipeline by means of the excavator pump.

Ash and slag disposal system has been designed so that the output point is set in
the small settling basin. Between small and large-scale settling basin there is a tank
installed serving as a primary settling of large size particles of ash and slag.

Figure 2. Ash and slag settling basin in MedoSevac — primary settling in the small
settling basin.

Partly purified water without large particles is spilling over into a bigger settling
basin where additional purging is taking place by removing fine particles.

Purged out water from the large settling basin flows free via the overflow
collector to the tank in the pump station and is further pumped into the return pipeline
until it reaches the tank in the Heating plant.

Closed cycle of the transport of ash and slag mixture contributes to lesser
consumption of water, and thus lesser costs of fresh technical water supply.
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Figure 3. Large-scale settling basin — overflow collector of purged water

Since average quantity of ash and slag transported annually amounts to 29,000
tons, in order to make the mass ratio 1:8 of hydro mixtures, it is required to have cca.
230 560 m® of technological water a year. It is estimated that cca. 90 % (207 504 m’
annually) of used water can be returned from the dump site in MedoSevac after fine
particles had settled.

The remaining quantity of water necessary for hydro mixture (10%) needs to be
complemented by fresh water (23 056 m® annually). The water from the Kolubara River
water collector is used as a supplement of fresh water, and it is added directly into the
water basins located right next to the Heating plant in Vreoci.

CONCLUSION

Ash and slag dump site in Medosevac is located in the close vicinity of the open
pit mine Kolubara Field “D”. The existing state of the environment at the very location is
conditioned by the coal exploitation in the open pit mine. The ground and residential
buildings near the dump site are bought off. The dump site is situated in the industrial
circle of the OPM Field D and with impermeable HDPE foil lining resistant to climate
changes, so that the impact on the environment is minimized. The dumped material
inside the dumpsite is moist thus preventing flying of the ash and slag in windy
conditions and the transfer thereof into the environment.

Legal regulations prescribe the continuous monitoring of the ground water level
around the dump site. With regards to that fact, seven piezometer boreholes were drilled
around the dumpsite. Piezometers were installed in all 7 boreholes.

First quality testing results of the water sampled form the monitoring wells
built-in on dumpsite are taken as zero data. The dynamics of water quality monitoring is
conducted four times per year (2 times during the winter and 2 times during the
summer), and if necessary more often if the situation on the ground requires it.
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The results obtained in the course of the exploitation should be compared with
zero data and the prescribed boundary data. If there is a change of the quality, it is a sign
that there has been damage to the foil and it is necessary to take measures for the
rehabilitation of the damaged foil on the dumpsite.

Industrial water (water that is pumped back into the technological process of re-
forming hydro-mixture in the tank) from the accumulation pond of the dumpsite and at
the immediate entrance of the tank will be sampled at the same time as the water from
the built-in piezometers.

As the industrial water used for forming hydro mixtures contains increased pH
values (above the accepted limit) as well as certain pollutants, it cannot be discharged
into the surrounding recipients. This means that increased attention should be paid to the
system used for pumping industrial water from the dumpsite in Medosevac to the Vreoci
plant.

Soil and air contamination around the ash and slag dumpsite in Medosevac is
not expected, and the consequences for the environment are minimal or not present at all,
because the entire landfill lies under water mirror (wet process).

In order to bring the land to its original condition after the exploitation is
finished, it needs to be reclaimed, restoring its original purpose. The first phase of
reclamation is technical reclamation, applying a layer of soil of around 0.5m across the
ash and slag area, which is the basis for the next reclamation phase — biological.
Construction of ash and slag disposal dumpsite in cassette lined with waterproof
geomembrane (HDPE) keeping the water mirror during exploitation gives complete
safety from the possible harmful environmental impact.
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ABSTRACT

The process of galvanic-chemical protection according to the qualitative and quantitative
characteristics, is one of the most complex wastewater pollutants. Also, from the surfaces of industrial
solutions, as well as the protected parts of the stages of care, there are significant fumes, which pollute the
surrounding air, which is to be treated prior to discharge into the environment. Depending the way they
emerged, wastewater contains: the free acids and bases; specific contaminants: cyanide, chromium and nitrate
and dissolved heavy metals: Fe, Cd, Ni, Cu, Zn, Ag, etc. Polluted air is full with mixed vapors of acids and
bases, as well as the specific chromium and cyanide vapors. The paper shows the procedures, as well as,
mechanisms of treatment of wastewater and poluted air generated in the process of galvanic-chemical
protection in the collective of "Orao" a. d. Bijeljina.

The results obtained were compared with the values prescribed by regulations in the Republic of
Srpska in the field of waste water and emissions of air pollutants.

Key words: waster water, air is polluted, galvanic-chemical protection.
INTRODUCTION

The technological process of galvanic-chemical protection, according to the
qualitative and quantitative characteristics, is one of the most complex pollutant
wastewater [2]. This process requires successively dumping cases in more solutions where
they perform processes of chemical and electrochemical nature. Because his geometric
shape and adhesion phenomena, when coming out of each solution, objects entail the
amount of fluid that can not be ignored. That is why objects, before moving to the next
stage of processing, must rinse well [1,2]. This leaching causes the creation of waste water
containing: free acids and bases; specific contaminants: cyanide, chromium and nitrates
and dissolved heavy metals: Fe, Cd, Ni, Cu, Zn, Ag, etc. Also, due to evaporation from the
surface of industrial solutions and protected parts in stages of protection, resulting polluted
air that, which is before discharge into the environment, must be treated [1,4].
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The paper shows how the procedures, mechanisms and processes of wastewater treatment
incurred in the process of galvanic-chemical protection. The paper presents a brief overview
of the ecological aspect of the treatment of waste water generated in the process of galvanic-
chemical protection of metal parts, as a result of compliance with the prescribed regulations
in the Republic of Srpska in the field of waste water and emissions of air pollutants.

SOURCES OF INDUSTRIAL WASTE WATER GALVANIC -
CHEMICAL PROCESSES

Inflicting of metal coating is usually perform in acidic electrolytes whose
composition is essential in terms of the composition of waste water, because after
inflicting metallic coatings perform mandatory flushing [4,5]. The basis of acidic
electrolyte is hydrated metal salt which is inflict to increase the conductivity of the
electrolyte used acid to the sulfuric copper and chromium for a nickel and cadmium
boric acid. The composition of the electrolyte in and surface-active substances that
enhance the quality of the finished product. Table 1 shows the installed lines of metal
surface protection and character of wastewater in individual cases.

Table 1. Lines of surface protection and nature wastewater

ILine Procedures Industrial solutions Waste water

NaOH; sf U; fdw ?; sf; HNOs; Anodna ox in

Anodization |y o © Ajodic ox in CrOs, sf: fdw; KoCraOs; [Alkaline and acidic Acidid
1 and . S > .
e . silage in H,O; Preparation Mg; sf; fdw; Chromic
chromotisation

Chromotisation Mg i Chromotisation Al.

E-deg3); sf; fdw; sf; HCI; Acid-chloride Zn; sf;
Zinc plating | fdw; Passivation: blue; (fdw); Cd; SMB (fdw)

2 and cadmium | and black passivation. 21111;2;101:2
i D_gavi e D-flushi ; 3.
plating savings flushing; “-flushing demi water, Cyanide

electrochemical degreasing

|Alkaline and acidic Acidig

E-deg; sf; fdw; sf; H,SO4 Film Ni; Nickel

3 Nickel plating plating (Wattsov tipe); sf; fdw; sf.

|Alkaline and acidic Acidig

Hard

. sf; fdw; Hard chromium plating; Sulfochromic Chromic
4 chromium - . L1
R acid; Removing Cr fdw. Acidic
plating
Silver plating |E-deg; sf; fdw; sf; HCI; Film Ag; Silver plating; C/z;ndlic(l:e
5 and copper sf; fdw; Na,Cr,05. fdw; Cyanide copper plating; Alkaline and acidic
plating sf; fdw; Removing Ni. Chromic
Hand lines for |NaOH; fdw; Zinc plating; fdw; KCN; HNO;; C/zljirgiie
6 different HNO;j-passivation; fdw; Ni- sulphate nickel Alkaline
procedures plating; sf; fdw. Chromic
1. . Acidic
Burnishing and | E-deg; sf; fdw; sf; H,SO,; Phosphating; sf; fdw .
E phosphating | Burnishing; sf; fdw; Oiling; KMnOy; sf; fdw. NOA/llj:lllchel:l:ine
2
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Figure 1 provides an overview of the drive electroplating and chemical
protection in ,,ORAO® a.d. Bijeljina.

Figure 1. Drive electroplating and chemical protection
in ,,ORAO* a.d. Bijeljina (July 2012 image N.Bratic¢)

PROCEDURES WASTEWATER TREATMENT GALVANIC-
CHEMICAL PROCESSES

Plant for waste water from the line of surface protection (Table 1) consists of:

— cylindrical facilities with ion exchangers for flush water without CN™ (line
anodizing and chromium plating, galvanizing and cadmiumization; nickel;
burnishing and phosphating)

— cylindrical plant with ion exchangers for CN™ - flush water (lines silvering and
copper plating, hand lines for different procedures)

— collectors concentrate

— Batch processing waste water

— filtering sludge

— Selective cleaning Cd,

— Selective cleaning without Cd;

— Final neutralization and

— Final pH control.

After galvanic processes, flushing water (after lushing with demi H,O) free fall
touch in collector circular water from there, through the filter cartridge transferred to the
column with ion exchangers.

The cation exchanger in the water present cations are replaced with H' ions in
whereby, as a result of this change resulting free acid corresponding to the salt content in
flushing water, ie.
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(R-SO3)H + NaCl——(R-SO3;)Na + HCI
The anion exchanger can replace the anions OH" ions, ie.

(R-SO4)H + NaOH — = (R-SO3)Na + H,0

Regeneration of cation exchanger is perform with HCI and anions with NaOH.
Purified water at the exit of the ion exchange, the quality corresponds to distilled water
and, as such, is back in the tub to flushing. The waste concentrates from the line and
regranulates ion exchange is collected in tanks concentrate. Because of the great
diversity of processing operations, concentrates are collected individually. So we have: a
tank of acid concentrate, base, tank NO, concentrate Ni concentrate, acid concentrate of
Cd concentrate, Cr concentrate, the tank of CN concentrate and tank CN concentrate Cd.
From tanks concentrates are transferred to the appropriate bath batch processing, where
on the basis of the composition of the concentrate, performs its processing: reduction of
chromate (Cr®" u Cr’"),, nitrite oxidation, oxidation cyanide and neutralization and
felling heavy metals.

The reduction of chromate (Cr®* u Cr®): Chromic waste water containing a neutral
and alkaline range Cr®" in the form CrO4 and in acidic range Cr,O,* ~. Chromate in an
acid range passes over a transitional form of hydro-chromate and dichromate in water:

: 2.
2Cr0,” + H'—» 2HCr0,——= CrO;" + H,0 (1)

Cr®" reduction is achieved by adding an appropriate reducing agent, sodium bisulfite,
NaHSO;. For each gramata Cr®" takes 3 electron-equivalents ie.

