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ABSTRACT 
 
In recent years the importance of natural capital in the life of all species on our planet is gaining 

increasing importance. The main implementation approach suggested to obtain environmental accounting, for a 
policy of sustainable production and consumption is: Life Cycle Thinking with its operational tool: Life Cycle 
Assessment, able to calculate environmental indicators and to accompany, the companies in a sustainable 
transition  of production and consumption. In the study, the LCA, was applied to a polyester product, with the 
aim to identify environmental indicators and advise the company on how to made innovation,  in an 
environmentally friendly manner. 
 

Key words: LCA, polyester, textile, environmental impact, environmental indicators. 
 
INTRODUCTION 

 
The production system developed by men is in stark contrast to the protection of 

the ecosystem as it is based on the exploitation of limited resources. Much work has been 
done in the direction of sustainable development, with the use of the green economy, and 
now we are moving towards the concept of circular economy, however more efforts are 
needed. The green and circular thinking should guide development in SMEs, green 
circular management models and businesses that must encourage consumers towards 
more sustainable lifestyles [7]. SMEs need support to optimize its products through an 
eco-friendly design that will lead to a competitive advantage [7]. The following work 
applies the LCA to a company in the textile sector. This sector consists mainly of SMEs, 
and in recent years has suffered a general drop in production. Despite the stagnant 
markets, the resilience of the sector is still considerable, there are many companies that 
try to adapt to changing market conditions, being able to control costs, make production 
more flexible since the answers uncertain markets. The document in question provides 
information on the textile industry and the industrial processes used (in particular the 
preparation of fibers, yarn pre-treatment,  and finishing). It provides data and 
information on emissions pollutants from processes and consumption of resources. The 
analysis of production cycles performed with the LCA method can create indicators to 
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assess the critical points of the cycle, and be able to make improvements and thus 
innovation. The results of an LCA study can be used for communication and marketing 
[8]. The company object of our study, it is geographically located in the South Italy. L 
'Stretch Apulia produces more than 40 years home textiles, for a domestic market and 
they exports to about 20 countries worldwide. The textile fibers are  various, the main 
types of yarns used are:  cotton, polypropylene, nylon, viscose, polyester colored  or 
flocks. The company chose a product on which to make the LCA: a fabric made from 
100% PET with a small amount of polypropylene (PP) coupled to confer some physical-
mechanical characteristics. 
 

MATERIAL AND METHODS  
 
ISO has recognized through 14040 series of standards, the validity of the model   

LCA defined as a tool for "compilation and evaluation throughout the life cycle of the 
flows in and out, and the potential environmental impacts, of a product system "and 
recommended that this type of assessment to companies who wish to adopt an 
Environmental Management System. the ISO 14040 series is completed, with some 
technical reports which constitute valuable support for the implementation of standards: 
ISO/TR 14049 which shows examples of inventory analysis according to the ISO 14041, 
ISO/TR 14047 which contains examples of assessment of impacts, and for the 
interpretation of results ISO/TR 14048 defines the data format for the presentation of the 
study results [13][14][15]. So this is an analysis tool relatively young. For the SETAC 
instead its definition is objective process of evaluation of environmental burdens 
associated with a product, process or activity by identifying and quantifying energy, 
materials used and wastes released into the environment, for assess the environmental 
impact, and thereby realize the opportunities for environmental improvement [10]. The 
assessment includes the entire life cycle of the product, process or activity, which 
includes the extraction and processing of raw materials, manufacturing, transportation, 
distribution, use, re-use, recycling and final disposal. In summary, the assessment of the 
life cycle is structured as a matrix input output that, on the lines, lists all the factors of 
impact on the environment (such as air emissions, the raw materials consumed, waste 
water, waste products, etc.) and, on the columns, listing all phases and sub-phases 
(extraction and transport of raw materials, production and transport of intermediate 
products, production, transportation, distribution, use, reuse and disposal of the product/ 
service analyzed) that make up the cycle life [1]. Each cell of this matrix shows the 
contribution of individual stages in the formation of a given factor environmental impact. 
In this way we highlight the "weak points" (stages with greater impact) and the "strong 
points", from an environmental point of view [2]. 

 
According to ISO 14040 and LCA is divided into four iteratively related phases: 

1. Goal and scope definition (described in ISO 14041:1998) 
2. Inventory analysis (described in ISO 14041:1998) 
3. Life cycle impact assessment (described in ISO 14042:2000) 
4. Life cycle interpretation (described in ISO 14043:2000) 
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The work procedure for LCA can be broken down into seven steps: 
1. Analysis of the case to identify significant issues: the case material is browsed 

and analyzed with focus on the final target audience and the purpose of the 
study. 

2. Definition of the goal and scope for the case: this step includes documentation 
of the definitions of the goal and scope. 

3. Inventory: the need of data and documentation is identified. The data is 
collected, validated and documented. 

4. Preparation and calculation of the inventory profile in the case: data is related to 
the functional unit. System boundaries can be refined. 

5. Compilation of the results into the ISO/TS 14048 data documentation format: 
document the product system and each included unit process. Document the 
modeling and validation and supply administrative information. 

6. Impact assessment: A full impact assessment includes classification, 
characterization and weighting. 

7. Interpretation: Interpret the results with the focus defined in the goal and scope. 
 
 
Goal and scope definitions  

 

The purpose of this study is to increase knowledge of the environmental impacts 
associated with a textile product made from 100% PET yarn, with a low percentage of 
Polyethylene (PP). The product is used to manufacture the outer cover of the mattress. In 
the data base are not present in many data on the processes in the textile of PET, since 
the raw material has emerged in recent years, and also, the machinery, and the 
technology typically used in the processes, has made significant improvements in recent 
years. From the environmental point of view, process improvement would lead to an 
error of assessment of environmental loads when used outdated data, for example  a 
report of the German Textile Machinery Manufacturers [20] argues that,  there was a 
15% improvement energy efficiency in the last 10 years. In this case the company's 
technology is modern 2008- 2010. Even the international literature relating to the textile 
sector show  often outdated data. With the LCA we will analyze the life cycle of the 
product from cradle to grave, for obtain environmental indicators, and provide useful 
recommendations to the decision-making process. The choices between alternatives will 
lead to environmental improvements with the help of eco-design and innovation for the 
production of sustainable products with a gain of market competitiveness. The questions 
answered by the study  are : The most significant pollutants in what process do they 
form? Which activities of the life cycle of the product contribute most to its overall 
environmental impact? Between two products with a similar function but different raw 
material, which is more impactful? 

 
Functional unit 
 

It was chosen as a functional unit: 1 kg of fabric 100% polyester (PET or poly-
ethylene-phthalate) which is obtained by using a Jacquard frame, with a wire 167 Denier 
and a density of fabric 15 picks, coupled with polypropylene (PP).Its function is 



 
 
 
 
 
 
 

Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnja� ka Banja, Serbia 
 

 
4 

 

coverage for a used mattress for 10 years and landfill disposal at end of life. The quantity 
1 kg, corresponding to the functional unit required by EC legislation in the application of 
LCA to textile products to obtain the Ecolabel [8]. On the product will conduct a study 
on the environmental impacts of all stages and particular attention is paid to pollutants 
such as' carbon dioxide, VOCs, formaldehyde, and water resources. Afterwards we  
make another step, one comparison will made between the processes, to see which of 
them is the most impacting one. At the end, we change the raw material and we calculate 
the environmental impacts and the related indicators, switching from a synthetic material 
PET to  natural material Cotton. 

 
Inventory analysis 
 

This stage involves the creation of a list of all components of the life cycle of 
the fabric in PET which fall within the limits of a defined system.  There are four main 
steps:  assumptions and system boundaries, cut off and allocation;  creating a flowchart; 
collection of data (Input Material Products and secondary products solid waste, air 
emissions and water); the calculation the emissions amount in relation to the functional 
unit. The LCI (Life Cycle Inventory) results,  provides a detailed list of all the resources, 
waste and pollutants of the overall system, that is, of all phases of the life cycle of the 
product. 
 

System boundaries, hypothesis, cut off 
 

The System boundaries are from the cradle to the grave. In general the 
processes considered for the study are: the production of resin: polymerization; processes 
for the preparation of the yarn: spinning, twisting, texturing; processes weaving 
preparation: warping, dyeing; weaving; finishing;  Packaging; use;  End of life: disposal 
in landfill. We make a  cutoff for data less than 1% to exclude processes and input or 
output in accordance with the ISO 14040 section 4.2.3.3[13]. The technology is 
considered modern, (2008 -2013). From the spatial point of view, geographically the 
production of the fiber and the polyester yarn is carried out in China, the preparation of 
the yarn for weaving and the steps of dyeing and warping are carried out in Northern 
Italy and the steps of weaving, finishing, packaging distribution in southern Italy. The 
distribution and the use is supposed to happen in Europe, and disposal in Italy. Were 
considered only the packaging of raw materials and the finished product (cardboard, 
polyethylene film), because the others would not have made a contribution to the final 
result (threshold below 0.5%) [10]. Energy Mix: for processes  located in Europe, the 
data of the energy mix were derived from the database Ecoinvent, while the Chinese mix 
data were taken from industry experts in China and from the literature [11][4][21]. Are 
considered the transport of raw materials and other additives, and semi-finished products 
used in the process. The transport of raw materials has been considered as the distance 
between the store provider or place of production and the company. The means of 
transport are truck and ship. For the distribution is considered an average distance in 
Europe. For disposal an average distance of 400 m2 from the house of the consumer at 
the point of land filling. The phase of use in this case is to low  impact because there are 
no maintenance, and is not expected use of water or chemicals for washing. The period 
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of use of 10 years is obtained from an average life of the mattresses, the data obtained by 
the experts of the sector  [6]. For the allocation, there are no secondary output products 
and the process has one only function. There is only a part of tissue discarded at the end 
of the weaving stage , this is called  swarf, and is recycled totally. 
 

Flowchart PET Fabric production  
 

The flowchart in Fig. N. 1 describes all stages of production of PET fabric 
product, from cradle to grave. The flow chart Fig. N. 2  shows in detail the processes that 
occur in China: the production of polyester fibers, and processes for producing the PET 
yarn. 

 
Data sources 
 

The data are hierarchically divided into three categories. The first are of the 
direct data collected in companies and by industry experts, the second from the data 
collected by existing international literature and finally a when there is no data to process 
itself used the database Ecoinvent 2.0 [5]. 
 

PET fabric processes  
 

PET fiber production 
 

The polymers used in artificial fiber PET are formed by a chemical reaction: the 
polymerization. For the continuous manufacture of polyester fibers, l ' terephathalic acid 
and ethylene glycol are first passed through the primary and secondary esterifies to form 
the monomer [18]. the process used require the use of solvents, The IPPC regulations 
2003 reports that the value of VOC emissions during the polymerization and production 
of polyester fibers must not exceed 1.2 g / kg of produced polyester resin. The 
production of PET requires the use of catalysts such as antimony oxide or antimony 
acetate. Therefore antimony is present as a residue in the polyester. The content of 
antimony in polyester fibers commercial shall not exceed 260 ppm [6]. 

 



 
 
 
 
 
 
 

Eco
 

 

Figure 1.
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crystalline of the fiber, modifying the mechanical properties. VOC emissions associated 
with the fiber spinning filament appears to be the most significant, with 10.3 g / kg to the 
value indicated BAT [6]. Twisting process gives a fiber bundle cohesion is necessary to 
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PET yarn production: Spinning, Twisting and Texturing
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obtain the resistance values required for textile processing. The twist is obtained by 
rotating a beam of parallel fibers, around its own axis. Texturing is a processing step that 
is applied to the synthetic yarn,  to produce more flexibility, softness,  appearance and 
characteristics similar to the natural ones. This is achieved in many ways, ultimately 
making with a thermal and mechanical deformation of the individual filaments and 
varying their spatial arrangement( Fig. N 3). 

 
 

Figure 2. flow diagram of PET fiber production and yarn  
PET production, personal processing 
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Warp yarn production: warping  
 

The preparation of the threads for weaving includes two processes. This process 
is used to prepare the warp yarns. The yarns  initially settle on large spools or cones, 
which are placed on a rack. The warp yarns are then carried out, and pass through a 
solution of oils, waxes, and other additives used in conjunction with sizing agents to 
increase the softness and flexibility of the yarn. These substances form a coating that 
protects the wire against the barb or l 'abrasion during weaving [9].  
 

Weft, yarn dyed: deyng 
 

There are several types you process used to fix the color on the yarns. the 
process considered in the case study is the Thermosol. the dyeing process shown a series 
of wash tubs in which you use a lot of water. the ratio is about 1: 100 by volume with the 
yarn. The dyeing operation is among the stages that a higher environmental impact of the 
chain due to the large amount of water and energy and chemicals used. [17][19]. 

 

 
Figure 3. Yarn manufacturing PET, and twisting source, source EPA 1996. 

PET fabric production: weaving 
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The Fig. N. 4, show the frame used for the analyzed product of 'Apulia Stretch 
in working phase. The frame requires a high amount of electrical energy, this is one of 
the critical point of the process. Technical consumption of a frame is about 9 Kw/h for 
the tape loom, and 19 Kw/h for air  loom. 

 

 
 

Figure 4. Looms APULIA Stretch 
 

PET fabric finished: finishing  
 

In the case of the product analyzed, the finishing stage is called laminating. The 
fabric coming out from the frame wrapped on a tube, is placed under the laminating 
machine, and passes on a rotating drum kept at a high temperature together with a non-
woven polypropylene (PP). As binder we using a powder in PET. With the heat around 
(120 degrees) and the slight pressure the various parts are joined in a single fabric that is 
rewound on another tube. This process requires a large amount of electricity(Fig. N. 5) 

 
PET fabric: storage, use   

 

The fabric is located on a large roll and must be prepared for sale in the 
measures of linear meters, required by the customer. A little machine:  cuts, creates rolls 
and packages the fabric. The machine through the heat heat-seals the roll with a 
polyethylene film. It needs electricity,  about 6 Kw/h. For use process, we considering 
the average length of a mattress 10 years. This stage is a low environmental impact, 
since maintenance is not carried out, the product is not washed so not on water or 
chemicals. 
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Figure 5. Finishing machine, Apulia Stretch 
 

PET fabric disposed 
 

It is considered disposal, 100%  of polyester fabric in the landfill. For transport, 
we set an average distance of 400 km from the consumer to the landfill. The process data 
are taken from the database Ecoinvent [5]. 
 

Impact Assessment (LCIA)  
 

After you have completed the LCI, the next step is the evaluation of the impacts 
of the life cycle (LCIA). To do this you use the methods of assessment, in this study the 
LCI data are processed with two method: ReCiPe, and Ecological Footprint. 

 
RESULTS AND DISCUSSION 

  
From evaluation of the LCI inventory, you obtain a series pollutants flows. 

From the list of elementary streams we extrapolate the quantitative data obtained for 
some substances considered most significant by the standards of the textile industry, and 
water consumption is calculated as a resource, because the latter has a strategic 
importance to the latest directives of the European community. In the following graph 
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volatile organic compounds(VOC) and the liters of water used. These substances are: 
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yarn and the 10. 6% for the weaving stage. The process that produces the largest amount of 
CO2 is the production of the fiber and yarn PET that in our study have been associated 
together, as they are made by the same Chinese company, it has 60.5% of the total. 
Subsequently, there is the weaving process with 13.5% and that of the warping with 12% 
[3][4]. Formaldehyde is known to be a typical emission of the processes of dyeing and 
finishing, as confirmed by the results. They are 58.8% of the total resulting from the dyeing 
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Comparison between two row material: cotton end PET
 

In this phase of the study two products were compared obtained with two 
different materials: cotton (CO) a natural fiber and polyester (PET), a synthetic fiber. 
The methods used for the impact assessment
Footprint. The graphs in Fig. N.8 show the comparison between the environmental 
indicators of the product Cotton and the product PET, considering all the midpoint 
indicators of the ReCiPe  method. It is possible to notice
in cotton is generally more impactful.
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In the following graph, the results obtained with the ReCiPe method 

aggregating indicators, are shown: 
the ecosystem and their total value. As you can see from the graphs, the cotton fabric has 
higher values in eco points for the quality of the ecosystem and human health, while for 
the use of the resources 
the oil phase polymerization and fiber production. The total of the indicators, shows that 
polyester fabric is however less impactful than cotton, because the second one requires a 
series of chemical products for the cultivation of the natural resource and for the 
treatments of the crude fiber (Fig. N. 9) and (Fig. N. 10) [16].
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fabric is less impactful. Fig. N. 11.

 

 

Figure 11
 

A summary of the results leads us to the following considerations: the water 
resource is used more in the dyeing process, we  they can recommend to buy, a dope 
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  With regard to the CO2, the process that produces the largest amount is the 
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As for the formaldehyde, dyeing and finishing processes are to be kept under 
control and for VOC production,  the  phase of fiber and yarn are important. This means 
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to give more attention to these phases.

 Finally, if you vary the raw material, comparing Cotton to PET, the latter is less 
impactful. This is due to the need of soil and water and chemicals for the cultivation of 
the natural resource and for the treatment of raw fiber. So even if the polyester is 
obtained from non
fiber production worldwide is convenient to continue to use this raw material. 
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resource consumption and embrace that of resource saving and innovation. As for the 
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Another critical point is the production of fiber and polyester yarn. The contribution of 
these processes on the total impact is 74.4%. IT is not convenient to change fiber 
because the cotton is even more impactful than polyester. What we generally recommend 
is to try to recycle the product. This would alleviate the use of virgin material avoiding 
impacts occurring during the production of fiber and yarn PET. Recycling activities are 
present on the Italian territory, but they are more developed for clothing. For home 
textiles and in this specific case,  are not very  used. Government policies should 
encourage recycling in this area. Another option is to use polyester from recycled PET 
bottles, but that requires improvements for what concerns the mechanical and physical 
aspect. In the future, fit is possible encourage studies on alternative raw materials, such 
as waste products of corn processing or the fibers obtained from molasses (waste of 
sugar production). 
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ABSTRACT 

  
Combustion is the basis of industrial development for the past 200 years. Combustion systems are 

used to generate steam and heat in various industrial processes. Nowadays, about 78% of a world energy 
demands are satisfied by fuels combustion. Unfortunately, combustion is one of the bigger sources of the air 
pollution. There are various techniques available for pollutants emissions control, such as modification of 
combustion or post-combustion treatment of flue gasses. For implementation of combustion modification, it is 
very important to know pollutants formation mechanism and kinetics. The selection of appropriate control 
technology to minimize emission must be based on environmental, engineering and economic requests. In this 
paper is concluded that in the modern production and business conditions it is necessary to require 
technological, economic and ecological criteria in the process of sustainable development. 
 

Key words: combustion, air pollution, industry, fuels, control. 
 

INTRODUCTION 
 
The concept of sustainable development was created as a way of solving the 

ecological crisis caused by industrial exploitation of environmental resources and the 
continuous deterioration of its quality, i.e. environmental degradation. Over time, the 
concept of sustainable development enhanced economic and social dimension. It is 
essential that the management of the company finds a balance between economic, social 
and environmental protection elements, in the right way. Complexity of environmental 
issues, which are primarily the result of accelerated industrial development, is influenced 
by the comprehension that the traditional economy of these issues can’t solve those 
problems in an adequate manner. The complexity of sustainable development refers to 
the integration of different objectives - economic, environmental, social, cultural, 
physical and other. The link between the economic system and the natural environment 
is reflected, on the one hand, in the use and depletion of natural resources for production 
and consumption and, on the other hand, in the creation of waste, as a result of 
production and consumption realisation, which are transmitted and stored in the 
environment [1]. 
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 The improvement of living standards and rapid industrialization brought up 
increased energy consumption, not only in developed, but also in developing countries. 
The largest part of the energy required (88%) is still obtained from burning fossil fuels. 
According to estimates of the International Energy Agency (IEA), the expected increase 
in energy consumption goes up to 40% until the year of 2025. Increased fuel 
consumption leads to increasing emission of pollutants into air. 

Reducing of pollutants emission could be achieved by using primary and 
secondary measures. Primary measures include: pre-treatment of fuels and modification 
of fuel combustion process. For this modification to be efficient, it is necessary to know 
the mechanisms and kinetics of the pollutants formation, to impede their evolution. As a 
secondary measure we can point out pollutants removing from the flue gas by various 
secondary-post-combustion techniques. 

 
INDUSTRIAL COMBUSTION 

  
Combustion is the rapid reaction of fuel and oxidizer, accompanied by the 

release of chemical energy with the appearance of the light effects. Chemical energy of 
fuel is converted into heat, and further optionally, into mechanical work or electricity by 
combustion of fuels in power plants, industrial furnaces, steam boilers, gas turbines, etc.  
 Combustion of gaseous fuel is the least harmful to the environment comparing 
to liquid and solid fuels.  The natural gas has the simplest composition, and consists of 
methane, somewhat others alkanes and minor quantity of CO2, N2 and H2S. The large 
content of N2 could be found in manufactured gaseous fuels. Combustion of gaseous 
fuels can be easily regulated [2]. 
 Liquid fuels are, usually, complex mixtures of a large number of 
hydrocarbons.The composition of liquid fuel is derived from data of the ultimate analysis 
expressed as a mass fraction of carbon, hydrogen, sulfur, oxygen, nitrogen and ash [3]. 
Content of fuel-nitrogen is usually about 2%whereas fuel-sulfur content is around 5% 
depending on sort of liquid fuel. The pollutant emissions depend strongly on the residue 
behavior during combustion of fuels.  
 For the solid fuels characterization, data can be obtained by the ultimate and by 
the proximate analysis. Proximate analysis gives data on: surface moisture (SM), the 
inherent moisture in the coal (M), volatile matter (VM), fixed carbon (FC), ash (A) and 
heating value of coal (HV) [4]. Solid fuels are burned in a variety of systems. Like for 
example, in large industrial furnaces (boilers for electric power generation) coal is 
pulverized to a fine powder which is then, introduced into the combustion system. The 
combustion of fine coal powder has many similarities to the heavy fuel oils combustion. 
For burning of large particles in smaller systems fixed- or fluidized-bed combustors are 
generally utilized. 
 A stoichiometric equation of complete fuel (gaseous or liquid) combustion 
having the general formulaCnHm in air can be written as follows [5]: 
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where: ( )2O
4

�
�
�

�
�
�

+
m

n is stoichiometric amount of oxygen for complete combustion. For 

solid fuels, stoichiometric amount of oxygen is determined by the stoichiometric amount 
of oxygen needed for all combustible fuel components (based on ultimate analysis). 
 

In the case of complete combustion, components present in the combustion 
exhaust (flue gas) are: CO2, H2O and N2. Due to high combustion temperature, oxidation 
of nitrogen from air to nitrogen oxides is likely to appear even in the case of complete 
combustion. During combustion, the formation of certain pollutants is possible: SO2-
fuel-sulfur oxidized, N2 and NO - fuel-nitrogen oxidized, ash - transformation of 
noncombustible mineral matter from the fuel.  

Combustion is not always complete, so flue gasses can contain unburned or 
partially burned combustibles. Incomplete combustion occurs when the amount of air 
supplied is less than the stoichiometric or when there is a poor mixing of fuel and air. 
Under this condition, the flue gas may contain a mixture of CO, CO2, H2, H2O, NO and 
unburned fuel (hydrocarbons). For example, if fuel and stoichiometric amount of air are 
introduced separately into the combustion system, combustion is incomplete owing to the 
fact that local amount of oxygen is not stoichiometric. In order to achieve complete 
combustion, the most combustion systems are operated at condition using more than 
stoichiometric amount of air. Combustion in this case can be illustrated by the equation [5]: 
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where: � -is excess oxygen and �  = 1+ �  - coefficient of excess air. 
 

The combustion conditions are very often defined by equivalence ratio, that is 
f =1/� . 

Depending on combustion conditions, �  andf  may have certain values: � = 1and 
f  = 1for stoichiometric combustion; � >1 and f <1 for combustion with excess air – fuel 
lean combustion and � <1 and f >1 for combustion with deficient air –fuel rich 
combustion. 

