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PREFACE

The world today is faced with the rapid changes in technology. The excessive unsustainable
consumption of fossil fuels and primary raw materials require a multidisciplinary approach
in finding adequate sustainable solutions. That is why environmental research and ecological
truth are at the focus of the 28" International Conference Ecological Truth & Environmental
Research 2020 (EcoTER’20), which will be held at Kladovo, Serbia, 16-19 June 2020. On
behalf of the Organizing Committee, it is a great honor and pleasure to wish all the
participants a warm welcome to the Conference.

We hope to convey the message of the conference, which is that a transformation of attitudes
and behavior would bring the necessary changes. This is also an opportunity for the
participants who are experts in this field to exchange their experiences, expertise and ideas,
and also to consider the possibilities for their collaborative research.

The 28" International Conference Ecological Truth & Environmental Research 2020 is
organized by the University of Belgrade, Technical faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology, University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica, University of Zagreb, Faculty of Metallurgy —
Sisak, University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Association of Young Researchers, Bor.

These proceedings include 51 papers from the authors coming from the universities, research
institutes and industries in 7 countries: Russia, Lithuania, Nigeria, Croatia, Bosnia and
Herzegovina, Montenegro and Serbia.

As a part of this year's conference, the third student section is being held. We appreciate the
research of the students and their mentors who have made a contribution to the conference.
Abstracts of the students' papers have been included into the EcoTER 20 proceedings.

Financial assistance provided by the Ministry of Education, Science and Technological
Development of the Republic of Serbia is gratefully acknowledged.

We appreciate the effort of all the authors who have contributed to these proceedings. We
would also like to express our gratitude to the members of the scientific and organizing
committees, reviewers, speakers, chairpersons and all the Conference participants for their
support to EcoTER’20. Sincere thanks go to all the people who have contributed to the
successful organization of EcoTER "20.

On behalf of the 28™ EcoTER Organizing Committee,

Snezana Serbula, Professor
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AMDs FROM COPPER MINES - A DRAMATIC THREAT TO LOCAL WATER
FLOWS OR A VALUABLE SOURCE FOR COPPER PRODUCTION

Velizar Stankovié!”
YUniversity of Belgrade, Technical Faculty in Bor, V.J. 12, 19210 Bor, SERBIA
“stankovic.velizar@gmail.com

Abstract

Maintenance of mining wastes, produced in heavy metal mines (dumps, abandoned mining works, not
excavated ore body edges), represents significant costs for a company, as well as a serious concern
for society, due to environmental problems closely related to a company's mining activities. Active,
closed, or abandoned, metal or nonmetallic mines produce more or less volumes of mine waters,
contaminated with dissolved minerals residues. The supposition is that there are >10,000 active or
abandoned mines and mining waste sites of different kinds across Europe, discharging spontaneously
5 to 10 bilions m*/year of mine waters into surface water streams. These waters need to be purified,
which causes a necessity of investing large amount of money for this purpose. Therefore, mine waters
remain a major concern, for which neither the European Community, nor the rest of world have found
a proper solution yet. This is one of the aspects of the European ecological truth! What is ours?

Special attention is paid to mine waters, originating from copper mines, known as acid mine
drainages (AMDs) containing, besides heavy metal ions, a certain amount of sulphuric acid which
makes them acidic. AMDs cause environmental problems on a global level. Some studies suggest that
up to ca. 19,300 km of rivers, and around 72,000 ha of lakes and similar water reservoirs around the
world have been polluted with various metal-sulphate salts and sulphuric acid.

Situation in the Balkan countries is even worse than the above, because of mining works in more than
20 active heavy metal mines. In each of them there are some AMDs affecting the surrounding water
flows heavily and irretrievably. The process of AMD generation is complex and involves chemical,
biochemical and electrochemical reactions.

On the other hand, mine dumps, as a cause and AMDs as their consequence, must be considered as
valuable secondary raw materials that could be further exploited, in order to extract metal residues
from them, and to reduce the existing mine waters overburden on the surface water flows. New
approaches are presented in implementation of some emerging technologies, in combination with
conventional techniques, for copper mine waters purification.
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THE EFFECT OF EFFLUENT ON THE WATER QUALITY IN THE NISAVA

Slavica Stevanovi¢'”, Jovana Krsti¢!, Branka Stojanovic'l, Dusan Paunovié!,
Danica Dimitrijevi¢', Jasmina Veli¢kovi¢'

University of Union-Nikola Tesla, Belgrade, Faculty of Applied Sciences,
Dusana Popovica 22a, 18000 Nis, SERBIA

“slavlab@gmail.com

Abstract

From a general perspective, the sewage system in Nis is a combined type system. After mixing with
fecal and atmospheric water effluent is discharged directly into the Nisava via the two main outlets
(the left and right collectors). This research presents the influence of untreated wastewater on the
recipient’s quality (surface water). Surface and wastewater quality testing is carried out in
accordance with the relevant directives, national and international regulations. Physical
(temperature, turbidity, pH and electrical conductivity) and chemical (chlorides, ammonia, nitrites,
nitrates, sulfates, iron, manganese and chromium in the form of Cr® and Cr®* ions) parameters are
analyzed as indicators of quality. Yearly sample quality monitoring indicated river degradation, which
necessitates wastewater treatment in the left and right collectors before the discharge into the Nisava.

Keywords: wastewater, surface water, monitoring, spectrophotometry

INTRODUCTION

During recent years, there has been an increasing awareness and concern about water
conservation all over the world. Hence, new approaches towards achieving sustainable
development of water resources have been advanced internationally [1].

Due to industrial development, domestic effluent and urban run-off account for the bulk of
the wastewater generated in NiS. Domestic sewage contains a wide variety of dissolved and
suspended impurities and is the primary source of pathogens (disease-causing
microorganisms) and putrescible organic substances. Because pathogens are excreted in feces
all sewage from cities and towns is likely to contain pathogens of some type, potentially
presenting a direct threat to public health. Putrescible organic matter has posed a different sort
of a threat to water quality in recent years.

India is recognized as having major problems with water pollution, predominantly, due to
untreated sewage. Rivers such as the Ganges and the Yamuna, all flowing through highly
populated areas, are polluted. 80% of the sewage in India is untreated and flows directly into
the nation's rivers, polluting the main sources of drinking water. Indian cities produce nearly
40,000 million liters of sewage every day and barely 20 percent of it is treated. Hence,
treatment of sewage and its reuse is the need of the hour [2].

From a general perspective, the Ni§ sewage system is a combined type system. A large
section of the city, in particular, the central region of the city on the left and right banks of the
NiSava possesses general (mixed) type collectors whereas for NiSka Banja and certain
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peripheral and newly-built parts of the city a separation system was constructed. After mixing
with fecal and atmospheric water wastewater is discharged directly into the river NiSava via
the two main outlets: outlet 1 - the left collector in Ivan Milutinovi¢ street and outlet 2 - the
right collector in Beograd mahala.

The purpose of this study is to estimate the effect of untreated sewage effluent on the
recipient’s water quality (the Nisava) via physical and chemical water quality indicators.

MATERIALS AND METHODS

Water quality is tested according to the corresponding directives and regulations of
national and international authorities —regulations (Official Gazette of RS, No: 33/2016;
67/2011, 48/2012 1/2016; 50/2012; 24/2014; 74/2011 and Official Gazette of SRS, No.
31/82).

The Nisava water quality is also monitored following drinking water regulations (EU
Council Directive 98/83/EC 1998; Official Gazette SRJ No: 42/1998, 44/1999, 28/2019;
WHO 2011a; US EPA 1999a; US EPA 2012) considering that river water (at the entrance to
the city) is used as the water intake.

The quality analysis of the wastewater in the left (L) and right (R) city collectors and the
Nisava water quality analysis before (N- the water intake) and after the discharge of the left
city collector (Nk - around 300 m downstream), was carried out in the laboratory of the
sanitary control sector with the PUC ‘Naissus’ laboratory in Ni§. The laboratory is accredited
according to the standard SRPS ISO/IEC 17025:2006.

The water samples for physico-chemical examinations were taken by experts in accordance
with the standards: SRPS EN ISO 5667-1:2008, SRPS EN ISO 5667-3:2017, SRPS EN ISO
5667-4:1997, SRPS EN 1SO 5667-6:1997, SRPS EN ISO 5667-10:1997.

The analysis of wastewater and surface water encompassed the appointment of the
following parameters:

Physical parameters (methods): water temperature (SRPSH.Z1.106:1970), turbidity (EN
ISO 7027 1999), pH value (EN ISO 10523: 2008) and electrical conductivity (SRPS EN
27888:2009).

Chemical parameters (methods): chloride (SRPS ISO 9297/1:2007 revision 1), ammonia
(SRPS.H.Z1.184:1974), nitrite (SRPS ISO 26777:2009), nitrate (Standard methods for testing
hygienic correctness "Drinking water"1990), sulfate (USEPA 375.4:1978), iron (SRPS 1SO
6332:2003), manganese (Standard methods for testing hygienic correctness "Drinking
water"1990) and chromium in the form of Cr®" and Cr** ions (1SO 11083:1994(E)).

The wastewater and surface water quality analysis was conducted from January to
December 2017 with a monthly sampling frequency.

RESULTS AND DISCUSSION
The results of the physical and chemical parameters are shown in Tables 1-3.

The highest surface water and wastewater temperatures were measured in the wastewater
samples (R) 23.8°C in August while the lowest water temperature was measured in the
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samples of surface water at the water intake location (N) 6.4°C in December (Table 1). No
national or international standards have been set for the temperature of surface water and
wastewater, because they don’t have an immediate effect on human health, but they influence
the chemical and microbiological processes in water.

Table 1 Yearly temperature, turbidity, pH values and electrical conductivity in surface and
wastewater: (N) the Nisava- water intake, (L) the left city collector, (R) the right city collector, (Nk)
the Nisava downstream from the left collector

Month Temperature Turbidity Electrical conductivity
°C NTU pH value us/cm

N L R Nk N Nk N L R Nk N L R Nk
January 11.2 140 14.1 13.8 22.1 28.9 790 7.96 7.95 8.02 352 886 1062 468
February 6.5 132 156 8.9 126 104 8.18 8.00 8.00 830 375 922 1072 400
March 80 149 138 95 15.2 27.0 7.79 760 7.95 7.90 354 727 933 412
April 98 16.2 151 114 52 111 8.02 7.61 7.82 8.06 384 870 1184 398
May 12.0 159 16.1 143 17.1 25.0 8.01 7.90 7.50 8.04 372 860 1022 407
June 17.2 181 17.7 19.1 16.1 16.7 8.10 7.92 7.52 8.39 467 803 1027 513
July 195 218 225 217 11.1 30.0 8.04 7.80 7.87 8.30 457 840 1045 522
August  16.9 18.8 23.8 182 6.0 26.0 8.00 7.81 7.94 810 403 876 1008 464
September 17.4 22.7 23.8 17.7 18 44 8.08 7.80 7.94 8.20 411 884 970 460
October 132 176 147 138 43 44 8.05 7.65 7.62 8.06 471 886 1289 491
November 8.2 144 138 8.6 10.2 15.2 7.96 7.88 7.65 7.72 380 823 840 405
December 6.4 124 11.3 6.7 18.3 25.1 7.98 7.85 7.94 8.20 307 890 792 328

The turbidity values measured in each surface water sample ranged from 1.80 NTU
(Nephelometric turbidity units) - at the water intake area to 30.00 NTU in the Nisava
downstream from the wastewater discharge point (Table 1), which points to a deterioration of
river water quality.

The toxicity of many components depends on the pH value. For instance, HCN toxicity
increases with the decline of pH values while the toxicity of NH3 grows with the elevation of
pH values. Simultaneously, with the elevation of pH values, heavy metals in effluent get
deposited in the form of their hydroxides. The measured pH values (Table 1) in all effluent
and surface water samples with the highest value of 8.39 are within the recommended values.