Cro;” +14H" + 66’ —» 2Cr>" + 7TH,0 @)
To obtain 6 electron-equivalents, it is necessary to add 3 electron-equivalents NaHSO;, ie.
3HSO, + 3H,0 ——»3HSO, +6H +6e 3)
Summing equations land 2 we get:
Cr,0;° +3HSO; +8H— 2Cr>" + 3HSO, + 4H,0 )

Reaction time is 15-20 minutes. As a reducing agent, often used and ferrous sulphate,
FeSO,. In the acidic range at a pH <5 running the reaction:

- 3 3
2Cr,0,° +6Fe" + 14H —= 2Cr> +6Fe"" + 7H,0 5)
while in the base area at a pH value of 8.5 - 12 running the reaction:
2- 2 -
CrO;” +3Fe” +40H——> Cr(OH); + Fe(OH), (6)

Oxidation nitrite, NO,: Decontamination NO; is achieved by a solution of NaOCI (with
13— 15% active Cl).

NO, + OCI—NO; +Cl’ (7
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The reaction was run at pH 3-4, the reaction time is about 10 min.

Oxidation of cyanide, CN™: Cyanide waste water containing free and complex related
cyanides.
Decontamination CN achieve with solution NaOCI (13-18% active Cl). The
reaction mechanism takes place in three steps:
2) 2CN +20CI + 2H,0 — 2CNCI + 40H" ®)
(the reaction is very fast and flowing at all pH values. The resulting Chlorinecyan is
extremely toxic, therefore the next step in translating the cyanate):

b) 2CNCI + 40H + H,0——> 2CNO + 2H,0 + 2CI )

(hydrolysis reaction is slow and exothermic, reaction rate depends on the pH and the
fastest at pH 10.5 - 12). The required pH is achieved by addition of NaOH or Ca(OH),.
The time required for the I and II step is 40 - 60 minutes.

¢) 2CNO + H,0 + OCI—=N, + 2CO, + 3Cl + 20H (10)

In the third step, the cyanate is converted into N, and CO,. The general equation (general
course) oxidation CN:

2CN + H,0 + 50CI—=N, + 2CO, + 5CI + 20H (11)
Decontamination of CN - metal complexes is highly dependent on their ability
dissociation (in reaction involved only dissociated CN).

Me(CN)y+y) —— Me(CN), + ,CN' —Me’" + (x+y)CN (12)

y+y
(For decontamination of metal complexes such as Zn, Cd or Cu has no special problem,
while a longer reaction time and a higher content of the oxidizing agent from the
complexes of Fe and Ni).

Time is 90 minutes or more, whereby it takes up 100% of oxidizing agent, ie. NaOCL.

Neutralization and felling of heavy metals: Acid and alkaline waste water have an
aggressive character. Their partial neutralization is perform by mixing them together and
complete neutralization with the addition of neutralizing agent. Next to the free acids and
bases of the waste water containing the heavy metal ions.

The neutralization of the free acids and bases running by the reaction:

H' + OH — H,0 (13)

Next to the neutralization is carried out and precipitation of heavy metals (Fe, Zn, and
Cr) in the form of metal hydroxides or metal alkaline salt.

2) Me”" + ZOH —» Me(OH),
by Me” +2H,0 ——=Me(OH), + zH'
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(for felling metal at a pH above 7 corresponds to the equations a) and below pH 7,
equation b). Best pH value for the quantitative felling is between 7.5 - 9.5 with an
optimum at pH 9.2.

The precipitated Fe (OH); serves simultaneously as a flocculant for other
impurities. Each Me-ion having a specific pH-value at which the best secreted as MeOH
and precipitated in the form of sludge.. Thus, Fe (III) bring down already in the acidic
range, Cr (IIT) at pH <8, Zn (II) at pH> 8.5 and Ni at pH> 9.5. The optimum pH value is
9.2. The reaction takes place with intensive stirring. After the treatment is performed in
the filter sludge on filter presses. The clear filtrate was sent to the corresponding selective
cleaning tank and the resulting sludge was packed in filter bags and disposed appropriately.
In the column with the selective exchange resin (has a high affinity for heavy metals) on
the resin present heavy metals is replaced with the metal Na' - ions. When the resin is
saturated need of regeneration. Regeneration is perform using HCI and NaOH.

Treated water from selective cleaning flowing into the bath of final
neutralization where perform correction of pH before being discharged into the drain.
Maintained the pH value between 7 - 9 and is regulated with HC1 and NaOH. The water
from final neutralization flowing into the final control of pH. In case of deviation pH
value, the alarm goes and turn off the pump selective cleaning. In this way is prevented
that improperly treated waste water flows into the drain.

MOIST AIR FILTERS WITH EXCRETOR DROP

Dimensioned facility for air purification achieves the required level of allocations
at different loads of sources with the highest concentrations of polluting components [1,3].
Installed facility for moist cleaning of polluted air galvanic-chemical processes being
composed of three filters (absorption column): acid-alkaline, chromium and cyanide.

From surface area of industrial solutions, depending on the type and
composition of polluted air, perform his extraction in the installed purifiers.
Figure 2 provides an overview of the moist air filters with excretor drop, DV 270 [1].

Absomaske
§obe za Liktene
plina

.| lzlutivad kapijica
za vertikalni dotck
M

Figure 2. Moist air filters with excretor drop, DV 270
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The basis of the process of removing gaseous pollutants from exhaust gases
make the absorption process in which the first bonding performs gaseous components of
the absorption means. Surface necessary to modify the matter is formed on the film of
fluid which leaking on the surface charging downward (transition impurities in the liquid
phase).

In the filter in which clean acid - alkaline gases pH correction depends on the
content of acid or alkaline gases (pH of 9.5 to 11.5). Acidic output gases are neutralized
by adding solution NaOH and basic, with adding solution H,SO,. In purifiers Cr and
CN-gases add solution of NaOH.

EXPERIMENTAL PART

After the above described treatment of waste water produced in the lines
galvanic-chemical protection, from a buffer reservoir, in which the water is stored before
discharge, the water sample was taken. Water analysis is perform in laboratories
authorized by the Ministry of agriculture, forestry and water management of the
Republic of Srpska, "Institute for Water" doo Bijeljina. The paper presents the results of
the analysis of two quarters of the previous year, a water analysis from this facility is
done four times a year.

Measurements and analysis of emissions of air pollution have been perform in
laboratories authorized by the Ministry of physical planning, civil engineering and
ecology of the Republic of Srpska "Master" doo. PJ. "Master Institute" Banja Luka. The
results of measurements of air pollution emissions (one-day measurement pollutants with
mobile ecological station, MES) in three measuring points (the roof galvanic-chemical
protection) are shown in Table 3. The mobile laboratory during the measurement was
placed in the area of electroplating. The readings of air pollution were processed and
analyzed in accordance with the Regulations on limit values of air quality (Official
Gazette of the Republic of Srpska, number 39/2005). During the measurement of the
prevailing cold and cloudy weather. Daily air temperature during the measurements
ranged from 15.10 °C to 15.30 °C at 68% humidity. Wind is conditioned by the seasons
and the configuration of the terrain and geographical location of the measurement area.
The wind was moving from the southwest at an average speed 1.2 m/s.

RESULTS AND DISCUSSION

Results of the analysis of purified water are shown in Table 2.
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Table 2. Results of the analysis of water after treatment at the facility galvanic-chemical

rotection
Result
Test Unit of
Test method I I Al
parameter measure . ] values of
measuringimeasuring
parameters
1. 2. 3. 4. 5. 6.
pH BAS ISO 10523.2002 - 7.49 7.07 6.5-9.0
HPK Standard methods 5220-D 3
(O, bichrom.) (APHA-AWWWA-WEF) 2005. g/m <30 <30 125
BPK; (diluting BAS EN 1899-1:2002 g/m’ 1 0,59 25
and dispersal)
LTS, BAS ISO 11923:2002 g/’ <1.0 <1.0 25
matter
NH;-N BAS ISO 7150-1:2002 o/m 0.05 0.06 10
NOs-N BAS EN 10304-1:2002 o/m 3.93 5.14 10
NO,-N BAS EN 26777:2002 o/m’ <0.002 <0.002 1
Total N by . 3
Kjeldah! BAS EN 25663:2000 g/m 1.64 <0.5 -
Calculating the content of ammonium 3
ot nitrate nitrogen by Kjeldahl gm 337 364 15
Precipitation Stan[i.\;]n\:[t&c])is_\?ég)l) 22)135PHA_ ml/l <0.5 <0.5 5
Total P BAS ISO 6878:2002 o/m’ - 0.01 3
Fluorides BAS EN ISO 10304-1:2002 o/m’ 0.78 0.83 2
Sulphates BAS EN ISO 10304-1:2002 mg/m’ 24.14 27.46 200
Chlorides BAS EN 1SO 10304-1:2002 mg/m 33.7 343 250
Standard methods 3111-B- 3
[ron (APHA-AWWWA-WEF) 2005, | &M <0.03 <0.03 2
Silver S‘a“daf\;/“&f_‘i;,éys(;ggAPHA' mg/m’ 0.33 1.91 50
Total chrome BAS ISO 9174:2002 mg/m 2.3 5.09 100
Copper Sta“daf\;/n&}f_‘izé?;(;gg‘*" HA- 1 ngm? 2.32 3.39 300
. Standard methods 3111-B-
Nickel (APHA-AWWWA-WEF) 2005. mg/m’ 7.73 0.55 10
. Standard methods 3111-B- 3
G (APHA-AWWWA-WEF) 2005. mg/m 29.32 i 1000
Cadmium ( Aﬁgﬁfsv“\;f&}‘ﬁs\iég%o S mg/m® | <0.03 0.15 10
Precipitation ( Aﬁgg?fsvn\;?&(ﬁs\ség-%_o s ml/l <0.5 <0.5
1. 2. 3. 4. 5. 6.
Hexavalent Standard methods 3111-B- 3
chromium (APHA-AWWWA-WEF) 2005. mg/m 1.98 491 100
. Spectrofotometer PC spectroll 3
Cyanides | | ibond-Piridin-barbiturna kisel. 156] ™ <0.01 <0.01 0.1
Sulfites Spe“mf]‘_’;"vri‘;f;zgl;%;pe“ron g/m’ <0.05 <0.05 1
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According to the test results shown in table 2, were obtained parameter values below the
limit values shown in the Regulations on the conditions for discharging wastewater into
surface waters (Official journal of the Republic of Srpska No 44/2001).

Table 3. Results of measurements of air pollution

Test Test method Unit of R References
parameter (Gl L measure Measuring Measuring Measuring value
point 1 point 2 point 3
SMEWW
SO, 19"4501- pg/m’ 46 43 41 90
SO.B
SMEWW
NO, 19"4501- pg/m’ 29 23 28 85
NO,B
X BAS ISO 3
Chlorine 92973:2003 pg/m <1 <1 <1 50
SMEWW
Chrome 19"4501-Cr, pg/m’ 41 28 41 100
A
Cadmium UMH 039 pg/m’ 6 19 7 20
. SMEWW 3
Cyanides 19™4500-B pg/m 9 11 39 50

The results of the measurements emissions of air pollution, table 3 (one-day
measurement pollutants with mobile ecological station, MES), are in accordance with the
values prescribed in the Regulations on limit values of air quality (Official journal of the
Republic of Srpska, No. 39/2005).