Obviously, a flue gas composition varies on fuel, combustion conditions and 
combustion system. The maximum release of energy during the fuel combustion is 
obtained in complete combustion, with minimum excess of air and with exclusive 
formation of components: CO2, H2O, SO2 and N2. In practice, combustion processes 
departure more or less from this ideal case and unburned substances are formed due to: 
complex fuels structure (such as coals and heavy liquid fuel), imperfections of the 
combustion system, insufficient oxygen amount. Unburned substances are discharged 
into the atmosphere with the flue gases, leading to heat energy loss (accompanied by a 
decrease of the thermal efficiency of the process) and at the same time, causing the air 
pollution [6]. Therefore, energy efficiency increase of the combustion process is of great 
importance from both aspects, energy consumption and pollution [7, 8]. 
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 COMBUSTION POLLUTANTS AND EFFECTS 
 
 Air pollution represents any atmospheric condition where substances exist at 
concentrations above their normal ambient levels to produce measurable effects on 
humans, animals, vegetation, or materials [9]. Fuel combustion has numerous 
byproducts, many of which are pollutants. Nowadays, even CO2 and H2O are denoted as 
pollutants due to their impact on global warming and atmosphere characteristics. 
 Important classification of air pollutants is according to the way they reach the 
atmosphere: primary and secondary air pollutants. Primary pollutants are directly emitted 
to the atmosphere: for example, carbon monoxide emitted from vehicles, sulfur-dioxide 
and nitrogen oxides emitted from factories and power plants. Secondary pollutants are 
formed as the result of chemical reactions of primary ones with other constituents from 
the atmosphere: for example, ozone formed by photochemical reaction of volatile 
organic compounds and nitrogen oxides. Secondary pollutants are responsible for the 
smog, eye irritation and material damage. 

The most of the air pollutants originate from combustion processes. This 
includes mobile sources [10] such as automobiles and trucks and stationary sources such 
as power plants and industrial combustion processes [11]. 

Sulfur dioxide (SO2) is formed by the oxidation of sulfur contained in fuel as 
well as from certain industrial processes that utilize sulfur-containing compounds [12]. 
SO2 is a nonexplosive, nonflammable, colorless gas that has irritating odor. High 
concentrations of sulfur dioxide can cause temporary breathing problems of asthmatic 
children and adults. Long term exposures to high concentration of sulfur dioxide can 
result in lung or cardiovascular diseases. The main environmental problems caused by 
SO2 are decreased visibility, damage to vegetation and acid deposition (discussed latter).  

Nitric oxide (NO) and nitrogen dioxide (NO2) are two most important 
nitrogen oxides as air pollutants. They are usually denoted as NOx, while the notation 
NOy is often used to represent the sum of nitrogen compounds that are products of 
atmospheric reactions of NOx (nitric acid, nitrous acid, nitrate radical, nitrogen 
pentoxide and peroxyacetyl nitrate) [13]. Mobile combustion, stationary combustion 
sources and industrial processes are the largest NOx sources. NO is a colorless gas and a 
precursor of NO2 which is an active compound in photochemical reactions that produce 
smog. NO2 is a reddish brown gas that gives color to smog and it is more toxic than NO. 
NOx is a mixture of gases contributing to the heart and lung problems that may be 
carcinogenic. Nitrogen oxides in the atmosphere are responsible for the formation of: 
acid rain precursors, nitrate particulates, photochemical smog, ozone in the troposphere 
and for the global warming. 

Carbon monoxide (CO) is a colorless, odorless and tasteless gas, but a highly 
toxic. The life time in atmosphere is about 2 or 4 months. It is formed during incomplete 
combustion of fuels. About 56 % of CO emission originates from motor vehicle exhaust. 
Combustion systems with defined combustion operation controls produce low amounts 
of CO.  

CO is highly poisonous to humans and most animals; it has 200 times higher 
affinity to hemoglobin than oxygen. CO enters the blood through the lungs and reduces 
quantity of delivered oxygen to the organs and tissues. Carbon monoxide does not have 
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neither detrimental effect on material surfaces nor produces harmful effects on plant life. 
In photochemical reactions CO takes a minor role in ozone formation [11]. 

Particulate matters (PMs) are solid particles or liquid droplets consisting of 
one or several chemicals. PMs are small enough to remain suspended in air. PMs can be 
divided according to size into: fine (less than 2.5� m i.e., PM2.5) and coarse particles 
(less than 10 � m i.e., PM10). Coarse particles appear as a result of materials handling, 
crushing and grinding operations etc. The chemical composition of PMs can vary widely, 
depending on their source and they can further react in atmosphere to form other 
compounds [14]. 

When PMs enter the respiratory system; larger particles are blocked in the nasal 
region while smaller particles pass through and deposit in the lungs. In addition, the 
particulates may be toxic, depending on their chemical composition (adsorption of toxic 
compounds on particle surface). Furthermore, PMs contribute to smog formation, cause 
reduction invisibility, can damage materials, but their effects on plants are unknown [9].  

Organic compounds are unburned or partially burned fuel from combustion 
processes or organic vapors from industrial operations. Volatile organic compounds 
(VOCs) are aliphatic and aromatic hydrocarbons and oxygenated hydrocarbons. 
Polycyclic aromatic hydrocarbons (PAHs) are generated, to a smaller extent, from 
combustion processes of fuels while to a larger extent from the incineration of waste 
(dioxins and furans) and from the chemical industry. Many VOCs are known to be 
harmful to human health. The concentration of PAHs in ambient air is of concern due to 
possible carcinogenic effects [14].  

Ozone, O3, is a secondary air pollutant. At the ground level, ozone is formed 
out of ozone precursors VOCs and nitrogen oxides, and since it represents a major 
constituent of photochemical smog it is ‘bad’ ozone. However, ozone in the stratosphere 
is ‘good’ ozone and serves to absorb some of the potentially harmful UV radiation from 
the sun, believed to cause skin cancer.  

Smog represents air pollution in large urban regions. Two forms of smog are: 
industrial (London-type) and photochemical (Los Angeles-type) [15]. 
Industrial smog, known as gray smog, results from the high concentration of sulfur 
oxides in the air and is generated by the use of sulfur containing fossil fuels, particularly 
coal. 

Industrial smog consists of carbon (soot) particulates, carbon monoxide, and 
sulfur dioxide which can form sulfuric acid with water vapor. In developed countries, 
industrial smog is of rare appearance due to pollution controls in industry and energy 
production.  

Photochemical smog occurs in sunny and dry cities with a large number of 
vehicles. Photochemical smog forms under the influence of sunlight on primary 
pollutants (NOx, hydrocarbons, etc.). During these reactions O3 and oxygenated 
hydrocarbons are formed. 

The variation of daytime pollutants concentration is shown in Fig.1. 
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Figure 1. Daytime pollutants concentration (adapted from [15]) 

 
Acid rain  
In absence of pollution, the typical pH of rain would be approximately 5.6. Acid 

rain is defined as the rain having a pH less than 5.6. Acid deposition primarily results 
from the transformation of sulfur dioxide (SO2) and nitrogen oxides into dry or wet 
secondary pollutants such as sulfuric acid (H2SO4), ammonium nitrate (NH4NO3) and 
nitric acid (HNO3). Acid rain often represents a regional problem, because a large 
quantity of SO2 and NO2 emitted in one country can be exported to others. Acidic 
particles and vapors are deposited by wet and dry deposition. Acid rain, fog and vapor 
spoil the surfaces of plants. Acid rain also depletes supplies of important nutrients (e.g. 
calcium and magnesium) from soils. Acidification of surface water (lakes, rivers, etc.) 
induces damage to aquatic ecosystems. Furthermore, acid deposition causes the releasing 
of harmful elements such as: Al, Pb, Hg and Cd from soils and sediments and is 
responsible for damaging of materials and structures (e.g. building materials, statues, 
metals, cars). 
 

Global warming 
The Sun radiation is converted to heat at the Earth's surface. To balance this 

input of solar energy, the Earth emits longer-wavelength radiation, back space. A part of 
this radiation is trapped and held back by greenhouse gases, resulting in warming of the 
Earth's surface, known as the greenhouse effect. The main greenhouse gases are: water 
vapor, carbon dioxide, methane, nitrous oxide, halocarbons and sulfur hexafluoride. 
Without ‘trapping’of radiation by naturally occurring greenhouse gases, the average 
temperature would be about 30 ºC lower. This Earth’s temperature increasing occurs due 
to the elevated emission of man-made pollutants that cause more of the Sun’s energy to 
be trapped in the atmosphere. There are two major consequences of global warming by 
the year of 2100: Earth’s surface temperature increase by about 3° to 5° C and rising of 
the sea level. 
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COMBUSTION POLLUTANTS, FORMATION AND CONTROL 
 
The main categories of pollutants emitted from combustion systems are:  

1) products of incomplete combustion (CO, black smoke/soot, organic compounds and 
particulate matter); 2) pollutants resulting from the inorganic contaminants in the fuel: 
SOx, particulates, HCl; 3) NOx: nitrogen oxides that are the results of reaction of 
atmosphere or fuel-nitrogen and O2, and 4) products of complete combustion (CO2 and 
H2O).  

SOx formation and control 
Emission of SOx is induced by combustion of fuel containing sulfur or in 

various industrial processes that use raw materials containing sulfur [12]. About 2/3 of 
emitted SOx originates from combustion. Sulfur in fuels may be present in organic 
(thiophene, sulfides, and thiols) or inorganic compounds (pyrite, sulfates) [6]. During the 
combustion process, the vast majority of sulfur is oxidized to form SO2, especially under 
excess air condition (fuel lean). Under deficient air condition (fuel rich), appearance of 
H2S and COS is possible. The sulfur trioxide concentration, even under large excess air 
condition, is only a few percent of sulfur dioxide [16]. SOx emission reduction can be 
carried out by: pretreatment (fuel desulfurization), usage of low sulfur containing fuel, 
combustion modification and post–treatment of flue gas (flue gas desulfurization).  

Pretreatment of fuel includes a cleaning process for reducing the sulfur 
content in coal [15]. 
Taking into account that almost all of the sulfur in the system will oxidize to SOx 
regardless of combustion conditions, very little can be done on SOx emission reduction 
by combustion modification.The only thing possible is related to sulfur capture inside 
the combustion system with low operating temperature, namely fluidized–bed 
combustors,where the bed contains limestone particles.  

Flue gas desulfurization (FGD) processes can be classified according to state 
of scrubber–liquid or a solid into: wet or dry. Also, depending upon whether the resulting 
end product is disposed of or can be reused, FGD is classified as nonregenerable or 
regenerable. The major FGD processes are: limestone scrubbing, lime scrubbing, dual 
alkali processes, lime spray drying and Wellman-Lord process. 

NOx Formation and control 
 The primary nitrogen oxide from combustion system is NO, it accounts for 
more than 95% of the total NOx. Lifetime of NO in the atmosphere is short 
(approximately 4 days) because NO readily oxidizes to NO2.  
 There are three mechanisms by which nitrogen (from air or from fuel) and 
oxygen can form NOx: (1) thermal NO, (2) prompt NO or Fenimore mechanism, and (3) 
fuel NO. In order to reduce NOx emission, a detailed knowledge of each mechanism is 
required. 

Thermal NO formation is a function of the combustion temperature and 
air/fuel ratio. The main reactions of thermal NO, proposed by Zeldovich [13], are:  

 
 N2 + O «  NO + N,                                                                                             3 
 N + O2«  NO + O,               4 
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Selective non-catalytic reduction (SNCR) and selective catalytic reduction 
(SCR) are widely used for post–combustion reduction of NOx [20]. In SNCR process, 
ammonia or urea for reduction of NOx to N2, are introduced after the main combustion 
zone within a specific temperature range (1100 – 1200 °C) without the use of catalyst 
[20]. The rate of reduction of nitrogen oxides is 30 – 50 % for SNCR.  

SCR uses a catalyst at around 300 to 400 oC. The main advantages of SCR are: 
low temperature, simple control of process, possibility of using small size catalyst and 
high efficiency (the rate of reduction of nitrogen oxides is 80 – 95% for SCR). 
  
 UNBURNED COMBUSTIBLES FORMATION AND CONTROL  
 
 CO 

Carbon monoxide is produced in trace quantities in many combustion processes 
by incomplete combustion. However, the large source of CO is traffic. 

Until some combustion modifications for NOx reduction started to apply, there 
was generally no concern for CO emission from the industrial processes, there were 
more than sufficient oxygen, high enough temperature and sufficient residence time for 
complete CO oxidation. However, due to tendency of reducing air pollution, combustion 
systems have been modified in such a way that it may be possible to have CO emissions 
in the flue gas. CO control in industrial combustion systems is completely dependent on 
the design and operation of the combustion system.  
  
 VOC 

Like CO, VOCs emission appears due to incomplete combustion, and also as a 
product of waste incinerators and chemical industry. The composition and quantity of 
VOCs in flue gases depend on the fuel, on the combustion system and conditions. The 
range of VOCs that are emitted from combustion systems is too broad. VOCs form in 
extremely fuel–rich regions of the flame. Control of VOCs in combustion flue gas is 
normally achieved by adjusting the combustion system to prevent hydrocarbon 
formation. Removing of VOCs from the flue gas of industrial processes can be applied in 
two strategies [14]. One is to separate and to recover them using techniques like carbon 
adsorption or condensation. The other method involves oxidizing the VOCs to CO2 and 
H2O. This process includes techniques like thermal oxidation [21], catalytic oxidation 
and bio–oxidation.  
 

PARTICULATE FORMATION AND CONTROL 
 
Particulate matter in the most of industrial combustion processes originates 

from: raw materials, process itself and fuel carryover from combustion system. Particles 
in the size range 0.1–1 mm are forming by condensation of materials that vaporized 
during combustion. Particles smaller than 0.1 mm (produced from intermediary 
products) are formed during combustion while particles greater than 1 mm are the result 
of the mechanical processes [14]. Incomplete combustion is likely to occur with solid 
and liquid fuels, but may also appear during combustion of gaseous fuel under fuel–rich 
condition. Modifying the combustion system means optimization of the combustion 
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conditions in order to minimize the tendency for either forming particulates, or tendency 
for unburned particulates to leave the system. The main particulate collection systems 
are: gravity settling chambers, cyclone (centrifugal) separator, wet collectors (scrubbers), 
fabric filters and electrostatic precipitators [14]. 

 
ECONOMICS OF COMBUSTION POLLUTANTS CONTROL 

  
The air pollution control costs are under the influence of various factors such as cost of 
purchased equipment, the labor costs, costs of capacity, costs of required removal 
efficiency etc. 

Very often, the costs of pollution control systems can be separated into - capital 
and annualized costs. Direct costs of purchased equipment, the labor and materials in 
order to install the system are included in the capital, while the indirect costs are related 
to the design, construction, testing and startup outgoings. Annualized costs cover 
expenses needed for operating and maintaining of the system and furthermore day-to-day 
operating costs, taxes, insurance, etc. [21]. Both kinds of expenses, capital and 
annualized are the subject of many variables of the same type that should be considered 
while selecting and designing the control system. Variables or factors influencing the 
control system selection, design and costs are including: first, location and state of 
pollution source (the new one or existing), process parameters (type, size, capacity, 
continuous etc.), flue gas properties (temperature, pressure, volume, pollutant 
concentration(s), moisture content etc.), emission limitations, required system 
characteristics (type, size, capture/collection system, efficiencies and configurations, 
construction materials, insulation, utilities, instrumentation), waste disposal/ reclaim/ 
treatment, operating and maintenance materials. 

More rigorous emission limitations and accordingly sophisticated control and 
increased costs can be determined by the location of the plant, local climate and 
geography. Sometimes, reconstruction costs for installation can greatly exceed the costs 
of the new facilities due to space restrictions, out-dated process equipment, etc. 
Furthermore, in the capture and collection systems materials resistant to corrosion are 
required due to the presence of acidic components. Particle size and electrical properties 
of pollutants can significantly increase costs and affect the design. Additionally, waste 
materials must be handled, stored and disposed of in an acceptable manner. Significant 
expenses can be involved improving land area, treatment/disposal facilities and in 
bringing utilities to the disposal site [22]. Table 1. lists characteristics of the most 
commonly used control techniques. 
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Table 1.  Air pollution control techniques (Adapted from [13-14, 21-22]. 
Technique Characteristics 

Control of SO2 
Wet limestone 

process 
High capital cost. Low operating cost mainly because limestone is 
inexpensive. High efficiency. Low reagent cost reduces high cost of 
operation and maintenance in very large systems. 

Dry sorbent injection 
process 

Compared with wet processes, spray dry sorbent injection process 
has a lower capital cost but a higher variable operating cost due to 
expensive sorbent. Moderate efficiency. Easy disposal of dry waste 
products. 

Wellman-Lord 
process 

High capital cost. High operating and maintenance expenses due to 
complexity of a process. High efficiency. Sulfur in the form of 
sulfuric acid or elemental sulfur may be recovered and potentially 
sold or used from the resulting stream. 

Control of NOx 
Staged combustion: 

Burners out of service 
Overfire air 

 
No capital cost. 
 
Moderately high capital cost. 

Flue gas recirculation Moderately high capital and operating cost. 
Low-NOx burner 

 
30–60% NOx reduction at relatively moderate high capital and low 
operating costs.  

Fuel reburn 40–70% NOx reduction. It has moderate costs, generally higher than 
those for low-NOx burners and overfire air. 

SCR High capital and operating cost. High NOx removal. 

Particulates 
Electrostatic 
precipitators 

High capital cost, very high removal efficiencies, even for very small 
particles, low operating costs, except at very high removal 
efficiencies. 

Fabric filters High capital cost, moderate low operating cost, easy solid-waste-
disposal. 

Cyclone Low capital costs, possibility to operate under harsh conditions and 
low maintenance costs. 

Scrubbers Capital cost of scrubbers is often less than that of comparable 
fabric filters and ESPs, high maintenance costs. 

VOCs 
Carbon adsorption High operating costs, effective removal of compounds. Moderate 

capital costs. 
Wet scrubbing Low capital costs. High operating costs. Does not remove all VOCs. 
Incineration System is simple. Effective removal of compounds. Suitable for very 

high loads. Small area required. High operating and capital costs. 
 
SUMMARY 
 
Although combustion is the basis of industrial development for the past 200 

years, it is a very significant source of the air pollution, too. In the combustion system it 
is necessary to start control of almost all combustion generated pollutants. Almost all the 
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sulfur in fuel will oxidize to SOx regardless of combustion conditions. All of NOx control 
depends on the combustion modifications. CO and hydrocarbon control is completely 
dependent on the design and operation of the combustion system. In the cases when 
major emission reductions are required, it is necessary to apply post–combustion 
treatments. It is very important to select appropriate control technology in order to 
minimize emission of pollutants. Those methods must to be based on adequate 
environmental, engineering and economic criteria. Only in that case it is possible to 
realize long term sustainable development.  
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ABSTRACT 

 
In this study, La0.6Sr0.4CoO3 (LSC) powder and LSC doped with 20 wt.% RuO2 were investigated as 

anode materials for supercapacitor. Spherical submicron particles of La0.6Sr0.4CoO3 have been synthesized by 
ultrasonic spray pyrolysis. Morphology of LSC powder was examined by scanning electron microscopy 
coupled with energy-dispersive X-ray spectroscopy. Both powders were examined by X-ray diffraction, which 
indicated that substitution of Ru for Sr and Co in the base strongly increased the electrocatalytic activity of the 
oxide. Electrochemical characterization results have shown improvement in capacitive characteristics of doped 
LSC showing that this material is good prerequisite for supercapacitor. 
 

Key words: perovskite oxide, supercapacitor, cyclic voltammetry, ultrasonic spray pyrolysis. 
 

INTRODUCTION 
 
Nowadays, the development of high energy supercapacitors has received 

considerable attention worldwide. Supercapacitors, as a new promising energy storage 
device, are electrochemical energy storage devices that play an important role in energy 
storage and delivery. They have many advantages such as faster charging/discharging 
rate, long idle life cycle, higher power energy density and green environmental 
protection compared to other chemical energy storage devices [1-4]. The boundary of 
energy and power density of supercapacitors existing between high power electric 
capacitors and high energy fuel cells can be determined in the Ragone plot. 

However, the previous supercapacitors suffer from low energy density [1, 5, 6]. 
Hence, in order to meet the development of supercapacitors, their energy density should 
be substantially enhanced without deteriorating their high power capability and cycle life 
[7]. Since the active materials in electrodes of supercapacitor determine its 
electrochemical performance and energy storage capacity a lot, numerous new materials 
have been widely designed and prepared [8, 9]. It is well-known that the performance of 
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supercapacitors is strongly determined by the properties and structures of electrode 
materials [10]. Thus, many efforts have been made to design and prepare the electrodes 
of supercapacitors.  

Most popular materials today are particle materials, which have high surface 
areas for charge storage [11, 12]. Among them, transition metal oxides (TMOs) are 
considered as ideal electrode materials for supercapacitors as they can provide both a 
high specific capacitance and a high energy density. A promising candidate for 
application is strontium substituted lanthanum cobalt oxide La0.6Sr0.4CoO3, a perovskite-
type material with a mixed ionic and electronic conductivity (MIEC) at elevated 
temperatures [13]. Perovskite oxide (ABO3) displays both good oxygen ion and electron 
conductivity which could provide some oxygen vacancies to enhance the transfer of 
oxygen ion. These characteristics make them become excellent cathode materials of solid 
oxide fuel cell and the potential substitution of bifunctional catalyst compared with 
precious metal catalyst in Li-air batteries [14]. Perovskites have been paid much 
attention in past decades because of their stable structure, high-temperature 
sustainability, catalytic property, and crucial role in solid fuel cells and solar cells [15].  

The spray�pyrolysis method was applied for synthesis of the starting powders of 
the cathode (La0.6Sr0.4CoO3) and anode (a samaria�doped ceria�NiO composite powder). 
In this study, different microstructures of the cathode were obtained by varying the 
sintering temperature from 950 to 1200 °C [16]. 

La-doped SrTiO3 (LST) powders were prepared by ultrasonic spray pyrolysis 
using an aqueous solution of a metal nitrate [17]. SEM images showed that the as-
prepared LST powders had a spherical morphology with a diameter of 1 � m. XRD 
patterns showed that the crystal phase of the as-prepared powders was amorphous and 
that the powders crystallized to the perovskite phase by calcination at 900 °C. The 
sintered LST body had the highest electrical conductivity at a La doping concentration 
(Lax) of 0.1 under a reducing atmosphere. 

The material characterization techniques were implemented to acquire the 
crystallinity, surface area, and porosity. Consequently, the good electrochemical 
response was obtained from cyclic voltammetry (CV) studies. The as-prepared samples 
clearly revealed that the perovskite materials are promising candidate for supercapacitor 
electrode materials. The aim of this work is synthesis and characterization of submicron 
particles of La0.6Sr0.4CoO3 prepared by ultrasonic spray pyrolysis in one single step. 
 

EXPERIMENTAL  
 

Material synthesis - preparation of LSC and LSC w / 20 wt. % RuO2 
nanoparticles 
 
 

Lanthanum nitrate, strontium nitrate, cobalt nitrate were used as precursor for 
the synthesis of La0.6Sr0.4CoO3 submicron by ultrasonic spray pyrolysis. The temperature 
and pressure control was adjusted using a thermostat and a vacuum pump. Atomization 
of the obtained solution after dissolution of precursor took place in an ultrasonic 
atomizer (Gapusol 9001, RBI/France) with one transducer to create the aerosol. The 
resonant frequency was selected to be 2.5 MHz. The concentration of nitrogen was 
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flushed from bottle to remove air from the system. Under spray pyrolysis conditions, 
nitrogen overpassed continuously through the quartz tube (at a flow rate of the 3 l/min). 
Then atomized droplets were further transported by carrier gas to the vertical furnace, 
company Thermostar, Aachen. After thermal decomposition of transported aerosol in the 
furnace, the formed nanopowder of La0.6Sr0.4CoO3 was collected with an electrostatic 
precipitator.  