The electrical conductivity of water depends on the geology of the area through which
water flows and the ionizing particles in it. The highest values of electrical conductivity in the
wastewater were 1289 uS/cm (the right collector), which did not affect the drastic increase of
conductivity in the surface water: from the highest value 471 uS/cm at the water intake (N) to
the highest value of 522 uS/cm in the river downstream from the discharge point (Nk) (Table
1). The EU directive (1998) limited conductivity to 2500 uS/cm at 20°C under the condition
that the water is not aggressive. In Turkey, in 177 samples of groundwater electrical
conductivity is within the interval of 332 uS/cm to 3004 uS/cm with the average value of
1573 uS/cm [3].
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Table 2 Yearly chloride and ammonia ion concentration in surface and wastewater: (N) the Nisava-
water intake, (L) the left city collector, (R) the right city collector, (Nk) the Nisava downstream from
the left collector

Month cr NH,*

mg/I mg/l
N L R Nk N L R Nk
January <5.0 45.8 67.5 12.8 0.2 35.6 30.6 7.9
February 6.6 53.7 62.7 7.5 0.1 26.7 30.1 0.6
March <5.0 62.6 84.0 5.2 0.1 35.6 28.9 05
April <5.0 46.8 81.9 5.1 0.1 30.8 344 6.1
May 6.5 455 63.1 7.4 0.2 453 60.0 39
June 6.7 42.8 50.9 8.5 0.1 24.7 28.3 0.7
July 6.5 40.8 77.5 6.6 0.1 25.6 26.5 6.2
August 5.3 42.0 55.0 14.7 0.1 31.2 35.1 6.7
September 6.5 54.3 59.5 12.2 0.1 235 27.4 14
October 6.6 57.3 1405 114 0.1 335 429 23
November 5.2 41.2 92.8 51 0.1 26.2 36.2 0.4
December <5.0 44.8 1072 <5.0 0.1 29.1 39.2 2.3

Chloride concentrations in all the river water samples (N and Nk - Table 2) are below the
maximum allowed concentration values of 100 mg/l. Chloride concentration increases with
the rise of mineral content. Chloride increases water’s electrical conductivity and thus
corrosiveness in water is also increased [4]. Wastewater samples (L and R) contain chloride in
higher concentration, but lower than 100 mg/l (Table 2). In Banat, Serbia, groundwater has
low chloride content ranging from 5 mg/l to 50 mg/I [5].

The presence of ammonia in concentrations higher than the geological level is an important
factor for fecal contamination and can be utilized for the assessment of overall water quality
[6,7]. Ammonia nitrogen concentrations (NH4"-N) in all wastewater samples ranged between
23.5 (L) to 60.00 mg/l (R) (Table 2) and this affected the increase of this parameter in the
river: from 0,1 mg/l (at the water intake) to 7.9 mg/l in the Nisava after the wastewater
discharge, which is considerably higher than the maximum allowed concentration in a river.

Nitrates and nitrites in wastewater and surface water can appear naturally but
anthropogenic processes like the overuse of inorganic nitrogen fertilizers, municipal
wastewater, septic tanks, farm runoff, industrial effluent, and others comprise the most
common causes. Inorganic nitrogen analysis enables the assessment of these activities
influence on water quality [8]. The highest nitrate concentration (NO3-N) of 21.3 mg/l and
nitrite nitrogen (NO,-N) concentration of <2.24 mg/l in the Nisava (Table 3) show water
quality deterioration after the discharge of untreated wastewater into the river. These values
are above the maximum allowed concentration for surface water. In the United States of
America, Texas, a region that aside from oil and natural gas production also engages in
agriculture, the groundwater nitrate concentration varies from <0.44 mg/l to 149 mg/I
whereby in 3 out of 40 water samples nitrate concentration exceeds the national standard of
44 mg/l. Statistics show that nitrate concentration drops with well depth [9].
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Table 3 Yearly nitrite, nitrate and sulfate concentration in surface and wastewater: (N) the Nisava-
water intake, (L) the left city collector, (R) the right city collector, (Nk) The Nisava downstream from
the left collector

Month NO;-N NO,-N SO~

mg/I mg/| mg/I

N L R Nk Nk N L R Nk

January 4.7 71 106 75 <0.71 13.2 58.2 50.0 22.9
February 45 45 6.3 4.8 <0.65 21.3 1416 1787 212
March 45 71 112 54 <0.03 10.0 34.7 18.1 10.9
April 3.8 36 37 3.7 <0.85 94 93.0 1430 165
May 54 30 45 213 <0.75 15.3 46.3 71.8 14.1
June 6.5 2.7 25 55 <1.15 14.9 46.4 65.2 18.9
July 5.0 11 1.9 49 <2.24 24.5 45.7 70.1 28.7
August 4.9 1.1 07 45 <0.22 16.9 35.7 47.4 17.3
September 4.3 1.3 6.3 5.4 <0.17 13.6 29.9 16.9 20.4
October 77 60 43 17 <0.14 16.4 15.8 28.9 13.1
November 4.8 52 6.1 2.2 <0.62 8.4 24.8 195 11.6
December 3.8 4.2 8.4 3.9 <0.88 8.9 31.8 29.6 9.1

Studies suggest that in concentrations between 1000 mg/l and 1200 mg/l sulfates have a
laxative effect but without diarrhea, dehydration and weight loss (WHQO). The highest
concentration of sulfate was measured in (R) (178.7 mg/l) in February while the lowest
sulfate concentration was measured in (N) (8.4 mg/l) in November. Despite the mild increase
of sulfate after the wastewater discharge all measurements in this location are far below the
maximum allowed concentration of 100 mg/I for surface water.

Iron concentration in all surface water samples (the NiSava after wastewater discharge) is
below the maximum allowed concentration (<0.5 mg/l).

Manganese in water behaves similarly to iron. Manganese concentration in all samples of
analyzed surface water is below the method’s detection threshold (<0.025 mg/l) and thus
satisfies the recommended values and the maximum allowed concentration (0.1 mg/l).

Also, the Cr®" and Cr** concentrations in all water samples from the river NiSava are
below the method’s detection threshold (<0.01 mg/l) and therefore meet the recommended
values and the maximum allowed concentration (0.05 mg/I).

Even though all of these contaminants have not yet reached toxic levels, they still represent
a long term risk to public health [10].

Although the analyzed values of Fe, Mn and Cr are below the method’s detection
threshold, an increase in river water turbidity, as well as elevated values of nitrogen (ammonia
ion, nitrates), indicate that the untreated wastewater discharge continually deteriorates the
Nisava water quality. Due to higher values of ammonia ions, which indicate fecal
contamination, there is a risk of pathogenic bacteria.

Numerous studies [11] show the efficacy of various technical and technological
wastewater treatment processes. They mostly refer to filtration, aeration, disinfection [12] and
other processes depending on the degree and type of wastewater contamination. This is
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certainly applicable to the wastewater in Ni§ and the result would be the preservation of the
environment and river quality.

CONCLUSION

The physical and chemical analysis of the wastewater and surface water quality indicates
deterioration in the NiSava after the discharge from the city wastewater collectors.
Contaminant concentration in the effluent has been a factor in the deterioration of the
recipient’s water quality. This can be stated because of the elevated turbidity values and fecal
contamination indicators (ammonia ion, nitrates) in the river after the discharge from the
collectors. These values are considerably increased in comparison to the values before the
discharge of wastewater and in comparison to the limit values for a good ecological status
according to the regulation on contaminant limits in surface water, groundwater, sediment and
the time limit for reaching them (Official Gazette RS no 50/2012) - for a good ecological
status, i.e. class Il - river type 2; natural level.

As the aforementioned regulations stipulate time limits for reaching the threshold values,
in the following period it is necessary to adjust the emissions of contaminants to the threshold
values. To achieve this, a central wastewater facility must be constructed with the view of
preserving water from contamination and maintaining public health.
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Abstract

Soil samples (24) were collected in June 2018, on the territory of NP Perdap (from region the Tekija,
4 management units). In this study, the mass concentrations of potassium, radium and thorium, were
calculated based on specific activities of these radionuclides measured by gamma-ray spectrometry.
The mean values of elemental mass concentrations in analyzed soil samples were found to be 1.75%
for potassium, 2.54 mg kg™ for radium and 8.88 mg kg™ for thorium. The strength of the absorbed
gamma radiation dose originating from the activity of radionuclides in the soil and the yearly effective
dose were determined. Values of the strength of the absorbed gamma radiation dose and the yearly
effective dose from external exposure to gamma radiation based on the content of natural
radionuclides in soil were in the range of the expected values and close to the average values in the
world.

Keywords: NP Derdap, mass concentration, potassium, thorium, radium

INTRODUCTION

National parks (NP) are large areas incorporating a number of diverse natural ecosystems
of national interest from the view point of preservation, complexity and biographical
characteristics with different forms of original flora and fauna, representative physico-
geographical objects and events, and cultural-historical values, representing exceptional
natural entities of national significance [1]. There are five natural parks (NP) in Serbia, and
the Derdap is one of them since 1974, with an area of 63,350 ha. It is located in the Northeast
of Serbia on the boundary with Romania and occupies 100 km of the right bank of the middle
course of the river Danube. The complex relief in this NP, specific gorge mesoclimate, large
number of relic species and phytocenosis, and exceptional diversity in view of lithological
rock compositions, genetic origin and geological age [2], lead to the formation of a number of
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different types of soil with different properties and production potential [3]. All organisms of
planet Earth are exposed to radiation that is classified by place of origin into earth and cosmic.
Sources of ionization radiation by their genesis and occurrence in the environment are
classified as: natural, anthropogene and radioactive waste. Natural radionuclides in soil (*K,
22Th, *®Ra, *®U...) give the highest contribution to gamma radiation (96%) in the
environment. They are formed during the nucleosynthesis process and have a long half-life
and different physical, geochemical properties, half-life types, radiation intensities, isotropic
prolific quantities, occurrence method and geochemical cycles [4]. The activity levels of
radionuclides in soil depend on: the mineral composition and physicochemical properties of
soil, meteorological conditions and possible translocations and migrations of radionuclides.
Natural radioactivity is part of the environment and is changed from place to place and acts on
the population over a long time period. According to the UNSCEAR report the average mass
concentrations (concentration span) of uranium, radium, thorium and potassium in soil in the
world are: 2.82 (1.29-8.87) mg kg*; 3.18 (1.53-5.45) mg kg™*; 7.32 (2.68-15.61) mg kg™ and
1.54 (0.54-3.28) (%), respectively [5]. Research has shown that average mass concentrations
in brown woodland soil in Serbia were: potassium 1.74 %; thorium 7.88 mg kg™ and uranium
1.78 mg kg™ [6]. Our research of soil in the Tekija region (NP Derdap) in the period 2015 and
2016 has shown that the mean values of mass concentrations of potassium, radium and
thorium were in the range: from 1.41 to 2.11% (mean 1.67%); from 0.37 to 3.02 mg kg™
(mean 1.91 mg kg™*) and from 1.27 to 11.22 mg kg™ (mean 6.98 mg kg™) that is within the
range of measurements made in the world [7,8].

In order to obtain a real picture of the radioactivity state of the soil, the most important and
vulnerable component of the environment in the Tekija region (NP Derdap), samples of soil
were collected in 2018 and the obtained results are presented in this work.

MATERIALS AND METHODS

Soil samples (24) were collected in the Tekija region NP Perdap from 4 management units
(GJ) (Tekija, Crni vrh, Manastiri¢ki gaj and Prapezisce), to the depth of 10 cm, in June 2018.
The management units for soil sampling were carefully selected based on radioactivity
bioindicator from previous years. Samples were transported to the laboratory and cleaned
from visible dirt, dried, homogenized and packed into 0.5 L Marinelli vessels that were
hermetically closed, sealed with wax and left for at least 40 days to establish radioactive
equilibrium of post-radon series members ?**U, prior to gammaspectrometric analysis. Sample
mass was up to 600 g. A high purity semiconducting germanium detector ORTEC-AMETEK,
USA with 8192 channels, resolution 1.65 keV and relative efficiency of 34% at 1.33 MeV for
%Co was used for determining radionuclide activity levels. Spectra were analyzed using the
Gamma Vision 32 software package.

Specific activity of “°K, **Ra and®**Th were converted into mass concentrations of
elemental potassium, radium and thorium [9], respectively, using equation (1):

M, C
Fp= - 1)

Api®¥ Naxfpi® Ag;
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where: Fg - participation of element E in the sample, Mg - atomic mass (kg mol™), Ag; -
constant of radioactive isotope i half-life of element E (1/s), fg; - isotope i representation in
nature, Ag; - measured specific activity (Bq kg™) of radionuclides (°K, ?*°Ra, %*Th), Na -
Avogadro number (6.023 x 10%* atom mol™) and C - constant with values of 10° for Ra and
Th (mass concentration mg kg™) or 100 for K (mass concentration in %).

According to the recommendation of UNSCEAR [5], based on measured activity levels
(Ara Ath Ax) (Bq kg™) of natural radionuclides in investigated soil samples calculation of the
strength of the absorbed gamma radiation dose (D) 1m above soil level can be performed
according to equation (2) assuming that all descendants are in equilibrium with their
precursors and that radionuclides contribute only slightly to the total dose due to external
exposure, using the conversion factor for *°Ra, *?Th and “°K 0.462; 0.604 and 0.042
(nGyh™/(Bq kg™) respectively:

D (nGyh™) = 0.462Ags+0.604A7,+0.042A¢ (2)

Knowing the total strength of the gamma absorbed radiation dose (D) equation (3) can be
used to calculate the yearly effective dose for an adult H (mSv):

H (mSv) = Dx0.7x0.2x8760 (3)

where: 0.7 (SvGy™) conversion coefficient (relation between the yearly effective dose
received by the pollution and absorbed dose in air); 0.2 — exposure factor for external
radiation (it is assumed that the population spends on average 20% time in the open); 8760 —
number of hours in one year [5].