CONCLUSION

From the ecological engineering aspects, a suitable combination shown
chemical and physico-chemical processes of wastewater treatment and based on received
results of water which has gone through the shown described treatment, obtained
satisfactory quality of treated water, which are, according to current legislation in the
Republic of Serbian in the Republic of Srpska, can be discharged, in the public sewage
system, also in surface water. According to the results of measurements of air pollution
at three measuring points of the object galvanic-chemical protection obtained
significantly lower values compared to the prescribed legal regulations.

In this way, the shown aspect of our responsibility towards the environment is
filled.
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ABSTRACT

Surface water quality and ecological status assessment of the tributaries of the Western Morava was
evaluated. It includes analysis of microbiological and physico-chemical parameters. Analyzed samples were
taken at locations Musina River in the village of Adrani, Ladevacka River in the village Ladevci and Bresnicka
River in the village Mrcajevci, Serbia. The obtained microbiological parameters show that the highest number
of all investigated parameters was determined in surface water of Bresnicka River and the smallest of Musina
River. Based on the physico-chemical parameters and values of ammonium ions (mg NL™) all three rivers had
moderate ecological status and belonged to class III according to national regulations.

Key words: water quality, physico-chemical, microbiological parameters.
INTRODUCTION

Water is the source of life and a resource that will mark the twenty-first century,
in a manner as it was the case with oil in the twentieth century. The increase of human
population on Earth and the growing need for water, suggests that the Earth is
approaching a water deficit [1].

The oldest known wells originate from Mesopotamia (around 4000 years BC)
and the first water supply system was built in Jerusalem during the rule of king Solomon,
1000 years BC. That water is a key element in the survival of civilization which was
recognized by ancient Egyptians and people of Mesopotamia, which is the reason why
they settled near water bodies [2].

Rational utilization of water resources is one of the most important issues of
contemporary society. Surface water, water sources or depth layers of hydrogeological
systems are used for water supply [3]. The quality of drinking water or food production
depends on the origin and quality of raw water, the quality of water sources as well as
the number of consumers. Chemical and oil industry, metallurgy, and power industry are
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large consumers of water, but also the large amounts of water are spent on irrigation and
livestock maintain complex [4]. The development of techniques and technology,
industrialization and urbanization have contributed to the quality of life but also a large
degradation of nature through the contamination of water, air, soil, destruction of
biocenosis and the ozone layer [5]. Contamination of natural waters can be a chemical
(heavy metals, pesticides, oil, mineral salts, and detergents), biological (pathogenic
microorganisms and viruses), physical (solid waste, noise, and vibration), visual
contamination (concreting river banks) and radioactive (nuclear tests, accidents) [6].
Since the industrial revolution, until today the increase of water pollution and
contaminants is recorded. Recovery and purification of natural water resources are
needed for decades [1]. When we talk about the importance of water for the human
consumption, first we think of it physiological, hygienic, eco-biological, toxicological
and epidemiological significance [7, 8]. Getting hygienic water becomes a real challenge
for a human race. The goal of this work is to show by analysing obtained results for
tested parameters, whether the tested water can be used for irrigation.

MATERIAL AND METHOD

Tributaries of the Western Morava i.e. Musina, Ladevacka, and Bresnicka River
are used for status determination of surface water quality and ecological status
assessment. It includes analysis of microbiological and physico-chemical parameters.
Microbiological parameters comprehend number of total coliforms, fecal coliforms
number-E.coli, and the number of fecal enterococci. Physico-chemical parameters
include T, pH value, dissolved oxygen, biochemical oxygen demand (BODs), total
organic oxygen, ammonium ion, nitrate, orthophosphate, total phosphorus and chloride.
Water samples were collected at locations Musina River in the village of Adrani (L1),
Ladevacka River in the village Ladevci (L2), and Bresnicka River in the village
Mr¢ajevei (L3).

Samples were taken in April 2016. The tested parameters were determined by
standard methods. The analysis was conducted by Institute for Public Health in Cacak.

Assessment of surface water quality was carried out on the basis of national
regulations [9, 10, 11]. National regulation allows the use of water from I to IV classes
for irrigation [9].

RESULTS AND DISCUSSION

Microbiological characteristics of water are an important indicator of water
quality. Most microorganisms, especially certain types of bacterial and protozoa are
essential for biological treatment. However the presence of pathogenic bacteria, some
protozoa and viruses is undesirable because they are harmful to human and animal health
[12,13].
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Table 1. Results of microbiological analysis

Obtained value
Microbiological parameters for Unit of
assessment of ecological status measure L1 L2 L3
Number of total coliform bacteria MPN/100 mL | 6050 12800 | 26050
Number of fecal coliform bacteria-E.coli MPN/100 mL | <500 500 2600
Number of fecal enterococci MPN/100 mL | <40 40 476

MPN-the Most Probable Number
< - the absence of microorganisms in units

Based on the obtained microbiological parameters (Table 1) it can be concluded
that the largest number of total coliform bacteria, the number of fecal coliforms and fecal
enterococci was determined in surface water - L3 and the smallest number in surface
water L1. Based on the results of physico-chemical analysis (Table 2) and the value of
the ammonium ions expressed in mg NL™ all three rivers had moderate ecological status
and belonged to the class III of water quality (limit values for Class III: Ammonium ions
=0.6 mg N L™ [9]. Special attention was given to the indicator BODs in surface waters
- the indicator monitors the concentrations of biochemical oxygen demand (BODs) in
rivers and provides a measure of the status of surface water in terms of biodegradable
organic load. Obtained levels of BOD; are expressed in mg O,L" and were: 3 at the
location (L1) and 2 on locations (L2 and L3). On the basis of the test BODs water belong to
the class II ecological status. The limit value for Class II: BODs = 4.5 mg O, L[9]. The
obtained results: ammonium ion (class III), and BOD;s (II), the total phosphorus and
orthophosphates (I-class II), nitrate (I-II) and I chlorides (I) are in accordance with the [14].

Table 2. Results of physico-chemical analysis

Parameters of Unit of | Obtained value Class of ecological status
No . measu

analysis re

L1 L2 L3 I I III IV |V

1. | Temperature °C 13.7 14.1 13.9
2. | pH value 20.8°C / 8.4 8.4 8.4 6.5-8.5 <6.5;<8.5
3. | Dissolved oxygen 1 12.6 10.7 11 85170 5 4 <4
4. | Biochemical oxygen mg O,L"

demand (after 5ydgays) i 3 2 2 18| 45 7 % 25
5. | Total organic carbon mg L’ 5.6 8.5 1.1 20 ] 5.0 15 50 >50
6. | Ammonium ion a1 02 0.2 0.2 ]0.05] 0.1 0.6 1.5 >1.5
7. | Nitrates meNL s <1 15 [30] 6 |15 >15
8. | Orthophosphates mgPL' | 0.06 0.15 0.1 [0.02 | 0.1 0.2 0.5 >0.5
9. | Total phosphorus 1 0.07 0.2 0.2 [0.05 {0.20 0.4 1 >1
10.| Chlorides me L 12.8 124 16.2 | 50 |100 150 [250 >250
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Chart 1. Biochemical Oxygen Demand (BODs) and total ammonium concentrations in
rivers between 1992 and 2010 (European Environmental Agency) [15]

In European rivers, the oxygen demanding substances measured as BOD and
total ammonium have decreased by 55 % (from 4.9 mg L to 2.2 mg O, L") and 73%
(from 587 to 159 ug N L™, respectively, from 1992 to 2010 (Chart 1) [15].

Comparing the data of the European Environmental Agency on the quality of
European rivers and data of the Agency for environmental protection of the quality of
our rivers date on the basis of parameters BODs (Serbia 2.5 mg L, Western European
rivers 1.5 mg L', Eastern European rivers 3 mg L) indicate that the quality of our rivers
is better than the Eastern European rivers [16].
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The obtained results show that the analyzed water samples can be used for
irrigation in order to reduce the effects of drought, and thus achieve high and stable
yields and appropriate quality in agriculture. Investigated area represents the region
where the grain crops are grown. Also in this area vegetable crops are intensively
cultivated. So these data allow the safe use of water from small rivers for irrigation
during the summer months because the water becomes necessary. This is especially
important because most of farmers use the sprinkler irrigation system, they don’t have
the drip irrigation system.

Acknowledgement

We express gratitude to Company ,, Putevi” Cacak for the provided data.
This work is part of Project TR 31092 finaced by Ministry of education, science
and technological development.

REFERENCES

1. Todd, D.K.: The Water Encyclopedia, Water Information Center, Port
Washington, New York. 597 pag. (1970).

2. Voda-izvor odrzivog razvoja, inzenjeri zastite zivotne sredine 2011-Novi Sad,
ISBN: 978-86-87145-07-8192 str. (2011).

3. Marjanovi¢, T.: Karakteristike vode za pice sa aspekta zdravstvenog rizika
objekta za centralno vodosnabdevanje u Pozarevcu za period 2005-2009.,
Medicinski fakultet, Beograd (2010). (in Serbian).

4. Duki¢, A.D., Ristanovi¢ M. V.: Hemija i mikrobiologija voda, Stylos, Novi Sad,
447 str. (2005). ISBN-13: 978-86-7473-205-2, ISBN: 86-7473-205-4.

5. Gavrilovi¢, Lj., Ljesevi¢, M.: Voda kao uslov Zivota i prirodni resurs, Zbornik
radova sa Konferencije, Voda za XXI vek”, Udruzenje za tehnologiju vode i
sanitarno inZenjerstvo, Beograd (1999). (in Serbian).

6. Milojkovi¢, S. Fizi¢ko-hemijska i mikrobioloska ispravnost vode za pice u
seoskim naseljima na teritoriji grada Pozarevca, Specijalisticki rad,
Poljoprivredni fakultet, Univerzitet u Beogradu, 169 str. (2014).

7. Pani¢, L.: Ispitivanje opstih fizickohemijskih i1 radiohemijskih osobina voda
Mataruske, Selters i Vrnjacke banje, Diplomski rad, Fakultet za fizicku hemiju,
Beograd. (2009). (in Serbian).

8. Rajkovi¢, M.B.: Hemijske metode analize, autorizovana skripta, samostalno
izdanje (M. B. Rajkovi¢), Zemun. (2010). (in Serbian).

9. Uredba o granicnim vrednostima zagadujucih materija u povrSinskim i
podzemnim vodama i sedimentu i rokovima za njihovo dostizanje (SI. glasnik
RS 50/12). (in Serbian).

10. Pravilnik o parametrima ekoloSkog i hemijskog statusa povrSinskih voda i
parametrima hemijskog i kvantitativnog statusa podzemnih voda, (Sl. glasnik
RS 74/11); (in Serbian).