The precursor solution was investigated in water and alkaline solution. It was 
concluded that the LSC powder was stable both in aqueous and alkaline solutions. 
Therefore, the process of preparing La0.6Sr0.4CoO3 powder doped with 20 wt. % RuO2 
was firstly suspending LSC in deionized water in ultrasonic bath for 30 min. Afterwards, 
40 µl of 0.1 M KOH was addedto adjust pH value from 8.1 to 10. After in the mixture 
that was continuously stirred the 661µl of RuCl3 solution was added and pH value was 
adjusted with 100 µl 0.1 M KOH to 8.5.  
 

Characterization 
 

 SEM and EDS analysis of strontium substituted lanthanum cobalt oxide 
La0.6Sr0.4CoO3, a perovskite-type material were performed using scanning electron 
microscope VEGA TS 5130MM microscope (Tescan). 

Phase analysis was examined by X-ray diffraction (XRD) measurements on 
Philips PW 1050 powder diffractometer at room temperature with Ni filtered CuK�  
radiation (�  = 1.54178 Å) and scintillation detector within 10�82° 2�  range in steps of 
0.05°, and scanning time of 5 s per step. 

Electrochemical measurements were performed in a three-electrode cell. For 
this purpose, an electrochemical work station (BioLogic, SP-240) having 
potentiostat/galvanostat provided with corrosion and physical electrochemistry software 
and a desktop computer (HP) was used. A platinum foil and Hg/HgO/1M KOH electrode 
(E° = 0.098 V vs NHE at 25°C) were used as counter and reference electrode, 
respectively. The working electrode geometric area exposed to electrolyte was 0.39 cm2. 
The cell was filled with 0.1 M KOH electrolyte and purged with N2 for 30 min prior to 
and continuously during electrochemical measurements.  
 

RESULTS AND DISCUSSION 
 

Scanning electron microscopy 
 
Morphology of the perovskite La0.6Sr0.4CoO3 (LSC) powder was examined by 

scanning electron-microscopy. SEM photographs of the powder used as supercapacitor 
before doping with RuO2 and before dissolution in KOH are shown in Figure 1a, while 
morphology of the perovskite La0.6Sr0.4CoO3 powder after immersion in 0.1M KOH 
solution and consequent drying in inert N2 atmosphere at 150 °C for 3 h is shown on 
Figure 1b. 
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a)     b) 

Figure 1.SEM micrographs of perovskite La0.6Sr0.4CoO3 powder a) before and b) after 
immersing in 0.1M KOH solution and consequent drying. Magnification 

 a) x10K and b) x7K 
 
As it can be seen, LSC oxide is stable in alkaline solution, with unchanged 

morphology. Results of SEM micrographs show that material used is in the form fine 
rounded powder with powder particles ranging from 0.5-4.5 µm. Figure indicates that 
features of each oxide powder is more or less similar in nature and that it has definite 
regular structure. 

Elemental analysis of the each oxide has been carried out by EDS analysis, and 
the results, so obtained, are shown in Figures 2 and 3. 

 

 

Figure 2. EDS analysis of used LSC oxide with spectrum analysis of site 1 (top)  
and site 2 (bottom) 
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Figure 3. EDS analysis of used LSC oxide after immersion in 0.1 M KOH with 
spectrum analysis of site 1 (top) and site 7 (bottom) 

 
 Table 1 and 2 show atomic % of each element at examined sites. As it can be 
seen, comparing results from both tables, there is no dissolution of any element in KOH, 
i.e. the LSC powder is stable in alkaline solution. 
 
Table 1. Elemental analysis of used LSC powder at examined sites 

Spectrum Co Sr La O 
Spectrum 1 22.73 9.56 14.17 53.54 
Spectrum 2 24.17 8.22 14.09 53.52 

 
Table 2. Elemental analysis of LSC powder immersed in KOH at examined sites 

Spectrum Co Sr La O 
Spectrum 1 23.29 9.42 13.83 53.46 
Spectrum 7 23.95 7.89 14.53 53.63 

 
X-ray diffraction analysis 
 
XRD patterns for two powders ultrasonically synthesized e.g. lanthanum 

strontium cobalt oxide (La0.6Sr0.4CoO3) and LSC doped with 20 wt. % RuO2 are 
represented in Figure 3. 



 
 
 
 
 
 
 

Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnja� ka Banja, Serbia 
 

 
36 

 

 
 

Figure 4. XRD patterns for LSC and doped LSC powders produced by ultrasonic  
spray pyrolysis 

 
Figure 4 shows the XRD patterns of the as-fabricated sample and powder doped 

with ruthenium oxide. By comparing the results with XRD pattern (JCPDS PDFNo. 01-
89-2528) of the standard La0.6Sr0.4CoO3 sample, it can be seen that all of the XRD peaks 
of each sample in the 2�  range of 10–80° could be well indexed, as shown in Figure 4. In 
other words, the LSC powder was of single-phase with rhombohedral crystal structure. 
For perovskite, as well as other crystalline materials, the variation in the crystal structure 
may lead to distinct electrocatalytic activities [18]. It was found that LSC has identical 
rhombohedral lattice which can be indexed according to R-3c space group symmetry 
(#161). This fact rules out the significant effect that crystal structure may have on the 
activities [18]. However, new diffraction peaks can be distinguished after doping with 20 
wt. % of RuO2 due to the presence of new Co3O4, La2O3, La3Ru3O11 and K2RuO4 phases, 
indicating that the new nanoparticle (NP) compounds were highly dispersed on the LSC 
surface.  

An unknown weak peak at around 2� =38° was attributed to lanthanum oxide, 
La2O3, according to the JCPDS PDFNo. 00-40-1279 XRD database, which was 
considered to be the result of a partial decomposition of the LSC [19]. In addition, the 
diffraction signals assignable to the La3Ru3O11 and K2RuO4 (JCPDS PDF No.01-070-
1086 and 01-051-1751, respectively) phase became apparently detected in doped 
samples, indicating the formation of small amount of ruthenium compound with 
lanthanum and potassium. Figure 4 also shows the typical XRD peak of the obtained 
Co3O4 in which all the diffraction could be indexed as the cubic Co3O4 spinel phase 
(JCPDS PDF No. 01-078-1969) [20].  
 

Electrochemical analysis 
 
The cyclic voltammograms of LSC and LSC doped with RuO2 on glassy carbon 

(GC) substrate were recorded at the scan rate of 20 mV s-1 in the potential region -0.2-0.5 
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V in 0.1 M KOH, at room temperature. A representative curves for each sample are 
shown in Figure 5. Upon exposure of the GC electrode with LSC and LSC doped with 
20 wt. % RuO2 to potentiodynamic changes, a stable capacitive CV response was 
registered, in a potential window as wide as 0.7 V in the case of LSC with 20 wt. % 
RuO2. 

 
Figure 5. Cyclic voltammograms at a scan rate of 20 mV/s for LSC and LSC doped with 

RuO2 at room temperature 
 

The shape of the CV curve of the LSC powder is different with respect to that 
registered for the LSC powder doped with 20 wt. % of RuO2. One well-separated peak 
for the LSC with 20 wt. % of RuO2 coating at around 0.29 V is seen. The Figure 5 
showed that voltammograms of the oxide electrode exhibited a pair of redox peaks, one 
anodic (EPa = 290mV) and a corresponding broad cathodic peak (EPc = 150mV), prior to 
the onset of oxygen evolution reaction.  

The capacitance of LSC was considerably lower, which indicates poor 
conductivity in the cathodic direction. An LSC powder doped with 20 wt. % of RuO2 

exhibits a considerable increase in the voltammetric capacitance, due to pronounced 
ruthenium injection into crystal structure of LSC.  
 

CONCLUSION 
 
Capacitive properties of LSC colloidal dispersion and the effects of doping LSC 

with ruthenium oxide were investigated. SEM-EDS analyses show that LSC material is 
in the form of fine rounded powder stable in both aqueous and alkaline solutions. The X-
ray diffraction study indicated the formation of pure perovskite phase of the material 
with rhombohedral crystal geometry. The substitution of Ru for Sr and Co in the base 
strongly increased the electrocatalytic activity of the oxide and the value being highest 
with 20 wt. % ruthenium oxide. CV studies of the Ru doped LSC material indicate 
improvement in capacitive response of the material, exhibiting that this material is good 
prerequisite for supercapacitor. The activity of this oxide is several times higher than the 
one observed by LSC.  
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ABSTRACT 

  
Nonthermal plasma is a promising technique in water treatment. Reactive oxygen species (ROS) 

and reactive nitrogen species (RNS) generated in dielectric barrier discharges are determined dependent on the 
introduced energy density. The efficiency of the water falling film dielectric barrier discharge reactor in 
treatment of different organic contaminants was examined. The influence of the catalyst, different inorganic 
salts and concentration of contaminants on reactor efficiency were studied. After treatment the toxicity of 
treated samples was examined. Based on our results non-thermal plasma can be successfully used in 
contaminated water treatment.    
 

Key words: water treatment, advanced oxidation process, non-thermal plasma, dielectric barrier 
discharge. 
 

INTRODUCTION 
 
 One of the most important problems of modern society is the problem of water 
supplying.  The quality of water used for drinking water preparation significantly 
decreases due to water pollution mainly originating from domestic and industrial 
sources. Conventional water treatment processes, including physicochemical methods 
(coagulation-flocculation, sedimentation and filtration) and biological treatment, often 
could not satisfy the desired quality of effluent water due to refractory or toxicity of 
present compounds.  
 New technologies based on advanced oxidation processes were developed for 
treatment of toxic and refractory dissolved organic compounds1,2. Advanced oxidation 
processes (AOP) are defined as the processes that generate hydroxyl radicals in sufficient 
quantities to be able to oxidize the majority of complex chemicals present in the effluent 
water. Hydroxyl radical is the strongest oxidant that can be applied in water, and through 
a complex cascade of oxidative reactions it can oxidize any organic compound present in 
the water matrix. It reacts non selectively and organic contaminants are quickly 
fragmented and converted into small organic molecules. It also removes some heavy 
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metals in the form of precipitated hydroxides in higher oxidation states. During AOPs, 
the disinfection of water can also be achieved which provides an integrated solution in 
water treatment. The product of complete reduction of hydroxyl radical is water, so 
AOPs theoretically do not introduce new hazardous substances into the water. Another 
advantage of AOPs over classic methods for wastewater treatment is the possibility of 
doing the treatment at ambient conditions, i.e. atmospheric pressure and room 
temperature. AOPs show great flexibility in practical usage, because of the fact that they 
can be used separately or in combination with some other classic methods for water 
treatment. Hydroxyl radicals are produced by one or more primary oxidants 
(e.g. ozone, hydrogen peroxide, oxygen) and energy sources (e.g. ultraviolet light) or 
catalysts (e.g. titanium dioxide). Some of the well described processes for hydroxyl 
radical formation are: photocatalysis, Fenton reaction (Fe2+/H2O2), photo-Fenton reaction 
(Fe3+/H2O2/h� ), UV/H2O2, peroxone reaction (O3/H2O2), O3/UV, ionizing radiation, 
vacuum UV, and ultrasound. Some of them, like the chemical combinations of H2O2, O3 
and UV, Fenton’s reagent, electron beam have already been used at full scale in water 
treatment.  
 Nonthermal plasma produced in water solutions forms the basis of innovative 
AOPs for the water treatment3,4. Plasma is defined as a neutral ionized gas. It is 
constituted of particles in permanent interaction; the particles include photons, electrons, 
positive and negative ions, atoms, free radicals and excited or non-excited molecules. 
The classification of plasma is based on the relative energetic levels of electrons and 
heavy species of the plasma. Thermal plasmas are obtained at high pressure (� 105 Pa) 
and need substantial power (up to 50 MW) to be observed. This type of plasma is found, 
for example, in plasma torches and in electric arcs. Nonthermal plasmas are obtained at 
lower pressures and use less power. They are characterized by an electron temperature 
much higher than that of the gas (macroscopic temperature) and consequently do not 
present a local thermodynamic equilibrium. Such plasma can be generated by electric 
discharges in lower pressure gases. 
 The nonthermal plasma process can remove chemical and biological waste in 
all three states (gas, liquid and solid). The method can be used in treatment of different 
contaminants present in wastewater with both high and low concentration of organic 
matter, even in a large flux. Nonthermal plasma produced by gas discharges in presence 
of water generates many reactive oxygen and nitrogen species, like ozone, hydrogen 
peroxide, hydroxyl radical, nitric oxide, peroxynitrous acid and nitric acid. All of these 
species have a strong oxidation potential. Relaxations of excited species to lower 
energetic states produce UV light emissions that also participate in degradation of 
organic molecules.  
 The first use of nonthermal plasma was in ozone production. Streams of air with 
ozone, after nonthermal plasma treatment, were introduced to treated water. 
Furthermore, in addition to ozone, discharges in the air produce many other reactive 
species such as OH·, O·, N·, H2O2, and others. All of these species are short lived and 
decay before ozone gets into the water. However, if the reactor is designed in a way that 
the electrical discharges take place in close proximity to the water surface, or just above 
the water level, some of these species may get into water and destroy the pollutants.  
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 There are two approaches in nonthermal plasma used in water treatment: 
plasma within liquid and plasma in contact with liquid. Plasmas within liquids can 
usually be obtained with a high voltage electrical discharge between electrodes 
immersed in the liquid phase, where one of the electrodes is immersed in water and the 
other is isolated with some dielectric. Plasma in contact with liquids is usually generated 
above the gas–liquid interface and reactive plasma species are generated in the vapor 
phase in contact with the liquid.  
 Based on reactor construction and type of discharge there are three types of 
electrical discharges. In contact glow discharge electrolysis means that a continuous dc 
voltage of around 0.5 kV is applied to a thin wire anode in contact with the water 
surface, while the cathode is dipped in water and isolated from the anode through a 
porous glass.  A sheath of vapor forms around the anode through which current flows as 
a glow discharge. In a dielectric barrier discharge reactor the electrical discharges take 
place between electrodes where at least one of the electrodes is covered with a thin layer 
of dielectric material, such as glass or quartz.  Pulsed corona discharges utilize high 
voltage pulses. They use an asymmetric electrode pair, where the discharge develops in 
the high field region near the sharp electrode and spreads out towards the cathode.   
   

DIELECTRIC BARRIER DISCHARGE REACTOR  
 
 Dielectric barrier discharge is based on the use of at least one dielectric barrier 
in the discharge gap with time varying voltages applied to the electrodes. Atmospheric 
nonthermal coaxial dielectric barrier discharge (DBD) plasma reactor (Figure 1.) was 
designed by Kuraica et al. for the treatment of various water solutions5. A cylindrical 
reactor was prepared with Pyrex tubes that had an internal diameter of 28.5 mm. The 
outer electrodes were made with aluminum foil, which was sealed on an outer glass tube. 
The inner electrode was a glass cylinder with a diameter of 20 mm that was silver-plated 
on the inside. In this reactor water forms a falling film that is in direct contact with the 
plasma. A sample flows up through a vertical hollow cylindrical electrode and flows 
down, thus making a thin dielectric film over the inner electrode. A barrier discharge is 
generated in air within a 3.5 mm gap between the dielectric and the water layer by 
applying a sinusoidal voltage of 19 kV on the peak. The thin layer of water is in direct 
contact with the plasma, and oxidative species are transferred from the plasma into the 
liquid phase, where the reactions with the pollutants occur, which is of great importance, 
especially for short-living active species. To increase the total flow of the treated 
solution, three discharges are connected in parallel. The plug-in power for this system of 
discharges was 180 W. After the treatment, the solution was collected in a reservoir at 
the bottom of the reactor. The collected solution was re-introduced through the reactor 
for the next treatment, when the total amount of solution from the previous run had 
already passed. The energy density (ED) of ~ 45 kJ L-1 was introduced into the solution 
with one pass through the reactor. A high voltage transformer was used as a power 
supply, which allows the variation of the sinusoidal voltage up to 20 kV. The frequency 
for the plasma reactor was set at the optimal value of 300 Hz. The total flow rate through 
three parallel DBD reactors was 210 cm3 min-1. 
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CHARACTERIZATION OF REACTIVE SPECIES GENERATED 
DURING WATER TREATMENT
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 Hydrogen peroxide production in dependence on ED in distilled water and in 
DMSO solution was determined. Production of H2O2 increases with increasing energy 
density. The results obtained in DMSO differ significantly compared to those found in 
distilled water. The production of H2O2 formed by recombination of two ·OH radicals 
can be eliminated in DMSO solution, due to the fast reaction of DMSO and ·OH 
radicals. Also, a possible decomposition of H2O2 by ·OH is substantially reduced due to 
the mentioned reaction of DMSO and ·OH. Scavenging of ·OH by DMSO also indicates 
the role and impact of ·OH radical on the yield of H2O2 and other reactive species. 
 Dissolved ozone concentration measured in distilled water and in DMSO 
solution increases with energy density. In air, very low concentrations of ozone were 
formed when DMSO was treated in the discharge, reaching maximal values of 0.05 mg 
L �1 . Decrease of residual ozone during treatment of DMSO in air could be a consequence 
of several factors. For discharge in the air, higher concentration of nitrites was found in 
DMSO solution than in distilled water, which contributes to a decrease of ozone in 
DMSO solution due to consumption of ozone in oxidation of nitrites to nitrates. Further, 
it is possible that ozone reacts with DMSO, but this reaction is very slow compared to 
the reaction rate of hydroxyl radical with DMSO. 
 In air plasma formation of nitrite was observed with higher concentration in 
DMSO solution than in distilled water.  In case of nitrates, highest concentration of 
nitrates was found in water treated in air, with notably lower values when DMSO 
solution was treated. Ozone and hydroxyl radical are consumed in reactions with DMSO 
and its degradation products, which suppresses the formation of nitrates in DMSO 
compared to water, since nitrates are mainly formed through oxidation of transient and 
primary nitrogen species. 
 Electrical discharges generated in air–liquid environments generate highly 
acidic conditions in water accompanied by an increase in solution conductivity, which 
are largely attributed to the formation of nitrous and nitric acids. Acidification and 
increase of conductivity due to plasma treatment can be observed in water and in DMSO 
solution (Fig.3). In the water treatment acidity is presumably governed by the nitrogen 
species, i.e. nitrates and nitrites. As nitric acid is a strong acid and nitrous acid is a weak 
acid, we obtain lower pH values in system air-water then in system air- DMSO solution.  
 

 
 

Figure 3. Changes of pH and conductivity in the DBD reactor with different ED values  
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DEGRADATION OF ORGANIC CONTAMINANTS 
 
 In order to examine efficiency of plasma reactor it was tested for degradation of 
different emerging organic contaminants. Among them we choose textile dyes, 
pesticides, pharmaceuticals and personal care products.  
 The textile industry with a consumption of over 7×105 tons of dyes per years is 
often considered as one of the major water polluters. Small amounts of dyes (<1 mgL-1 
for some dyes) in the water,  seriously affects the aesthetic quality and transparency of 
water bodies such as lakes, rivers and others.  Light absorption diminishes 
photosynthetic activity of algae and seriously influence on the food chain.  Azo dyes are 
major colorant in textile industry so the decolorization of four commercial reactive azo 
dyes C.I. Reactive Black 5, C.I. Reactive Blue 52, C.I. Reactive Yellow 125 and C.I. 
Reactive Green 15 was studied using a non-thermal plasma reactor based on coaxial 
dielectric barrier discharge (DBD)7.  
 

  
 

Figure 4. The change in decolorization of azo dyes in DBD reactor with different ED 
values      after 5 min (left) and after 24 h (right) 

 
After applied energy density of 315 kJL-1 high decolorisation degree (higher 

than 90 %) was obtained. It is interesting that we can distinguish two different kinetic for 
Reactive Black 5 and Reactive Yellow 125 on the one side and Reactive Blue 52 and 
Reactive Green 15 on the other side.  First pair is more stable toward degradation (Figure 
4). Initial pH value of tested solutions, has shown no influence on decolorization 
kinetics. In all cases decolorization after the first treatment (i.e. 45 kJ/L) measured 5 min 
after passing through the DBD reactor was 40–60%, while 24 h after the plasma 
treatment, decolorization has increased to 70–97%, depending on the dye . Ozone and 
hydrogen peroxide are the only oxidizers generated in the plasma, which are stable 
enough to react with the dye molecules outside of the plasma reactor so they are 
primarily responsible for the continued process of decolorization. 
 In order to get better yields in agriculture the use of pesticides continually 
increases. But some amounts of pesticides can get in the water reservoir during leaching 
from fields. Elimination of pesticides from wastewater effluents is the subject of 
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considerable concern of environmental remediation and has attracted many researchers 
in recent years. Triketone class of herbicides, mainly mesotrione and sulcotrione are now 
frequently employed as atrazine substitutes in maize crops. Mesotrione is a relatively 
new member of the benzoylcyclohexanedione family of herbicides which is chemically 
derived from a natural phytotoxin produced by the bottlebrush plant Callistemon 
citrinus. Degradation of mesotrione and sulcotrione, as members of triketone group, 
using dielectric barrier discharge was done8. The results of the degradation were 
compared with other AOPs (Fenton reaction, ozonization and photocatalysis).  The 
disappearance of the pesticides peak occurred after the tenth pass through DBD 
(introduced energy density of 450 kJ/L). Degradation products were identified by high 
performance liquid chromatography (HPLC–DAD) and UHPLC Orbitrap–MS analyses. 
Degradation products obtained in DBD reactors were identical with those in the 
ozonization and in Fenton reactions are identical with photocatalysis. In all cases 
aliphatic part cyclohexane-1,3-dione undergo oxidative opening of ring and quickly 
transforms into aliphatic carboxylic acids. Aromatic part was more stable toward 
degradation in DBD and ozonization. In Fenton reaction and photocatalysis degradation 
of aromatic rings was confirmed. These results suggest that dominant species responsible 
for the pesticide degradation in DBD reactor was ozone. The formation of ·OH radicals 
in plasma treatment was favored in basic conditions.  Lowering of the pH could be an 
explanation for favoring of ozone as reactive species over ·OH radicals. In order to test 
the efficiency of the reactor in a real sample we tested degradation in Danube water. 
Natural waters are usually very complex systems and they contain a variety of organic 
and inorganic substances which may affect transformation of pollutants. Slower 
degradation (about 20 %) of sample in Danube water in DBD reactor was due to the 
presence of organic matter and inorganic ions which compete with reactive species 
formed during the degradation of pesticides. 
 Pharmaceutical residues have been detected frequently in the aquatic 
environment at very low concentrations (ng/L to � g/L).  Nevertheless, due to designed 
persistence and biological activity their long-term presence poses real environmental 
risks. Ibuprofen (IBP) is a widely used non-steroidal anti-inflammatory drug (NSAID), 
consumed in high amounts in both human and domestic animal practices or farming. 
After excretion IBP leaves the body in the form of unaltered parent compound at 15% or 
as metabolized hydroxy-ibuprofen at 26% and carboxy-ibuprofen at 43% of applied 
therapeutic dose. Toxicological effects of ibuprofen metabolites (human or microbial 
origin) in the aquatic environment have been reported to influence cyclooxygenase 
(COX) reactions and therefore could affect not only the reproduction of aquatic animals, 
but also the photosynthesis of aquatic plants. Degradation efficiency of ibuprofen (60 
mgL-1) in the NTP reactor after applied energy density of           180 kJL-1 was 85% in 
DBD9. In case of ibuprofen DBD treatment gave better results in comparison with 
Fenton reaction. Nine degradation products were identified during DBD treatment: four 
aromatic compounds and five aliphatic carboxylic acids. 
 Surfactants are a group of compounds that are widely used in industrial, 
agricultural, and pharmaceutical markets in various products, including detergents, 
pesticides, petroleum products, cosmetics, and pharmaceuticals. Surfactants have a broad 
spectrum of applications because of their amphiphilic nature: they consist of a polar head 
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group and a non-polar hydrocarbon tail and combine both hydrophobic and hydrophilic 
properties in one molecule. Non-ionic surfactants (alkylphenol polyethoxylates, APEs) 
display a low biodegradability and high toxicity. Degradation efficiency in case of Triton 
X-10010, sodium-dodecylbenzensulphonate and lauril sulphate11 was determined by the 
decrease in the absorbance of derivatized products (Cobalt thiocyanate method for 
nonionic surfactants and Methylene blue index for anionic surfactants). In all the cases 
concentrations of surfactants in solution were 100 mgL-1 and degradation efficiency were 
around 90 %. In case of Triton X-100 products of degradation were analyzed with mass 
spectrometry. Mass spectra confirmed that primary degradation begins at the ethoxy 
chain and the degradation of TX-100 in the DBD reactor occurs via shortening of the 
ethoxy chain.  
 