RESULTS AND DISCUSSION

Natural radioactivity of soil depends on the radiation type and geological structure of the
area. Table 1 shows mass concentrations of potassium (%), radium and thorium (mg kg™) in
soil collected in 2018 in the Tekija region (NP Perdap), the total strength of the gamma
absorbed radiation dose and the yearly effective radiation dose.

The average content of potassium in the lithosphere is 2.59% and its content in soil
depends on the geological base, the base substrate whose decomposition creates the soil and
on pedogenetic processes. Taking into account the data in Table 1 it follows that the mean
mass concentration of potassium in soil samples collected in 2018 in the Tekija region (NP
Derdap) is 1.75% that is somewhat higher than the mean mass concentration in the world [5].
The minimal mass concentration of potassium was measured in the soil sample from GJ
Manastiricki gaj, division 8a (0.65%), while the maximum value was measured in the soil
sample from Tekija, division 41a (2.83%) that is within the measurement range in the world
[5]. Mean values of mass concentrations of potassium (%) in GJ increase in the following
order: Manastiri¢ki gaj (0.68) < Crni vrh (1.62) < Tekija (1.9) < Propezesce (2.27).
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In nature radium is found in uranium ores in the form of oxides and hydroxides. It is a
descendant of uranium and member of the radioactive series “°U. From Table 1 it follows
that the mean mass concentration of radium in soil from the Tekija region is 2.54 (mg kg™)
and it is lower than the world average (3.18 mg kg™*) [5]. The minimal mass concentration of
radium was measured in the soil sample collected in GJ Manastiricki gaj, division 8a (1.20 mg
kgl), and the maximum in the sample from GJ Propezeice, division 25a (3.79 mg kg). The
values of mass concentrations of radium in the Tekija region are in the range of values
determined during research in the world [5]. Mean values of mass concentration of radium
(mg kg™) in GJ increase according to the following order: Manastiricki gaj (1.36) < Crni vrh

(2.54) < Tekija (2.69) < Propezesée (3.04).

Table 1 Mass concentrations of potassium (K), radium (Ra) and thorium (Th) in soil collected in 2018
in the Tekija region (NP Derdap), the total strength of the gamma absorbed dose (D) and

effective yearly radiation dose (H)

No. Management unit, K Ra Th D H
division (%) (mg kg™ nGyh? mSv
1. Tekija, 41a 2.83 2.93 6.98 71.3 0.087
2. Tekija, 41a 2.42 2.27 7.32 62.9 0.077
3. Tekija, 67 2.31 2.74 8.17 66.3 0.081
4, Faca Tekija, 48b 1.72 3.10 9.98 65.0 0.080
5. Faca Tekija, 48b 191 3.00 9.85 66.6 0.082
6. Tekija, 78 1.89 2.62 9.02 62.1 0.076
7. Tekija, 78 1.94 2.32 9.95 63.4 0.078
8. Tekija, Kosovica 1.63 2.29 8.24 54.9 0.067
9. Tekija, Kosovica 1.58 2.48 9.20 57.7 0.071
10. Tekija, Dafin 1.67 3.11 10.59 65.9 0.081
11. Crnivrh, 1 0.83 1.88 5.95 36.3 0.045
12. Crnivrh, 3 1.70 2.64 9.22 60.2 0.074
13. Crnivrh, 4 1.16 3.23 10.95 60.8 0.075
14, Crni vrh, 13 1.65 2.91 10.71 64.9 0.080
15. Crni vrh, 17 1.89 3.29 10.56 69.8 0.086
16. Crni vrh, 45 1.60 3.07 10.71 65.1 0.080
17. Crni vrh, 47 1.49 2.88 11.20 63.7 0.078
18. Crni vrh, 57 2.02 1.51 9.73 59.3 0.073
19. Crni vrh, 59 211 1.73 9.07 60.0 0.074
20. Crni vrh, 59 1.70 2.26 7.98 55.0 0.067
21. Manastiri¢ki gaj, 8a 0.65 1.20 3.20 23.2 0.028
22. Manastiri¢ki gaj, 8a 0.71 1.52 3.98 27.8 0.034
23. Propezesce, 25a 2.58 3.79 13.78 89.7 0.110
24, Propezesce, 25a 1.95 2.28 6.71 55.3 0.068

Thorium is obtained from uranium treatment. Thorite and alanite are the most significant
thorium minerals found in granite. From Table 1 it follows that the mean mass concentration
of thorium in soil in the Derdap region is 8.88 (mg kg™?) and it is higher than the world

14



EcoTER'20, 16-19 June 2020, Kladovo, Serbia

average (7.39 mg kg™) [5]. The minimal mass concentration of thorium was measured in the
soil sample collected in GJ Manastiriki gaj, division 8a (3.59 mg kg™), while the maximum
was measured in GJ Propezesée, division 25a (10.25 mg kg™). The obtained values of mass
concentrations of thorium are in the range of world values [5]. Mean mass concentrations of
thorium (mg kg™) in GJ increase according to the following order: Manastiriki gaj (3.59) <
Tekija (8.93) < Crni vrh (9.61) < Propezesce (10.25).

High values of the Pearson coefficient among radionuclides Ra-Th (0.777) in soil indicate
their common origin and strong linear bond. The values of the Pearson coefficient for K-Ra
(0.433) and K-Th (0.437) indicate their medium connectivity.

The total strength of the absorbed gamma radiation dose (D (nGyh™)) can be calculated
based on equation (2). From Table 1 it follows that in the Tekija region D values (nGyh™)
originating from potassium are from 8.48 to 37.25 (mean 23.00); originating from radium
from 6.84 to 21.6 (mean 14.51) and originating from thorium from 7.91 to 34.13 (mean
21.98). The total absorbed gamma radiation dose (nGyh™) in the Tekija region was from 23.0
to 89.7 (mean 59.47) and is in the range of world values (32-107, mean 57.6) [5]. Mean
values of the total strength of gamma radiation dose (Gyh™) in management units increase in
the following order: Manastiricki gaj (25.50) < Crni vrh (59.52) < Tekija (63.59) <
Propezesce (72.51). From the results presented in Table 1 it follows that mean values of D
(nGyh™) in all GJ, except Manastiricki gaj, are somewhat higher than average world values.

Knowing D (nGyh™), and based on equation (3) the calculated yearly effective radiation
dose H (mSv) in the Tekija region was from 0.028 to 0.110. Mean values of H (mSv) in all GJ
increase in the following order: Manastiricki gaj (0.031) < Crni vrh (0.075) < Tekija (0.078) <
Propezesce (0.089). The yearly effective doses originating from terrestrial gamma radiation in
GJ Crni vrh, Tekija and Propezesce are higher than the mean world values (0.070 mSv), but in
the measuring range in the world. This research is in agreement with the research of other
scientists [10,11]. The mean value of H in the Derdap region is 0.073 mSv and in accordance
with the mean world value 0.070 mSv. Based on the Rule book [12] the yearly effective dose
for the population is increased if it is higher than 1 mSv for a year. In the territory of the
Tekija region the mean value of the yearly effective radiation dose is 0.073 mSv for a year
and is significantly lower than ImSv.

CONCLUSION

The mean values of the mass concentration of potassium (%), radium and thorium (mg kg
1) are the lowest in GJ Manastiri¢ki gaj and the highest in GJ Propezesce.

High values of Pearson coefficients for radionuclides Ra-Th (0.777) in soil indicate their
common origin and strong linear bond. The values of Pearson coefficients for K-Ra (0.433)
and K-Th (0.437) indicate their medium connectivity.

Mean values of the total strength of absorbed gamma radiation doses (nGyh™) are the
lowest in GJ Manastiricki gaj and the highest in GJ Propezes¢e. Mean values of the yearly
effective dose (mSv) are the lowest in GJ Manastiri¢ki gaj and the highest in GJ Propezesce.
The mean value of H in the Perdap region is 0.073 mSv and is in accordance with the mean
value on the world level of 0.070 mSv.
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Abstract

In mining practice, as a way of the hard rock exploitation, massive blasting has an increasing
application. During exploitation, the use of explosives increases the quantity of the blasted rock mass
and decreases the production costs. However, the use of great quantities of explosive brings about
increase of negative blasting effects. By negative blasting effects we understand seismic effect of
blasting, the effect of the air blast wave, sound effect, scattering of blasted rock mass, etc. To estimate,
to control and plan seismic effects of blasting it is necessary to determine rock mass oscillation
equation. One of the most frequently used is the equation of M.A. Sadovskii, which defines the change
of rock mass oscillation velocity depending on the distance from blasting point, quantity of explosive,
conditions for performing blasting and geological characteristics of the rock mass. In this paper,
analysis of the methods for the determination the parameters of the rock mass oscillation equation
have performed, for the equal reduced distances at experimental blastings. To determine parameters
in the Sadovskii equation, besides the usual model — Method of Least Squares, one more model has
been presented applying Simpson’s rule.

Keywords: working environment, negative effects of blasting, oscillation velocity, rock mass
oscillation equation, Simpson’s rule

INTRODUCTION

Dynamic characteristics of the oscillation, in the elastic deformations zone of the rock
mass, is the most defined by the oscillation velocity. As the relation between the rock mass
oscillation velocity and basic parameters affecting its magnitude, such as: the amount of
explosive, the distance from the blast site, characteristics of the rock material and the type of
blasting, the equation of M.A. Sadovskii.

By applying the equation of rock mass oscillation while blasting, the determination of the
rock mass oscillation velocity is enabled for each blast operation in advance, thus blasting is,
as regards seismic effect, under control, and that gives an opportunity to plan the magnitude
of shock waves for each future blast operation. In this way adverse blasting effects are
reduced [1].

ROCK MASS OSCILLATION EQUATION

In the equation of Sadovskii, rock mass oscillation velocity is given in the following form [2]:

v=K-R™" 1)
where there are:
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v — velocity of rock mass oscillation [cm/s],

K — coefficient conditioned by rock mass characteristics and blasting conditions,
where the amount of explosive is given by way of the volume. K is determined by
terrain surveying,

n — exponent, conditioned by rock mass properties and mining conditions and
determined by field measurements as well,

r — distance from the blast site to the monitoring point [m],

@ — amount of explosive [kg],

R — reduced distance, expressed as R = ;—E .

Y
The Sadovskii equation is determined based on test blasting for the concrete working
environment.

MODELS OF DETERMINING THE PARAMETERS OF EQUATION OF ROCK
MASS OSCILLATION VELOCITY

In the equation (1) two parameters appear, K and n, which need to be determined for a
specific work environment and specific blasting conditions.

Model 1 - determining the parameters by applying the Least Square Method

The Least Square Method is mainly used to obtain the parameters K and n which
represents the most commonly model [3].

Model 2 — determining parameters by applying Simpson’s rule

In this paper, as model 2, we will use Simpson’s formula to approximate the values of the
definite interval functions [3,4].

Let the values for the negative function ¥ = v(x) be known as ¥ = ¥, ¥y, V2, «o, Yo, fOr
x=xy,+ih i=0,12,..,2m; h =20"% The,
m

[Zmy()dx ¥ 2 [+ Vam + 400 95+ Vo) 200+ y5 + 0+ 30 2)] ()

Formula (2) is Simpson’s formula for the finding approximative values of the definite
integral function ¥ = ¥(x) in the given interval [x,, x,,,].

In order to verify this model, experimental blasting is performed. Ten explosions are
registered during the blasting operation, with corresponding reduced distances and oscillation
velocities.

For R = R; we have v = v;; i = 0,1, 2, ...,9; which means that according to Equation (1)
we have:

v, =K-R " i=0,12..,9, (3)
Equation (3) is written in the following form:
RP =1, ()

vy

from where we have:
(RD-R._-... -R4)” _ PeVe Vs (5)

Re-R - -Ry Vo 0y ue Wy

By logarithm operation of Equation (5) we get
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nlog (R—D 'R"""'R“)n = log {—35'35 o ), (6)

Rz R Ry Vg Wy ey

from where we find:

n= —mg I{M } @)
According to Simpson’s formula (2) we have:

[o>vdR ™ [*KR™dR %S, 8)
where 5, represents the right side in formula (2).

Sy =20+ om + 40+ Vs - Yomo1) + 20 35+ + Vo)) 9
How it is:

“riiq KR™dR = :TJ. (R"Dll"- _R;‘l"-) - ::ii [%] N Ss (10)

from Equation (10) we find:

(n—1)-(R R

RI"*—RD™*

K= S.. (11)

By substituting K from Equation (11) into Equation (1) we get the following formula:

o n-1
p= BRI pm 1, (12)
R.;. _RD

For n = 1 Equation (1) is reduced to:

p=—-% .Rlny=1 (13)

logR,—logR,

DEFINING STATISTICAL CRITERIA

For the above-mentioned models 1 and 2, based on experimental data, we have obtained
equations, which make possible to determine the oscillation velocities of the rock mass v
depending on the reduced distance R.