382



XX1V Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vrnjacka Banja, Serbia

11.

12.

13.

14.

15.

16.

Pravilnik o nacionalnoj listi indikatora zastite zivotne sredine (SI. glasnik RS
37/11). (in Serbian).

Masala A.: Bakterioloske osobine vode jezera na podrucju Tuzlanskog kantona
Veterinaria 58 (3-4), 219-228, Sarajevo (2009).

Nikoli¢ S., Mojovi¢ Lj., Nikoli¢ B.,Sekuli¢ Lj., Milovanovi¢ D.: Zagadivaci i
kvalitet vode reka Veliki lug i Kubrsnica na teritoriji opsStine Smederevska
palanka, UDK: 551.482.213/214.Vodoprivreda 0350-0519, 43, 252-254 p. 259-
265 (2011) .

Rezultati ispitivanja kvaliteta povrSinskih i podzemnih voda za 2013. godinu:
Agencija za zastitu zivotne sredine, Beograd, 408 str. (2014).

http://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-

substances-in-rivers/oxygen-consuming-substances-in-rivers-5
http://indicator.sepa.gov.rs

383



=

A 2 Sl XXIV Internatlonal Conference By
"ECOLOGICAL TRUTH " ECO- 151'3 16
12 15 June 2016 Hotel "BREZA\‘ VrnJacka Ban;ai;éh' ERMAA

i T ol

CALCULATION OF THE SEDIMENT YIELD OF THE COLOVICA
BROOK CATCHMENT, WESTERN SERBIA

Gordana Sekularac', R. Ristic?, D. Markovic'

'University of Kragujevac, Faculty of Agronomy, Cacak, SERBIA
*University of Belgrade, Faculty of Forestry, Belgrade, SERBIA

*gordasek@kg.ac.rs

ABSTRACT

This study involves the evaluation of soil erosion within in small catchment within the Kamenica
catchment, part of the Zapadna Morava catchment.

As regards the initiation of the wearing away of soil particles from the catchment slope, standard
methods were used to quantify soil erosion. The aim of this study was to evaluate erosion factors in the
catchment area of the Coloviéa brook, classified as a dry valleys and small flash flood. The annual erosion
intensity is 95.18 m® km™ of soil. Based on natural and anthropogenic factors, the Colovi¢a brook catchment
area belongs to erosion category IV, weak intensity, deep type, with the erosion coefficient of 0.35.

Key words: sediment yield, catchment, erosion intensity, dry valleys and small flash flood.
INTRODUCTION

Land degradation and soil loss are global events. Human induced pressures on
natural ecosystems are still in progress, along with conservation efforts [1]. The main
factor causing soil degradation worldwide is water erosion, which threatens 56% of the
world’s arable land [2].

Over 90% of the total land area in the Republic of Serbia suffers from different
types and intensities of erosion [3]. The erosion process can have both direct and
indirect impacts, inducing permanent soil disappearance. The calculated value of the
total annual sediment yield suggests that some 16.0 cm of soil are annually eroded off
the 21,000 ha of land in Serbia [4]. In the Republic of Serbia (Central Serbia), there are
1.221 million ha of eroded soil, and 36,000 ha are in a steady state, now [5].

Erosion has mostly affected strongly sloping, deforested or cultivated shallow
soils on slopes, formed on impermeable geological substrates, due to the effects of
intense rainfall and fluctuating air temperatures [4].

The tendency of air temperature to increase and of rainfall to decrease is quite
evident in the region of Cagak [6]. Climate change leads to degraded soil physical
properties, increases soil erodibility and reduces the protective role of vegetation.
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The above factors cause intensification of both surface and deep-cutting
processes of erosion.

Given the above, the objectives of this study are quantitative assessment of soil
erosion induced by a range of factors and estimation of sediment yield in one part of the
catchment area of the Kamenica River (part of the Zapadna Morava catchment), i.e. its
subbasin the Tinja, including its second order left-hand tributary the Colovi¢a brook.

MATERIALS AND METHODS

The Coloviéa brook is located near Cacak (43° 53 N; 20° 21" E), Western
Serbia, and belongs to the catchment of the Zapadna Morava river.
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Figure 1. The Colovi¢a brook catchment

Natural characteristics of the Colovi¢a brook basin were studied using map data
(hydrography, relief, geological substrate and soil), literature data (elements of climate:
rainfall and air temperature) and data obtained through an immediate reconnaissance
survey of the area (vegetation).

Maps of the studied area have the following scale: topographic map (1:25,000
Figure 1; 1:50,000) [7], geological map (1:500,000) [8] and pedological map (1:50,000) [9].

Meteorological parameters for the catchment area were calculated using the
method of interpolation of rainfall data [10] by the rainfall gradient [11], and air
temperature [12] calculations for any altitude [13].

Erosion-induced soil losses can be predicted by various analytical models.

However, according to the experience of a number of researchers, the Erosion
Potential Method — EPM [14] is the most suitable on catchment level for watershed
management purposes in this Region and is used in: Bosnia & Herzegovina, Bulgaria,
Croatia, the Czech Republic, Italy, Iran, Montenegro, Macedonia, Serbia and Slovenia
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[15; 16; 17]. This is why quantitative indicators of soil erosion in this research were
calculated using the Erosion Potential Method - EPM.

The basic analytical equation (1) for the calculation of erosion-induced soil
losses, as developed [14], is as follows:

yrxsp™! =Tx H}”’ X7 23 x R“ (1)
where:

Gy o' — specific annual total erosion-induced sediment yield reaching the
confluence, m® yr' km™

T — temperature coefficient of the catchment

Hy, — amount of rainfall, mm

n—-3.14

Z — coefficient of erosion

R, — coefficient of retention of soil in the catchment.

RESULTS AND DISCUSSION

The size, length, circumference and shape (perimeter) of a catchment area are
among major catchment elements of importance for soil erosion. The Colovi¢a brook
catchment is 0.83 km? in area (F), 4.10 km in length (L), and 1.07 km in circumference (C).

The major physical and geographical elements of the Coloviéa brook
catchment, relief characteristics, geological substrate features, soil type and soil
utilisation method, are quantitative parameters or soil erosion in the catchment.

Table 1. The basic parameters of the Coloviéa brook catchment relief

Catchment name: The Coloviéa brook

The lowest point of the main watercourse and catchment (B), m 673
The highest point of the main watercourse (C), m 761
The highest point of the catchment (E), m 843
Average slope of the main watercourse in the catchment (I,), % 7.0
Mean catchment altitude (A,), m 743.26
Mean catchment altitudinal difference (D), m 70.26
Mean catchment slope (I,,), % 15.3
Coefficient of catchment relief erosion energy (E,), m km™2 56.67

Table 1 presents the Colovi¢a brook relief which plays a primary role in the
occurrence of soil erosion. The mean altitude (A,) of the Colovi¢a brook is 743.26 m
and the mean altitudinal difference (D) is 70.26 m. The mean slope (I,) is 15.3%. Relief
of a region can also be determined by the coefficient of relief erosion energy (E,), the
value thereof for the Coloviéa brook catchment being 56.67 m km™2. An increase in
relief parameter values results in increasing intensity of soil erosion in the catchment.

Geological substrates contribute significantly to the erosion process within the
Colovi¢a brook catchment area (Table 2). Erosion resistance of geological substrates is
directly related to water permeability. The geological substrate of the Coloviéa brook
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catchment is serpentine (100.00% of the total catchment area) and is with poor
permeability. The water permeability coefficient of the serpentine geological substrate
(Sy) is 1.00, suggesting non-resistance of the geological substrate to the erosion process
(Table 2).

Table 2. Geological substrate of the Colovi¢a brook catchment, coefficient of water
permeability (S;) and erosion resistance

Catchment name: The Coloviéa brook

F,-Poorly permeable rocks

e Serpentine k' 0.83
% 100.00
Coefficient of geological substrate water permeability (S;) 1.00
Resistance of geological substrate to erosion Non-resistant

As an erosion agent, soil and its properties contribute, to a lesser or greater
degree, to the erosion process. Due to the effect of pedogenetic factors, the soil type
covering the Coloviéa brook catchment area is humus-siliceous soil on serpentine rock.
It is classified as shallow soil. The profile of the humus-siliceous soil on serpentine is of
A;—C type. A strong degree of erodibility is found in the humus-siliceous soil on
serpentine [18].

Table 3. The structure of the Coloviéa brook catchment according to type of land use
and vegetative cover coefficient (S,)

Catchment name: Coloviéa brook

Fy¢ Forests and coppice of good spacing kg/I:Z 888
7
Orchards k;/r: 888
F, Meadows k;ZZ 223
Pastures and devastated forests and coppices k[f/rol i 9(;"7988
7
2y k"lzz 90é .8820
km 0.01
. Arable land k[;/r“l 2 (1) . 3 8
Infertile soil o 0:00
7
4 g 120
Vegetation cover coefficient (S,) 0.80

The most aggressive climate elements inducing and contributing to soil erosion
include rainfall, air temperature, and soil temperature (indirectly, through air
temperatures). This region has a temperate continental climate. The mean annual rainfall
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total (R) for the Coloviéa brook catchment is 808.2 mm, and the mean annual air
temperature (T) is 7.9°C. The data on rainfall reaching the catchment surface indicate an
important role of rainfall as a climate element in soil erosion in the catchment area
observed.

The contribution of the other soil erosion agents i.e. vegetation, both
autochthonous and anthropogenic, and vegetative cover coefficient (S,) is given in Table
3. The most of the land — 0.82 km® (98.80%) is under grass vegetation (3. F,) i.e.
pastures and devastated forests and coppices 0.78 km* (93.98%), and 0.01 km? (1.20%)
of the arable land, which is under bare soil (X f,). These forms of land-use facilitate the
protection of the studied area against erosion (vegetative cover coefficient, S, = 0.80).

The devastating potential of the watercourse can be determined from the
hydrographic and hydrologic traits of the region analysed. The traits pertaining to the
family of the Colovi¢a brook (F.) are as follows: F.: D; IV; Z=0.35, meaning that the
Colovi¢a brook is a dry valleys and small flash flood (D) classified as class IV of
erosion category (weak intensity of erosion) and having an erosion coefficient (Z) of
0.35 (deep type of erosion).

The above traits of the erosion factors in the Colovi¢a brook catchment result in
sediment production and soil erosion of particular intensity.

The scale of erosion of the Colovi¢a brook catchment is manifested through the
mean annual erosion-induced sediment yield, Wy, of 415.79 m’ yr'.

The mean annual volume of the total sediment yield (Gy,) reaching the Coloviéa
brook confluence is 79.00 m’ yr”', whereas the specific annual total erosion-induced
sediment yield reaching the confluence with the Kamenica River (Gy, ") is 95.18 m® km™
yr'. This finding regarding the weak erosion intensity is comparable to that on the low-
intensity erosion of the GrliSka River region (Eastern Serbia) of (G, Sp'l) 209.12 m® km™
yr'!' [19]. Using the method of EPM, in research of the Djuricka river basin (North of
Montenegro), predicted that the soil losses were 645 m® km™ per year [20].