INFLUENCE OF CATALYST 
 
 The catalyst in plasma treatment can influence the degree of degradation, 
energy yield (amount of substances degrade per amount of introduced energy) and 
mineralization efficiency. In order to improve results of plasma treatment different 
catalyst system were tested in all cases.  
 In the case of textile dyes the effect of plasma treatment can be significantly 
intensified with addition of hydrogen peroxide. For example, the most effective 
decolorization of 97% was obtained with addition of 10 mM H2O2 in a system of 80.0 
mgL-1 Reactive Black 5 with applied energy density of 45 kJL-1, after residence time of 
24 h. Without the catalyst similar results can be obtained with 315 kJL-1 applied energy 
density. Further increase of hydrogen peroxide does not influence degradation efficiency. 
Also, the effect of plasma treatment can be enhanced with addition or iron salts if the 
conditions for Fenton reactions are fulfilled. After 24 h, at energy density 90 kJL-1 and 
higher, H2O2 which is produced in larger amounts, reacts with Fe2+ (1, 2 and 5 mgL-1) 
thus contributing to the increase of  decolorization by approximately 10%, compared to 
the system without Fe2+. In this case, the energy saving was 45 kJL-1.  
 In the case of mesotrione four different catalyst systems were tested (Fe2+/DBD,  
Co2+/DBD, Mn2+/DBD and  H2O2/DBD)12. For all catalysts the concentrations were 
optimized. Comparison of degradation efficiency for optimal concentrations of catalysts 
in each catalytic DBD systems and non-catalytic system was shown in Figure 5. All 
systems have proved to be successful in improving mesotrione degradation in DBD 
reactor, but the highest efficiency was achieved in system 5 ppm Fe2+/DBD.  Mn2+ and 
Co2+ catalytic systems gave the same degradation products and very similar degradation 
efficiency. Catalytic system 10 mM H2O2/DBD gave significantly different degradation 
products than other catalytic systems. This could be explained by the higher production 
of OH radicals, one molecule H2O2 gave two radicals. Additional amounts of radicals do 
not react with mesotrione but react with created degradation products which lead to 
higher mineralization efficiency. 
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MINERALISATION EFFICIENCY 
 

The decreases of TOC value as a parameter of mineralization efficiency were 
monitored. DBD treatment generally shows low mineralization efficiency, measured as 
TOC value. It can be significantly improved with a catalyst. In case of mesotrione non-
catalytic DBD treatment reduced TOC value by 34%. Catalytic DBD treatments gave 
higher TOC removal efficiency compared to non-catalytic DBD. Of all four used 
catalytic systems 10 mM H2O2/DBD gave the highest TOC removal (71%). Something 
lower efficiency was obtained with iron as catalyst (61 %). On the other hand Mn and Co 
gave similar results as system without catalyst.   In ibuprofen treatment the DBD poorly 
reduced the TOC value (	 10%) and the catalytic treatment (DBD/Fe2+) had the TOC 
removal efficiency of 35%. Catalytic treatment show better removal efficiency than 
Fenton reaction in ibuprofen treatment.  In the treatment of Triton X 100 the 
mineralization efficiency in the non-catalytic DBD treatment was very low (1%). The 
addition of the homogenous catalysts H2O2 and Fe2+ significantly improved the 
mineralization efficiency of TX-100. The catalytic system H2O2/DBD resulted in 
mineralization efficiency in the range of 4–34%, depending on the H2O2 concentration, 
whereas the Fe2+ /DBD mineralization efficiency was in the range of 2–21%, depending 
on the Fe2+ concentration. In the case of anionic surfactants better results in 
mineralization efficiency were obtained with iron as a catalyst. 
 

EFFECT OF INORGANIC SALTS 
 
 In order to examine the influence of inorganic salts presence in wastewater from 
textile factories on degradation of textile dyes, three salts in different concentrations 
were tested13. The results indicated that decolorization of the dyes was significantly 
limited in the presence of the salts. Increasing the concentrations of inorganic salts in the 
water reduced the efficiency of decolorization of the dye, to varying degrees depending 
of the salt used. The most effective decolorization, of over 90 % was obtained with 
addition of 50 g L–1 NaCl with applied energy density of 135 kJ L–1 24 h after plasma 
treatment. Decolorisation in the presence of the inorganic salts Na2SO4 and Na2CO3 was 
lower than the solution without salt. The increased decolorisation with addition 50 g L–1 
NaCl was explained by the formation of hypochlorite from the chloride ions during the 
plasma treatment. 
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Figure 6. Effect of inorganic salts on decolorisation Reactive Black 5 solution 
 

EFFECT OF ORGANIC COMPOUND CONCENTRATION 
 

 In order to examine the effect of contaminants concentration on degradation 
efficiency, five different concentration of Reactive Black 5 were tested. With the 
increase of concentration, degradation efficiency decreases, but the energy yield 
increases. Amounts of produced reactive oxygen species does not depend on the 
concentration of the compounds so a decrease of degradation efficiency could be 
expected. On the other hand in the presence of higher concentration of compounds, the 
possibility of reactive oxygen species quenching decreases, because effective collision 
with target compounds increases and that results in a higher energy yield.  

 

Figure 7. Effect of Reactive Black 5 concentration on degradation efficiency  
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TOXICITY TEST 
 

 For the toxicity screening test the brine shrimp Artemia salina was used.  In 
treatment of textile dyes, toxicity tests have shown that toxicity of the dye solutions was 
reduced or maintained at the same level after the treatment, except for Reactive Green 15 
where slight increase of toxicity was detected for only one concentration value. Products 
of pesticide degradation, according to the results of the toxicity test, could be considered 
low toxic to non-toxic. Similar results were obtained in ibuprofen degradation. When A. 
salina was exposed to the initial solution of TX-100 (100 ppm), the observed mortality 
was 76%. However, after the application of the DBD  treatment, the toxic effect was 
reduced to 16% of mortality. The toxicity effect (%) of the initial solutions for anionic 
surfactants was higher in comparison to the treated solutions of SDS and SDBS in all the 
systems. In both cases, solutions treated in the non-catalytic DBD system and the 
catalytic DBD / Fe2+ system, induced lower toxicity in comparison to the catalytic 
system with hydrogen peroxide. 
 

CONCLUSIONS 
 

 As we can see, nonthermal plasma is a promising technique for water treatment 
with high efficiency in different contaminants treatment. Results in treatments are 
comparable with other AOPs techniques. In plasma treatment combination of reactive 
oxygen species, shockwaves and UV light are used in treatment of contaminants. With 
homogenous catalyst, energy yield and mineralization efficiency can be significantly 
improved, but an effect of catalyst depends on structure of target compounds. Plasma 
treatment can be used in high loaded waters treatment. Products of degradation have 
lower toxicity than parent compounds. Disadvantages of plasma treatment are pH 
lowering, low mineralization efficiency and energy consumption.  
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ABSTRACT 

 
Protected areas are primarily viewed in biological or ecological terms, but they provide numerous 

functions beneficial to humans, and even essential to human welfare. Protected areas contribute to a country’s 
social and economic objectives through supporting ecosystem services, promoting the sustainable use of 
renewable resources. However, protected areas can only deliver their environmental, social and economic 
benefits if they are effectively managed. Capacity to manage has many components and cannot be summarised 
in a single measure. The principal dimensions are the system of governance, level of resources, and community 
support. In order to adequately protect ecologically valuable areas, it is necessary to recognize the role of 
people in sustaining these systems and to engage people in protecting them. Participatory approaches have 
proved to be most successful in situations where the goals of the process are clear and there are positive 
attitudes towards conservation. The implementation of participatory approaches is proposed as a means of 
promoting sustainable resource use and helping to ensure the ongoing involvement of local people in 
conservation. 

  
Key words: protected area, capacity to manage, local people, participatory approaches, sustainable 

resource use. 
 

INTRODUCTION 
 

Status of protected areas and management objectives 
 
Around the world, protected areas are seen ‘as a key to conserving natural 

resources on land and at sea’ (21). According to the International Union for Conservation 
of Nature and Natural Resources (IUCN) definition of a protected area, namely is:  
“An area of land and/or sea especially dedicated to the protection and maintenance of 
biological diversity, and of associated cultural and natural resources, and managed 
through legal or other effective means ” (23). 

The number and extent of the global network of protected areas has grown 
steadily throughout the 20th century most notably, as shown in figure 1, since 1970 (18). 
This indicates that governments are continuing to make efforts to establish new protected 
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areas (18). After the establishment of Yellowstone, the first national park in the USA, in 
1872, the concept of protected areas spread all over the world. According to the latest list 
of the United Nations compiled in 2014, there are 209,429 protected areas in the world 
today covering a total area of 32,868,673 square kilometres, larger in size than the 
African continent. A total of 3.41% of the world seas is under protection and 14% of the 
Planet’s land surface (8). 

 

 
 

Figure 1. Cumulative growth in the number and extent of protected areas  
from 1900-1994 (18) 

 
To help improve understanding and to promote awareness of the functions of 

protected areas, the IUCN has developed a six category system of protected areas 
identified by their primary management objective (23), as shown in table 1. 
 
Table 1. IUCN management categories of protected areas (23) 

Category Description 

I 
Strict Nature Reserve/Wilderness Area: Protected area managed mainly for science or 
wilderness protection 

Ia Strict Nature Reserve: Protected area managed mainly for science 
Ib Wilderness Area: Protected area managed mainly for wilderness protection 
II National Park: Protected area managed mainly for ecosystem protection and recreation 
III Natural Monument: Protected area managed mainly for conservation of specific natural features 

IV 
Habitat/Species Management Area: Protected area managed mainly for conservation through 
management intervention 

V 
Protected Landscape/Seascape: Protected area managed mainly for landscape/seascape 
conservation and recreation 

VI Managed Resource Protected Area: Protected area managed mainly for the sustainable use of 
natural ecosystems 
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The IUCN protected area management categories system is based upon the 
primary objective of management. Tab. 2. shows how an analysis of management 
objectives can be used to identify the most appropriate category. 
Table 2. Matrix of management objectives and IUCN protected area management 
categories (23) 

Management objective Ia Ib II III IV V VI  

Scientific research  1 3 2 2 2 2 3 
Wilderness protection 2 1 2 3 3 - 2 
Preservation of species and genetic diversity (biodiversity) 1 2 1 1 1 2 1 
Maintenance of environmental services  2 1 1 - 1 2 1 

Protection of specific natural/cultural features  - - 2 1 3 1 3 
Tourism and recreation - 2 1 1 3 1 3 
Education  - - 2 2 2 2 3 
Sustainable use of resources from natural ecosystems  - 3 3 - 2 2 1 
Maintenance of cultural/traditional attributes  - - - - - 1 2 

 
Key: 1 = Primary objective; 2 = Secondary objective; 3 = Potentially applicable objective; – = not applicable 
 

The data in table 2. shows that some recreation and tourism is likely to occur as 
a management objective in every category of protected area, with the exception of 
Category Ia (the strict nature reserve). Protected areas are established primarily to 
preserve some type of biophysical process or condition, such as a wildlife population, 
habitat, natural landscape, or cultural heritage, for example, a community’s cultural 
tradition (tab. 2 ) (11). 

The data also shows that biodiversity protection, though a critically important 
function of many protected areas is far from the sole purpose, and is frequently not the 
primary purpose of a protected area (11). It is, though, a requirement of the IUCN 
definition that any protected area should always have a special policy to protect and 
maintain biodiversity.  

Protected areas are primarily viewed in biological or ecological terms, but 
DIXON & SHERMAN (10) emphasised the economic importance of land managed for 
conservation objectives. However, protected areas are important at many levels, from 
local and national to global levels, and they carry out numerous functions beneficial to 
humans, and even essential to human welfare. Ten important functions of protected areas 
are listed in table 3 (35). The manner in which these functions are transformed into 
benefits for the affected populations will depend on the management objectives of the 
protected area and how effectively these objectives are converted into actions. Table 3 
presents a model of the various scales at which benefits are delivered by these functions, 
ranging from local to global. The range of possible benefits at each scale indicates the 
importance of defining objectives for individual protected areas; different management 
approaches will provide different mixes of benefits at different levels1 (35). 

                                                 
1 Protected areas provide benefits to people at all levels. Using the ten critical functions listed in the text, this table 
provides a model of the scale at which benefits can be derived, from 0 (= no benefit) to 4 (= maximum benefit). 
More precise determinations can be made for individual protected areas or for national protected area systems. 
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Table 3. The scale at which benefits are delivered by protected area functions (35) 
 
     Scale at which benefits are delivered 
Key functions   Local  National Global   
1. Biodiversity   0-4  2-4  4 
2. Watershed protection  4  2-4  1-3 
3. Storm protection  4  2-4  1-3 
4. Tourism   0-4  4  2 
5. Local amenity   2-4  1-2  0-1 
6. Forest products  0-4  1-2  1-2 
7. Soil    0-4  1-2  1-2 
8. Carbon   0-1  1-2  2-3 
9. Research   0-3  2-4  2-3 
10. Cultural values  0-4  2-4  1-2 
 
 The importance of protected areas is emphasised by international conventions 
and programmes such as the Convention on Biodiversity (CBD), the World Heritage 
Convention (WHC), the Ramsar Convention on Wetlands, the UN Law of the Sea 
Convention, UNESCO’s Man and the Biosphere (MAB) Programme of the United 
Nations Educational, Scientific and Cultural Organisation (UNESCO) and the global 
programme of the WCPA. Together these agreements and programmes are the backbone 
of international policy on the establishment and management of protected areas for 
biodiversity conservation and the sustainable use of natural and cultural resources (40).  
The Convention on Biological Diversity marked a significant shift in the perception of 
protected areas by governments. It linked protected areas to larger issues of public 
concern, such as sustainable development, traditional knowledge, access to genetic 
resources, national sovereignty, equitable sharing of benefits, and intellectual property 
rights. Furthermore, since the adoption of the Convention on Biological Diversity 
(hereafter CBD), and because of Article 8a in particular, much greater emphasis has been 
placed upon the idea of developing national systems of protected areas as a means of 
conserving biodiversity in situ and for other purposes. Indeed, many protected areas now 
form part of international networks, both global systems, notably World Heritage sites, 
Ramsar sites and Biosphere Reserves; and regional systems, such as Natura 2000 
network of nature conservation sites in Europe. There are calls to recognise fully the role 
of indigenous peoples with respect to protected areas (2). 

Protected areas contribute to a country’s social and economic objectives 
through supporting ecosystem services, promoting the sustainable use of renewable 
resources, as well as providing places for tourism and recreation (22). The constituency for 
protected areas is therefore broad and diverse. However, protected areas can only deliver 
their environmental, social and economic benefits if they are effectively managed (21). 

The key questions of interest at the global level are whether the responsible 
authorities have the capacity to manage their protected areas effectively, and whether 
desired outcomes are being achieved on the ground. Capacity to manage has many 
components and cannot be summarised in a single measure. The principal dimensions 
are the system of governance, level of resources, and community support (figure 2). The 
measurement of these dimensions is contextual. What is effective legislation in one 
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country may be entirely inappropriate in another with different legal and social systems. 
Similarly, it is only possible to assess the adequacy of resources for management in the 
context of some estimation of management needs (21). 
 

�
Figure 2. The dimensions of ‘capacity to manage’ (21) 

 

Beyond such questions relating to the way in which protected areas are 
managed, the international community is even more interested in the outcomes of such 
management, i.e. the impact ‘on the ground’. Issues such as the impact of protected areas 
on the conservation of biodiversity, and on other natural and cultural heritage resources, 
are of great concern. In this paper, however, the focus is on the role of local communities 
in the management of protected areas with the expectation that without the cooperation 
and assistance of local communities, achieving biodiversity conservation in places where 
the land and resources are fundamental to supporting people’s livelihoods will be less 
successful than if the local people actively support this goal. 

 

New approach to protected area management – the role of the local people 
 

Historically, the creation of most protected area involved the exclusion of local 
people from almost any kind of access or use of the area (16). In the United Kingdom, 
for example, the tradition of exclusory Royal Forests meant that the leading 
conservationists were foresters from the Imperial Institute of Forestry at Oxford as well 
as biologists, zoologists and other natural science disciplines and their management 
philosophy emphasized that ‘the public good was best served through the protection of 
forests and water resources, even if this meant the displacement of local communities’ 
(31). People were not allowed to live inside the protected area or to use the area for 
extractive purposes (25). This exclusionary approach continues today, as or example, in 
a very large area earmarked for conservation in Costa Rica that is under a strictly 
protected regime that excludes local communities (6).  
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 Denying local people the right to use these resources severely reduces their 
inclination to support conservation and often undermines local livelihood security (42). 
At the root of the relationship between indigenous groups and local communities with 
national governments and their conservation policies lies a combination of historical, 
cultural and socio-political factors. The important issue is the “willingness of 
governments to recognise that local communities are vital actors in the delivery of 
conservation objectives. Governments that have not already done so, need to move from 
an implicit assumption that they manage against local communities to one where they 
recognise that protected areas should be managed for, with and often by local 
communities” (4). 

Property rights are a key social institution for allocating human access to land 
and natural resources. All societies have systems of land tenure – who has access to 
what, when, where, and sometimes, how – that allocate rights to public and private 
purposes. One defining characteristic of an indigenous culture is a traditional tenure 
system that defines the rules and responsibilities for relationships between people and the 
natural world (34). Tenure systems – upon which responsibility is built – are based on 
legitimacy drawn from the community in which they operate, rather than from the nation 
or state in which they are located. Indigenous systems of resource tenure are extremely 
variable, complex mixtures of individual and community rights, enforced by the local 
culture. However, the variation in resource management is part of an ongoing process to 
which the different interests and struggles of the various participants contribute (34). 

In many European countries, including Germany (6) and France (14), the long 
established order of land tenure and rights of access to resources has generally been 
respected in recent decades. In Britain conservationists accepted the vision of nature as 
part of a process of ‘continuity and gradual change, with man at the centre and integral to 
rural landscape’. British National parks thus recognized existing rights and sought to 
maintain the established patter of farming and land use by rural communities (16).  

Recalling that protected areas have grown in number in the last decades, this 
necessarily means that many protected areas have been established in areas traditionally 
inhabited by humans (38; 55). In Latin America 86% of the existing protected areas have 
been established in areas currently inhabited by people; world-wide the figure is 
approximately 70% (16).  

In this situation, the question of local people's position versus protected areas 
has become a highly relevant and widely discussed issue (16). Already in 1976 
UNESCO, through its Programme on Man and Biosphere (MAB) *, proposed the creation 

                                                 
*  The UNESCO-MAB World Network of Biosphere Reserves is one way of involving people in biodiversity 
conservation. The biosphere reserve approach links ecology with economics, sociology and politics, and ensures that 
good policy intentions do not yield inappropriate results. Biosphere reserves are indeed special places for people and 
nature, and a key help in managing our biosphere. Biosphere reserves are areas of terrestrial and coastal ecosystems 
promoting solutions to reconcile the conservation of biodiversity with its sustainable use. They are internationally 
recognized, nominated by national governments and remain under sovereign jurisdiction of the states where they are 
located. They serve in some ways as ‘living laboratories’ for testing out and demonstrating integrated management of 
land, water and biodiversity, which is the embodiment of the ecosystem approach’ being developed by the Convention 
on Biological Diversity. 
 In short, biosphere reserves are much more than just protected areas. They represent a means for 
promoting management essentially as a pact between the local community and society as a whole (50). 
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of a biogeographically representative network of Biosphere Reserves in the sites of 
worldwide significance. In this case, the inhabitants of protected areas were for the first 
time taken into account, as the MAB-programme emphasized human beings as ‘an 
integral part of the ecosystem and recognized the necessity of involving local inhabitants 
in conservation activities’ (45). This perception was strongly emphasized some 15 years 
later, when the IV IUCN World Congress on National Parks and Protected Areas pointed 
out that the view of protected areas as islands apart from the surrounding areas and 
neighboring human communities should finally be left aside (33). Consequently, the 
Congress took the phrase "Parks for Life" as its slogan, and urged the governments to 
recognize ‘the needs and aspirations of the people living in and around the protected 
areas, as well as to take appropriate measures in order to ensure that the local 
communities were not disadvantaged by protected areas ’. This human dimension of 
biosphere reserves makes them special, since the management of a biosphere reserve 
essentially becomes a ‘pact between the local community and society as a whole’ (50). 
  In recent years several researchers have stressed the role of the local people in 
the successful management of protected areas. According to WELLS &  BRANDON (55), 
there is a growing recognition that the sustainable management of protected areas 
ultimately depends on the co-operation and support of the local people. Similarly, 
KOTHARI et al. (29) argue that a protection strategy that alienates local communities 
from conservation is not only unjust to human rights but also harmful to conservation. 
Therefore, it order to achieve sustainable conservation, state legislators and 
environmental planners should involve local people in management of protected areas 
and “need to identify and promote social processes that enable local communities to 
conserve and enhance biodiversity as a part of their livelihood system” (33; 41). 
 

Participation 
 

The issue of participation is an important issue in protected area management. 
For instance, the IV IUCN World Congress on National Parks and Protected Areas called 
for increased community participation and human equity in the decision-making of 
protected areas in order to improve their management (22). The term participation can be 
interpreted in very different ways, and therefore it is essential to define it carefully (49). 
Until the 1970s, the participation of local people in conservation was often seen as a tool 
to achieve the local approval to protected area plans, and participation was almost a mere 
public relations exercise. During the 1980s, participation of the local people was 
regarded as a mechanism to gain better results in natural resource protection, while in the 
1990s, participation has been interpreted more and more as a means to involve local 
people in protected area management (41). 

It is now widely assumed that participation is required in order to achieve 
sustainable and effective conservation, particularly in protected areas; that it can bring 
economic and social benefits to marginalised groups; and that devolution of decision-
making will benefit biodiversity. ‘Participatory approaches provide opportunities for the 
poor to contribute constructively to development’ (12). The FAO People’s Participation 
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Programme believes that ‘participatory approach is an essential part of any strategy and 
its call for ‘the active involvement and organization of grass roots level of the rural 
people’ (12).  

As sustainability is defined in ecological, economic, and social terms, 
participation, as a democratic means of decision-making, has been increasingly 
recognised ‘as an essential means and end to the development of the social dimensions of 
sustainability’ (15). 

According to FINGER-STICH &  FINGER (15), ‘participation’ is defined as, “the 
voluntary involvement of people who individually or through organised groups 
deliberate about their respective knowledge, interests, and values while collaboratively 
defining issues, developing solutions, and taking – or influencing – decisions”. 
Furthermore, defining who can participate will lead to different types of participation 
processes. FINGER-STICH &  FINGER (15) distinguished three main types of participation: 
public participation, representative participation and community participation. This 
research focuses is on community-based participation processes. Public participation2, 
collaborative management3, and community-based management as types of participation 
may not always be distinct. ‘They may be complementary and evolve into one another 
over time’ (15). For example, a protected area policy may be drafted in consultation with 
the general public at the regional and/or national level, then there may be a co-
management body to monitor the management of a particular protected area, and it may 
work in partnership with community-based associations to adapt this management to 
particular places, activities, and social groups (15). 

In order to understand the meaning of participation, as well as participation 
processes, the following definitions and understandings are collected from different 
authors. 

Participation processes, whatever their type, have the potential to evolve and 
provide space and opportunities for social learning (28). Participatory theories, such as 
social forestry (27), emphasize policy-making based on direct citizen participation, ahead 
of expertise and citizen preference structures. These theories propose a restructuring of 
institutional arrangements to accommodate greater citizen deliberation. In the field of 
social forestry, KORTEN (26) identified several weaknesses in early traditional 
community development programmes, which he attributed partly to inappropriate 
governance structures. He maintained that new arrangements can be achieved through 
“innovative social learning (which emphasizes) central facilitation over central control, 
performance monitoring and self-correction over planning, encourages local initiative 
and self-control, and reflects a tolerance for the ambiguity and uncertainty inherent in 
the learning process” (27). 