In order to assess the degree of connection between the reduced distance B and rock mass
oscillation velocity v, we have used the curved line dependency index g [5,6].

METHODOLOGY OF RESEARCH

General characteristics of the work environment in Majdanpek open pit

Experimental researches were performed on copper ore at open pit Majdanpek, eastern
Serbia [7]. By examining the physical and mechanical properties of the work environment,
the following values were obtained: compressive strength @, = 109 [MPa]; bending strength
o, = 19 [MPa]; tensile strength o, = 13 [MPa]; cohesion € =19 [MPa]; strength
coefficient £ = 11; volume density ¥ = 26 [kN/m?]; angle of internal friction ¢ = 50 [°];
porosity p = 3.6 [%4].
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Method of blasting in Majdanpek open pit

The measurements of shocks resulting from blasting in Majdanpek open pit were
performed during blasting using half-second electric detonators. Blasting of 10 boreholes with
a depth of 0.5 m was performed. Delay time of initiation between boreholes was 0.5 s. It led
to ten explosions and appropriate rock mass oscillation velocities.

The boreholes were arranged in a single line at the distance of 1 m. One cartridge of
explosive amonex 1, with a weight of 0.1 kg, was placed in each borehole. The distance
between measuring point and the first borehole was 5 m.

Seismographs are instruments used for seismic parameters observation. From
seismographs maximum values for three oscillation velocity components can be recorded:

v, — rock mass oscillation velocity horizontal transversal component,

v, — rock mass oscillation velocity vertical component,

1; — rock mass oscillation velocity horizontal longitudinal component.

Maximum, i.e. resulting rock mass oscillation velocity v, was determined with the
following formula:

v, = JvE+ve+v] (14)

CALCULATION FOR PARAMETERS OF ROCK MASS OSCILLATION
EQUATION IN THE OPEN PIT MAJDANPEK

The values of distance from the blasting point to the point of observation r, amount of
explosive @, calculated values of reduced distances R, registered values of rock mass
oscillation velocities by components v,, v, v; and resulting rock mass oscillation velocities
v, for a total of ten explosions, are given in Table 1.

Table 1 Review of blasting parameters and measurement results

No »[m] @[kg] R ve[ sl w[Ts] wlTsl w[TYs]
1 5.0 0.1 10.7722 0.700 0.900 1.150 1.6194
2 6.0 0.1 12.9266 0.300 0.925 1.150 1.5060
3 7.0 0.1 15.0810 0.255 0.540 0.850 1.0388
4 8.0 0.1 17.2355 0.260 0.350 0.650 0.7827
5 9.0 0.1 19.3899 0.245 0.325 0.550 0.6842
6 10.0 0.1 21.5443 0.155 0.240 0.405 0.4956
7 11.0 0.1 23.6988 0.205 0.275 0.440 0.5579
8 12.0 0.1 25.8532 0.110 0.200 0.285 0.3651
9 13.0 0.1 28.0077 0.085 0.190 0.230 0.3102

10 14.0 0.1 30.1621 0.090 0.130 0.200 0.2550

Based on data given in Table 1, the rock mass oscillation equation is calculated by the
formula (1) — by the models 1 and 2. The calculation of the curve was carried out for values of
reduced distances from R = 10.7722 to R = 30.1621. Thus, curve parameters were
calculated enabling us to determine the equation of rock mass oscillation in the form of:
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e Model 1
v, = 146.7047 - R™18328 (15)
Graphic review of the rock mass oscillation equation is shown in figure 1.

N
o

=
)

=
o

vy = 146.7047 R-1.8326

=
N}

=
o

Oscillation velocities, v(cm/s)
-
>

0.6

0.4

0.0

0 20 40 60 80 100
Reduced distance, R

Figure 1 Graphic review of oscillation velocity and reduced distance in the open pit Majdanpek

e Model 2
v, = 166.3503 - R~ L8568 (16)

Based on the obtained equations for rock mass oscillation (15) and (16), it is possible to
calculate values of rock mass oscillation velocities for the corresponding reduced distances
for models 1 and 2.

Review of reduced distances R, registered rock mass oscillation velocities v,., calculated
rock mass oscillation velocities v, v;,, as well as the difference between registered and
calculated oscillation velocities for models 1 and 2 are given in Table 2.

Table 2 Review of recorded and calculated rock mass oscillation velocities for models 1 and 2

No R v [ ] vy [l vl ve—wvy v — v
1 10.7722 1.6194 1.8821 2.0148 -0.2627 -0.3954
2 12.9266 1.5060 1.3475 1.4361 0.1585 0.0698
3 15.0810 1.0388 1.0159 1.0787 0.0229 -0.0399
4 17.2355 0.7827 0.7954 0.8418 -0.0127 -0.0591
5 19.3899 0.6842 0.6410 0.6764 0.0432 0.0078
6 21.5443 0.4956 0.5284 0.5563 -0.0328 -0.0607
7  23.6988 0.5579 0.4437 0.4660 0.1142 0.0919
8  25.8532 0.3651 0.3783 0.3965 -0.0132 -0.0314
9 28.0077 0.3102 0.3267 0.3417 -0.0165 -0.0315
10 30.1621 0.2550 0.2852 0.2978 -0.0302 -0.0428
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Based on the data in Table 2, a statistical analysis i.e. between the reduced distance R and
rock mass oscillation velocity v:

e for model 1: p, = 0.9730 (there is a strong correlation between R and v, given in the
formula (15)).

e for model 2: p, = 0.9557 (there is a strong correlation between R and v, given in the
formula (16)).

CONCLUSION

In this paper, parameters K and n in the Sadovskii equation have been determined by way
of two models in the given working environment. First model represents the usual method of
the Least Squares, and the second model has been derived by applying Simpson’s rule. Thus,
we obtained the adequate functions which represent rock mass oscillation velocity depending
on reduced distance.

Comparing values of the recorded oscillation velocities of the rock mass with the
corresponding calculated ones, it is visible that they are approximately the same. Calculated
corresponding indices of curvilinear correlation show that between the reduced distance and
the rock mass oscillation velocity there is a significant and very strong curvilinear relationship
expressed by the functions obtained.

Based on the values obtained by statistical analysis we conclude that this new model can
be used for equal reduces distances with application of Simpson’s rule, at experimental
blastings.
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Abstract

Aim of this research was to determine the amount of migrated di-(2-ethylhexyl) phthalate (DEHP)
from plastic packaging materials into food recipients with different fat content under the influence of
increased temperature and ultrasound as a type of agitation. Investigated food products were infant
formula, milk powder and water. The results were obtained using liquid-liquid extraction (LLE)
followed by gas chromatography-mass spectrometry (GC/MS). The base peak ion of DEHP (m/z 149)
was selected for further research and recording was performed in the selected ion monitoring mode
(SIM). The response of the mass-selective detector (MSD) was linear for the considered range of
DEHP concentrations, 0.25 — 2.50 pug mL™. Obtained results showed that the amount of migrated
DEHP from plastic packaging materials into dairy products was higher for dairy products with higher
percentage of fatboth in the case of influence of temperature and in the case of combined effect of
increased temperature and ultrasound agitation. The largest amount of DEHP migrated to infant
formula, followed by milk powder and water. Since phthalates being just incorporated into plastics
and not chemically bound to plastics, migration of DEHP was increased when ultrasound as type of
agitation was applied.

Keywords: DEHP, plastic packaging materials, migration, LLE, GC/MS

INTRODUCTION

Phthalates are compounds that are widely used for plasticizing polymers to produce
suitable plastic material with specific properties — soft, flexible, resistant. As such, plastic can
be used in production of toys, medical equipment and many household products, including
plastic wrap, plastic containers, and other things made of vinyl or PVC.The most commonly
used phthalate is di-(2-ethylhexyl) phthalate (DEHP) and plastics can contain from 1 to 40%
of this phthalate [1]. Since phthalates are not chemically bound to the plastics they are
continuously released into the air, food or liquid. Human are exposed to the effects of
phthalates in various ways: through ingestion, absorption and inhalation. Animal studies show
a harmful effect of phthalates, phthalates represent endocrine disruptors and affect
reproduction, induce cancer, cause liver disorders [2,3]. Due to easy release of phthalates in
the environment and because of their negative effects, it is of great importance to constantly
analyse the food and drink on the phthalate content. It is also important to determine the
conditions under which phthalates migration takes place.

24


mailto:*dannica.milojkovic@gmail.com

EcoTER'20, 16-19 June 2020, Kladovo, Serbia

In this paper, the effect of temperature and ultrasound on the migration of DEHP from
plastic packaging into food recipients with different fat content were investigated.

MATERIALS AND METHODS
Reagents and materials

HPLC grade n-hexane was purchased from Sigma—Aldrich (St. Louis, MO, USA). Di(2-
ethylhexyl) phthalate (DEHP) was purchased, in the highest available purity, from Sigma-—
Aldrich (St. Louis, MO, USA). Dibutyladipate (DBA) was purchased from Fluka (Buchs,
Switzerland) and used as an internal standard.

Water from a Milli-Q system (Millipore, Bedford, MA, USA) was used. Dialysis bag
(Baxter, USA) was used. Milk powder and infant formula were purchased from commercial
manufacturers offered at the Serbian market.

Calibration standard series with DEHP concentration range 0.25, 0.50, 1.00, 1.50 and 2.50
ng mL™ with DBA, as the internal standard, at a concentration of 1 pg mL™, was obtained by
dilution of working solutions of DEHP in n-hexane.

GC-MS analysis

Gas chromatograph 6890 (Hewlett-Packard) equipped with a mass selective detector
(MSD) 5973 (Agilent, USA) and a DB-5 MS capillary column (30 m x 250 mm x 0.25 mm)
(Agilent, USA) was used forDEHP determination. The gas chromatograph was operated in
the split less injection mode. The oven temperature was programmed from 60 °C (1 min) to
220 °C (1 min) at a rate of 20 °C min™ and then to 280 °C (4 min) at a rate of 5 °C min™.
Helium was the carrier gas (1.0 mL min™) and the inlet temperature was 250 °C. The
operating temperature of the MSD was 280 °C with the electronic impact of 70 eV. The MSD
was used in the single ion-monitoring mode (SIM) at m/z 149 for DEHP and ion m/z 185 for
DBA. The identification and quantification of DEHP was based on the relative retention time,
the presence of target ion and its relative abundance.

Sample preparation

The following dairy products with different fat content were used as food recipients: infant
formula (fat content 22.8 %) and powdered milk (fat content 20 %). Also, phthalate migration
was carried out in water as food without fat. Milk powder (45 g) and infant formula (45 g)
were dissolved in 1 L of water from a Milli-Q system, respectively, following to the producer
instruction. The dialysis bag was used as plastic packaging material with the high content of
DEHP. This reliable source of phthalate contains about 35.8 % of DEHP compared to the
total weight [4].

Dairy samples (35 mL) and the exact weight of the dialysis bag (1 cm?) were set in the
vessel and heated to a temperature up to 60 °C, for 60 min. In parallel, the set of samples were
exposed to temperature up to 60 °C, for 60 min but with agitation in ultrasonic bath. Pieces of
dialysis bag, were subjected to repeated migration tests into dairy products, providing total
heating time of 60 hours. The experiment was performed until the plateau was reached on the
curve m = f (t), where m is mass of the migrated DEHP and t exposure time.
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After each heating, cooling and filtering, liquid-liquid extraction (LLE) with n-hexane (20
mL) as extraction agent was done. LLE conditions were: 15 minutes of manually shaking and
30 minutes of extraction agitation on the ultrasonic bath. After clarification and separation of
two layers, the n-hexane layer concentrated to the volume of 1 mL. Addition of DBA was
performed so that the concentration of DBA was 1 pg mL™. Thus, prepared samples were
immediately analysed by GC-MS. All analyses were performed in triplicate and quantification
on GC-MS was repeated twice.