The erosion intensity on the Coloviéa brook catchment is manifested through
the relief erosion energy coefficient of 56.67 m km™?, the erosion coefficient (Z) of
0.35, mean annual rainfall of 808.2 mm and average annual air temperature of 7.9°C,
with about 98.80% of land area under grass vegetation (2 F,), and the dominating
humus-siliceous soil on serpentine rock.

The above data show that, in view of the annual sediment yield, about 0.21 ha
of soil up to 20 cm depth are eroded of the Coloviéa brook catchment area i.e. about
0.31 t ha™' of soil are lost annually. The amount of the eroded soil material can be
categorised as class I (0-1 t ha” yr') of permissible or tolerable erosion [1].

This model can be integrated with GIS technology for prediction of soil erosion
and its spatial distribution [21].

CONCLUSION
The Coloviéa brook is classified as a ravine. The value of Z coefficient of 0.35

indicates that the river basin belongs to destruction category IV. The strength of the
erosion process is weak, and deep erosion dominates in the studied area.
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These and the other soil erosion agents analysed in the catchment area have

resulted in the mean annual erosion-induced sediment yield of 415.79 m’ yr', and
erosion intensity of 95.18 m®> km™ yr'. The erosion observed in this region is of weak
intensity, and the anthropogenic factor is the key agent in the process governing soil
utilisation, soil conservation and protection from further erosion-induced degradation.
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ABSTRACT

This paper considers the natural and antropogenic characteristics of influence on the soil erosion
intensity in the Karaulski brook catchment — Western Serbia.

The Karaulski brook is classified as a ravine. The annual erosion intensity is 125.16 m*® km™ of soil.
Based on natural and anthropogenic factors, the Karaulski brook catchment area belongs to erosion category
111, of average intensity, surface type, with the erosion coefficient of 0.41. This analysis enables adequate soil
and water protective measures to be taken for the purpose of agricultural production in the area studied.

Key words: natural factors, antropogenic factor, catchment, soil erosion intensity.
INTRODUCTION

Land degradation and soil loss are global events. Human induced pressures on
natural ecosystems are still in progress, along with conservation efforts [1]. The main
factor causing soil degradation worldwide is water erosion, which threatens 56% of the
world’s arable land [2].

Over 90% of the total land area in the Republic of Serbia suffers from different
types and intensities of erosion [3]. The erosion process can have both direct and
indirect impacts, inducing permanent soil disappearance. The calculated value of the
total annual sediment yield suggests that some 16.0 cm of soil are annually eroded off
the 21,000 ha of land in Serbia [4]. In the Republic of Serbia (Central Serbia), there are
1.221 million ha of eroded soil, and 36,000 ha are in a steady state, now [5].

Erosion has mostly affected strongly sloping, deforested or cultivated shallow
soils on slopes, formed on impermeable geological substrates, due to the effects of
intense rainfall and fluctuating air temperatures [4].
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The tendency of air temperature to increase and of rainfall to decrease is quite
evident in the region of Cagak [6]. Climate change leads to degraded soil physical
properties, increases soil erodibility and reduces the protective role of vegetation.

The above factors cause intensification of both surface and deep-cutting
processes of erosion.

Given the above, the objectives of this study are quantitative assessment of soil
erosion induced by a range of factors and estimation of sediment yield in one part of the
catchment area of the Kamenica River (part of the Zapadna Morava catchment) i.e. its
subbasin the Tinja, including its second order left-hand tributary the Karaulski brook.

MATERIALS AND METHODS

The Karaulski brook is located near Cadak (43° 53 N; 20° 21" E), Western
Serbia, and belongs to the catchment of the Zapadna Morava river.
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Figure 1. The Karaulski brook catchment

Natural characteristics of the Karaulski brook basin were studied using map
data (hydrography, relief, geological substrate and soil), literature data (elements of
climate: rainfall and air temperature) and data obtained through an immediate
reconnaissance survey of the area (vegetation).

Maps of the studied area have the following scale: topographic map (1:25,000
Figure 1; 1:50,000) [7], geological map (1:500,000) [8] and pedological map (1:50,000) [9].

Meteorological parameters for the catchment area were calculated using the
method of interpolation of rainfall data [10] by the rainfall gradient [11], and air
temperature [12] calculations for any altitude [13].

Erosion-induced soil losses can be predicted by various analytical models.

However, according to the experience of a number of researchers, the Erosion
Potential Method — EPM [14] is the most suitable on catchment level for watershed
management purposes in this Region and is used in: Bosnia & Herzegovina, Bulgaria,
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Croatia, the Czech Republic, Italy, Iran, Montenegro, Macedonia, Serbia and Slovenia
[15; 16; 17]. This is why quantitative indicators of soil erosion in this research were
calculated using the Erosion Potential Method - EPM.

The basic analytical equation (1) for the calculation of erosion-induced soil
losses, as developed [14], is as follows:

_ 3
csp™ =TxH, x7nVZ xR, (1)
where:
Gy, Sp'l — specific annual total erosion-induced sediment yield reaching the confluence, m’
21 _
yr km

T — temperature coefficient of the catchment

Hy; — amount of rainfall, mm

n—3.14

Z — coefficient of erosion

R, — coefficient of retention of soil in the catchment.

RESULTS AND DISCUSSION

The size, length, circumference and shape (perimeter) of a catchment area are
among major catchment elements of importance for soil erosion. The Karaulski brook
catchment is 0.82 km? in area (F), 4.55 km in length (L), and 1.37 km in circumference (C).

The major physical and geographical elements of the Karaulski brook catchment,
relief characteristics, geological substrate features, soil type and soil utilisation method,
are quantitative parameters or soil erosion in the catchment.

Table 1. The basic parameters of the Karaulski brook catchment relief
Catchment name: The Karaulski brook

The lowest point of the main watercourse and catchment (B), m 628
The highest point of the main watercourse (C), m 718
The highest point of the catchment (E), m 751
Average slope of the main watercourse in the catchment (I,), % 5.6
Mean catchment altitude (A,), m 698.55
Mean catchment altitudinal difference (D), m 70.55
Mean catchment slope (I,,,), % 23.8
Coefficient of catchment relief erosion energy (E,), m km™2 41.00

Table 1 presents the Karaulski brook relief which plays a primary role in the
occurrence of soil erosion. The mean altitude (A,,) of the Karaulski brook is 698.55 m
and the mean altitudinal difference (D) is 70.55 m. The mean slope (I,,)) is 23.8%. Relief
of a region can also be determined by the coefficient of relief erosion energy (E,), the
value thereof for the Karaulski brook catchment being 41.00 m km™% An increase in
relief parameter values results in increasing intensity of soil erosion in the catchment.

Geological substrates contribute significantly to the erosion process within the
Karaulski brook catchment area (Table 2). Erosion resistance of geological substrates is
directly related to water permeability. The geological substrate of the Karaulski brook
catchment is serpentine (100.00% of the total catchment area) and is with poor permeability.
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The water permeability coefficient of the serpentine geological substrate (S;) is 1.00,
suggesting non-resistance of the geological substrate to the erosion process (Table 2).

Table 2. Geological substrate of the Karaulski brook catchment, coefficient of water

permeability (S;) and erosion resistance
Catchment name: The Karaulski brook
Fpn-Poorly permeable rocks

, km” 0.82
e  Serpentine % 100.00
Coefficient of geological substrate water permeability (S;) 1.00
Resistance of geological substrate to erosion Non-resistant

As an erosion agent, soil and its properties contribute, to a lesser or greater
degree, to the erosion process. Due to the effect of pedogenetic factors, the soil type
covering the brook Karaulski catchment area is humus-siliceous soil on serpentine rock.
It is classified as shallow soil. The profile of the humus-siliceous soil on serpentine is of
A;—C type. A strong degree of erodibility is found in the humus-siliceous soil on
serpentine [18].

The most aggressive climate elements inducing and contributing to soil erosion
include rainfall, air temperature, and soil temperature (indirectly, through air temperatures).
This region has a temperate continental climate. The mean annual rainfall total (R) for the
Karaulski brook catchment is 798.5 mm, and the mean annual air temperature (T) is 8.2°C.
The data on rainfall reaching the catchment surface indicate an important role of rainfall as
a climate element in soil erosion in the catchment area observed.

The contribution of the other soil erosion agents i.e. vegetation, both
autochthonous and anthropogenic is given in Figure 2

Infertile soil Meadows

Pastures and
devastated
forests and

coppices

Figure 2. The structure of the Karaulski brook catchment according to type of land use
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The most of the land — 0.75 km® (91.46%) is under grass vegetation (X Fy)i. e.
meadows 0.07 km” (8.54%) and pastures and devastated forests and coppices 0.68 km®
(82.92%), and 0.07 km? (8.54%) of the infertile soil, which is under bare soil (X, f;). These
forms of land-use facilitate the nonprotection of the studied area against erosion
(vegetative cover coefficient, S, = 0.82).

The devastating potential of the watercourse can be determined from the
hydrographic and hydrologic traits of the region analysed. The traits pertaining to the
family of the Karaulski brook (F.) are as follows: F.: E; III; Z=0.41, meaning that the
Karaulski brook is a ravine (E) classified as class III of erosion category (average
intensity of erosion) and having an erosion coefficient (Z) of 0.41 (surface type of
erosion).

The above traits of the erosion factors in the Karaulski brook catchment result
in sediment production and soil erosion of particular intensity.

The scale of erosion of the Karaulski brook catchment is manifested through
the mean annual erosion-induced sediment yield, W, of 513.17 m’ yr'.

The mean annual volume of the total sediment yield (Gy,) reaching the
Karaulski brook confluence is 102.63 m’® yr', whereas the specific annual total erosion-
induced sediment yield reaching the confluence with the Kamenica River (Gy, sp’l) is
125.16 m® km™ yr'. This finding regarding the weak erosion intensity is comparable to
that on the low-intensity erosion of the GrliSka River region (Eastern Serbia) of (G, sp'l)
209.12 m® km™ yr'l [19]. Using the method of EPM, in research of the Djuricka river basin
(North of Montenegro), predicted that the soil losses were 645 m® km™ per year [20].

The erosion intensity on the Karaulski brook catchment is manifested through
the relief erosion energy coefficient of 41.00 m km™?, the erosion coefficient (Z) of
0.41, mean annual rainfall of 798.5 mm and average annual air temperature of 8.2°C,
with about 91.46% of land area under grass vegetation (2 F,), and the dominating
humus-siliceous soil on serpentine rock.

The above data show that, in view of the annual sediment yield, about 0.26 ha
of soil up to 20 cm depth are eroded of the Karaulski brook catchment area i.e. about
0.39 t ha”' of soil are lost annually. The amount of the eroded soil material can be
categorised as class I (0-1 t ha” yr'") of permissible or tolerable erosion [1].

This model can be integrated with GIS technology for prediction of soil erosion
and its spatial distribution [21].