                                                 
2 Team of specialists (FAO/ECE/ILO,(21)) Public participation defined as, “a voluntary process whereby people, 
individually or through organised groups, can exchange information, express opinions and articulate interests, and 
have the potential to influence decisions or the outcome of the matter at hand” (13). 
3 Collaborative management or ‘co-management’ is defined as “a situation in which two or more social actors 
negotiate, define and guarantee amongst themselves a fair sharing of the management functions, entitlements and 
responsibilities for a given territory, area or set of natural resources” (5). Co-management (short for collaborative or 
joint management) – this term has been defined as, “...durable, verifiable and equitable forms of participation, 
involving all relevant and legitimate stakeholders in the management and conservation of resources” (3). 
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“While understanding that all participatory processes entail communicative action, it is 
useful to recognise that in the situation where problems are being defined and actors are 
forming or changing their roles, the essence of the participatory process is 
communicative action. This means that the degree of instrumental or strategic policy 
development is low since there is not a clear public problem and no organised social 
interests. Indeed, one can expect this part of the policy process to possibly extend over 
years as the nature of the public problem is slowly understood and shared understanding 
emerges through dialogue between the actors’’ (46).  

Thus, communicative action leads to a better understanding of the actors, 
stakeholders and interests and why they are associated with this problem (15). 

“Participation processes are both a way to manage conflict by seeking 
compromise between various interests, and they are also a means of developing more 
creative solutions that would not have emerged without the interaction of stakeholders. 
The decisions born out of such collaborative thinking and negotiation have the 
advantage of being the product of all those taking part, and are therefore more likely to 
be effective. Effective participation is a means and an outcome of collaborative 
learning’’ (15). 

In general, scholars have agreed about main point of participation, namely: 
learning process, communicative action and participation is a means and an outcome of 
collaborative learning. 

One promising overall approach to building cooperation between local people 
and protected area managers is through ‘collaborative management’ or ‘co-management’ 
of protected areas – a partnership whereby various stakeholders agree to share amongst 
themselves the management functions, rights, and responsibilities for a territory or set of 
resources under protected area status (3). 

In recent years, there has been a growing interest in the integrated management 
of protected areas, which means the ample participation of the local people in the 
decision-making and management of the area (16; 38; 49). PIMBERT &  PRETTY (41) classify 
the different levels of participation in protected area management as follows (tab. 4). 
 
Table 4.  A typology of participation (Adopted from PIMBERT &  PRETTY,(41)) 

Passive participation 
2 Participation in information giving 
3 Participation by consultation 
4 Participation for material incentives 
5 Functional participation 
6 Interactive participation 
7 Self-mobilization 

 
In this table, passive participation means informing the stakeholders on what 

has happened in the area, or what is going to take place, while their reaction concerning 
the information or the activities realized are not taken into account. 
Participation in information giving means that information about the protected area is 
gathered from the local inhabitants through surveys, but people do not have the 
opportunity to influence the proceedings in the area. This way their role in the 
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participation is only to give information. Discussing the results more widely, and 
people’s participation by consultation in the definition of the problems and in the search 
for solutions of the management of the area is a step further in local participation. But 
even in this case they do not have an active role in decision making, led by professionals. 
Sometimes participation means local participation for material incentives in which case 
local people provide some of their resources such as labour, land or collecting genetic 
material in return for food, cash and other material incentives. In these cases, 
participation often finishes when the incentives end (41). However, compared to the first 
two levels, this kind of participation offers the local people a role as a subject, and not 
just an object of activities, as they both give and receive something from the protected 
area authorities. 

According to PIMBERT AND PRETTY (41), only the last three levels of 
participation (functional, interactive and self-mobilization) are sufficient in order to 
achieve effective, efficient and sustainable conservation in protected areas. Functional 
participation is defined as people participating by forming groups to meet the 
predetermined objectives related to protection of the area. This kind of participation can 
also include the promotion of externally initiated social organizations. Even though these 
organizations are usually dependent on external facilitators, they may later become more 
independent. In interactive participation people formulate a joint analysis, which leads 
to action plans and to the formation of new local groups and the strengthening of the 
existing ones. These groups then take control over local decisions. Finally, self-
mobilization means people taking initiatives, independent of external institutions, to 
change the management systems of the natural resources (41). 

Sustainable protected area management requires, first of all, understanding of 
the complex ecological and social relationships in rural areas, and valuing of local 
people's ideas and knowledge systems. Both the conservation authorities and the people 
living in and around protected areas have their particular strengths and limitations. For 
this reason, the advantages and skills of professionals need to be combined with the 
strengths of local people, this kind of participation process, at its best, leading to the real 
empowerment of the local people (41). 
 

Participatory forest management 
 
 Forests and trees can make a significant contribution in sustainable livelihoods.  
It has been estimated that about 1.6 billion people worldwide are heavily dependent on 
forest resources for their livelihoods. Within a local community, it is common to find 
that it is the poorest households, with less agricultural land, livestock, or labour are the 
predominant collectors of forest products (53). Despite the importance of forest 
resources to the poor, until recently efforts in development, as well as in forestry, have 
not paid sufficient attention to how natural capital, such as forests, is used in 
combination with other assets to sustain livelihoods. This has resulted in gaps in our 
understanding of the forests’ contribution to sustainable livelihoods (9). 
 Forests are an important source of natural capital and provide non-material 
goods that contribute to livelihoods by enhancing social and human capital. Forestry 
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initiatives supporting access to resources, participatory decision-making and equity assist 
in increasing well-being, especially that of the poor (54). 
 However, sustainability of the natural resource base is a critical concern of (and 
basis for) sustainable livelihoods. Increased sustainable use of natural resources can have 
a direct impact on the improvement of natural capital. The holistic approach of current 
sustainable livelihood initiatives recognises the vulnerability of the poor to resource 
degradation and promotes sustainable resource management as a critical element for 
sustainable improvement in the livelihoods of the poor. A key challenge lies in 
implementing environmental policy. One of the greatest needs may be for a policy and 
legal framework that legitimises participation in the co-management of the resources and 
incorporates multiple objectives, including poverty alleviation, and provides operational 
mechanisms (54). 
 Furthermore, meeting the needs of local people should be the principal objective 
of forest management, and this should be reflected in control and tenure arrangements 
(39). Poverty-oriented forestry is concerned with reducing the vulnerability of the poor 
by enabling people to continue to have access to the resources and product flows needed 
for subsistence purposes (54). A detailed assessment needs to be prepared by, or at least 
with the people concerned, in order to identify the complete range of relationships 
between the people and forest that they use and/or manage, the current limitations to 
their livelihoods and the potentials and desire for change. Experiences in community-
based forestry demonstrate that a people-centred approach is viable and effective (54). 
Some conservationists recommend participatory forest management over community or 
state forest management because participatory forestry enhances collaboration and 
understanding between forest communities and state authorities (e.g. 37; 45). However, 
POFFENBERGER &  SINGH (44) and CAMPBELL et al. (7) warned that implementation of 
participatory forestry can be difficult, particularly where securing representation on joint 
management committees and reaching consensus on issues such as distribution of 
benefits to communities are concerned. GRUMBINE (19) and JACOBSON (24) suggested 
that these issues can partly be overcome if resource users and managers are aware of the 
forest management goals and practices, and have positive attitudes towards conservation.  
Furthermore, in protected areas, received benefit from tourism is a key factor for a local 
population to perceive conservation positively (see for example 52).  

A correlation between benefits and positive attitudes has been confirmed in 
many cases (36; 49). Furthermore, literature based on empirical evidence indicates that 
three important refinements must be added to the statement claiming that benefit sharing 
contributes to cooperative attitudes towards conservation. These can be summarised as 1. 
the importance of economic viability from the local perspective (47), 2. an explicit link 
with long-term conservation interests, and 3.  the need for proper institutional 
arrangements (1). 

The attitudes and perceptions of the stakeholders towards a conservation area 
and the policy being implemented are an important element of sustainable conservation, 
and local communities must be actively involved, and their needs and aspirations 
considered if biodiversity conservation is to be successful. These trends have encouraged 
the development of a new conservation paradigm, ‘community-based conservation’, 
emphasising management of biodiversity by, for, and with local communities (56; 17). 
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All policies and programmes implemented under the community-based conservation 
paradigm share the key assumption that biodiversity conservation will only succeed if 
local communities receive sufficient benefits, participate in management, and therefore, 
have a stake in conserving the resource (17).  
 

Examples of protected area management in the world - with an emphasis 
on participatory management 

 
1. Nepal 
 
The 7,683 km2 Annapurna Conservation Area is one of the most geographically 

and culturally diverse conservation areas in the world. About 118,000 people, mostly 
poor rural farmers, live in the region. Over 45,000 foreign trekkers visit each year, which 
has led to the development of hundreds of lodges and tea several years. While tourism 
has become important to the local economy, it has also led to serious environmental 
problems. Forests have been cleared to provide fuel for cooking and heat for visitors. 
Expanding agriculture,water pollution, poor sanitation and litter on trekking routes have 
all accelerated, compounded by a rapid growth in the resident population. The 
Annapurna Conservation Area Protect (ACAP) was initiated to help the inhabitants 
maintain control over their environment. An entry fee to Anpurna  Conservation Area 
has been collected from tourists since 1989. The community benefits from increased 
control over tourism and revenue generation for community development projects such 
as bridge and trail repair, agricultural extension, and women's programs. Area committees 
monitor and help manage environmental resources and environmental education and 
tourism education programs are included in the schools and elsewhere (48). 

 
2. India 

 
This is another example of local participation in the management of natural 

resources. In fact, in the last ten years the way to manage the forests of India has 
drastically changed in relation to the management in the past one hundred years when 
the commercial use of forests was taking place. The problem of violating forest 
ecosystems and irresponsibility of local communities was highlighted in the National 
Forest Policy of 1952 (51).  
 The program where the community manages the forests is in action in the 
Haryana area, the lower Himalayas, which presents the most environmentally degraded 
region due to uncontrolled logging and grazing in the past. In the 1970s, the local 
population, Sukhomajiri people, took responsibility for the poor state of the environment 
in which they live while trying to find alternative sources of livelihood in order to reduce 
their dependence on the forest. They encouraged the regeneration of vegetation by using 
feed. Other villages in the area followed their example. The program has encouraged 
communities to protect and manage forests on a sustainable basis for their own benefit. 
This management style has led to an increase in revenues at the household level. Local 
forest management resulted in an improvement of wood and grass cover in forested 
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areas, which also led to the improvement of soil moisture, the reduction of sludge 
loading and the reduction of watershed drainage, which consequently led to the reduction 
of flood occurrences (51).  
 

3. Australia 
 
In Australia, strong co-management arrangements for protected areas have been 

developed over the last twenty years, following legislation that recognised Aboriginal rights 
to land and natural resources. In 1981, Gurig National Park became the first jointly 
managed National  Park  in  Australia;  since then,  further  co-management arrangements 
have been developed for other parks in various states and territories, according to several 
models. Co-management represents a trade-off between the rights and interests of 
traditional owners and the rights and interests of government conservation agencies and 
the wider Australian community. In the most sophisticated arrangements, land 
ownership is transferred to Aboriginal people in exchange for the peoples’ agreement 
that the area will remain under protected status as a national park for the foreseeable future 
and that responsibility for park management will be shared. The most recent form of 
protected area established voluntarily on existing Aboriginal-owned land - the Indigenous 
Protected Area is even more advanced in terms of self-determination and self 
management by the Aboriginal owners (5). 

 
4. South Africa 
 
South African National Parks (SANParks) is the leading conservation authority 

in all national parks around this country, responsible for 3 751 113 hectares of protected 
land in 20 national parks. The focus for SANParks in the first decade of democracy has 
been to make national parks more accessible to tourists in order to ensure conservation 
remains a viable contributor to social and economic development in rural areas (30). 
The first board of South African National Parks was appointed in 1926. With the 
changed structure of the country after 1994, and with majority rule, the then National 
Parks Board re-conceptualised its role in South African society. SANParks, supported by 
the government through the Department of Environmental Affairs and Tourism has also 
increased the area of land under its protection by 360 000 hectares in this time (30). 
Late last century, SANParks grew into one of the three largest players in the tourism 
industry in South Africa, and the largest in ecotourism or nature-based tourism, with in 
excess of 5200 beds and a further 1000 campsites. Having many of the best natural areas 
under its management and control, SANParks had a significant influence on 
development of the entire industry. However, in 1999 SANParks reviewed its 
commercial operations and found delivery of tourism products, often mediocre service 
standards and poorly rationalized pricing structure (30). This led SANParks to develop a 
Commercialization as a Conservation Strategy, which aimed to generate additional 
revenue in order to better conserve South Africa’s protected areas; provide a foundation 
and regulatory framework for tourism; and transfer management of commercial 
operations to private sector operators. A key component of the strategy has been to let 
concessions in areas such as Kruger National Park for the provision of tourism service. 
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The primary objective of the concession process was to generate more revenue for the 
organization, processes were designed to encourage partnership that exhibited the correct 
mix of financial strength, requisite experience and strong empowerment credentials. The 
focus of empowerment was on promoting and providing business opportunities for 
historically disadvantaged entrepreneurs-in particular, those from local communities 
living adjacent to national parks (30). 
 

 5. Vietnam  
 
Systems of protected areas in Vietnam are still being developed in terms of 

coverage and institutional arrangements. Over the past few decades, there have been a 
series of attempts to categorize Vietnam's protected areas and the government of this 
country prudently relies on the IUCN classification system. However, there is a lack of 
clarity in the way in which categories are presented which led to confusion. When it 
comes to establishing protected areas, the example of Vietnam shows us the way in 
which a great attention was given to the common language by explaining the concepts of 
categorization of protected areas and their modification in accordance with the needs of 
the country. A team of experts worked on translating and adapting the categories defined 
by the IUCN, but in such a way that these translations are accurate and relevant in the 
local context (48).  

In the beginning, the protected areas in Vietnam were only defined and their 
management was reduced to a literal translation. Also, the protection that existed was not 
in line with sustainable development. Local communities were forced to leave the 
protected areas and had no part in managing national parks or other categories of nature 
protection. One of the problems which is characteristic not only for Vietnam, leading to 
this kind of understanding of protected areas, is the lack of understanding and inadequate 
translation into the local language(48).  

The Government of Vietnam is committed to the protection of biodiversity in 
the country and is one of the signatories of the Convention on Biological Diversity. 
Accordingly, it established a significant number of protected areas, some of which are of 
global importance. Systems of protected areas in Vietnam are still under development in 
terms of coverage and institutional arrangements. Currently, protected areas declared by 
the government include primarily "forests for special purposes”, such as Xuan Thuy 
Wetland National Park. There are also four UNESCO nature reserves – The man and the 
Biosphere (Can Gio mangroves, Cat Tien National Park, Red River Delta and the Cat 
Ba National Park) and Ha Long Bay and Phong Nha-Ke Bang National Park, which are 
part of the World Natural Heritage. Existing protected areas include mostly forests, but 
some wetland and coastal areas are also under protection (48). 
 

6. United Kingdom 
 

The North York Moors National Park, a Category V protected area in the 
United Kingdom that includes land that is settled and has been farmed for millennia. 
The landscape encompasses large areas of semi-natural vegetation, such as ancient 
woodlands, interspersed with grazing areas, hedgerows, farmland, and some small towns 
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and villages.  
The relationship between the park and the local people is so close that the Park 
Management Plan is included as part of the general plan of Town and Country 
Development, prepared with the extensive involvement of the public. In fact, the 
majority of the North York Moors is under private ownership (a factor common to many 
other protected areas in Europe) and the management plan is therefore dependent on the 
cooperation of the landowners. 

While building and engineering works are controlled in part by the Park 
Authority (normally without compensation), farming and land management activities 
generally remain outside their control. To ensure that farming and land management 
activities conform to the park plan, agreements are often signed between the landowners 
and the Park Authority. Though considered to be legally binding contracts, these 
agreements are entirely voluntary, although the Park Authority provides financial 
incentives and compensation in return for agreed works or management practices (5). 
 

7. Ecuador-Galapagos Marine Reserve  
 

Located approximately 1,000km from the Ecuadorian mainland, the volcanic 
Galapagos Islands contain remark able terrestrial and marine ecosystems and became, 
some years ago, the focus of complex and sometimes violent multi-stake holder 
conflicts. The rapid economic and demographic change, the presence of unregulated 
industrial fishing, the appearance of high-value fisheries for Asian markets, the state-
imposed policy and regulations and the general non-compliance with the management 
plan of the Marine Reserve were all factors fuelling those conflicts. In 1998, in response 
to national and international concern about the threats facing them, Ecuador passed 
innovative legislation through a Special Law that, amongst other measures, introduced 
the control of migration within the country, created one of the largest marine reserves 
in the world (c.130,000 km²), prohibited industrial fishing and established instituitions 
for participatory management of the Marine Reserve. The creation of the Galapagos 
Marine Reserve was the fruit of a local exhaustive participatory planning process, which 
took two years 74 meetings of a multi-stakeholder planning group called Grupo Núcleo, 
two fisheries summit meetings and three community workshops) and produced a 
consensus management plan. The implementation of this plan, through a legally based 
participatory management regime, has been in progress now for several years (20). 
 

8. Bolivia 
 
The Kaa-yalya National Park (83.4 million hectares) is the largest in Bolivia and 

contains the world’s largest area of dry tropical forest under legal protection. Another 
unique characteristic of this park is that it was created in response to demands for territorial 
recognition by the Guaraní Izoceño people. This is the first protected area in the 
Americas to be declared at the behest of the indigenous people, and it is the only park in 
the Americas where an indigenous peoples’ organization (CABI-Capitanía del Alto y 
Bajo Izozog) has primary administrative responsibility. The Park’s Management Committee 
comprises staff of the Ministry of Sustainable Development and Planning and 
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representatives of CABI, WCS (a foreign environmental NGO), local municipalities, a 
community group of Chiquitanos, the Ayoreo Communityof Santa Teresita and the group 
of women of the Izozog indigenous communities. The indigenous representatives are the 
majority in the Committee, which is in charge of several management policies and 
decisions (5). In 1993, the new Agrarian Reform Law recognised Bolivia as a multi-ethnic 
and multi-cultural country, allowing for community land ownership and legalising the 
creation of indigenous territories (Territorio Comunitario de Origen - TCO) (5). 
  

9. Canada -Gwaii Haanas: a successful example of co-management from Canada  
 
In the Haida language, gwaii haanas means “islands of wonder and beauty”. The 

Gwaii  Haanas National Park Reserve, located within the Queen Charlotte Islands off the 
coast of British Columbia, was established in 1986 under an agreement between Parks 
Canada and the Council of the Haida Nation. The Haida themselves initiated the process, 
after their land and culture started to disappear due to heavy logging in their traditional 
territories. Through alliances with conservation organizations, the Haida people drew 
international attention to the spectacular beauty and diversity of their homeland and the 
need to protect it. The dual Park-Reserve status stems from the land ownership dispute. 
Both the government of Canada and the Haida claim ownership of the land. Fortunately, 
both sides have been able to put aside their differences regarding ownership and promote 
instead their common interests and goals. The Haida intent is to protect the area from 
environmental harm and degradation and continue traditional resource uses. The federal 
government’s intent is to protect the area as a natural cultural environment as part of 
the national protected area system. Such objectives are perfectly compatible, leading to a 
relationship based on respect, reciprocity, empowerment and effective cooperation. In 
fact, Gwaii Haanas is now governed by a joint Management Board, made up of two Haida 
representatives and two Parks Canada representatives, working by consensus. This may 
slow down some decisions but assures that they are all well thought out and widely 
accepted (5). 
 

10. Italy 
 

One of the protected areas in Italy is the Etna Regional Park with an area of 
59,000 ha. This park, which surrounds the active volcano Mount Etna, is the first 
protected area in Sicily. Within the park there are different zones - from those that are 
highly protected to those in which traditional land farming is still present. This area is 
under protection because of its unique scenery, preserved traditional way of life and use 
of natural resources and important plant species. The Park is home to 20 municipalities 
and 250,000 inhabitants who live in this territory (96). The Park is managed jointly by 
the Italian Federation of Parks and Nature Reserves and the Regional Park of Sicily 
Administration. Institutional bodies are represented by the President and the Council of 
the Park and they together make decisions. The Regional Land and Environment 
Association was approved by the scientific and technical committee which is concerned 
about the state of the environmental and gives advice on matters relating to the value and 
development of the protected area (57). 
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11. Serbia 
 

Despite an acknowledgment of the need for local community participation 
and cooperation, Serbia have a long history of a centralised approach to the planning 
and management of protected areas. In Serbia, in particular, national park planning and 
management has typically been characterised by a top-down approach (49). In context of 
participatory processes in managing protected areas Serbia has some good examples of 
local community involvement in the process of decision-making within protected areas. 
One such example is Special Nature Reserve "Gornje Podunavlje", where the 
Management of the protected area meets once a year with the Association of fishermen 
and they jointly agree on future plans. In the Military Administration "Karadjordjevo" 
local communities are actively involved in the promotion of its protected natural 
resources by promoting hunting, fishing and bird watching tourism, etc. (43). 

In order to determine the status of protected areas in the territory of Serbia, the 
RAPPAM workshop was held in Belgrade in February 2009. It was attended by the 
representatives of three national parks (Kopaonik, Tara, Fruška Gora) and 13 managers 
of other natural resources. The methodology used for this quick assessment of the state 
they are in had been adjusted to Serbia and the questionnaire consisted of 100 questions. 
Based on the questionnaire, certain conclusions were drawn and basic threats and 
pressures were defined which helped to propose specific measures and methods for the 
better management and maintenance of natural resources (43). Forest management is 
listed as one of the problems that occurs in most protected areas. This problem occurs 
because of illegal logging, exploitation of forest products, but also due to private forests 
that are part of the protected natural resources, and the managers do not have control 
over them because there is no communication between the manager and the owner. In 
addition to this, other problems were mentioned related to water management, which is 
considered to be the biggest problem in the future, unresolved property and legal 
relations, changes in land use, tourism and recreation (43). 
 

CONCLUSION 
 

The traditional approaches to protected areas management are currently 
being challenged. Indeed, protected areas are undergoing a shift from a preservationist 
paradigm  towards an integrated approach. This process is reflective of social changes. 
One of these social changes is an increasing recognition that local people must be 
actively involved in conservation and that their needs and aspirations have to be 
considered, if biodiversity is to be conserved (49). Thus, these social changes 
increased interest in, and demand for, participation in decision-making processes. New 
policies have emerged, seeking to promote public participation in planning, decision-
making and the management of protected areas. 

The examples that are presented in this paper describe various categories of 
protected areas, which, therefore, have various modes of protection. Each of these cases 
is from a different political and social context which also has an impact on the 
management, and it is difficult to compare certain examples. The only comparable issue 
is the issue of participation/ involvement of local communities in the management, 
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which is present in almost all cases. Some examples from the world show that the 
management of some protected areas in the past was either not good or the local 
population was completely excluded from the process of management. The initiative of 
the local population or the local government improved the management status, and today 
the participation of local people is mainly active (functional or interactive). According to 
PIMBERT AND PRETTY (41), these levels of participation are sufficient in order to achieve 
effective, efficient and sustainable conservation in protected areas. Unlike the examples 
from the world, participation of local people in protected areas in Serbia is still mainly 
passive.  
 