RESULTS AND DISCUSSION
GC/MS acquisition

The obtained GC/MS chromatogram shows good separation of DEHP and DBA with
retention times for DBA and DEHP 9.990 and 18.426 min, respectively.Figure 1 shows the
linear analytical curve obtained for DEHP within concentration range 0.25 — 2.5 ug mL™ with
correlation coefficient of R? = 0.990 and linear equation y = (505228 + 9612) x — (8473 +
13465). The limit of determination (LOD) and the limit of quantification (LOQ) values,
calculated from the signal/noise ratios which were multiplied with the factor 3 and 10
respectively [5], for DEHP are 0.04 pg mL™ and 0.12 pg mL™ with relative standard
deviation (RSD) value 3.6 % (n = 3).
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Figure 1 The analytical curve for DEHP within concentration range 0.25 — 2.5 pg mL™*

Comparison of influence of temperature and ultrasound on the migration of DEHP

The aim of this study was to compare the effect of temperature and ultrasound on the
repeated migration of DEHP from plastic packaging material into food recipients with
different fat content. Obtained results, mass of migrated DEHP and percentage of migrated
DEHP, were given in Table 1. By comparing the various food receiving matrices, the food
with the highest fat content was the best recipient for the migrated DEHP, because DEHP is a
non-polar molecule and has a greater tendency to dissolve in a non-polar medium. For this
reason, the best recipient for migrated DEHP was the infant formula (fat content 22.8%),
followed by milk powder (fat content 20%) and water (fat content 0%). The same trend of
DEHP migration was observed in cases when the migration was carried with
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increasedtemperature, as well as by influence of temperature assisted with ultrasound
agitation. The maximal amount of migrated DEHP under the influence of increased
temperature was 601.29 g, 384.66 ug and 135.67 pg for the following food recipients, infant
formula, milk powder and water in the order. The amount of migrated DEHP under the
influence of ultrasound-assisted migration, followed the same trend, only the maximum
amount of migrated DEHP was higher for all food recipients, due to the additional influence,
as shown in Figure 2. The obtained data show that ultrasound-assisted migration had greater
effect on the migration of DEHP then effect of temperature alone.

Table 1 Migration of DEHP into different food recipient influenced by (1) temperature and (2)
temperature assisted with ultrasound agitation

ot T Mass Qf !\/Ias_s of F)EHP Maximal amount Pe.rcentage of
matrix dialysis bag in dialysis bag of migrated migrated
) () DEHP (1g) DEHP (%)
Water 1.7410 0.6233 135.67+1.23 0.02
(1) Milk powder 1.6200 0.5800 384.66+3.61 0.07
Infant formula 1.4560 0.5212 601.29+2.73 0.12
Water 1.4709 0.5266 292.16+1.37 0.06
(2) Milk powder 1.6049 0.5745 1170.33+1.96 0.20
Infant formula 1.4502 0.5192 1323.36+1.87 0.25
a) b)
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Figure 2 The effect of temperature and ultrasound on DEHP migration into food recipient with
different fat content

When it comes to the exposure time of a given plastic packaging material to a certain
effect, it was observed that with increasing of exposure time, the mass of migrated DEHP also
increases. The mass increases linearly to a certain point, after which saturation was reached. A
saturation indicated a plateau on the curve m=f(t) where m is mass of migrated DEHP and t is
exposure time, and this plateau showed that the migration no longer occurred due to the
application of the corresponding effect (Figure 3). Maximal amount of migrated DEHP was
reached faster due to the combined effect of increased temperature and ultrasound compared
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with applied increased temperature alone. When water was a recipient, ultrasound application
reduced exposure time from 2500 min to 1450 min, plateau was reached almost 1000 min
faster (Table 1). The time to achieve saturation, when the ultrasound was applied was shorter
than when only temperature was applied for about 200 minutes for milk powder and infant
formula, as recipients. Expected reason was that water, as polar molecule, only “washed”
molecules of DEHP from plastic surface. On the other hand, non-polar milk samples can
dissolve DEHP from all plastic material and for this is necessary longer period.

1500 =

ay v
B water
A milk povedar v 20 M
¥ niantformule oy
1200
Fy
A 200 - T A
o
- v 2
T 900+ .y a
] T
=
- v & 1504 v
E A i A
o a
E 600 5 v
v £
£ v 2 100 4 v a n
g 5 -
n A 4 A | ]
T 3w A s B RN n
=
-
50 v
A u
I |
o 2
" T T~ 1 1 T~ T 1 L T L
q TR0 1400 2100 2800 3500 1430 200 200 400 ]

thmin 1 tin

Figure 3 Mass of the migrated DEHP under the influence of ultrasound a) in time period of 3500 min
and b) in time period of 450 min

In a first time period (450 min) correlation between mass of migrated DEHP and exposure
time was almost linear and in this period about 30 % of the total migration was taken place
under the both influences. But, taking any time period during the DEHP migration under both
influences, a higher mass of DEHP was always obtained, under the influence of ultrasound.
This increased efficiency of DEHP migration was a consequence of the power and energy
provided by oscillations produced by ultrasound. In this way, the plastic pieces of the dialysis
bag came in better contact with the sample, the sample under the influence of the energy of
the ultrasound infiltrates deeper into the plastic, and soils DEHP in a larger quantity.

CONCLUSION

Obtained data shows that DEHP migration from plastic packaging materials into food
products depends on fat content of these products, increased temperature and applied
ultrasound as an adjunct to increased temperature. In both cases, when temperature alone was
applied and when effects of temperature and ultrasound was combined, amount of migrated
DEHP decreases by following order: infant formula, powdered milk, water, indicating the
effect of fat content of dairy products. The highest DEHP migration occurred into dairy
product with highest fat content. The influence of combined increased temperature and
ultrasound on the DEHP migration from plastic packaging materials into dairy products is
higher than the influence of temperature, for all dairy products. By comparing these effects,
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conclusion is that ultrasound disrupts structure of plastic material and accelerates diffusion
and release of phthalate from plastic packaging materials into different recipient medium.
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Abstract

The aim of this work was to determine phthalates in PVC medical devices using the FTIR
spectroscopy, as a rapid pre-screening test. Phthalates were isolated from the PVC samples by
tetrahydrofuran and then plastic is precipitated by the addition of an excess of methanol. The FTIR
spectrum of PVC samples were recorded and on the basis of specific absorbance bands occurring in
the spectra, the existence of phthalates in the PVC samples was checked. The characteristic
adsorbance bands for phthalates in FTIR spectrum were at 743 cm™, 1579 cm™ and 1599 cm™. Based
on the intensity of absorption for three investigated PVC samples, it could be concluded that tubing
for infusion set contains the most phthalates, following by tubing for dialysis set and dialysis bag,
respectively. The absence of these characteristic peaks in the FTIR spectra obtained by the
precipitation method demonstrated the effectiveness of this method in the removal of phthalates.
Comparison of obtained amount of phthalates in tetrahydrofuran/methanol solution, PVC precipitate
and in PVC sample showed that FTIR method can be used as a rapid pre-screening test for qualitative
determination of phthalates.

Keywords: phthalates, PVC, FTIR, precipitation

INTRODUCTION

Phthalates are the esters of 1,2-benzene dicarboxylic acid that are formed by the addition
of an aliphatic or aromatic alcohols to phthalic anhydride in the presence of a catalyst. The
resulting ester groups are in the ortho- position. Phthalates are a family of chemicals used to
make plastics (primarily polyvinyl chloride - PVC) more flexible, elastic and soft, and for this
reason phthalates are also called plasticizers. Because of that, phthalates are used in hundreds
of products in households, hospitals and other spheres. Since phthalates are not chemically
bonded to PVC, they can leach out of plastic under appropriate conditions. The consequences
of phthalate migration from PVC are: the plastic becomes rigid and brittleand the phthalates
reaches the environment. Due to their properties (non-polar molecules, easily soluble in fats),
they are easily dissolved in food, dairy products, beverages, blood, urine, etc. This way

30


mailto:*dannica.milojkovic@gmail.com

EcoTER'20, 16-19 June 2020, Kladovo, Serbia

human are exposed to the harmful effects of phthalates. Research has shown that phthalates
cause infertility in men, cause testicular cancer, and affect the secretion of glands, thereby
classifying phthalates as endocrine disruptors [1-3].

In order to determine phthalates in various media due to their harmful effects, different
methods have been developed, among which gas chromatography-mass spectrometry
(GC/MS) is the most common used method for this analyse [4]. Phthalate structure with the
ester groups in the ortho- position has great importance for the further phthalates
determination by Fourier Transform Infrared Spectroscopy (FTIR). FTIR method as non-
destructive, reliable, rapid, not expensive, without the need of special sample preparation, can
be considered as significant in the pre-screening for phthalate determination in PVC [5].

The aim of this work was the qualitative determination of phthalates in medical devices,
made of PVC. By removing phthalates from the plastic packaging materials by the
dissolution/precipitation method, the phthalate content qualitatively checked in phthalates free
— plastic and phthalate plastic by FTIR technique, while phthalate content in THF/methanol
system was checked by GC/MS technique.

Comparison of obtained amount of phthalates in tetrahydrofuran/methanol solution, PVC
precipitate and in PVC sample showed that FTIR method can be used as a rapid pre-screening
test for qualitative determination of phthalates.

MATERIALS AND METHODS

Chemicals and reagents

The tetrahydrofuran (THF) with HPLC purity was purchased from Fischer scientific
(USA). The methanol with HPLC purity was purchased from Carlo Erba (France).

Medical devices made of PVC was taken from local Clinical Center Ni§, Serbia. Dialysis
bag with coupled dialysis tubing which constitute a set for peritoneal dialysis (Baxter, USA)
and tubing for infusion set (Mediaset, Spain) were used for analysis.

FTIR technique

FTIR spectra were scanned on a laser Fourier Transform Infrared Spectroscope (BOMEM
Hartman & Braun — Michelson MB series 100).

The manual hydraulic press (Graseby Specac) was used to create pellet samples for further
analytical determination by analytical equipment such as FTIR.

Amalgamator (Wig-L-Bug) was used for mixing precipitates from this analysis with
appropriate substance.

Gravimetric technique

Methanol was used to produce the PVC precipitate from THF solution. The centrifuge
(Jouan C41 Benchtop, Termo Fisher) was used to separate precipitates from the aliquot. Mass
of PVC precipitate after drying was measured on the analytical balance with accuracy of
+0.00001 g.
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Sample preparation
Dissolving PVC sample in THF

Accurately weighed mass of PVC medical equipment (0.01 g) was dissolved in 4 ml of
THF. This was the first step in qualitative phthalates determination using the FTIR
instrument. Dissolution of PVC was accelerated by heating, with caution not to evaporate
THF. The next step was to evaporate THF solution in order to form a polymer film of PVC.
The formed Phthalate-PVC polymer (PPVC) filmon the evaporating dish was mounted on an
IR cell holder on FTIR instrument and FTIR spectrum was scanned. Each analysis was
repeated three times.

Precipitation of PVC by methanol

The same mass of the sample (0.01 g) as in the previous experiment was dissolved in 4 mi
of THF. After dissolution, 10 ml of methanol was added to form PVC precipitate without
phthalates (P-free PVC), leaving dissolved phthalates in the supernatant above the precipitate.
The P-free PVC precipitate was separated by centrifugation (3500 rpm). In order to confirm
the complete release of phthalates from PVC samples by THF/methanol, the analysis was
conducted in three directions:

(1) P-free PVC precipitate (pre-dried at 80°C in the oven) was mixed with KBr to form
pellets using manual hydraulic press and amalgamator and scanned on FTIR
instrument.

(2) P-free PVC precipitate was dissolved in THF. After evaporation of THF, the obtained
polymer film was scanned on FTIR instrument.

(3) Evaporation of the dissolved phthalates supernatant into evaporating dish was done.
Obtained disk was gravimetrically measured. The weight of the disk represented mass
of the phthalates in PVC. In this way the mass percentage of phthalates in PVC
samples was calculated.

Safety precautions and reduction of sample contamination by phthalates

Due to the volatility and flammability of the used solvents, care must be taken.
Evaporation of THF must be done in the digester due to the toxicity of THF. Only glassware
equipment was used, because THF dissolves PVVC and in order to reduce laboratory phthalates
contamination. All glassware was washed with soap, tap water and ultrapure water, then
washed with acetone and n-hexane and dried at 200 °C in the oven for 4 hours [6].