CONCLUSION

The Karaulski brook is classified as a ravine. The value of Z coefficient of 0.41
indicates that the river basin belongs to destruction category III. The strength of the
erosion process is average, and surface erosion dominates in the studied area.

These and the other soil erosion agents analysed in the catchment area have
resulted in the mean annual erosion-induced sediment yield of 513.17 m’ yr', and
erosion intensity of 125.16 m® km™ yr'. The erosion observed in this region is of
average intensity, and the anthropogenic factor is the key agent in the process governing
soil utilisation, soil conservation and protection from further erosion-induced
degradation.
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ABSTRACT

The flow electrochemical reactor with a ratio electrode surface area and the volume of the reactor,
16 m*/m’®, was used for treatment wastewater containing cyanide by electrocoagulation process with iron
electrodes. It was investigated the effect of current density, supporting electrolyte, and the reaction time to
cyanide removal (yon=200 mg/L) with the hydraulic retention time HRT=2,67 min. In the presence of 1 g/L
NacCl for 60 minutes of treatment, the removal efficiency achieved, Eu = 98,30%.

Key words: electrocoagulation, cyanide, current density.

INTRODUCTION

Wastewater containing cyanides are among the most toxic wastewater.
Cyanides are common name which include inorganic compounds, respectively cyanide
salts containing cyanide anion [C=N] and organic compounds (organic cyanides) that
have a functional group -C=N. Soluble cyanides are partially hydrolyzed in moist air and
transformed into hydrocyanic acid which is one of the most toxic substances [1,2].
Cyanide is a highly reactive toxic compound, which in the wet and acidic conditions
form deadly gas (HCN). Cyanides, hydrocyanic acid salts and all compounds containing
CN' ion are far less toxic. The lethal dose is 150-200 mg KCN [2]. The total quantity of
cyanide wastewater that is discharged during the year is estimated at more than kg/year
[3]. Since cyanide is very reactive, it readily binds metals such strong ligand and form
complexes of different stability and toxicity [4]. There are several possible methods for
treating wastewater containing cyanides. The most commonly used treatment is alkaline
chlorination, and lately degradation with hydrogen peroxide, ozone, SO/air (INCO
process), photocatalytic oxidation, cyanide biodegradation, electrodialysis, reverse
osmosis and electrochemical treatment [5-11].

Electrochemical technology of wastewater treatment use electricity through
appropriate electrodes in the electrochemical reactor and presents an alternative to
traditional chemical oxidation. For removing free cyanide was successfully used several
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different electrode materials (Pt, Ti / Pt, PbO2, Fe, Al, stainless steel) [5,10,12].
Depending on the electrode material applied can be carried various electrochemical
processes, such as electrodeposition, anodic oxidation, electrocoagulation and
electroflotation.

Electrocoagulation is more present wastewater treatment in which there is a
charge neutralization of pollutants under the influence of an external source of
electricity. Electrochemical technology also offer an alternative the use of metal salts,
polymers and polyelectrolytes in the destruction of stable suspensions and emulsions
[13]. The basic parameters of electrochemical treatment are: electrode material,
electrochemical reactor design, current density, pH value of wastewater, electrolyte
conductivity, temperature [14,15].

Compared to conventional chemical coagulation, electrocoagulation basic
advantages are a smaller amount needed coagulate ions, the greater pollutants removal
efficiency, there is no use of chemicals thus reducing the possibility of secondary
pollution and reduces the quantity of sludge, less reaction time and consequently less,
simple and easy handling equipment. In addition, the hydrogen generated at the cathode,
causing stirring the suspension in a reactor which promotes flocculation, and hence the
overall efficiency of the process. These properties make the electrocoagulation process
technically and economically more efficient than conventional chemical coagulation [10].

The aim of this study was to investigate the effect of current density, supporting
electrolyte and reaction time to remove cyanide from simulated wastewater by
electrocoagulation process with iron electrodes. The flow electrochemical reactor is
characterized by continuous reaction, continues temperature, concentration and other
values during electrolysis. Therefore, the control and the maintenance of the electrolysis
is simple.

Literature concerning cyanide removal by electrocoagulation process is rare and
limited to the wor undertaken by Moussavi et al., Koby et al., Hassani et al. and Senturk
[10, 16-18].

Of these studies, only Moussavi ef al. in addition to batch, carry out research on
flow electrochemical reactor. In case of batch reactors the best results are achieved with
Fe-Al (anode-cathode) electrode arrangement. Increasing current density from 2 to 15
mA/cm’ increas cyanide removal efficiency from 43 to 91% for 20 minutes for reaction
without aeration and 45-98% with aeration. In flow electrochemical reactor with
different hydraulic retention times (HRT) increase cyanide removal efficiency of 57%
(HRT=15 min) to complete efficiency (HR7T=140 min) [10]. Kobya et al. have conducted
research in the purification of rinse galvanic wastewater containing cadmium cyanide
and nickel cyanide at a batch electrochemical reactor with iron electrodes. Removal
efficiency and operational costs at optimal conditions (30 A/m?, 30 mi. and pH=8-10 for
cadmium; 60 A/m* 80 min. and pH=8-10 for nickel) amounted to 99,4% and 1,05 €/m’
for cadmium and 99,1% and 2,45 €/m’ for nickel and >99,7% for cyanides, respectively
[16]. The effect of voltage, initial concentration of cyanide and reaction time in reactor
with iron electrodes are presented in the work Hassani et al. wherein was achieve a
cyanide removal efficiency of 97% [17]. Senturk studied the influence of the electrode
material, current density, reaction time, initial pH and electrode arrangement occurs
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optimal parameters, 20 A/m?, 60 min for maximum removal efficiency of 85 and 99%
for Fe and 64 to 33% for Al electrode, for cyanides and zinc, respectively [18].

MATERIALS AND METHODS

For the purpose of experimental researches, we used commercially available
95% sodium cyanide (NaCN), Acros Organics, Belgium, 99,5% sodium chloride (NaCl)
and 98 % sodium hydroxide (NaOH), Lachner, Czech Republic. All the listed chemicals
are of p.a. purity. In order to prepare synthetic cyanide wastewater of the particular
concentration we used 0.01 M sodium hydroxide solution (NaOH), and stainless steel as
electrode material (EN 1.4301/AISI 304; max. 0.08% C, max. 0.12% Cr, max. 0.45%
Mn, max. 0.60% Si). Flow electrochemical reactor is made of polyester with eight
electrodes (Figure 1). Distance between the electrodes is 1 cm, and the total area of the
anode is 356 cm”. The flow of waste water is provided via peristaltic pump with the
possibility of changing the flow rate (Figure 2).
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o I I R A 4 # | #J__lﬁﬂﬁl_l !
= T R B i
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] S [ I 1)
s 150 15 o
156

Figure 1. Flow electrochemical reactor

Flow velocity of wastewater through the flow reactor was 294 mlL/min,
respectively, the hydraulic retention time (HRT) was 2,67 minutes. Prior research,
attention was paid to the choice of appropriate relations electrode surface area and
volume of the reactor. Mousavi et al. researched removal of cyanide using ratio of
electrode surface area and the volume of the reactor (16 m*/m’) and therefore used
volume of wastewater adapted this proportion and it was ¥=0,786 dm’ [10].
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Figure 2. Scheme of pilot plant (1- electricity source, 2-reactor, 3-container for
collecting the solution, 4 pump, 5-control unit

All experiments were performed at the starting temperature of sample 20° C.
Current density was at for desirable value before each treatment. Electrodes were
mechanically cleaned and washed with detergent and acetone before each treatment in
order to remove surface grease and electrode surfaces were cleaned by emerging (5 min.)
in diluted (1:1) solution of HCI after which the electrodes are washed with distilled
water. Prepared sample synthetic wastewater before and after treatment analyzed the
content of free cyanide in accordance with standard methods [19].

RESULTS AND DISCUSSION

For experimental research electrochemical removal of cyanide we used 0,01 M
NaOH with a cyanide content of the initial mass concentration y-y =200 mg/L. Results of
the electrochemical removal are shown through cyanide removal efficiency, Eu (%),
whose ratio could be described by following equation:

Tk
%

B, = « 120 [%] D,

where is ¥; and y;initial and final cyanide concentration (mg/L).

The effect of electrolysis duration (15, 30, 60 min) to decrease cyanide
concentration in wastewater (=200 mg/L) at different current densities ( j=5-20
mA/cmz) is shown in Figures 3, 5, and 7.
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Figure 3. Reducing cyanide concentration
in depend of electrolysis duration
(j=5 mA/cm?, t=60 min.)
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Figure 4. Effect of electrolysis duration on
cyanide removal efficiency
(j=5 mA/cm?, t=60 min.)

The effect of electrolysis duration (15, 30, 60 min) to cyanide removal efficiency
in wastewater (=200 mg/L) at different current densities ( j=5-20 mA/cm®) is shown in
Figures 4, 6, and 8. It is obvious that a change in current density significantly affects the
efficiency of reduction cyanide concentration. The greatest efficiency has been reached
with /=5 mA/cm?, Eu = 45,00%, for 60 minutes of treatment. At a current density of 10 to
20 mA/cm?, achieved efficiency is Eu=38,01% and Eu=36,45%, respectively.
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Figure 5. Reducing cyanide concentration
in depend of electrolysis duration
(=10 mA/cm?, t=60 min.)
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Figure 6. Effect of electrolysis duration on
cyanide removal efficiency
(=10 mA/cm?, t=60 min.)

To increase the conductivity of the solution, and therefore cyanide removal
efficiency, further research has been used NaCl as supporting electrolyte. Figure 9 shows
effect of NaCl concentration on cyanide removal efficiency. Duration of electrolysis for
all concentrations of supporting electrolyte is, =30 min, and the current density, j=10
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mA/cm? (=200 mg/L). Efficiency is the highest at yn,c=1 g/L (Eu=50,01%), and the
lowest at yn,c=0,5 g/L (Eu=47,38%).
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Figure 7. Reducing cyanide concentration in Figure 8. Effect of electrolysis duration on
depend of electrolysis duration cyanide removal efficiency
(=20 mA/cm?, t=60 min.) (=20 mA/cm?, t=60 min.)
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Figure 9. Effect of NaCl concentration on cyanide removal efficiency

The effect of electrolysis duration to reduce cyanide concentration in the
presence of supporting electrolyte, NaCl, (ynacy=1 g/L) is shown in Figure 10 (j=10
mA/cm’, 7=200 mg/L), and effect of electrolysis duration on cyanide removal efficiency
for identical conditions is shown in Figure 11.

At concentration of supporting electrolyte, yn,c=1 g/L, treatment time, =60
min, is achieved cyanide removal efficiency, £u=98.30%.
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Figure 10. Reducing cyanide concentration
in depend of electrolysis duration
(Ynacn=1 g/L, t=60 min.)
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Figure 11. Effect of electrolysis duration on
cyanide removal (ynac)=1 g/L, t=60 min.)