Table 5. Examples of protected natural resources with particular reference to the type of 
participation of the local people in the management of protected areas 

Protected areas - 
examples 

MANAGEMENT  PARTICIPATION COMMENTS 

1. NEPAL - local community, 
-management is 
supervised by the 
committee 

- functional - bad initial management  

2. INDIA - forests are managed by 
the local community 

- functional - bad initial management, 
change in order to obtain 
benefits 

3. AUSTRALIA - co- management - functional - example of good progress 
in management 

4. SOUTH AFRICA - joint management - functional - organization gives the 
land to the local population  

5. VIETNAM - state - participation by 
means of 
consultations 

- adjusting categories 

6. UNITED 
KINGDOM 

- local community and 
park management 

- interactive 
participation 

- management agreements 

7. ECUADOR - joint management - interactive 
participation 

- 3 institutions make 
decisions by consensus 

8. BOLIVIA - local community - self – mobilization - management as a 
response to requirements 
of  indigenous people 

9. CANADA - co-management - interactive 
participation 

- management as a 
response to the 
requirements of indigenous 
people 

10. ITALY - joint management - functional - each park has its own 
management 

11. SERBIA - state - passive / 
participation by 
means of providing 
information 

- national parks are 
managed by public 
enterprises with minimal 
participation of the local 
community 
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In order to achieve sustainable conservation, state legislators and environmental 
planners should involve local people in management of protected areas and need to 
identify and promote social processes that enable local communities to conserve and 
enhance biodiversity as a part of their livelihood system. 
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ABSTRACT 
 

For the past eighteen years of research Fauna Reserve Zasavica total recorded 20 species 
Macrocrustacea. Subclass Branchiura the reserve is represented with Fam: Argulidae and ichtyophagic 
parasitic species Argulus foliaceus, from the subclass Malacostraca, ordo Isopoda present cosmopolitan species 
Asellus aquaticus In the reserve was discovered five of Amphipods, of which three are surface modes 
(Dikerogammarus fluviatilis; Gammarus balcanicus and Gammarus fossarum), and one semi-underground 
type (Synurella ambulans), underground type Niphargus valachicus. Of these Amphipoda Niphargus 
valachicus is a strictly protected species in Serbia. Total discovered three types branhipods and they are: 
Chirocephalus brevipalpis, Lepidurus apus and Cyzicus tetrracerus. Chirocephalus brevipalpis is a rare 
species, known only from a few localities in Romania and in two areas in Serbia, a report on Zasavica is the 
westernmost of this kind and the only one south of the Sava and Danube rivers. The species Lepidurus apus 
with very limited distribution in Serbia, found only in two locations in central Banat. Finding kind in Batar 
tributary is unique because the individuals were found in running water. The Reserve has so far found nine 
species of ostracods and they are: Candona aff. candida, Cypria ophthalmica, Cyclocpris laevis, Cyclocypris 
ovum, Eucypris virens, Bradleystrandesia reticulata, Heterocypris incongruens, Cypris puber and Ilyocypris 
sp. Although widespread and common species in the Euro-Asian continent, with exceptional tolerance to 
different habitat conditions record of Candona aff. candida in Zasavica is the first in Serbia. From the ordo 
Decapoda and Fam.Astacidae the Zasavici was found Astacus leptodactylus, that was submitted to Central 
Europe in the nineteenth century from the Caspian Sea region and can grow up to 30 cm in length. Type 
Astacus leptodactilus favors relatively calm waters (lakes, ponds, marshes and canals) and is located on the 
IUCN Red List.    

 
Key words: macrocrustacea, Zasavica. 

 
INTRODUCTION 

 
Reserve Zasavica is located on the border of the two in terms of diversity of 

crustaceans very important areas of the Balkan Peninsula, which is characterized by 
extremely rich and unique fauna crab with 783 species of which 203 species are endemic 
to the area and the Pannonian Plain, which is an important center of diversity 
branchiopods crab (Karan,T.Petrov,B.,2000). The first information about the flora and 
fauna of North Ma
 ve and therefore the area of today's Special Nature Reserve Zasavica 
give Taube,V.F,(1776),Pan
 i� ,J.,(1867) and brothers Dombrowski, (1895). There was a 
period of over half a century of sporadic research by small groups and individual 
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researchers. In 1995. an initiative was launched to protect Zasavice and Decree on 
previous protection (Official Gazette of RS, 51/95). At the suggestion of the Institute for 
Nature Conservation of Serbia Government Declares 1997. Special Nature Reserve 
"Zasavica (Official Gazette of RS, 19/97). This paper aims to show the overall diversity 
of fauna macro crustacea in SNR Zasavica. 
 

MATERIAL AND METHODS 
 

Material for this study was collected from previously published papers and 
submitted the report with research in the period from 1997. to 2015. with additional data 
which is not yet published. 

 
RESULTS AND DISCUSSION 
 
For the past eighteen years of research fauna reserve Zasavica total recorded 20 

species Macrocrustacea.  
 
 A systematic review of recorded species: 
 
Phyllum: Arthropoda 
 
Podclasses: Branchiura  
Fam:Argulidae  
Species: Argulus foliaceus (Linnaeus,1758)  
 
Podclasses: Malacostraca 
Ordo: Isopoda  
Species:Asellus aquaticus (Linnaeus,1758)  
 
Ordo: Amfipoda 
Genus: Dikerogammarus 
Species:Dikerogammarus fluviatilis Mart,1919;  
 
Genus:  Gammarus 
Species: 1.Gammarus balcanicus Schaf.,1922 
   2.Gammarus fossarum Koch,1836) 
Genus:  Synurella 
Species: 1. Synurella ambulans (F.Muller,1846)  
 
Genus:  Niphargus 
Species: 1. Niphargus valachicus Dobr. & Man.,1933) 
 
Ordo: Branhipoda  
Species: 1.Chirocephalus brevipalpis (Orhgidan,1953),  
              2.Lepidurus apus (Linnaeus,1758)  
              3.Cyzicus tetrracerus (Krynicki,1830).  
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Phyllum: Arthropoda 
Classes: Ostracoda 
Genus:  Candona 
Species: 1. Candona aff. candida (O.F.Muller,1776) 
 
Genus: Cypria 
Species: 1. Cypria ophtalmica (Jurine,1820) 
 
Genus:  Cyclocypris 
Species: 1.Cyclocypris laevis (O.F.Muller,1776) 
   2.Cyclocypris ovum (Jurine,1820) 
Genus:  Eucypris 
Species: 1.Eucypris virens (Jurine,1820) 
 
Genus:    Bradleystrandesia 
Species: 1.Bradleystrandesia reticulata (Zaddach,1844) 
 
Genus:  Heterocypris 
Species: 1. Heterocypris incongruens (Ramdorh, 1808) 
 
Genus:   Cypris 
Species: 1. Cypris pubera O.F.Muller,1776  
 
Genus:   Ilyocypris 
Species: Ilyocypris sp. 
  
Ordo: Decapoda  
Fam.Astacidae  
Species: 1. Astacus leptodactylus Eschscholtz,1823, 
  
 Subclass Branchiura the reserve is represented with Fam: Argulidae and 
ichtyophagic parasitic species Argulus foliaceus (Linnaeus,1758) 
(Harry,G.,Born,L.,1981). For this type these are the first published data on reserve. 

From the order of Isopoda subclass Malacostraca of the reserve there is a 
freshwater species of isopods Asellus aquaticus (Linnaeus,1758). Freshwater organisms 
are ancient Isopoda originating from Paleosoic Wilson,(1999). According to 
George,D.F.W.,(2008) this is a European and cosmopolitan eurivalent species and is 
present in the whole area of the Reserve both in the trough Zasavice and ephemeral in 
the surrounding waters. 

On the reservation is detected a total of five types of amfipods, three of which 
are surface species (Dikerogammarus fluviatilis March 1919; Gammarus balcanicus 
Schaf.1922 and Gammarus fossarum Koch, 1836), and one a semi-underground 
(Synurella ambulans (F.Muller 1846) and one underground type Niphargus valachicus 
well. & Man.,1933) (Karaman,G.,2007). Of these Amphipods Niphargus valachicus is a 
strictly protected species in Serbia, according  type is on the IUCN Red List status VU 
B1 + 2 BCDE (Savi� ,A.,2007). 
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Totally there are three types of branhipods and they are: Chirocephalus 
brevipalpis (Orhgidan,1953), Lepidurus apus (Linnaeus, 1758) and Cyzicus tetrracerus 
(Krynicki, 1830). 

Chirocephalus brevipalpis is a rare species, known only from a few localities in 
Romania and in two areas in Serbia, a report on Zasavici is the westernmost of this kind 
and the only one south of the Sava and Danube rivers. Ch.brevipalpis early spring 
lowland species was found from late February to mid-May. It inhabits ephemeral 
shallow water, with or without vegetation and floodplain forests (Petrov. et.al.,2007). 
Within the reserve is found at several sites and the site where it regularly every year 
there is pasture Valjevac. 

 Lepidurus apus is a type with a very restricted distribution in Serbia, found 
only on two locations in the central Banatu (Petrov,B.,Petrov,I.,1997). It inhabits clear 
water with submerged vegetation or the floodplain forests. This is early spring species 
and is located between February and April (Petrov,B.,Cvetkovi� ,D.,(1997). Finding kind 
in Batar tributary is unique because the specimens were found in running water (Petrov 
et.al.,2007). Overall L.apus western part is present in the reserve, where it is found both 
in the flooded lane along Batar tributary and the ephemeral wather Jovaca. In contrast to 
the other sites in, where the company found exclusively females, here at all three 
activities in their habitat are found bisexual population Petrov, B.,(2012). 

Cyzicus tetrracerus is quite common species in Srem 
(Petrov,B.,Petrov,I.,(1997), which inhabits the ephemeral water of different types. The 
populations of these spring-summer species is rare. In the reserve this kind was found 
only once, in Jovaca pond. 

The Reserve has so far found nine species of ostracods and they are: Candona 
aff. candida (OF.Muller,1776), Cypria ophtalmic (Jurine,1820), Cyclocpris laevis 
(Müller,1776), Cyclocypris ovum (Jurine 1820), Eucypris virens (Jurine 1820), 
Bradleystrandesia reticulata (Zaddach 1844), Heterocypris incongruens (Ramdorh 
1808), Cypris puber Müller,1776, and Ilyocypris sp. Although widespread and common 
species of the Euro Asian continent and a remarkable tolerance towards different habitat 
conditions finding of Candona aff. candida in Zasavica is the first in Serbia (Petrov 
et.al.,2007). In central Europe type Candona aff. candida occurs in spring (March-April) 
and is rapidly evolving. Hartmann and Hiller (1977) is considered a permanent form in 
waters whose temperature does not exceed 18 oC during the summer. Ostracods are 
mainly located in the reserve ephemeral water meadows or stick-in-the-mud fields, and 
are drought resistant eggs. They have mixed copulation and parthenogenetic 
reproduction and newborn individuals, the ability to immediately swam. These biological 
attributes allow them to more efficiently survive in these habitats 
(Horne,D.J.,Cohen,M.,1998). Among the stated ostracodes most common species in the 
reserve is Cypris puber (Petrov et.al.,2007). Zasavica closest sites where these are found 
in the ostracodes Srem (Karanovi� ,1996). Found in the genus ostracodes Ilyocypris and 
Cyclocpris and the reservation by  belong to the fauna of the oldest early Holocene 
(Menkovi� ,et.al.,2004). 

From the order Decapoda and Fam.Astacidae the Zasavici was found Astacus 
leptodactylus Eschscholtz,1823 at two sites (Batar GPS coordinate. 44º 57.694' N, 19º 
33,085' E and watercourse Zasavici at Ban's Fields) (Simi� , et.al.,2008). Which is 
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inserted in central Europe in the nineteenth century Caspian see and can grow up to 30 
cm in length. Type Astacus leptodactilus favors the relatively calm waters (lakes, ponds, 
marshes and channels) and is on the IUCN Red List (Gherardi, F., Souty-Grosset, 
C.,2010). 
A complete overview of the types of sites where they were found is given in Table 1. 

How Zasavica watercourse through the Constitution Modran in Ma
 vanska 
Mitrovica related to the Sava River, it is interesting to compare the presence of identified 
species Macrocrustacea the two watercourses. 

According to the authors Petrovic,A.,(2014), which deals with a database called 
'Biodiversity in aquatic ecosystems in Serbia, ex situ conservation, BASE ex situ.' 'This 
database contains information on the findings of macroinvertebrates in aquatic 
ecosystems in Serbia and to between first bibliographic data 1873. to 2012. According to 
the author of the Sava river is present isopod Asellus aquaticus and amphipods 
Gammarus fossarum and Gammarus balcanicus which has a Zasavici in two types 
Argulus foliaceus and Astacus leptodactylus stated in the Zasavici to the same database 
were not found in the Sava river. 

As part of the regional project '' The Sava River '' which included research in 
aquatic macroinvertebrats fauna of the river Sava from Slovenia (peaks) to Belgrade 
(mouth of the Danube), between 2011. and 2012. The results of this project showed that 
the Savi present Astacus leptodactylus which is noted in the Zasavici (Lucic,et.al.,2015). 
 
Table 1. Complete overview of the types of sites 

Species  Locality  Biotops  Localitys:  
 

1. Valjevac pasture 
2. Valjevac the forest 
2a.Valjevac  watercourse 
3. Batar  
4. Jova
 a  
5. Sad�ak  
6. Prekopac  
7. Neškovine  
8. Zovik  
9. Vrbovac  
10. Modran (Bogaz)  
11. Šumareva � up 
12. Ljubinkovi� a � up 
13. Pa
 ija bara 
14. Paljevine  
15. Simi� a � up 
16. Trebljevine  
17. Preseka  
18. Gaji� a � up 
symbols: 

+ - ephemeral water 
      O - Zasavica     
             watercourse 

Argulus foliaceus  2a O 
Asellus aquaticus Present in the whole area of 

the Reserve 
O, + 

Dikerogammarus fluviatilis 10 O 
Gammarus balcanicus 16 O 
Gammarus fossarum 16 O 
Synurella ambulans 3,4,10, 11, 12,13,14,15,16, 17 O, + 
Niphargus valachicus 1,4,5,6,11,12,13,16,15,17,18 O, + 
Chirocephalus brevipalpis 1,2,4,5,6,8,9 + 
Lepidurus apus 3,4,7 O, + 
Cyzicus tetrracerus 4 + 
Candona aff. candida 3 O 
Cypria ophtalmica 3 + 
Cyclocypris laevis 3,5 + 
Cyclocypris ovum 3 O 
Eucypris virens 1 + 
Bradleystrandesia reticulata  1 + 
Heterocypris incongruens 1,3 O, + 
Cypris pubera  1,4,5 + 
Ilyocypris sp. 3 O 
Astacus leptodactylus 3,16 O 
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CONCLUSION  
 

The fauna of the reserve Zasavica total recorded 20 species Macrocrustacea. For 
ichtyophagic parasitic species Argulus foliaceus this is the first published data. There is 
also a cosmopolitan species Asellus aquaticus. A total of five types Amphipod, of which 
there are three types of surface and one underground and semi-underground type. From 
Amphipods Niphargus valachicus is a strictly protected species in Serbia and is on the 
IUCN Red List status VU. Of the three types branhipods Chirocephalus brevipalpis is a 
rare species, whose report on Zasavici is the westernmost of this kind and the only one 
south of the Sava and Danube rivers. Finding kind Lepidurus apus in Batar tributary is 
unique because the specimens were found in running water. The Reserve has so far 
found nine species of ostracod a record of Candona aff. candida in Zasavica is the first 
data in Serbia. From the order of the Decapoda Zasavici was found Astacus leptodactylus 
which is on the IUCN Red List. 
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ABSTRACT 

 
Seed germination strategies of endemic Hypericum adenotrichum were studied. The effects of dry 

storage and cold stratification for12 months, scarification by H2SO4 and hormone (250, 500, 1000 ppm GA3 at 
three different temperatures (15/10, 20/10 and 25/15°C) and two light conditions (photoperiod, dark) on seed 
germination of H. adenotrichum were examined.  
Seeds have combinational dormancy; originated from hard seed coat with physiological dormancy. GA3 

without any other treatment was not successful enough to break the dormancy. Scarification by sulphuric acid 
and 250 ppm GA3 combination is the most effective way for germination of H. adenotrichum seeds. 

 
Key words: Germination, dormancy, GA3, stratification, Hypericum adenotrcihum. 

 
INTRODUCTION 
 
Hypericum is an important genus for its pharmacological properties and 

distributed at mild and subtropical regions and Turkey has 89 Hypericum taxa and 43 of 
them is endemic [1]. Hypericum adenotrichum is an endemic species which have 
ethnobotanical, medicinal and economic properties [2, 3]. Because of those properties its 
germination and conservation procedures are also important [4]. 

Seed dormancy is a complicated feature of plants that aids in the avoidance of 
severe climate conditions; and many seeds are dormant at maturity [5].The surrounding 
tissues can act as a mechanical barrier or chemical germination inhibitors prevent 
germination [6].Mechanical constraints must be overcome by embryo growth potential 
[7].Scarification and GA3 (Gibberellic acid) can help to overcome this process [8]. 

Seed germination studies can show how the species adapted to its habitat 
conditions and how it’s regulated by environmental conditions [9] and how the seed 
development is influenced by a particular habitat [10]. 
Hypericum adenotrichum is distributed at west Anatolia; Ulu Mount (Bursa), between 
Dursunbey-Alaçam (Bal�kesir), Kütahya, U0ak, Erciyes Mount (Kayseri), Ayd�n Mount 
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(Ayd�n) and baba Mount Denizli) [1].Species diversity in Turkey is decreased under the 
influence of cultivation, industrialization and urbanization in last 300 years. It’s very 
important to preserve the species for sustainable biological conservation and propagation 
of threatened or endemic species thorough seeds is a cheap, practical and effective 
method. In this study it’s aimed to determine germination requirement and dormancy 
mechanisms of Hypericum adenotrichum as an endemic plant and its germination 
properties wasn’t studied before.  
 

MATERIAL AND METHODS 
 

Seed germination  
 

Seed germination was conducted in sterile, plastic, 9-cm petri dishes. Seeds 
were placed on a sterilized filter paper moistened with 4 ml of distilled water or GA3 
solution after surface sterilization. 

We tested three different temperature regimes for germination experiments: 
20/10 °C, 25/15 °C and 15/10 °C (darkness/photoperiod). Germination was recorded for 
70 days, seeds were checked twice a week and the germinated seeds were removed. Five 
replications of 25 seeds per petri dish were used. Germination percentages and Mean 
germination times (MGT) were calculated.  

Seeds were kept at +4°C in petri dishes after sowing for stratification for 12 
months in a fridge. Some others were stored in paper bags at room conditions for 12 
months. Both group of seeds were incubated at three different temperature regimes and 
two light regimes. 

For scarification, seeds were immersed in 80 % H2SO4 for 10 minutes, then 
washed in running tap water, sown according to the procedure mentioned above, and 
incubated as mentioned above. GA3 was applied in concentrations of 250, 500 and 1000 
ppm, and distilled water was used for controls. 

Final germination (arcsine transformed) and MGT were analysed by ANOVA. 
All tests were carried out at a significance level of 0.05 using SPSS ver 22 for Windows. 
 

RESULTS 
 

Effects of dry storage on germination and dormancy  
 

Germination percentage and MGT of dry stored H. adenotrichum seeds were 
presented in Table 1. Without dry storage, neither distilled water controls, nor GA3 (250, 500 
and 1000 ppm) were not resulted in germination and so they were not included in the Tables. 
Seed germination is not stimulated by GA3 without dry storage. But germination is higher 
after dry storage and GA3 combination. After dry storage, seed germination started without 
GA3 but it was still very low as10.6 ± 14.8 per cent, but with 250 ppm GA3 germination 
percentages increased the highest levels as 72.6 ± 4.3 (incubated at 20/10 °C darkness).  

Seed germination is stimulated at some extent after cold wet stratification 
(Table 2).Controls without stratification were not germinated and so they were not 
included in the Table 2. After stratification, the highest germination percentage was 
found as 18.0 ± 20.8 (20/10ºC, photoperiod incubations).  
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The effects of acid scarification on germination and MGT were given in Table 
1. Without acid scarification neither controls, nor GA3 (250, 500 and 1000 ppm) were not 
resulted in germination and not included in the Table 1. The highest germination 
percentage was found as 14.6 ± 13.7 (15/10 °C, Photoperiod) at acid scarification 
without GA3. But GA3 (1000 ppm) and acid scarification combination was found as 79.00 
± 3.3 per cent (20/10 °C, Photoperiod). Germination was found as more rapid at GA3 and 
acid scarification combinations incubated at photoperiod (Table 1).   
 
Table 1. Effects of dry storage, and acid scarification on the germination percentage of 
H. adenotrichum at different temperatures and GA3 concentrations (Means ± SE) m. 
month, MGT. mean germination time 

H
2S

O
4 

15
/1

0º
C

 Distilled water 0.0 ± 0.0 nd 0.0 ± 0.0 12.0 ± 26.8 
250 ppm GA3 69.8 ± 5.4 35.9 ± 5.6 62.6 ± 14.8 32.3 ± 21.1 
500  ppm GA3 66.8 ± 5.4 35.1 ± 7.1 70.0 ± 13.2 27.6 ± 29.2 
1000 ppm GA3 60.4 ± 5.8 30.7 ± 5.6 73.4 ± 3.5 26.6 ± 16.0 

20
/1

0 
ºC

 Distilled water 9.2 ± 12.9 nd 07.6 ± 10.4 nd 
250 ppm GA3 77.4 ± 2.9 18.8 ± 4.7 74.0 ± 7.3 20.8 ± 3.3 
500  ppm GA3 76.6 ± 3.7 20.2 ± 4.1 73.6 ± 14.9 20.6 ± 8.4 
1000 ppm GA3 79.0 ± 3.3 16.6 ± 3.3 74.4 ± 12.1 8.8 ± 12.0 

25
/1

5 
ºC

 Distilled water 14.6 ± 13.7 35.2 ± 24.0 10.4 ± 15.0 nd 
250 ppm GA3 71.0 ± 3.8 13.0 ± 2.5 70.6 ± 4.1 11.7 ± 7.1 
500  ppm GA3 65.4 ± 11.6 13.8 ± 3.0 67.4 ± 6.6 31.6 ± 5.6 
1000 ppm GA3 54.2 ± 15.4 13.5 ± 1.6 66.8 ± 4.3 0.0 ± 0.0 

 
 
 

T
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at
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en
t 

T
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H
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m
on

e 
S

er
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s 

PHOTOPERIOD DARKNESS 

Final 
Germination

% 

MGT 
(days) 

Final 
Germination  

% 

MGT 
(days) 

12
 m

 
dr

y 
st

or
ag

e 

15
/1

0º
C

 Distilled water 10.6 ± 14.8 nd 4.4 ± 9.8 nd 
250 ppm GA3 36.0 ± 9.8 50.3 ± 7.0 42.0 ± 12.2 50.9 ± 2.2 
500  ppm GA3 36.2 ± 13.0 49.7 ± 1.8 33.0 ± 15.1 53.3 ± 5.2 
1000 ppm GA3 31.6 ± 7.4 50.7 ± 8.0 37.2 ± 10.4 54.8 ± 4.1 

20
/1

0º
C

 Distilled water 4.4 ± 9.8 nd 8.8 ± 12.0 nd 
250 ppm GA3 68.4 ± 7.5 32.7 ± 5.0 72.6 ± 4.3 28.6 ± 3.7 
500 ppm GA3 71.4 ± 3.7 27.6 ± 1.9 71.0 ± 6.6 26.6 ± 4.2 
1000 ppm GA3 42.4 ± 25.4 24.4 ± 15.3 59.8 ± 5.8 25.5 ± 1.1 

25
/1

5º
C

 Distilled water 0.0 ± 0.0 nd 0.0 ± 0.0 nd 
250 ppm GA3 67.8 ± 4.3 26.4 ± 4.0 67.2 ± 7.1 27.5 ± 4.9 
500 ppm GA3 57.8 ± 11.3 19.2 ± 1.4 61.8 ± 11.9 19.6 ± 2.8 
1000 ppm GA3 33.6 ± 16.8 23.1 ± 0.2 66.0 ± 7.2 20.5 ± 2.7 
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Table 2. Effects of stratification on the germination percentage of H. adenotrichum at 
different temperatures and GA3 concentrations (Means ± SE) m. month, MGT. mean 
germination time 

 
DISCUSSION 
 
The seeds of H. adenotrichum were dormant and not germinated without any 

treatment. But after a certain period of any treatment they started to germinate, though 
still at low percentages (Table 1).  