RESULTS AND DISCUSSION
Characterization of FTIR spectra of PVC samples

Given that the phthalates aromatic ring was substituted in the ortho- position, the expected
absorbance band at 743 cm™, characteristic of that group appeared on the FTIR spectrum.
This strong absorbance band at 743 cm™ identifies the phthalates. On the FTIR spectrum
doublet bands at 1599 cm™ and 1579 cm™ appeared as a result of the aromatic ring quadrant
stretching vibration and also were useful for infrared analysis of phthalates. Frequency and
intensity of these bands depends on the aromatic ring substitution. Other useful and
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characteristic FTIR spectra absorption bands for PVC are: 2960 cm™ (for -C-H bond), 1718
cm™ (for the phthalate ester), 1450 cm™ (for -CH,- and -CHs), 1278 cm™ (for -CH,-), 1073
cm’™ (for -CHs). In Figure 1 FTIR absorption spectrum of dialysis bag was given.
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Figure 1 The FTIR spectrum of dialysis bag with qualitative bands identified

In Figure 2 two regions of the FTIR spectra of the investigated medical devices were

given, region from 730 to 760 cm™ and region from 1590 to 1610 cm™. Based on the graphs
Absorbance=f (Wavelength), it can be concluded which PVC sample contains the most
phthalates. The tubing for infusion set contains the most phthalates, followed by tubing for
dialysis set and dialysis bag, respectively.
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Figure 2 The FTIR spectrum of PVC samples: a) region 730-760 cm™ b) region 1590-1610 cm™

Characterization of FTIR spectra of P-free PVC sample
Prepared the KBr pellets, were scanned on FTIR instrument to confirm complete release of

the phthalates into methanol-THF aliquot and given spectra show absence of characteristic
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absorbance bands for phthalates at 743 cm™, 1579 cm™ and 1599 cm™. In Figure 3 FTIR
spectrum of KBr pellet was given. The absence of these absorbance bands showed that the
precipitation method by methanol completely released phthalate from PVC samples. The
same FTIR spectrum was obtained by recording a polymer film obtained by evaporation of
the dissolved P-free PVC precipitate in THF.
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Figure 3 The FTIR spectrum of dialysis bag without phthalates

Determination of dissolved phthalates in methanol-THF supernatant

Analysis of methanol-THF supernatant given the following results. The weight of polymer
film obtained after evaporation of THF/methanol was measured. The weight of this polymer
film represented the total mass of phthalates in the sample. Obtained calculated mass
percentage of phthalates in investigated PVC samples was given in Table 1.

Table 1 Mass % of phthalates of PVC sample

Sample Mass % of phthalates
Tubing for infusion set 25.96+0.53
Tubing for dialysis set 20.95+0.41
Dialysis bag 19.2+0.36

Quialitative comparison of obtained polymer films

In this investigation two different polymer films were obtained. The PPVC polymer film
with phthalates, obtained by evaporation of THF from the THF solution of PVC, was elastic
and flexible, because phthalates have the function of plasticizers in PVC plastic. The P-free
PVC polymer film, obtained by evaporation of THF-methanol, was rigid and brittle, which
was a consequence of removal of phthalates from the PVVC sample.
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CONCLUSION

Considering the impact of phthalates on human health, determination of phthalates in
various food, beverage, plastic packaging, medical equipment, etc. is of great importance.
Given that determination methods generally are expensive and complicate, it is important to
develop a method that is fast, reliable and inexpensive. Such a method uses FTIR technique
described in this paper. The disadvantage of this method is that it is not specific method,
because the obtained characteristic absorbance band at 743 cm™ and absorbance doublet at
1579 cm™ and 1599 cm™ in FTIR spectra are characteristic of each phthalate. However, this
method is useful, because it can be used in pre-screening, after which the GC/MS analysis can
be performed.

Also, the precipitation method was used in this work to remove phthalates from plastic,
and evidence of the removed phthalates was provided by the FTIR method. The free
phthalates-plastic film was brittle and rigid, unlike the phthalate-containing plastic that was
flexible and elastic. Comparison of obtained amount of phthalates in
tetrahydrofuran/methanol solution, PVC precipitate and in PVC sample showed that FTIR
method can be used as a rapid pre-screening test for qualitative determination of phthalates.
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Abstract

Drilling and blasting are still the most effective and cheapest methods of the exploitation of solid
mineral raw materials in surface mines. The quality of drilling process reduces the drilling costs and
increases the productivity. However, drilling dust can be a serious health hazard, not only to
operators, but also to worksites in general. Respirable dust generated by drilling operations can lead
to high exposure levels for the drill operator, drill helper, and other personnel in the local vicinity
during operation. This negative effect of every drilling process in surface mines cannot be avoided
and should be controlled by the efficient dust suppression or collection systems. Reduction of dust
during drilling operation is carried out to improve work conditions and to increase productivity. The
paper mostly deals with dry dust collection systems.

Keywords: dust, drilling, collector, rock blasting, surface mine

INTRODUCTION

The drilling process is applied in surface mines for blasting operations which are
conducted for the fragmentation of rock. The drilling methods that are mostly used in surface
mines are rotary percussion drilling and rotary drilling with rolling tricone bits. Rotary
percussion drilling is based upon the combination of the following [1]:

— Percussion. The impacts produced by repeated blows of the piston generate shock waves
that are transmitted to the bit through the drill string (in top hammer) or directly upon it
(down the hole).

— Rotation. With the movement, the bit is turned so that the impact is produced on the rock
in different positions.

— Feed or thrust load. In order to maintain the contact of the drill bit with the rock, a thrust
load or feed force is applied to the drill string.

— Flushing. Flushing removes the drill cuttings from the blasthole.

Rotary drilling with rolling tricone bits is the most widely used method for drilling large
diameter blastholes in large surface mining operations [2]. This drilling method is applicable
to a wide range of soft to hard rock materials. Rotary blasthole drill rigs have large size and
high weight and their masts are sturdy enough to withstand high forces generated by the
pulldown mechanism and stresses due to vibration that develop in the rotary head. Rotary
rock drills essentially comprise a power source; a string of pipes which transmit the load; and
rotation and flushing air supplied to a bit with steel teeth or tungsten carbide inserts, which in
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turn acts upon the rock [1,2]. The components in a rotary blasthole drill string are a tricone
bit, stabilizers, drill pipes, shock absorbers and crossover subs [2,3].

Drilling dust poses a serious health hazard, not only to operators, but also to worksites in
general [4]. Respirable dust from drilling operations can lead to high exposure levels for the
drill operator, drill helper, and other personnel in the local vicinity during operation [5].
Silicosis can be caused by stone dust containing quartz particles with a granular size less than
0.005 mm. In view of this health risk, many countries have introduced stringent standards and
measures concerning dust separation in rock drilling [4].

Operator cabs are increasingly becoming an acceptable method for protecting the drill
operator from respirable dust generated by the drilling operation. However, the protection
provided, is only available to the personnel inside the cab. Other personnel working in the
vicinity of the drilling operations, the drill helper, shotfirer, mechanics, etc., cannot be
protected in this manner [5].

The empirical formula for determining the dust emission in drilling of boreholes is
presented in the form [6]:

E =iVodo’ p /K1 K, K3, (mgls) 1)
where:
E — dust emission in drilling (mg/s), i — coefficient taking the drilling and cleaning method of the
borehole (i = 155-10°® in normal drilling and borehole washing with water, i = 90-10°® when the water
softeners are added, i = 16:10° at optional drilling and borehole washing with water), V, — drilling
speed (mm/s), d, — diameter of borehole (mm), p — rock density, f — strength coefficient according to
Protodjakon, K; — coefficient of simultaneous operation for multiple drilling hammers (K; =1 for one
drilling hammer, K; =1.7 for two drill hammers, K; =2.7 for three drilling hammers, for drillers in the
open pit exploitation K; =1), K, is the coefficient of inclination angle of borehole (K, =1 for horizontal,
K, =1.3 for inclined and vertical upwards, K, =0.7 for inclined and vertical downwards), K; —
coefficient taking into account the impact of the type of hammer drill or drill (K3 =1.3 for working
with manual drilling hammer, K; =1 for drilling hammer or chisel on rack, K; =0.5 for pivot drill
hammer or hydraulic pushing drilling accessories).

REDUCTION OF DRILLING DUST

The reduction of dust during drilling is carried out to improve work conditions and to
increase productivity. Other technical and economic reasons that justify the elimination of
dust during drilling are [1]:

— lower maintenance of the motor—compressor equipment, giving higher mechanical
output. Uncontrolled drilling dust can clog motors and filters on adjacent machinery,
promoting faster wear through abnormal friction and overheating. This can lead to more
servicing and repairs, and a costly decline in production [4];

— higher drilling rate (about 2 to 10% more), due to the fact that the cuttings are removed
from the blasthole, therefore avoiding their regrinding. Besides, the operator can be closer to
the controls of the machine, increasing the efficiency and control of drilling;

— lower drilling costs because of higher output as well as less wear on the bits.
There are two basic methods for controlling dust on drills [5]:
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— wet suppression system or,
— dry cyclone/filter type collector.

Wet systems operate by spraying water into the bailing air as it enters the drill stem. Dust
particles are conglomerated as the drill cuttings are bailed out of the hole [5].

Dry collectors operate by withdrawing air from a shroud or enclosure surrounding the area
where the drill stem enters the ground. The air is filtered and exhausted to the atmosphere.
When dust controls are implemented effectively at drilling operations, both wet suppression
and dry collection systems can achieve good dust control efficiency [5].

DRY DUST COLLECTION SYSTEMS
Dust collectors basically consist of:

— Suction head that is placed on the surface at the blasthole collar where the dust is
aspirated and sent through the suction hose to the separation and filter unit [1];

— System of separation and filtering which is carried out in two stages: first with cyclone,
where bigger particles and most of the dust is separated by means of centrifugal force, and
secondly, the filtering is carried out that retains the dust particles under 5 um;

— Depression or partial vacuum system, with a fan placed behind the filter unit that is
operated by hydraulic or electrical energy, or pneumatically on occasions.

Medium- to large—-diameter drill dust collection systems

Typical dry dust collection system on a medium- to large—diameter drill is shown in Figure
1. Drill dust is generated by the bailing air, which is compressed air that is forced through the
drill steel out the end of the drill bit and used to flush the cuttings from the hole. In a properly
operating collection system, these cuttings are contained by the drill deck and shroud located
over the drilling area. This dusty air from underneath the shrouded drill deck is removed by
the dust collector system [5]. The collector is composed of an exhaust fan and filters which
filter the air from underneath the shroud area. It is generally self—cleaning, using compressed
air to pulse through the filters at timed intervals to clean them and prevent clogging. The
filtered fine—sized material then drops out the bottom of the collector to the collector dump

[5].

Uil b)
Baaulang x —‘» Fan exhaust
Drilsteel vl /7 RS (—J“’T’ﬁ 7o vt
/‘f.""l/' i ‘ﬂ\ Filter media ol"k .
5 l\ / - _J
Drill deck \j | |;“ -k\ Collected dust
AR ﬂ\.. -E-\Collecior dump
Figure 1 Typical dry dust collection system on Figure 2 Hydraulic ILMEG dust collectors
a medium- to large—diameter drill [5] a) ILMEG X-150; b) ILMEG X-200 [7]
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The ILMEG X-150 and X-200 hydraulic dust collectors (Figure 2) are used in rock
drilling applications for improved productivity and working conditions with regards to dust
[7]. A typical application is for blast hole drilling with top hammer rock drills or down the
hole rock drills. The filter cleansing function is carried out with reversed air [7].

Table 1 Technical specification of ILMEG hydraulic dust collectors [7]

Specification ILMEG X-150 ILMEG X-200

Max hole size (mm) 165 203

Filter area (m?) 16 24

Number of filters: 4 4 6

Oil flow requirement (I/min) 44 76

Oil pressure requirement (bar) 200 160

Width x depth x height (mm) 1078 x 897 x 1133 1263 x 1065 x 1133

Approx. weight (kg) 220 350

Filter cleansing i—clean: Reversed air through filters in Reversed air through filters in
sequences while drilling sequences while drilling

Rec. working pressure (bar) 7 7

Dust collection system used for small- to medium-diameter drill rigs

A dust collection system used for small- to medium—diameter surface crawler drills is
shown in Figure 3. The difference from the large diameter drill dust collection system is that
this system collects all the drill cutting material, sends it to a large separation cyclone on the
drill boom to drop out the large diameter material, and then sends the remainder to the dust
collector at the back of the drill where the fine—sized material is discharged [5].

;‘T) Sealing ring
@ Drill steel
@ Cutting lifting head

@ Cutting separation cyclone

® Dust filters

® Centrifugal fan and drive motor
@ Filter back flushing module

‘discharge
W
~®

1 @)_~Bailin
3~ g air
Heavy, H?Z down through + ' S
cumngs-\- «'? D drill steel —
NN

Figure 3 Dust collection system used for small- to medium—diameter surface crawler drill rigs [5]

Dust collection system on surface crawler drill rig FlexiROC T35

FlexiROC T35 (Figure 4) is flexible and versatile tophammer drill rig for hole diameter:
64-115 mm, developed and designed for high performance in demanding construction
applications. It can also be applied in small and medium size quarries [8].
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Figure 4 Drill rig FlexiROC T35 [8] Figure 5 Dust collection system on

surface crawler drill rig FlexiROC T35
a) heavy cuttings; b) dust and fine

cuttings

DCT dust collectors (Figure 5) operate via a two-stage filtration process. A coarse
separator isolates 90% of dust in the first stage, thus reducing the risk of overload of the
filters. Then the remainder is separated in secondary filters to get rid of the highly injurious,
microscopic stone dust of particle size less than 0.005 mm [4]. DCT dust collectors [4] have
very few moving parts. The drive ejector has been positioned behind the filters, creating a
partial vacuum in the entire system. As a result, there is no dust leakage, even in the event of a
suction hose becoming damaged. The drive ejector operates continuously in clean, filtered air,
eliminating risk of erosion by drill dust. Steady, high airflow speed in the suction hose
counteracts blockage of the suction hose. Compressed air to the ejector does not pass by way
of the filters, reducing their load [4].