Applied current density (j=5-20 mA/cm?) differently affects on cyanide removal
efficiency, depending on the presence and concentration of supporting electrolyte. Effect
of current density on cyanide removal efficiency in a flow electrochemical reactor with
electrodes of iron, without the presence of NaCl, during electrolysis, =60 min, is shown
in Figure 12. Figure 13 shows impact of current density at different concentrations of
supporting electrolyte during electrolysis, /=30 min.
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Figure 12. Effect of current density on
cyanide removal efficiency without NaCl
(Y0=200 mg/L, t=60 min.)

100

90

80

10

60

50 L

Efficiency (36)

40
30

0

& with 1g/L NaCl
10 ’

0
] 5 10 15 10

Current density (mAfcm’)
Figure 13. Effect of current density on
cyanide removal efficiency with NaCl
('Y0:200 mg/L, 'Y(Na(jl):l g/L, =30 mln)

Increase in current density above 5 mA/cm?® without the presence of NaCl
negatively affects the efficiency of the process, while in the presence of 1 g/L NaCl
increase in current density has a positive impact on efficiency and has almost linearly
dependent. That makes it possible for, /=20 mA/cm” and =30 min, almost completely
remove cyanides from wastewater (Eu=95,10%).
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CONCLUSION

Results of this study show that the process of electrocoagulation in flow

electrochemical reactor with iron electrodes can successfully complete remove cyanide.
The presence of NaCl as supporting electrolyte increases cyanide removal efficiency and
enables operation at higher current densities where the efficiency increases significantly
for shorter reaction time.
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ABSTRACT

The study observed adsorption of NH;, CH;COOH and C;;H3;COOH on 4A synthetic zeolite and
its modified form. The characteristics of catalysts, which are important for adsorption, are related to the surface
condition, and those are: chemical composition, structure, development and energy relief of surface, size, form
and distribution of pores on which inner surface adsorption also takes place. Exactly for that reason, it was
interesting to observe the behavior of pure 4A zeolite and its modified form with cation surface active
substance — propagen in contact with solutions of NH;, CH;COOH and C,;H3;3COOH. Since zeolites do not
have stoichiometric composition, it is possible that isomorphic substitutions of Si and Al, as well as of cations
and sorbates, take place in them. Adsorptions are presented by isotherms of Freundlich type. The objective of
this study was an attempt to transfer the surface of zeolite from primary hydrophilic to hydrophobic one, which
would enable a stronger interaction with mentioned adsorbates. The conclusion is that it was a success, because
modified 4A zeolite gave a lot better results than unmodified one, particularly in case of adsorption of
CH;COOH. Most probably, modified organo-zeolite got organophilic surface, due to which it proved to have
extraordinary adsorption characteristics towards acetic acid and poorer ones towards oleic acid because of the
size of this acid molecules.

Key words: adsorption, 4A zeolite, ammonia, acetic acid, oleic acid, surface active matters.
INTRODUCTION

The study examined adsorption characteristics of synthetic 4A zeolite (producer
COPO-2, “MIRA” Italy) and its cation modified form (K-PAM). Modification was
performed with surfactant — propagen (triethanol-amine-di- estermethyl-sulfate).
Adsorbates used were alcohol solution of C;;H3;3COOH, aqueous solution of CH;COOH
and solution of NH;. Concentrations of solutions before and after adsorption were
observed volumetrically. Since the substitution of cations in zeolite has a consequence of
changing the whole series of characteristics of basic zeolite, the study attempted to
influence the behavior of 4A zeolite by introducing cation active surface substance. The
process of modification with organic (PAM) resulted in a partial neutralization of
negative charge (on the surface of zeolite) and the obtained organominerals had a bigger
efficiency of adsorption of harmful components from water and air (1-3). Acid and base
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adsorbates were a challenge in this study, conducted as a system model, because in
nature we most frequently encounter acid and base pollution.

EXPERIMENTAL PART

Zeolite 4A (NaA) belongs to the third group of zeolites with the secondary unit
— double four-member ring. The composition of unit cell of NaA (4A) zeolite, according
to Linden (4):
Nay5[(Al0;)15(Si0,)12]-27H,0

The surfactant used was propagen, which is cation PAM, and according to its
composition it is triethanol-amine-di- estermethyl-sulfate. It is mostly composed of
Cy¢/Cys saturated and unsaturated fatty acids. The modification of 4A sample was
performed with propagen, mass concentration of 0.1 g/dm’. Modification was conducted
from aqueous suspension and calculated quantity of active substance in order to satisfy
the capacity of ion exchange. The adsorbates used were:

» alcohol solution of oleic acid, ¢ = 0.01-0.1 mol/dm’,
» aqueous solution of acetic acid, ¢ = 0.02-0.15 mol/dm?,
> aqueous solution of ammonia, ¢ = 0.05-0.2 mol/dm’.

The best conditions for reaching adsorption balance were achieved after 3 hours
and adsorption temperature of 278K. Adsorbent mass was 1.00 g and the volume of
adsorbate solution was 50 cm”.

RESULTS AND DISCUSSION

The results of adsorption on original and modified samples are presented on
diagrams from 1 to 7 and in table 1.
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Figure 1. Freundlich adsorption isotherm for system NH;3-4A zeolite, T= 278K
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Figure 2. Freundlich adsorption isotherm for system CH;COOH-4A zeolit, T=278K
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Figure 3. Freundlich adsorption isotherm for system C,;H;3COOH-4A zeolit, T= 278K

X/m(mol/g) 1 5 -
1,00
0,80
0,60
0,401

0,20

0,00 '
0,00 0,05 0,10 0,15 0,20

€1 (mal/L)

Figure 4. Freundlich adsorption isotherm for system NH3-4A+0,1K-PAM, T= 278K
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Figure 5. Freundlich adsorption isotherm for system
CH,;COOH-4A+0,1K-PAM, T= 278K
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Figure 6. Freundlich adsorption isotherm for system
Ci7H3;3COOH-4A+0,1K-PAM,T=278K
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Figure 7. Adsorption isotherms for system of adsorption of base and acid adsorbents on
original and modified form of 4A zeolite
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Table 1. Summary survey of adsorption parameters of base and acid adsorbates on
original and modified form of 4A zeolite

TadsA 10° AadsH x/m -1 03 1020
ADSORBENT ADSORBATE (K) n k-10 (J/mol) (mol/g) No -10
1=0,55
NH; 1,44 | 0,283 -3328 11=0.96 9,06
4A 278 1=1,49
CH;COOH 6,12 0,77 -14143 11=2,70 25,24
Cy;H3;3COOH 1,87 | 0,074 -4322 =04 2,41
1=0,04
NH; 1,44 0,22 -3328 11=1.00 6,26
4A+0,1K -PAM CH;COOH 278 | 835 | 0,289 -19299 1=2,72 32,76
C,,H3;COOH 2,80 | 0,052 | -6472 | 1=0,65 391

By analyzing obtained results we can see that 4A modified zeolite proved to
have best results, particularly at the adsorption of CH3;COOH. The released heat of
adsorption is — 19299 Jmol™, and number of adsorbed molecules of CH;COOH by a
gram of sample is 32,76-10%. Somewhat worse results are given by unmodified 4A
sample with the same acid (AH = - 14143 Jmol™”, and number of adsorbed molecules
25,24-10%). According to the heat of adsorption, which has the value for modified and
unmodified 4A: AgH = -6472 Jmol' and AgH = -4322 Jmol’, respectively,
C,7H33COOH gives worse results than CH;COOH. Also, values of parameter n speak in
favor of the claim that modified zeolite is a good adsorbent for C,;H3;3COOH, and even
better for CH;COOH (table 1). By further analysis of diagrams and adsorption
parameters one may conclude that zeolite 4A (modified and unmodified) was a worse
adsorbent for ammonia. With NH; we even get same adsorption heat (A, H = -
3328Jmol™) on both samples, but it should be noticed that unmodified sample has a
bigger number of adsorbed molecules by a gram of sample (9.06-10*°) than modified 4A
(6.26:10%°). Why did modified sample prove as a better adsorbent for acid adsorbates
than for base ones?

The catalytic active centers of zeolites are net hydroxyl groups that act as
Bronsted acids or Bronsted bases, Lewis acid centers inside the net, such as
tricoordinated Al, i.e. (AlO)" species and cations in zeolite net. According to that, the
surface charge on the surface of aluminosilicates originates from three sources (5):

» protonation and deprotonation from hydroxyl on the surface,
» isomorphic substitutions of alumina for silicon in the aluminosilicate skeleton,
» sorption of charged species.

For all said, zeolite 4A proved to be a good adsorbent for acid and base
adsorbates. By modifying the sample with surface active substance, by the reaction of
ion exchange, zeolite cations are substituted by organic cations of PAM, which surface
characteristics of zeolite changed from hydrophilic to organophilic ones. This kind of
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surface is a very efficient sorbent of nonpolar organic polluters in water, and because of
that modified sample is a better adsorbent for acid than ammonia. Namely, as we know,
ammonia in aqueous solution can exist in a nonionic form (NH3) and in an ionic form
(NH;") (6). Since ammonia gets better tied in NH," - form, it is most probable that
modification of the sample did not affect that and it got equally well tied by Van der
Waals forces to the surface of modified and unmodified sample (7). In both cases
isotherms register two ,,plateaus each, areas where a layer gets formed of tied particles
from aqueous environment on the surface of adsorbent with somewhat bigger number of
adsorbed molecules (9,06:10%°) on 4A than on modified 4A (6,26:10*"). Here one cannot
exclude the possibility that the applied PAM affected adsorption of ammonia in the way
of transferring chemisorptions into physical adsorption.

Application of PAM, whose pH = 2.5-3.5, could produce a change of the
surface charge of aluminosilicate, i.e. protonation and deprotonation of hydroxyl groups
of its surface, i.e. hydroxyl groups can get or lose protons (8,9): =OH + H" <> OH,", by
which surface becomes cationic or positively charged. Such surface obviously suited
better the adsorption of CH;COOH and C;;H;3COOH. When we take a look at the
surface of molecule CH;COOH (0.0359 nm?) and molecule C,;H33;COOH (0.68 nm?), it
becomes clear why CH;COOH gets better adsorbed than C,;H;;COOH. It was more
difficult for a bigger molecule of oleic acid to get adsorbed in the interior of zeolite pore,
because of which its adsorption could be performed only on the outer part. That is why
the adsorption of oleic acid is a little poorer than adsorption of acetic acid.

CONCLUSION

- The influence was examined of modification of synthetic zeolite, faujasite 4A
class, by cation active matter of propagen.

- Modified sample gives a lot better results at adsorption of acids, while
adsorption of bases was the same on modified and unmodified zeolite.
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ABSTRACT

The technology choice for the Smelter and Sulfuric acid plant was based in accordance with the
best available techniques for this kind of production. The basic criteria for this are the necessity to conserve
energy and the necessity to improve environmental protection. The assessment of the successfulness of the
new technologies is best described with the evaluation of the air quality in the impacted area. In this study, SO,
concentration and the number of days with increased concentration compared to the GVI are provided,
depending on the quantity of the processed concentrate, as well as the quantities of the produced sulfuric acid.
The comparisons are conducted for the winter period (November 2014 — February 2015) when the old
technology was in operation compared to the same period (November 2015 — February 2016) when the
concentrate processing and sulfuric acid production were done by means of the new technologies, for the
measuring spots City Park, the Faculty and Slatina.