The fresh and mature seeds can come out of dormancy if they stored in a dry 
environment (Baskin & Baskin, 1998). So we firstly tried to determine the effects of the 
dry storage. Seeds are not stimulated to germinate by GA3 alone without dry storage 
(Table 1). The highest germination was found after dry storage without GA3 application 
as10.6 per cent (15/10 ºC photoperiod). Pérez-García et al. (2006) [11] also found 
significantly higher germination after 15 months of dry storage than 3 months of dry 
storage in Hypericum perforatum. However, seed germination was higher at GA3 and dry 
storage combinations reaching to 72.6 per cent after dry storage + 250 ppm GA3 

application (20/10 ºC darkness). Similar results were also found with H. scabrum [12] 
and H. perforatum [13] when treated with GA3. 

The light requirement is an important factor for some species. Hypericum 
species generally have light requirement for germination and also have generally low 
seed germination rates [14; 11; 15; 4; 16]. But, we didn’t find any light requirement for   
H. adenotrichum. This feature could permit H. adenotrichum seeds to germinate under 
snow cover or rocky crevices.  

We tested germination at three different temperature regimes and found that 
20/10 ºC gave better results than 25/15 ºC or 15/10 ºC (Tables 1, 2). In several studies 
with Hypericum species such as H. philonotis [4], H. elodes [16], H. perforatum (Pérez-
García et al. 2006) suggested that germination was higher at alternating temperatures. 
The temperature requirements and time for germination widens after cold stratification, 
this feature is accepted as species specific [17]. 

Cold and wet stratification is accepted as one of the effective methods for 
breaking the dormancy [5]; it also helps for a seedling that not to damage by cold 
temperatures in winter [18]. Seed germination is increased to some extent by cold wet 
stratification in H. adenotrichum seeds (Table 2). H. philonotis was suggested to have a 

Treatment 
T

em
pe

ra
tu

re
 

S
er

ie
s 

 

PHOTOPERIOD DARKNESS 

Final 
Germination% 

MGT 
 (days) 

Final 
Germination  

% 

MGT  
(days) 

12 m  
Stratification  15/10ºC 13.0 ± 12.3 

 
14.8 ± 22.4 

 
11.4 ± 16.9 

 
4.0 ± 5.4 

 

20/10ºC 
18.0 ± 20.8 

 
18.0 ± 20.8 

 
13.0 ± 12.3 

 
7.2 ± 6.6 

 
25/15ºC 7.6 ± 10.4 nd 15.4 ± 12.0 2.0 ± 4.4 
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complex dormancy and stratification for 0 to 4 weeks resulted higher germination after 
washing with water [4]. Carta et al. (2016) [16] found a significant relationship of cold 
stratification with alternating incubation temperatures in five populations of H. elodes. 
Seed coat structure is accepted as an important factor for dormancy in alpine plants (19; 
20).The mechanical operations such as sand paper or chemical agents such as sulphuric 
acid can enable water permeability [21]. The hard seed coat also could be a blockage on 
the physiologically mature seed germination [22] of the Hypericum species. The acid 
scarification and GA3 combinations were resulted in similar results for other Hypericum 
species; 50 percent for H. orientale and 30 percent for H. pruinatum [13]. Gibberellins 
were suggested to increase embryonic growth potential and reduce the constraint of the 
covering layers of the seed coat (22; 7].  
 

CONCLUSIONS 
 

Under view of our observations we suggest H. adenotrichum seeds have 
combinational dormancy (PY+PD). We suggest sulphuric acid scarification and 250 ppm 
GA3 combination for improve germination of H. adenotrichum seeds. H. adenotrichum is 
a valuable species for its pharmacological and ecological properties. 
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THE CONFIRMATION OF Iris spuria L. AT „MALI VRSACKI RIT”  

 
Orhideja Strbac1*, Z. Gavrilovic2, M. Stupar1 

 

1PE “Varos” Dvorska 10a ,Vrsac, SERBIA 
2Border Police Station “ Vrsac ” Andje Rankovic 12 ,Vrsac, SERBIA 

 
*sorhideja@gmail.com  

 
ABSTRACT 

 
During 2016, Iris spuria L. was discovered at “Mali vršacki rit” in the area with the central 

coordinate at 45o 09’ 31'' N, 21o 19’ 09'' E.�At the same place, plants in flower were observed in previous years, 
but it wasn't confirmed by experts.�The population of the plants is stable but threatened by arson of surrounding 
agricultural fields.�This is rare species in Serbia, especially in Vojvodina province and must be protected from 
extinction. 
 

Key words: Iris spuria, Mali vrša
 ki rit, endangered plant species. 
 

INTRODUCTION 
 

Institute for Nature Protection of Serbia proposed a „Mali vrša
 ki rit” for 
protection as a nature park Category II - a natural resource of great significance, or areas 
to manage species and habitats (IV Habitat / Species Management Area). Together with 
the Vršac Mountains, it is within one of the 42 important bird areas (IBA - Important 
Bird Area) in Serbia. This little swamp is a unique environmental, structural and 
functional unit and the nutritional base for many species.1 European alkali grass-
Puccinellia distans (Jacq.) Parl., a poor grass-Glyceria declinata Brébiss, steppe lizard-
Podarcis taurica (Pallas), a ferruginous duck-Aythya nyroca (Güldenstädt) and a 
corncrake- Crex crex (Linnaeus) stand out as the endangered species of plants and 
animals. 
 

MATERIAL AND METHODS 
 

About 100 Iris spuria plants were found in 2016 on the site of „Mali vrša
 ki 
rit”. They were positioned by GPS and photographed in the field. Zoran Gavrilovi�  was 
identified them as a species of Iris spuria L. which was confirmed by Jo�ef Do�ai, 
moderator of taxonomic groups on BioRaS portal informative resource about Serbian 
wildlife and a sophisticated tool for harvesting field observations of animal, plant and 
fungus species collected by civil society in Serbia.2 
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RESULTS AND DISCUSSION 
 

Genus Iris contains around 300 species which are widely distributed across the 
Northern Hemisphere.3 The species is common from Denmark south to Spain, Algeria 
east through central Europe to the Caucasus and Iran. The species found in seasonally 
inundated grassland, swamps, bogs marshes, shrubs, maquis, damp meadows, salty flats 
and alluvial plains.4 This is perennial, 30-80 cm tall plant with leaves shorter than a stem, 
narrow shaped, only 5-10 mm. The stem is bluish-greyish, cylindrical with prominent 
ribs. The flowers (2-5) are on the short stalks, the external lobes are a purple-blue to dark 
purple nerves with a yellow ribbon in the middle and they are not bearded hairy. They 
bloom from May to June. The fruit is a capsule with a long spike with stubby fins. 
 The field of irises in bloom at the central coordinate at 45o 09’ 31'' N, 21o 19’ 09'' E in 
„Mali Vrša
 ki rit”, was found in May 2016. After the determination a species as the Iris 
spuria L., it was confirmed that is a new species at this area. 
 

 
 

Figure 1. Locality where it is found Iris spuria L. compared to “Vrsa
 ke Planine” 
(GoogleEarth®) 
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Figure 2. The first confirmed records of Iris spuria L.�at „Mali Vrša
 ki rit” �on May of 
2016 (GoogleEarth®) 

 

 
 

Figure 3. The photo of Iris spuria L. recorded on May of 2016 (photo:Zoran Gavrilovi� )  
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The iris spuria L. is native in Algeria; Austria; Czech Republic; Denmark; 
France (France (mainland)); Germany; Hungary; Iran, The Islamic Republic of; Russian 
Federation; Slovakia; Spain (Spain (mainland)); Sweden; Turkey (Turkey-in-Asia) 
without significant threats, and is considered as Least Concern by IUCN Red List 
Category and Criteria.4 But it is a rare plant of the flora in The Republic of Serbia, it was 
found only in six locations and every new finding is important for the biodiversity of the 
country.5 

 
CONCLUSION 

 
Wetland ecosystems hold an important part of Serbia’s biodiversity. Although 

“Mali Vrša
 ki rit” spreads only at 931.20 ha, this is an especially important area for 
birds, dragonflies, amphibians and the plants depend on wetlands.�The new species in the 
flora of this area is a good sign for biodiversity enhancement which leads to sustainable 
development.�Protection of the biological and landscape diversity of “Mali Vrša
 ki rit” 
will improve benefits for the local people. 
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ABSTRACT 

 
The trail "Lova
 ko imanje-Vršišor" was marked by wolf spoor on 24 December of 2016. 

Additionally, the photos recorded by the trail camera on 6 and 10 February of 2017, showed the presence of 3 
individuals of this species on "Vršac Mountains“.�In this area until the end of the nineties of the last century, the 
wolf population was stable in the form of two to three packs.�Factors that have contributed to the decrease of 
the wolf population in this area are the reduced number of the hunting game, the livestock in extensive 
agriculture, illegal hunting and urbanization. 
 

 Key words: Canis lupus, Vršac Mountains, wolf population. 
 

INTRODUCTION 
 

The major food sources for wolves are deer, roe deer, wild boar and smaller 
mammals, such as rabbits and rodents. In areas with developed extensive stock farming, 
they feed livestock, especially if it is not well guarded1. Wolves live in the whole 
northern hemisphere and can be found in almost all types of habitats, if it is not 
persecuted, and there is enough food. 

They are protected by the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora – CITES (Appendix I)2, the Convention on the 
Conservation of European Wildlife and Natural Habitats – Bern Convention3, the 
Directive on the conservation of natural habitats and of wild fauna and flora, Regulation 
on Proclamation and Protection of Strictly Protected and protected wild species of plants, 
animals and fungi - Appendix I – strictly protected species (Official Gazette of the 
Republic of Serbia, no. 05/10 and 47/2011)4 and is located on the red list of endangered 
species by IUCN and the European red list. 

 
MATERIAL AND METHODS 

 
Since 2010, data on the presence and activities of the wolf in the area of 

protected natural resource „Vršac Mountains” are intensive collects. Their movements 
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and feeding are followed up through footprints and excrements and monitored by trail 
cameras. 

 
RESULTS AND DISCUSSION 

 
Based on the data collected from 2010 till now, it was concluded that the 

presence of wolves is the most intensive at the area that borders with Romania (Korkana 
and Donji Vršišor). On 2008 in Vojvodina, we visited with Tajti Judit two areas: Vršac 
Mountains (whose highest peak is at 461 meters above sea level, in the territory of 
11,000 hectares, there were 15 wolves, which constituted 3 packs) and Deliblato sands 
where on 35,000 hectares 20 wolves were lived. Three years ago, there were twice as 
many, but the population has halved because of the serious epidemic of mange (natural 
selection). This is information acquired from Jovan Bradvarovi� , who in 1999 wrote a 
master's thesis of wolves, and who is a long time hunter in this area5.  Also, the traces 
were seen on Guduri
 ki peak until Kulmea Mare (ridge above the village Malo Središte). 
It is interesting that in the locality of a Lisi
 ija glava, at the feeding place for birds of 
prey is not recorded presence of wolf. This place is monitored by trail cameras since 
2008. By the nineties, this position has been the main focus of one of the two alpha 
couples which are registered in that period. On this territory, the alpha pair changed in 
the period from 2010 to 2017 but the pack of wolves was not always active. In the 
meantime, some numbers of wolves ranged more like wandering individuals. 
 

 
 

Figure 1.  Wolf footprints on 24 December of 2016 (photo: Milivoj Vu
 anovi� ) 
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Figure 2. The photos recorded by the trail camera on 6 February of 2017 (photo: Milivoj 
Vu
 anovi� ) 

 
The footprints of wolves are registered on the crosscut "Lova
 ko imanje-

Vršišor" on 24. December of 2016. Trail cameras located at the aforesaid position were 
recorded the presence of wolves on 6 and 10 February of 2017. 
 

 
 

Figure 3. The photos recorded by the trail camera on 10 February of 2017 (photo: 
Milivoj Vu 
 anovi� ) 
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CONCLUSION 
 

The wolf is one of the animals that are deeply woven into the human psyche 
and culture.�Many of the societies respected a wolf and gave him a mythical character, 
for the ancient Slavs, for example, the wolf was a sacred animal.�Prejudice, damage to 
livestock, the impact on the hunting game and the lack of communication between 
stakeholders contributed to the vulnerability of the species which had once a wide range 
of living habitats.�Thanks to the efforts of the custodian of PIO “Vršac’s Mountains”, PE 
“Vojvodinašume“, which manages forests in this area, as well as NGO-s dealing with the 
protection of nature, again, this species arrived at their earliest habitat. 
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ABSTRACT 
 

The native crayfish species Austropotamobius torrentium presumably inhabits mountainous streams 
at higher altitudes. As Serbia is one of few countries in its native range with general lack of data regarding 
conservation status of A. torrentium, there is a need to provide up-to-date basic data regarding distribution and 
population status of the species. Therefore, as a starting point for planned future investigation in this paper we 
present a current state of knowledge of A. torrentium distribution in the target area. To date based on 
previously published and new findings, stone crayfish was found at 48 localities, covering seven major river 
basins, in total. 
 

Key words: stone crayfish, new findings, Serbia. 
 

INTRODUCTION 
 

Stone crayfish Austropotamobius torrentium (Schrank, 1803) is one of a five 
autochthounous decapod species in Europe and one of three recorded in Serbia. It 
inhabits unpolluted mountainous streams of the Danube and Elbe basins in South-eastern 
and Central Europe [1]. According to IUCN criteria (Version 3.1) [2] this species is 
categorized as "Data Deficient" with decreasing population trends in the majority of 
countries. 

Serbia is one of few countries in its native range with general lack of data 
regarding status of this species. According to the Appendix I of the Book of Regulations 
on the designation and protection of protected and strictly protected wild species of 
plants, animals and fungi [3] it is listed as strictly protected species. 

Increased anthropogenic pressures on aquatic habitats 5 pollution, habitat 
destruction, construction of small hydropower plants, as one of the most frequent 
hydromorphological alterations with severe impact are the most threatened factors that 
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cause population declines in a majority of countries [4, 5]. Regarding distribution and 
conservation of this protected species some steps were already undertaken [6, 7, 8, 9] but 
there is obvious need to fill existing gaps with continued and more detailed investigation. 
The aim of this paper is to summarize current knowledge of A. torrentium distribution in 
Serbia, as the basis for future investigation. 
 

MATERIAL AND METHODS  
 

The information regarding the distribution of A. torrentium presented in this 
paper were obtained from available literature [7, 9], and unpublished recent data from 
regular field research conducted by Institute of Biology and Ecology, Faculty of Science, 
University of Kragujevac and Institute for Biological Research „Siniša Stankovi� “, 
University of Belgrade. Individuals of the stone crayfish were collected by hand or LiNi 
traps. These are cylindrical, folding nets with two conical entrances with 15 mm mesh 
size. In traps bait was placed in order to attract crayfishes, usually small part of smelly 
meat (hot dog or salami). With a long rope or stones traps were secured and left in a 
water over night for 10 hours. In total, eight to ten traps were placed in a stream along 
transect of 100 m. All caught individuals were kept in plastic containers for 
measurement. Also, leg or antennal tissue were taken and preserved in 95% ethanol for 
further genetic analysis. 
 

RESULTS AND DISCUSSION 
 

In total A. torrentium was recorded at 48 localities in Serbia (Figure 1). Among 
them, during recent fieldwork at 13 new localities the presence of this crayfish was 
confirmed. Out of ten major drainages in Serbia, seven of them were inhabited by A. 
torrentium 5 the Danube, Drina, Kolubara, Zapadna Morava, Ju�na Morava and Timok 
basins, as well as drainages of rivers belonging to the Aegean sea basin. The distribution 
of stone crayfish is restricted presumably to the springs and streams with stony bottom in 
mountainous parts of the western, southern and eastern Serbia, but according to literature 
[7] the densest populations were found in watercourses at lower altitude (500 m). 

In the same paper authors assessed the population status of the species as good, 
with adequate sex ration and age structure. As those results were published nearly ten 
years ago, and having in mind a general decreasing population trend of the species in 
majority of countries within its range there is need to re-evaluate its status. As the main 
treats to A. torrentium spreading of alien crayfish species, in addition to overall 
deterioration of water habitats could be singled out. [10]. Also, due to habitat 
deterioration (canalization of the lower stretches and building of small hydropower 
plants) natural dispersion of the stone crayfish throughout watercourse is enabled and 
they are remaining isolated is the headwater section [11].  
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Figure 1. New findings localities codes: 1) Izgara (Sinji Vir), 2) stream Jarmenova
 ki potok, 3) 
river Javorska reka, 4) river Crna reka (Mlava), 5) river Crna reka (Div
 ibare), 6) stream 

Šutanova
 ki potok, 7) river Polonska reka, 8) river Bora
 ka reka, 9) Viso
 ica, 10) river Jelovi
 ka 
reka, 11) river Vu
 ja reka, 12) Belore
 ka Reservoir, 13) river Brankova
 ka reka. 

 
Future investigations are planned for next two years. Beside already 

documented localities, rivers and streams considered to be suitable for inhabiting A. 
torrentium will be studied, at least one stream for each drainage. Eventually presence of 
the species in the northern part of the country (Fruška Gora and Vrša
 ke planine 
mountains) will be checked in order to find isolated populations. To describe localities, 
following data will be used: mean width and depth of the watercourse, bottom type 
(according to AQEM protocol and standardized crayfish protocol), water temperature, 
average surface speed of the water, conductivity, pH and coordinates. 

Field work will be focused on detailed investigations of recorded populations. 
For each caught individual symptoms of diseases, injuries and presence of epibionts will 
be observed. In the same period samples for DNA analyses will be collected. Genetic 
data will provide basis for estimating population diversity and accompanied with habitat 
data, will provide better insight into populations status. Found haplotypes will be 
compared to the already known and will classify them into existing phylogenetic lines. 
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Important aspect of the investigation will be to determine major threatened factors for 
survival of A. torrentium. 
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ABSTRACT 

 
In order to increase the product quality and energy efficiency of the cold plastic deformation plant, 

the numerous laboratory studies of deformation zone on treated materials were being conducted. In order to 
examine the material flow and stress distribution through deformation zone, in recent times the method of 
thermography is commonly used. The most significant impact on accuracy of thermographic method has the 
emissivity of test sample. Therefore, it is of great importance to use the coatings over test samples with known 
and constant value of emissivity in the investigated temperature range. The paper presents the results of 
research of the affect of temperature changes, during cold plastic deformation, on the value of emissivity of 
three selected coatings.  
 

Key words: cold plastic deformation, thermography, emissivity, energy efficiency. 
 

INTRODUCTION 
 

To minimize the impact of pollutants on the environment by reducing energy 
consumption is increasingly implemented measures aimed at increasing energy 
efficiency. To minimize the impact of pollutants on the environment by reducing energy 
consumption, the measures aimed at increasing the energy efficiency are increasingly 
implemented. Metallurgical production has a significant impact on the environment, 
particularly in manufacturing processes of metal alloys and their forming into semi-
finished and finished products. Today, in the metallurgical industry, in order to reduce 
energy consumption and environmental pollution are being developed new or improved 
materials and/or improved technological production processes. In metallurgical 
production of finished ferrous and nonferrous products, the plastic processing makes the 
large share of production. A significant part of this production refers to cold plastic 
deformation to achieve the tight tolerances of the final products, for example, in the 
production of cold-rolled tubes of carbon, alloyed and stainless steel. With this 
technology it is possible to achieve the reductions of 75-85% in tube walls and up to 
65% of tubes diameter achieving high productivity and high tolerance [1]. Cold plastic 
deformation implies that there are no mechanisms of recovery and recrystallization. Due 
to various factors such as the orientation and size of grains, grain boundary mobility, 
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reduction, strain rate, presence of other phases such as precipitates, there is an increase in 
deformation resistance [2,3]. In order to ensure further deformation, it is necessary to 
increase the pressure force of tool on rolled piece, which results in specific energy 
consumption and wear of tool. 

Deformation, strengthening and act of tool on the rolled piece result in an 
increase of temperature of the deformed piece. A part of generated heat transfers is 
transferred onto the tool, a part is accumulated in rolled piece, and the remaining part is 
emitted in the environment [4]. The increase in temperature can cause instability in the 
process of cold deformation, since directly affects the contact friction and metal 
plasticity. Heating of tools can cause the changes in tool dimensions and thus the 
variations in dimensions of finished product. Therefore, it is necessary to apply the 
cooling of tools during the process of cold deformation, using various emulsions, what 
causes additional power consumption and the subsequent disposal of waste coolant. To 
increase the energy efficiency of the plant, it is necessary to measure the temperature 
increase during cold plastic deformation, aiming to rationalize the consumption of 
coolant and the energy necessary for implementation of the technological process of 
rolling. Measuring the temperature changes during deformation in a rolling stand is 
difficult to perform, mainly because of limited access to deformation zone. In order to 
simulate the conditions during cold rolling, a various laboratory researches have been 
carried out to investigate the influence of each parameter of the plastic deformation 
separately. By measuring the temperature change during the plastic deformation in the 
laboratory conditions, it is possible to determine temperature changes in the conditions 
of actual production and what parameters and the extent to cause these changes. 
Optimization of these parameters increases the energy efficiency of the process of plastic 
deformation in industrial conditions.  
 

THERMOGRAPHIC TESTING OF COATINGS  
 

Accordingly, to determine the temperature increase in the real deformation 
processes, it is necessary to develop a model that allows the prediction of temperature 
changes due to changes of the deformation parameters. Measuring the temperature 
changes during deformation in laboratory conditions may be performed with various 
measurement methods. The conventional method of measuring the temperature variation 
is achievable by using a contact thermometer. Method of thermography is a non-contact 
method for measuring temperature distribution. The method is based on measuring the 
temperature changes using an infrared camera. Camera measures current temperature of 
a body by detecting infrared electromagnetic waves in invisible spectrum of light.  

If the body is at a temperature below 500°C, all of its heat energy is emitted 
within the infrared spectrum. The temperatures during the cold plastic deformation are 
well below that temperature, and therefore it is possible to measure by infrared camera 
the whole thermal radiation of observed body. In order to achieve the accurate 
thermographic measurements, it is essential to know the exact value of surface 
emissivity. By knowing the exact value of the test sample emissivity and adjusting the 
parameters of thermal camera onto this value, the exact value of temperature can be 
measured by the infrared camera. Emissivity is a function of material, surface structure, 
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wavelength, direction of emitted radiation and temperature, but primarily depends on the 
material and surface condition. For most materials the emissivity decreases with increase 
in temperature. If the value of emissivity of a certain material is unknown, when using 
the infrared pyrometers and thermal cameras for as accurately as measurement of 
temperatures, a slightly higher emissivity is usually taken from the one listed in the 
available tables [5,6]. In this way the accuracy of measurement is improved, but not 
fully. Therefore, using thermographic methods it is necessary for the laboratory studies 
of temperature changes to determine the exact value of the surface emissivity. There are 
various methods for determining the emissivity of body surface. One of them is setting 
up on the body a label of known emissivity and after that it is necessary to measure the 
exact value of its temperature. The value of emissivity on the pyrometer must be 
adjusted until the same temperature reading on the observed surface without the label is 
reached [5,7]. Another way is to use a device which represents the ideal black body. It is 
necessary to keep on the same temperature both the device and the body to whom is 
necessary to identify emissivity. Pyrometer is first set to the ideal black body in order to 
measure the exact temperature and then the emissivity of the pyrometer must be adjusted 
until the same value of temperature of the observed body is reached.  This method 
requires an expensive equipment and a larger number of measurements. One of the 
practical methods, which is included in the ASTM standards as a method of determining 
the emissivity, is the application of a contact thermometer with high measuring accuracy 
[8,9]. First it is necessary to measure the temperature of the observed body with a contact 
thermometer, and then the emissivity of pyrometer or infrared camera must be adjusted 
until the same temperature value is reached. Since the emissivity of the body can vary 
over its surface due to impurities on the surface as well as surface roughness, reflection, 
color, etc., it is necessary to equalize the emissivity of the observed surface by using 
some of the available methods. The uniform emissivity over the whole body surface may 
be achieved by applying an adequate coating. Also, depending on the chosen coating it is 
necessary to measure the change in the value of emissivity with increase in temperature. 
Using a matte coating, the reflection is removed, and the high accuracy of thermography 
measurement can be reached. Because the plastic deformation leads to an increase in 
temperature of deformed body, the question is whether this increase has an impact on the 
emissivity of coatings for sample preparation. For this reason, the goal of the research was 
to determine which of the selected coating has a constant emissivity factor in the area of 
temperature increases that occur during cold plastic deformation in the deformed body. 