Table 2 Technical specification of drill rig FlexiROC T35 [8]

Main Components Dust collector DCT 110
Track frames with single Aluminium profile feed Filter area 11 m?
grouser pads and cleaning holes beam
Hydraulic track oscillation Hydraulic cylinder feed Suction capacity 560 I/s
and two speed traction system at 500 mm wg
Atlas Copco screw Carousel type rod Suction hose 127 mm
type compressor handling system, 1 + 7 rods  diameter
Operator’s cabin, ROPS Hydraulic rock Cleaning air 7.5 bar
and FOPS approved drill pressure, max
LED work Dust collection Cleaning 2-4
lights system air consumption I/pulse
Folding boom Dust pre Number of 11 pcs
system separator filter elements

40



EcoTER'20, 16-19 June 2020, Kladovo, Serbia

Field experience has shown that, using DCT dust collectors, nett penetration rates can
improve by 5-10%. This is partly because the drill cuttings are removed from the drill hole,
reducing recrushing, and improving bit performance [4].

DCT dust collectors remove virtually 100% of all drilling dust, and, most important of all,
separate the microscopic stone particles.

CONCLUSION

The drilling process is applied in surface mines for blasting operations which are
conducted for the fragmentation of rock. The accuracy of drilling process according to design
drill pattern reduces the drilling costs and increases the productivity.

However, drilling dust poses a serious health hazard, not only to operators, but also to
worksites in general. Reduction of drilling dust can be done by wet suppression system or dry
cyclone/filter type collector. Dust collectors offer effective, reliable dust separation with
operational simplicity, while improving the working environment and increasing productivity.
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Abstract

Paracetamol (acetaminophen, APAP) is commonly used analgesic and antipyretic medication. Hence,
it is interesting to evaluate its amounts in commercial tablets and syrups, as well as in human body
fluids. As a consequence of its widespread application it is found in the environment as well, where it
presents a potential risk and also should be monitored. One of the possible approaches includes
application of various electrochemical methods. It is presented within the paper that carbon based
electrodes can be efficiently used for its determination. These methods can include expensive
electrodes such as glassy carbon electrodes or modifications of other types of carbon electrodes and
on the other side pencil graphite electrodes that are low cost variation, and equally adequate. Due to
the facts that they are cheap and easy to work with the pencil graphite electrodes receive increasing
attention.

Keywords: paracetamol, pencil graphite electrode, modified carbon electrodes,
electrochemical technigues, voltammetry.

INTRODUCTION

Paracetamol (also known as acetaminophen and APAP), which structure is presented in
Figure 1, is a pharmaceutical compound very often used as analgesic and antipyretic
medication. Hence, there is interest to provide efficient techniques for its qualitative and
quantitative determination, either to test the accuracy of the amounts present in
pharmaceuticals or to monitor its presence in human fluid samples and in the environment.

Figure 1 Structure of paracetamol
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There are numerous studies [1-5] that distinguish pharmaceuticals, amongst which is
paracetamol one of the most frequent ones, as environment pollutants and a potential risk to
the ecosystem. The results like these bring out the question of monitoring of pharmaceutical
compounds such as paracetamol in water systems. The application of some electroanalytical
techniques can be one of the possible ways to do that. Electrochemical techniques can be very
convenient since the measurements are fast so results are very quickly obtained and there is a
possibility to make them cost effective by use of some low cost electrodes such as pencil
graphite electrodes. This paper presents a summary of literature data on determination of
paracetamol (PAR) using carbon-based electrodes, with special attention paid to pencil
graphite electrodes.

RESULTS AND DISCUSSION
Pencil graphite electrode as the electrochemical sensor for paracetamol

There are numerous different approaches and electrochemical techniques used for
paracetamol determination and different electrode pretreatments. For instance, Ozcan and
Sahin [6] used N-acetyl-p-benzoquinoneimine (NAPQI) reduction on the electrochemically
treated pencil graphite electrode (ETPG) to determine paracetamol. The electrochemical
treatment was potential cycling between —0.3V and +2.0V with a scan rate of 50mVs * for 5
scans in 0.1M H3PO,4. NAPQI was formed by electrochemical oxidation of paracetamol on
ETPG. Mechanism of paracetamol oxidation to NAPQI and its reduction is presented in
Figure 2. Since paracetamol can adsorb on ETPG the method adsorptive transfer stripping
differential pulse voltammetry (ATSDPV) can be used for its determination in body fluids in
the presence of uric acid. Values of limit of detection and linear range are shown in Table 1.

NH
o o H o)
-2H
-CH Kelole}
O o
—_—

Figure 2 Mechanism of paracetamol oxidation/reduction according to 0zcan and Sahin [6]

The same authors [7] previously prepared and tested molecularly imprinted polypyrrole
modified pencil graphite electrode (MIP) as paracetamol sensor using differential pulse
voltammetry (DPV). The MIP was obtained by the process of electrodeposition on the surface
of the PGE using cyclic voltammetry in aqueous solution containing 0.1M LiClO,4, 0.05M
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pyrrole and 0.02M paracetamol. The embedded paracetamol were afterwards extracted to give
a surface complimentary in shape and functionality to the original template paracetamol. The
best results are obtained in phosphate buffer medium at pH 7.0, with 0.05M phosphate and
0.1M KCI. This electrode can be used to determine paracetamol even if commonly known
interferences such as phenol, glucose, phenacetin, dopamine and ascorbic acid are present.

Recently, Keskin and Ertiirk [8] investigated electrochemical behavior of paracetamol on
the oxidative pretreated pencil graphite electrode (OP-PGE) using cyclic voltammetry (CV)
and electrochemical impedance spectroscopy (EIS). It is found that acetate buffer solution
(0.1M, pH4.8) provided optimal conditions for determination of paracetamol. It is proposed
that the electrochemical improvement of OP-PGE occurs due to the increase in oxygenated
functional groups, microporosity and surface area on the electrode surface. The focus of the
research was also on the effect of the interferences commonly present in real samples on
determination of paracetamol under the optimized experimental conditions. The results
indicated that molecules such as glucose, fructose, sucrose, saccharin and cations such as Na”,
K*, Ba?*, Ca®*, Fe?*, Cu**, zn*" did not affect the peak current of PAR up to 1000-fold-
excess. Acetylsalicylic acid did not interfere up to 11-fold-excess and at higher concentration
interference occurred and decreased peaks of PAR. Oxidation peaks of PAR and dopamine
merged and disabled the determination of PAR when dopamine concentration was higher than
1.23 times of PAR concentration. In their research Mondal et al. [9] constructed nickel ferrite-
modified pencil graphite electrode (NF-PGE) that showed good sensor characteristics, shown
in Table 1, for determination of paracetamol alone and in the presence of ascorbic acid in
phosphate buffer solution (pH 7.4).

Table 1 Limit of paracetamol detection and linear range for pencil graphite electrodes

Electrode Limit of detection Linear range  Reference
ETPG 2.5x10°M 0.05-2.5uM  [6]
MIP 7.9x10"'M 5-500pM [7]
OP-PGE 14.8x10°M 0.052-2.85uM  [8]
NF-PGE 0.106x10°M 0.8-55.5uM  [9]
AuNPs—PA—PGE 5.0x10°M 0.2-6.0uM [10]

In order to improve usual approach based on the laboratory experiments, Giizel et al. [10]
applied the experimental design and optimization (EDO) methodology for finding the optimal
electrochemical conditions for paracetamol determination. This methodology have several
advantages such as diminishing of the duration of analysis and use of reagents for
experiments and the opportunity to obtain the exact optimal electrochemical conditions for the
best determination results. They developed gold nanoparticles—polyaniline modified pencil
graphite electrode (AuNPs—PA—PGE) and used it for the quantitation of paracetamol in
commercial syrup and tablet. Satisfactory results were obtained for the determination of
paracetamol using differential pulse voltammetry (DPV) method under the optimal
electrochemical conditions provided by EDO technique which were: the optimal values for
the accumulation potential =524 mV, 294 s accumulation time and 0.1 M phosphate buffer

44



EcoTER'20, 16-19 June 2020, Kladovo, Serbia

solution medium at pH 8.69. The results obtained by all the above-mentioned studies are
summarized in Table 1.

Glassy carbon electrode and other carbon electrodes as the electrochemical sensors
for paracetamol

Even bare glassy carbon electrode can be efficiently used for paracetamol determination as
Engin et al. [11] demonstrated using glassy carbon electrode for the electroanalytical study of
paracetamol by cyclic voltammetry and differential pulse voltammetry (DPV) techniques.
Optimal results were obtained in 0.2M acetate buffer (pH 4.51). The proposed technique can
be applied for paracetamol determination in commercial medicaments. The obtained results
can be seen in Table 2.

However, there are numerous possibilities to improve characteristics of the electrodes by
various modifications. Graphene and graphene oxide gave good results for modifications of
the electrode surfaces. For example, Kang et al. [12] modified glassy carbon electrode (GCE)
with ethanol suspension of graphene that was cast on electrode surface and dried in air. The
conclusion was that the modified electrode shows superior characteristics as paracetamol
sensor and exhibits very well defined redox peaks in cyclic voltammetry (CV) graph in pH
9.3 buffer (NH3xH,O-NH,CI, 0.1M, scan rate 50mVs™). In order to provide high sensitivity
accumulation potential of 0.0 V was applied for 240 s when square-wave voltammetry (SWV)
was used. This method can be used in the presence of ascorbic acid or dopamine. On the other
hand, Li et al. [13] successfully applied electrochemical impedance spectroscopy (EIS), cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) for paracetamol determination
on glassy carbon electrode modified with Pd/graphene oxide (Pd/GO/GCE) in 0.1M
phosphate buffer solution (pH 6.8). The effect of commonly present interferences is also
evaluated and it was found that this method has an excellent selectivity towards paracetamol
since the response of paracetamol is not distinctly affected in the presence of 10-folds of
ascorbic acid, dopamine, uric acid and 4-aminophenol, 20-folds of tyrosine, tryptophan and
guanine, 30-folds of adenine and vitamin By, and 50-folds of glucose, and 100-folds of K,
ca®*, cu*, cd*, Pb**, AP**, Fe**, SO,% and CI". The presented method was also successfully
applied to the determination of paracetamol in practical analysis of commercial tablets and
human urines. Summary of the experimental results is presented in Table 2. Fan et al. [14]
developed the Nafion/TiO,—graphene (TiO,-GR) composite film modified glassy carbon
electrode (GCE) and tested the possibility of its application as paracetamol sensor.
Electrochemical behaviour of paracetamol was studied in 0.1M phosphate buffer solution (pH
7) by application of cyclic voltammetry and for determination differential pulse voltammetry
was applied with good results presented in the Table 2. Whereas, Santos et al. [15] succeeded
in the simultaneous determination of paracetamol and ciprofloxacin using glassy carbon
electrode modified with graphene oxide and nickel oxide nanoparticles (NiIONPs-GO-CTS:
EPH/GCE). Square wave adsorptive anodic stripping voltammetry (SWAdASV) was the
method of choice developed firstly in 0.2M phosphate buffer solution (pH 6) and afterwards
applied with success in synthetic biological fluids. Parameters are presented in Table 2.

Cheemalapati et al. [16] used glassy carbon electrode (GCE) modified with multiwalled
carbon nanotubes (MWCNT)/ graphene oxide (GO) nanocomposite for the simultaneous
determination of paracetamol and dopamine. They use cyclic voltammetry and amperometric
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i-t technique and successfully determined studied compounds in pharmaceuticals and human
urine samples. Similar modified electrode MWCNTs-graphene nanosheet nanocomposite
modified glassy carbon electrode (MWCNTs-GNS/GCE) was used by Arvand and
Gholizadeh [17] for the simultaneous determination of paracetamol and tyrosine in phosphate
buffer solution (pH 7) using differential pulse voltammetry (DPV). The established method
was also successfully applied for their determination in human blood serum and
pharmaceutical samples.