Key words: Sulfur dioxide, FSF.
INTRODUCTIONS

The existing copper Smelter and refinery plant in Bor was started in 1961, as
the cutting-edge at that time. During the period of the largest expansion of the RTB Bor,
during the 1980s, copper production reached more than 100 thousand tons per year, and
large amounts of SO, and suspended particles containing heavy metals were emitted into
the air. For the purpose of environmental pollution reduction and in order to cut
production expenses, the smelter and sulfuric acid plant were reconstructed. The new
flash smelting technology was adopted, which provides better copper return, and the
designed capacity of the furnace is 80 thousand tons od cathode copper per year. The
choice of the technology was made in accordance with the best available techniques for
this kind of production. The capacity of the sulfuric acid Plant was also increased, from
100 to 400 thousand tones per year. In this way, the pollution in Bor, which surpassed
the allowed limit value up to one hundred times, will be reduced to a minimum.
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MATERIAL AND METHODS

One of the basic criteria for evaluation of the successfulness of the metallurgy
process is the opportunity to use sulfur and to bind sulfur dioxide. This directly
influences the air quality in the impacted zones. The autogenic processes of the copper
concentrate smelting provide binding of more than 95% of sulfur from the smelting feed
mixture.

The Outokumpu (FSF) process belongs to the autogenic processes of the
sulfide concentrate smelting in the levitating state. The dried feed is injected through the
burner, placed at the vault of the reaction manhole, together with the previously heated
air enriched with oxygen. In the gas chamber of the manhole the oxidation reactions
occur. The heat of the exothermal reactions is sufficient to smelt the feed components
and to maintain the heat balance of the furnace. The smelted feed from the manhole falls
onto the lower part of the furnace, where the where the extraction and layering of the
slag and copper matte occurs [1].

Oxygen Dry Concentrate
Enriched Air Flux & Dust
Fuel

Burner

il

Reaction_,..-—"'t
Shaft
Gas+ Dust

SLAG
SETTLER

The smelting products are the copper matte, slag and gas. The dry mixture feed
together with the oxygen enriched with the process air, forms an even suspension which
reacts in the reaction manhole. The suspension is heated, ignited and burns quickly in
order to form copper matte and slag in the settling basin.

The chief reaction in the manhole can be presented in the following way:

4CUFeS,+6%0,=(2Cu,S+FeS)+3Fe0+550,(g)

The process takes place mostly with the considerably large oxygen enrichment
in order to provide adequate feed ignition in the reaction manhole.

The removal of the dust from the remaining effluent process gases from the
FSF is conducted by means of the dry electrostatic precipitator (ESP) [1].

The smelter Plant in Bor has got two horizontal Pierce Smith type converters.
The liquid copper matte is transported by means of cranes in the pots whose volume
capacity is 6 m’ to the PS converters. The converting process is not continuous, and is
autogenic and based upon the oxidation reactions of the metallic sulfides that are present
in the copper matte. Those are the iron and copper sulfides.

415



XXIV Int. Conf. Ecological Truth, Eco-1st’16, 12-15 June 2016, Vinjacka Banja, Serbia

The process itself is divided into two periods:

- the first period or the slag blow phase is mostly not continuous and during it,
above all, iron is removed and copper concentration in the converter foam is
conducted, until the so called white matte is finally formed (the pure copper
sulfide).

- the second period or the copper blow phase is a continuous process, and is
interrupted only when the dosing of the pure copper input is being done, which
is necessary in order to regulate the temperature process;

The cooling and removal of various impurities from the effluent gasses is
conducted in the scrubbing (rinsing) gas system. The gas first enters the primary
scrubber where it is watered and rinsed by means of the weak acid spraying in the
direction opposite to the flow through the spraying nozzles with a large opening. After
the cooling tower with the filling, the gas flows through the secondary reversible spray
located in the input pot for the final scrubber with the reversible spray. This is where the
additional dust removal process will occur before the gas enters wet electrostatic
precipitators [2].

The sulfuric acid Plant is supplied with gas from the two sources (Flash
smelting furnace and Pierce Smith converters). The gases coming out of the flash
furnace and converters contain dust, metallic smoke, halogen compounds, and various
other mixtures that need to be precipitated. The precipitation and cooling of the gas is
conducted in the Venturi scrubber and cooling tower separately for the flash furnace
flow line, and separately for the gas that is coming from the Pierce Smith converters
(each to its own Venturi scrubber and cooling tower). The scrubber for gas precipitation
can have many different physical configurations, but all of them have a common goa,l
which is to forward the gas to the primary contact with the scrubber solution which
simultaneously cools and washes the gas. The suspended particles in the gaseous phase,
as well as some of the smoke condensates during the gas cooling stage will be captured.
Also, SO; from the gas will appear in the solution and thereby increase the solution
acidity. After the gas has passed through the Venturi scrubber, it enters the cooling
tower. The cooling tower is a cylindrical pot in which the gas enters from the bottom
and goes through the filling in the direction opposite to the weak acid.

After passing through the Venturi scrubber and cooling tower, the gas from the
flash furnace and converters flow line merges, and merged in this way goes into the final
cleansing stage in the wet electrostatic precipitator (WESP).

They represent the final stage of the gas precipitation for the purpose of removal
the remaining impurities from the input gas and to provide the “optically clean” gas for the
drying tower, double conversion and double layered absorption of the SO, gas [2].

RESULTS AND DISCUSSION

The SO, concentration and the number of days with the concentration higher
than GVI [3], depending on the quantity of the processed concentrate, as well as the
quantities of the produced sulfuric acid, are presented for the measuring spots City Park,
the Institute, the Faculty and Slatina [4].
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Figure 1. The distribution of the representative measuring spots of the SO, immission

The measuring spot City Park is located 850 m away in the southwest direction
of the smelter chimney. The City Park is located in the downtown, in the vicinity of the
administrative, commercial and business objects, several elementary schools,
kindergartens, the city marketplace, the Faculty and the hospital. In this area the east wind
is predominant, which belongs to the group of the most frequent winds during a year.

The measuring spot the Institute is located around 1900 m away from the
smelter complex. The measuring of the sulfur dioxide in this location is significant due
to the highest population density in this part of the city. The measuring spot the Faculty
is located 1300 m in the WNW direction compared to the pollution source in the urban-
industrial city zone, located next to the city hospital.

The measuring spot Slatina is a rural suburbia, located around 6000 m away
from the impacted zone, in the direction of the predominantly north east wind.

The comparisons are conducted for the winter period (November 2014 — February 2015)
when the old technology was in operation compared to the same period (November 2015
— February 2016).

Figure 2 shows the average monthly SO, concentration compared to the
quantity of the processed concentrate, for the given period.

Figure 3 shows the number of days with the increased SO, concentrations with
regard to the GVI, and compared to the quantity of the processed concentrate for the
given period.

Figure 4 shows the average monthly SO, concentration compared to the
quantity of the producedsulfuric acid, for the given period.

Figure 5 shows the number of days with the increased SO, concentrations with
regard to the GVI, and compared to the quantity of the processed sulfuric acid for the
given period.
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Figure 2. Average monthly SO, concentration compared to the quantity of the processed

concentrate
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Figure 3. Number of days with the increased SO, concentrations with regard to the GVI,
and compared to the quantity of the processed concentrate
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Figure 4. Average monthly SO, concentration compared to the quantity of the produced
sulfuric acid
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Figure 5. Number of days with the increased SO, concentrations with regard to the
GVI, and compared to the quantity of the processed sulfuric acid

By comparing average monthly SO, concentrations during the period when the
old technology was in operation to the same period when the concentrate processing and
sulfuric acid production was taking place with the new technologies, for the mentioned
measuring spots, it can be concluded that during the period when new technologies were
in operation, a significantly larger amount of the concentrate was processed and a much
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larger amount of sulfuric acid was produced, and at the same time, the average monthly
concentration was significantly reduced.

By comparing the number of days with the increased SO, concentrations with
regard to the GVI, during the periods of operation of the old and new technologies, and
with regard to the concentrate processing and sulfuric acid production for the mentioned
measuring spots, it can be concluded that during the period when the new technologies
were in operation a much larger amount of the concentrate was processed and a much
larger amount of sulfuric acid was produced, and the number of days with the increased
SO, concentrations with regard to the GVI was reduced to a minimum.

CONCLUSION

For the purpose of reducing environmental pollution and cutting production
costs, the smelter and sulfuric acid plant were reconstructed. The new flash smelting
technology was adopted which provides better copper return. The sulfuric acid plant was
designed in such a way as to be able to process all of the technological gases from the
flash furnace and PS converters and to convert sulfur dioxide to sulfuric acid. The
successfulness assessment of the new technologies is presented with the air quality
evaluation with regard to the average monthly SO, concentrations and the number of
days with the increased SO, concentrations with regard to the GVI in the impact areas.

The positive effects of the Smelter and sulfuric acid Plant to the SO, air

pollution in Bor and surroundings are highly beneficial which can be seen from the
attached diagrams.
During the period when the copper concentrate processing and sulfuric acid production
were taking place according to the new technologies, the average monthly SO, air
concentration was significantly reduced, the number of days with the increased SO,
concentrations with regard to the GVE was reduced to a minimum, along with much
greater amounts of processed concentrate and produced sulfuric acid, compared to the
period when the old technologies were in operation.
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ABSTRACT

The monitoring strategy of surface water is committed to the national environmental policy, with
particular emphasis on the development dynamics of national institutions specialized in testing and study of
water quality, their financial, personnel and instrument security, with a plan of continuous improvement and
innovation of the same. Monitoring of surface water in the catchment level is an integral part of regional and
national system of control over the state line.

Water monitoring represents a continuous monitoring of hydrological, quantitative and qualitative
characteristics of surface waters: physicochemical, radiological, hydro-biological and microbiological
properties of the river ecosystem, including water, sediment, suspended sediment and using standard testing
methods.

The strategic goal is monitoring, in addition to protection and control of water supply sources, and
the function of constant control of the water course ecological value in terms of protection of their ecological
status and natural values.

Key words: monitoring of surface water quality indicators, ecological status.
INTRODUCTION

Monitoring of surface water is a long-term implementation of standardized
measurement and observation of water in order to define the status and changes in water
quality. Systematic tests allow confirmation and decision-making related of water
quality, such as the use of water for water supply, recreation, or agricultural use, in a
production process, or just providing special protection and conservation of water
resources and their ecological status.

Permanent monitoring and ensuring the quality of water is a prerequisite for the
formation of a successful system of water management and planning incentives to prevent
the spillage of contaminated water and hazardous substances into natural water ways. The
aim of the application of modern production technology, the introduction of anhydrous
recirculation and technology, and pollution treatment at the source in a manufacturing
process, known as "black spots".The basis for the sustainable use of water courses and
water resources is the effectiveness of the implemented measures and activities to verify
the data, results and evaluations of the act