For non-contact temperature measurement the infrared camera VarioCAM® 
M82910 producer JENOPTIK was used. The camera has sensitivity of 80 mK at room 
temperature. Camera was mounted above of the examined samples at distance of 0.8 m. 
Before measurements the camera was calibrated within the measuring range 0¸ 300°C by 
adjusting its parameters on the laboratory conditions: ambient temperature of 16.5°C and 
humidity of 48%. Samples for testing of coatings were cut from low-carbon steel strip 
with the dimensions of 150x150x4 mm. On each sample a thin layer of coating was 
applied. Three coatings were tested: RAL9005 black matte coating, LECHSYS 29141 
Isolack black mat and white RAL 9010 matt. After application of the coatings, the 
samples were left to dry according to the specifications of the coating manufacturer. 
Before measuring the coating emissivity, the samples were left for two hours in a 
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laboratory in order to equalize the temperatures of the samples and the environment. The 
initial thermograms at room temperature for each sample were recorded with infrared 
camera to determine the emissivity of each coating at room temperature. The exact 
temperature was measured by contact thermometer P410 with NiCr-Ni thermocouple (K 
type). Used contact thermometer had been calibrated, and the accuracy of temperature 
readings was within 0.1°C. The amount of sample temperature change during cold 
plastic deformation depends on the following factors: strain rate, reduction, the amount 
of used coolant and lubricant, friction, sample material, and some other factors of lower 
influence. From the experience of previous studies of plastic deformation at ambient 
temperatures, the amount of temperature change was about 60°C. Thus, it was planned to 
study the characteristics of coating emissivity in the range up to 110°C. Emissivity was 
determined at four temperatures. Sample heating is performed using a heater with 
temperature control. Each sample was heated up to a temperature of about 130°C. After 
that, the temperature of samples was gradually lowered, and at four different 
temperatures the temperature fields of samples were recorded with infrared camera. The 
exact values of temperatures during whole measuring time were measured 
simultaneously in selected points by the contact thermometer. The temperature readings 
were memorized. The described method is implemented for each selected coating. The 
emissivity for each measuring point was determined by the subsequent analysis of 
thermographic images. Analysis of thermographic measurements was performed using 
the software package Irbis3 professional. 
 

RESULTS AND DISCUSSION 
 

The samples from steel plate on which were applied the selected matt coatings 
are shown in Figure 1. After application of coatings and drying, on the samples at room 
temperature it was possible to see the differences between the coatings. Black matte 
coating RAL 9005 looked darker than Lechsys matte. However, comparing the samples 
with different coatings under the laboratory lighting it was possible to see the reflection 
from the lighting at RAL 9005 coating because of the colour fullness. Reflection was not 
expressed in case of Lechsys black matte coating and at white matte coating the 
reflection was not noticed. The temperature of samples was measured in several points 
by contact thermometer in order to confirm that temperature of samples is equal to 
ambient temperature of 16.5°C. After that, samples were recorded with the infrared 
camera to determine the emissivity for each coating. The samples were not touched with 
the hands to avoid their heating. In Figure 2 the thermographic image of sample with 
Lechsys matte coating at room temperature is shown. 
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Figure 1. Samples with chosen coatings 
�

 
 

Figure 2. Thermographic display of sample with Lechsys matte coating at room 
temperature 

�
Since the sample was at room temperature and coated with the coating of high 

emissivity, in Figure 2 it is almost impossible to distinguish the sample from the 
surroundings. This is proof that the temperature reading was accurate. After that, by the 
software package Irbis3 Professional the emissivity factors for each coating was 
determined, Table 1. 
�
Table 1. Emissivity  of tested coatings at 16,5 °C 

Coating  Black matt RAL9005 Lechsys matt White matt 
RAL9010 

Emissivity 0.92 0.95 0.9 

 
These measurements confirm that for the thermographic measurements Lechsys 

matte coating is more suitable because of higher emissivity compared to the other two 
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coatings. Taking this into account and the fact that reflection of light was not noticed, 
Lechsys matte coating has better emission properties in relation to the other two 
coatings. The thermographic recordings of samples with Lechsys matte coating at 
different temperatures are shown in Figure 3. 
�

    

    
�

Figure 3. Thermograms of the sample with Lechsys black matte coating  
 at different  temperatures  

 
By subsequent analysis with the software package Irbis3 Professional, it was 

found that the coatings had a certain changes in the value of the emissivity. This 
phenomenon could be explained by the differences in measured temperatures by the 
thermographic camera and the contact thermometer. Change the value of emissivity is 
not as significant, but generally falls with increase in temperature. By setting the 
emissivity inside the software package it was possible to obtain the same measured 
values. The measured values of emissivity are shown in Figure 4. 
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Figure 4. Change of coating emissivity with increase in temperature 
 

From the measured values of emissivity, it can be seen that the smallest change 
is expressed in case of Lechsys black matte coating. The emissivity has constant value 
up to the temperature of 60°C, and then the emissivity falls. It may be noted that of all 
three coatings, Lechsys black mat has at all temperatures higher emissivity values. The 
RAL 1005 black matte coating also has a slightly monotonous decrease of emissivity 
with increase in temperature. The biggest change in emissivity has the white matte 
coating. At lower temperatures with temperature increase the emissivity falls, then 
increases even above the measured value at room temperature,�and then again follows a 
slight decrease. The reason for this is a structural change in the material of coating, 
which affects the change in emission properties of the coating surface. 
 

CONCLUSION 

Research results show that there is a certain impact on the increase in 
temperature factor values of emissivity coatings investigated. Research results show that 
there is a certain impact of increase in temperature on the emissivity of tested coatings. 
The increase in temperature has the least impact on the emissivity of the two-component 
Lechsys black matte coating. A small drop in the value of emissivity was noticed only 
above 60 °C. The most significant influence of temperature on the value of emissivity 
was noticed in case of white matt coating, because of its structure changes with 
temperature rise. According to the research results from three tested coatings it is 
optimally to use the two-component Lechsys black matte coating for laboratory testing 
of cold plastic deformation. With a minimum change in the value of emissivity with 
increase in temperature, this coating also has no reflection at room temperature. 
Additionally it achieved the best adhesion on the sample surface, thus preventing its 
peeling during the sample deformation. 
�
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ABSTRACT 

 
Electric arc furnace slag (EAFS) is used for synthesis of alkali activated slag (AAS). The samples of 

AAS were synthesized using the Na based and K based alkali activators.  
Influence of alkali activator chemistry, e.g. influence of alkali ion (Na or K ion) on the durability of AAS in sea 
water was investigated. The results have shown that Na based AAS show a better durability in a sea water in 
comparison to K-AAS due to the lower porosity and sorptivity. 
 

Key words: steel slag, alkali activation, sea water, durability, sorptivity. 
 

INTRODUCTION 
 
Alkali activation is new environmental friendly technology that enables 

transformation of waste material (metallurgical slag) into the useful product – alkali 
activated slag (AAS) which can successfully be used in civil engineering. The properties 
of AAS primarily depend on the choice of source materials. Mainly, blast furnace slag 
was used as a source materials but important shifts towards the use of other metallurgical 
slags like electric arc furnace slag was observed [1]. Electric arc furnace slag (EAFS), 
the by-product of steel production in electric arc furnace is mainly comprised of the Fe, 
Ca Al, Mg, Mn and P while the main crystal phases are dicalcium and tricalcium 
silicates, dicalcium ferrite and wüstite [2]. The AAS is produce by alkali activation 
process which involves a chemical reaction of slag with the alkaline activator [3].  
Reaction product of slag alkali activation is calcium (alumino) silicate hydrate C–(A)–S–
H gel with a low C/S ratio [4].  
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Besides the row materials selection, properties of AAS are greatly influenced by 
the alkali activator chemistry, e.g. by the choice of alkali ion used for a preparation of 
alkali activator. 

Currently, AAS is now considers as an alternative to cementitous materials due 
to the enhanced durability in aggressive environment. The behaviour of AAS in sea 
water is important in terms of the ability of these materials to prevent harmful elements 
from sea water (chloride, magnesium, sulfate, and carbonate) from entering which can 
facilitate corrosion of steel bars and influence the structural capability of building 
elements [5].  

In this paper, influence of alkali activator chemistry on the durability of AAS in 
sea water was investigated. The two samples of AAS, prepared using the Na based alkali 
activator and K based alkali activator were exposed to the sea water attack. Durability of 
AAS samples were evaluated from the standpoint of changes of mechanical properties.  
 

EXPERIMENT 
 

The EAFS used in this investigation was supplied from the Steel Mill Nikši�  in 
Montenegro. Its chemical composition is given in the Table1.  
 
Table 1. Chemical composition of EAFS 

Component CaO FeO SiO2 Fe2O3 MgO MnO Cr2O3 Al 2O3 TiO2 

Content / % 46.5 23.5 12.2 0.9 6.5 1.3 0.8 7.24 1.06 

 
Table 2. Composition of alkali activators 

Alkali activator C(NaOH) C(KOH) m(Na2SiO3) 
m(NaOH) 

m(Na2SiO3) 
m(NaOH) 

Na-activator 10 M - 2 - 

K-activator - 10 M - 2 

 
The AAS sample was synthesized using the powdered EAFS (d50= 24mm) at a 

constant solid to liquid mass ratio of 4 using the two alkali activators, Na-activator and K-
activator. Activators are prepared by mixing of MOH solution with the M2SiO3, where M i 
Na or K ion (Table 2). Commercial Na2SiO3

 (Na2O = 8.5%, SiO2 = 28.5%, density of 1.39 
kg/m3) and K2SiO3 (K2O =13.18 %, SiO2 = 26,38 %, density of 1.39 kg/m3) solution are 
used for a preparation of alkali activator. The samples were denoted subsequently as Na- 
AAS and K-AAS according the type of activator used for their preparation. 

The paste obtained by alkali activation was cast in a plastic cylindric mould and 
cured for 48 h at 65 °C.  Subsequently, the AAS samples were removed from molds and 
left to stay an additional 4 weeks at ambient temperature.   

Durability of Na-AAS and K-AAS in sea water was tested by immersing the 
samples in sea water for a period of 14 weeks. After this time, the samples were dried 
and subjected to the characterization tests. 
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H3O
+ from the aquatic environment [7]. Microstructural investigations have shown the 

formation of protective layer (A) on the surface (B) of both, Na-AAS and K-AAS 
immersed in seawater (Fig. 2).This layer acts as a barrier and slows down the penetration 
of chloride ions inside the Na-AAS and K-AAS protecting them from the aggressive 
environment. 

 

 
 

Figure 2. Microstructure of Na- and K-AAS samples before and after the seawater attack 
 

Derogation of mechanical properties of AAS sample after immersion in sea 
water can be explained by the decomposition of reaction product of slag alkali activation 
(C–(A)–S–H gel) due to the sea water attack which lead to decalcification of the C–A–
S–H phase [5]. In the same time Mg2+ ions from sea water attack decalcified C–(A)–S–H 
which led to the formation of a non-cementing magnesium silicate hydrate (M–(A)–S–
H) by an ion exchange between Mg2+ and Ca2+ ions in the C–(A)–S–H) [5]. Additionally, 
Mg2+ present in the sea water precipitate at the surface of AAS as Mg(OH)2 due to the 
alkalinity of solution and form the protective layer [7].  

Stability of building materials in sea water is determined by the rate of water 
uptake by matrix when exposed to sea water i.e. by the sorptivity of matrix which 
enables the transport of sea water and entering the harmful elements into materials 
interior.  

The calculated sorptivity coefficients (S) according the Hall method [Error! 
Bookmark not defined.], for Na-AAS and K-AAS are given in Fig. 3. The results of 
capillary water absorption tests indicate that sorptivity of Na-AAS is lower than that of 
K-AAS which is in agreement with the lower porosity and lower strength loss of Na-
AAS samples after the sea water attack due to the lower water uptake and ingress of 
harmful elements. 
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ABSTRACT 
 
The possibility of aged concrete fines reuse was explored through its application as a matrix for 

heavy metal ions separation from aqueous media. The Cu(II) and Zn(II) sorption kinetics onto concrete 
particles was explored, in the series of experiments conducted in batch conditions. Higher tendency of Zn(II) to 
bond onto mineral surface was observed considering single component solutions, whereas Cu(II) removal was 
more efficient from equimolar binary mixtures. Experimental data were described using pseudo-second order 
kinetic model. The results point to the possible utilization of crushed concrete as a component of water 
protection and purification systems.    

 
Key words: concrete, sorption, Cu(II), Zn(II), kinetic modeling . 
 
INTRODUCTION 
 
High amounts of construction and demolition waste (C&DW) are generated 

continuously on a global level, raising the necessity for development of new technologies 
for recycling of such materials. C&DW is consisted of numerous components such as 
bricks, wood, wool, asphalt, concrete, plastics, etc. Among them, concrete is the most often 
used construction material in the last decades, with the contribution of approximately 40% 
of the total amount of waste produced by the demolition of ruined buildings. Various 
investigations on aged concrete usability as filler in the fresh concrete preparation were 
reported [1]. Furthermore, it was used for acidic wastewater neutralization due its high 
alkalinity [2], but also for the removal of pollutants, especially phosphates. The study of 
Cu2+, Zn2+ and Pb2+ ions sorption from aqueous solutions onto crushed concrete has revealed 
that it has the promising capacity to retain selected cations [3]. The concrete samples used in 
the referred work were freshly prepared and crushed after solidification. However, the 
utilization of aged concrete for the waste waters purification has not been investigated so far. 

In this study, Zn(II) and Cu(II) ions sorption onto waste concrete was explored. 
These metals were chosen based on their toxicity and frequent occurrence in industrial 
wastewaters and acid mine drainages [4]. 

The main aim of this study was to investigate the kinetics of Cu(II) and Zn(II) 
ions separation by concrete fines, in order to explore the performance of this type of 
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waste, the equilibration time and the sorption capacities for selected heavy metal cations 
from both single component solutions and equimolar binary mixture.   
 

MATERIALS AND METHODS 
 

For the simulation of wastewaters containing Cu(II) and Zn(II) ions, the 
synthetic aqueous solutions were prepared from Cu(II) and Zn(II) nitrate salts (Merck, 
p.a. purity) and deionized water. The initial concentration of metals in single component 
solutions was 2710-3 mol/L, which was also the total concentration of both metal cations 
in equimolar mixture. The pH values of prepared working solutions were 5.5. 

Concrete samples were collected from the ruined buildings, dating back to 
1970’s. The representative sample was made from several subsamples, and then crushed, 
homogenized and sieved. Fraction of the particle size < 250 � m was used in the sorption 
experiments. 

Sorption kinetics was investigated in the series of separate batches, using 0.1 g 
of concrete sample and 20 mL of solutions containing chosen metals. Obtained 
suspensions were mixed in the rotary shaker at 10 rpm, at 20°C. Contact time was varied 
from 15 min to 24 h. After specified contact time, one of the batches was taken for 
solid/liquid separation by centrifugation (9000 rpm, 10 min.).  

The concentrations of metal ions in the solutions before and after sorption were 
determined using Atomic Absorption Spectrophotometer (Perkin Elmer 3100 AAS). In 
addition, filtrate pH values were monitored using WTW InoLab pH-meter.  
 

RESULTS AND DISCUSSION 
 

The kinetic curves, showing metal ions sorption from single component 
solutions, are presented in Fig.1a. The increase in contact time provoked the increase of 
sorbed amounts of both cations. The process was fast at the beginning, while for the 
longer contact times it slowed down until the equilibrium was reached. The time of 
reaction necessary for achieving the equilibrium was approximately 1h in the system 
with Zn(II) ions. The sorption capacity of concrete toward Zn(II) ions was 0.36 mmol/g. 
Comparing sorption kinetics from single metal solutions, Cu(II) removal was slower and 
less efficient. Equilibrium sorption was reached after 2 h of contact and the 
corresponding sorption capacity was 0.21 mmol/g.   

Measured pH values were relatively constant during metal removal process 
(Fig. 1a.). In the system with Cu(II) ions pH was 6.2 ± 0.1, whereas higher pH values 
were characteristic for Zn(II) sorption (7.3 - 7.9). 

The reversal of concrete selectivity has been noticed considering binary 
solutions (Fig. 1b), i.e. sorption of Cu(II) ions was more efficient in respect to Zn(II) 
species. pH values, measured after specified contact times, were constant (6.4 ± 0.1). 
Relatively constant pH values observed during the sorption indicate that the mineral 
matrix of explored material exhibit high buffering potential. After 24 h of contact, the 
sorbed amounts of Cu(II) and Zn(II) ions were found to be 0.13 mmol/g and 0.019 
mmol/g, respectively, which signifies reduced metal removal capacity in competitive 
conditions. Furthermore, the sorption rate for both cations decreased compared to 
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kinetics of sorption from single component solutions. The equilibrium removal of Zn(II) 
ions was attained after 6h, while the sorption of Cu(II) constantly increased during the 
course of the experiment.  

The experimental data were fitted by pseudo-second order kinetic model, which 
was broadly used to describe the kinetics of sorption of divalent metals from aqueous 
solutions on various solid materials [5]: 

 
�

� �
�

	


 � �� 
� �

�
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      (Eq. 1) 

 
In Eq. 1, t (h) is the contact time, qt and qe (mmol/g) are sorbed amounts of 

cations at time t and at equilibrium, respectively, while k2 (g/mmol h) is the pseudo-
second order rate constant. From linear dependences t/qt vs. t, the values of qe and k2 
were calculated. The numerical value of initial sorption rate h (mmol/g h) is equal to the 
inverse intercept value. Calculated parameters qe, k2 and h, as well as determination 
coefficients (R2), are given in Table 1. 
 

 
 

Figure 1. Sorption kinetics of Zn (II) (8) and Cu(II) (9) ions onto waste concrete fines, from 
(a) single-component solution, and (b) equimolar bi-component solutions.  

Open symbols represents measured final pH values. 
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Excellent agreement with the model was obtained for Zn(II) sorption from 
single component solution and Cu(II) sorption from the binary mixture, while, in other 
systems, the implementation of this model was less adequate. Calculated equilibrium 
sorbed quantities were close to values obtained experimentally. Matching values of 
calculated and experimentally obtained qe values for Cu(II) removal out of binary 
mixture, indicate that 24 h of contact was probably enough to attain the equilibrium. The 
highest and the lowest values of initial sorption rates were characteristic for Zn(II) ions 
sorption from the single and binary solution, respectively. This is in agreement with the 
fast Zn(II) sorption from single metal solution. Otherwise, extremely low value for h, but 
also low qe observed for Zn(II) in the multi-component solution suggested that the 
existence of Cu(II) ions in the solution diminished Zn (II) bonding.  
 
Table 1. Pseudo-second order kinetic parameters calculated for Cu(II)and Zn(II) 
sorption from single and bi-component solutions onto waste concrete fines. 

  qe 
(mmol/g) 

k2 

(g/mmol h) 
h 

mmol/g h R2 

Single component 
solution 

Zn(II)  0.401 0.090 1.40710-2 0.999 
Cu(II)  0.205 0.027 1.12710-3 0.891 

Bi-component 
mixture 

Zn(II)  0.0228 0.094 4.91710-5 0.641 
Cu(II)  0.129 0.13 2.22710-3 0.999 

 
The agreement between experimental results and pseudo-second order kinetic 

model provides the prediction of sorption capacity, however, without information about 
operating sorption mechanism. Even more, this model was found to be suitable for the 
description of sorption processes which occur via different mechanisms, for example 
ion-exchange, precipitation, surface complexation, etc. Consequently, it was found to be 
suitable for the description of Cu(II) and Zn(II) sorption kinetics onto such diverse 
materials as bentonite [6], sugar beet pulp and fungus Mucor rouxi [7]. 

In order to understand the investigated process, it must be taken into account 
that  concrete is composed of sand (SiO2), water and cement (SiO2, CaO, Fe, Al, K, Na  
oxides, etc.). The main minerals in freshly prepared concrete are calcium silicate 
hydrates (C-S-H), calcium aluminate hydrates, and calcium aluminosilicate hydrates. 
However, the exposure of concrete to atmospheric conditions (heating–cooling cycles, 
cosmic radiation, reactions with CO2 and other atmospheric gases, reactions with 
atmospheric precipitation, etc.,) largely contribute to the aging process. As a 
consequence, decalcifications of C-S-H occurs, as well as silicates polymerization, 
which results in SiO2 and carbonates as final products, with high content of free calcium 
and with high alkalinity [8]. Furthermore, the presence of Fe-compounds in concrete 
samples is common due to addition of calcium alumino ferrites during cement 
production [9].  

In previous investigations on Cu(II) ions sorption by amorphous silica [10] or 
� -SiO2,[11] bonding of copper ions was found to occur dominantly by inner-sphere 
complexes formation, especially by forming monomer and dimmer complexes, or by 
precipitation [12]. 
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The affinities of various solid matrices toward Cu(II) and Zn(II) ions have 
variable sequences. For example, considering single metal solutions, more efficient 
sorption of Zn(II) in respect to Cu(II) was observed using bentonite [13]. The authors 
have noticed that the ion-exchange mechanism was dominant for the sorption of 
aforementioned cations. On the other hand, Park et al. [14] have investigated sorption of 
Pb, Zn, Cu, Cr and Cd onto sesame straw biochar, with more promising results for Cu(II) 
than for Zn(II) ions removal, considering single and multi-metal solutions. The 
preferential sorption of Zn(II) was explained in literature by cation-exchange theory, 
while preferential retention of Cu(II) in respect to Zn(II) was attributed to the differences 
in their electronegativity [14]. In addition, competitive sorption of Pb, Zn, Cu, Cr and Cd 
onto clay bearing wastes was investigated [15]. Various natural and synthetic minerals 
retain Pb and Cu ions more strongly than Zn, Cd and Ni, furthermore, Fe-oxides, organic 
and carbonate fraction of the soil matrix exhibit higher tendency to bond Cu(II) than 
Zn(II) ions [15, 16]. 

Considering the results of this study, higher affinity of waste concrete sample 
toward Zn(II) ions in single-component experiments, can be explained only by higher 
final pH values measured in Zn(II)-concrete system (Fig. 1a), which may result in high 
degree of hydrolysis and surface precipitation of Zn ions. 
 Accordingly, waste concrete fines potential for removal of Zn(II) and Cu(II) 
ions is a result of a complex mechanism, which may include surface complexation, 
precipitation and ion-exchange. The complexity of the process is provoked by different 
minerals contained in the concrete, but also by the properties of cations and their ionic-
species distribution highly dependent on pH. Furthermore, beside sorption affinity and 
low cost, concrete fines loaded with heavy metals can be utilized as an additive in fresh 
concrete preparation in some specific applications. In this way, the 3R rule of sustainable 
development (Reduce, Reuse, Recycle) would be satisfied. 

 
CONCLUSION 
 
The sorption of Cu(II) and Zn(II) ions onto aged concrete sample was 

investigated in order to explore and compare the rates and the capacities of such waste 
material towards different pollutants. The investigation of process kinetics from single-
component solutions have revealed more efficient and faster removal of Zn(II) ions in 
respect to Cu(II), which can be contributed to the higher pH values in Zn-concrete 
system. Quite the opposite, the surface of concrete sample became more selective 
towards Cu(II) ions when equimolar two-component solution was considered. The 
sorption rates and the capacities of both metal cations were affected in terms of 
competition, however, Zn (II) ions removal was more suppressed. Based on the obtained 
results, aged concrete is a component of construction and demolition waste capable for 
heavy metal ions immobilization. In such processes, alkaline nature and buffering 
capacity of concrete are the important features. The performance of waste concrete and 
other categories of C&DW need to be evaluated under different experimental conditions, 
in order to realize the perspective of their implementation in water purification 
technologies. 
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