Table 2 Limit of paracetamol detection and linear range for glassy carbon and other carbon

electrodes
Electrode Limit of detection Linear range Reference
graphene modified GCE 3.2x10°M [12]
Nafion/TiO,~GR/GCE 2.1x10"'M 1-100pM [14]
Pd/GO/GCE 2.2x10°M 0.005-0.5uM and 0.5-80uM  [13]
NiONPs-GO-CTS: EPH/GCE  6.7x10°M 0.1-2.9uM [15]
MWCNT/GO/GCE 0.05x10°M 0.5-400uM [16]
MWCNTSs-GNS/GCE 0.1x10°M 0.80-110uM [17]
GCE 3.69x10"'M 4-100pM [11]
iron oxides/G 13x10°M 13-320ppm [18]
CNP/CPE 0.015x10°M 0.1-1000uM [19]
PyC 1.4x10°M 15 - 225uM [20]

According to Benchettara et al. [18] graphite electrode modified with iron oxides can be
used to successfully determine paracetamol in an alkaline solution of pH 12. Amiri et al. [19]
studied the possibility to simultaneously determine paracetamol, phenylephrine and
dextromethorphan since they are commonly found in pharmaceutical used against the
common cold. The authors applied electrochemical techniques such as: cyclic voltammetry
and differential pulse voltammetry using tosyl carbon nanoparticles (CNP) for modifying
carbon paste electrode (CNP/CPE). Solution used for experiments was 0.1 M phosphate
buffer of pH 7.0, human serum and solutions of different pharmaceuticals. The modified
electrode was able to separate overlapping voltammetric peaks of PHE and DX into two well-
defined voltammetric peaks. Keeley et al. [20] studied the electroanalytical properties of thin
pyrolytic carbon (PyC) films prepared by chemical vapor deposition (CVD) on Si/SiO,. They
were found to be competitive with the best commercial carbon electrodes and have the
advantage of being inexpensive, disposable, high-performance nanostructured electrodes for
sensors, fuel cells and energy conversion. They also demonstrated the simultaneous detection
of dopamine and paracetamol using these pyrolytic carbon electrodes. Values of obtained
limit of detection and linear range are shown in Table 2.

CONCLUSION

The survey of the literature dealing with the topic of paracetamol detection and
determination in various media on carbon-based electrodes is presented. It can be concluded
that different electrochemical techniques can be efficiently employed, however, differential
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pulse voltammetry is the dominantly used one. Different types of carbon-based electrodes are
tested and showed good sensor characteristics, but in the view of cost and the simplicity of
work pencil graphite electrodes stand out. They are much cheaper and the limit of detection
for paracetamol is in the range of other tested electrodes, also there are numerous ways to
improve their properties by different modifications.
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Abstract

The cement industry is one of the largest carbon emitting industrial sectors in the world. The carbon
dioxide emissions in this sector should be significantly reduced due to their high environmental impact
and climate change. Accordingly, the cement industry in Serbia is taking all the measures necessary to
reduce the impact of incineration of fossil fuels and to reduce their use. Cement plants in Serbia are
increasingly turning to the use of alternative fuels and waste as a raw material for thermal energy.
This paper presents the results of the use of alternative fuels in Serbian cement industry and their
positive environmental impact.

Keywords: cement plants, alternaive fuels, cement production

INTRODUCTION

Sustainable development has been defined in many ways, but the most frequently quoted
definition is from Our Common Future, also known as the Brundtland Report:

"Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs™ [1].

Social development in modern conditions is linked to the model of sustainable
development. The concept of sustainable development itself was adopted as a global concept
of the development at the Rio de Janeiro Conference in order to overcome the problems
related to the development of modern civilization and to find a possible path for industrial and
economic development, as well as for the environmental protection.

One of the first industries to apply the concept of sustainable development is the cement
industry. Cement is certainly one of the most important building materials today. World
cement production in 2017 was estimated at approximately 4.1 billion tonnes. China produces
57% of the world’s cement, with EU28 representing 4.2% and CEMBUREAU members
representing 6.3% of the world’s production [2]. According to the IMF World Economic
Outlook, the 2018 global growth was estimated at 3.7%, and projected to grow at 3.5% in
2019 and 3.6% in 2020 [2].

The increasing use of cement enabled rapid development of construction, especially of
concrete structures, but on the other hand, the progress of construction was set before the
cement industry had increasingly demanding tasks, and nowadays it is gradually overcome
[3]. Cement is the building material of our future, making it sustainable. Cement companies
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that have integrated sustainable development into their global goals are industry leaders and
innovators in reducing CO, emissions.

As the environment is polluted in the cement production process, the cement industry has
set the principle of sustainable business and aims to produce as much cement as possible with
as little waste and pollution per ton of material produced. The cement industry accepted the
challenges of sustainable development very early and with full responsibility. The guidelines
developed by the Cement Sustainability Initiative (CSI) are supported and applied by the
Cement Industry of Serbia (CIS), whose representatives are LafargeHolcim group Serbia and
TITAN Cement Plant Kosjeric. In 2011, they signed a Sustainable Development Statement
and thus supported the Cement Sustainability Initaitive [4].

SUSTAINABLE DEVELOPMENT IN CEMENT PRODUCTION

Lafarge Serbia has a tradition in cement production for more than a century. The annual
capacity of the cement plant is 1,350,000 tonnes of cement and binder [5]. On the other hand,
Titan cement plant produces about 750,000 tonnes of cement annually [6]. These factories
initially met with environmental problems. However, they also showed a high level of
readiness in this field. In order to improve their environmental performance, they focused on
the following areas: energy efficiency, use of alternative fuels, climate change, and waste
management.

Energetic efficiency

Cement production is one of the industries with the highest specific consumption of
electricity and heat per unit of product. In the dry portland cement clinker production process,
3.3 t0 3.6 GJ of heat is consumed to produce 1 ton of clinker with approximately 100 kWh/t
of cement consumed [5]. For this reason, the cement industry is particularly interested in the
use of cheaper (alternative) fuels. The following alternative fuels are used [7]:

-Waste tires

-Waste oil

-Municipal industrial waste
-Oil sludges

-Biomass

-Meat bone flour

In the past year, TITAN Cement Plant Kosjeric has used thermal energy from the
combustion of fossil fuels and biomass, and electricity. Compared to 2017, the consumption
of thermal energy and electricity in 2018 was higher (thermal energy by 2.6% and electricity
by 8.2%) resulting from an increase in production volume. However, energy efficiency was
actually improved, as indicated by a decrease in specific energy consumption (by -0.2% and -
5.0%, respectively) [8].
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Use of alternative fuels

Tires have a high caloric value, which makes them suitable for the clinker production
process. Based on the 2018 Environmental Impact Assessment Study, Lafarge used waste
tires with a share of heat substitution up to 30% of total needs. The waste oil content was at
most 12%, of the total heat demand energy [9]. Municipal, industrial waste and biomass could
replace 30% of the heat generated from fossil fuels. Meat bone flour was also used as
alternative fuel which replaced conventional fuel consumption by 13% per year [9]. The use
of alternative fuel in the Lafarge cement group and CRH cement plant is shown in Figures 1
and 2, respectively.

Use of alternative fuel in Lafarge cement industry (%)

a

= \Waste tires = Waste oil = Municipal waste, industrial waste and biomass

Figure 1 Percentage share of alternative fuels in Lafarge cement group [9]

SRF, tyres and other non-biomass

R 63%
Biomass
34%
Used oil
3%

Figure 2 Percentage share of alternative fuels in CRH cement plant [10]

Due to the positive effects in the EU countries, a high percentage of alternative fuels is
represented (Figure 3) [8].
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Figure 3 Percentage share of alternative fuels in EU countries [8]

Reduction of carbon dioxide emissions

The cement industry has faced problems of environmental pollution. The negative
environmental impacts that characterize the production of all building materials occur in the
expensive cement production process. The use of non-renewable natural resources to obtain
raw materials, the emission of harmful gases (CO,, NOy and SOy) and energy consumption
are the most important aspects of the sustainability of the cement industry. The cement
industry must be actively involved in implementing the Kyoto Protocol to reduce CO,
emissions. In cement production, CO, emissions are caused by the decarbonisation reaction
from the feedstock and the combustion of fuel [5].

Lafarge aims to reduce by 2030 CO, emissions by 40% per ton of cement compared to
1990, or an additional 19% reduction when compared to 2014 [11]. On the other hand, CRH
Popovac aims to reduce carbon dioxide emissions by 25% in 2020 [10]. In Titan cement plant
total direct carbon dioxide emissions in 2018 were about 1.4% higher than in 2017, due to
increased production volumes. In the same period, total biogenic CO, emissions from wood
pellet combustion were 553 tonnes. Specific direct carbon dioxide emissions per tonne of
product were 3.5% lower than in 2017 [12].

Waste management

In accordance with its waste management in innovative ways, with a focus on alternative
energy sources, some of these factories have a platform for pre-treatment of non-hazardous
waste. Table 1 shows the total quantities of waste generated at the cement plant [9].

Today, a large amount of non-hazardous waste at the Lafarge Serbia cement plant is
recycled, where some of it is used as an alternative fuel and the rest is landfilled.
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Table 1 Total amount of waste

Types of waste Amount of waste (t)

Hazardous waste 466.78

Non-hazardous waste 1,055.74
CONCLUSION

In line with the EU commitment to fighting climate change, the cement industry, as one of
the largest carbon emitting industrial sector, needs a more sustainable future. The use of
alternative raw materials in the process of clinker production or as a substitute for clinker in
cement has a significant positive contribution to the environment. The use of alternative raw
materials reduces the consumption of natural, non-renewable raw materials and CO;
emissions (caused by the decarbonisation reaction from the raw material and the combustion
of fuel). Cement plants in Serbia are implementing all necessary arrangements in accordance
with the EU law to reduce the emission of carbon dioxide into the atmosphere. They also have
a long-term plan for protecting the environment and reducing the impact of production and
the emission of harmful gases into the atmosphere.
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Abstract

Concentrations of Al, Cr and Mn in the root zone soil and plant parts of wild rose (Rosa spp.,
predominantly Rosa canina L.) were determined by ICP-AES in order to assess their origin. The
sampling of soil and plant material was performed in the city of Bor and its surroundings which is
known for mining and smelting of copper ores. According to the concentrations of Al, Cr and Mn in
the soil, as well as the Enrichment factor, it can be considered that these elements were naturally
present in soil from the study area. However, the origin of Al in the plant material was from
resuspended particles from the soil, while the concentrations of Cr and Mn in plants from the sites
around the open pits and rural area were influenced by mining and smelting activities.

Keywords: Al, Cr, Mn, wild rose, Rosa spp.

INTRODUCTION

The usage of herbs is widespread all over the world due to their mild features and low side
effects [1]. The fruits of wild rose (Rosa spp.) are used for strengthening of the body and
protection from infections and cold, as well as like a supplement in the treatment of some
diseases [2]. The rosehips are great source of vitamin A, B3, D, E, and especially vitamin C
[3]. Herbs may be contaminated with toxic elements (Pb, Cd, Al, Hg and other elements like
Cr), and their usage in human consumption could cause some health problems [1,4].

Mining and smelting activities represent one of the main anthropogenic sources of the
environmental pollution in the study area (the city of Bor and its surroundings). Particulate
matter which contains large quantities of toxic elements, as well as the waste gases emitted
from industrial activities pose a great risk for living organisms and plants. In our earlier study
performed in the selected area, results indicated that the origin of As, Cd, Cu, Pb, Mo and Zn
in the soil and plant parts of wild rose was anthropogenic [5].

The aim of this study was to determinate the concentrations of Al, Cr and Mn in the root
zone soil and parts of wild rose sampled in Bor area in order to assess their origin. Also, the
obtained results were compared with some relevant literature data.

MATERIALS AND METHODS

The sampling of plant material and root zone soil was performed in the city of Bor and its
surroundings. The sampling site B was characterized as background due to its distance of 17
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km from Bor. The sampling site TR was located along the traffic road 20 km from the city of
Bor (traffic pollution). The sites T1 and T2 were in Brestovac spa and Bor lake, respectively.
These sites were located in the direction of the dominant winds that transmit the pollution
from the mining-metallurgical complex (MMC) in Bor. The sampling site Ul was in the center
of Bor, while the site U was located on the broader area of Bor (pollution from MMC). The
settlement Brezonik was denoted as the sampling site SU, while Ostrelj and Slatina were the
sites R1 and R2, respectively (pollution from MMC and flotation tailing ponds). Sampling
site 11 was located close to the quarry, 12 and 13 were in the surroundings of the copper mine
Cerovo, 14 was in the surroundings of the copper mine Veliki Krivelj and 15 was in the
vicinity of the flotation tailing ponds of the copper mine \eliki Krivelj. Position of the
sampling sites and pollution sources are given in Figure 1.

Leaves (washed and unwashed), branches, fruits and roots of wild rose (Rosa spp.,
predominantly Rosa canina L.) as well as root zone soil were sampled and prepared as
described in Kalinovic et al. [5] and afterwards digested according to the U.S. EPA method
3050B [6]. Concentrations of Al, Cr and Mn were determined by ICP-AES at the Mining and
Metallurgy Institute Bor.

* Copper Mine Cerovo

L.
N

Copper smelter

N z

N

Av Flotation talling ponds

; %\
SNo

Figure 1 Position of the sampling sites of the root zone soil and plants in regard to the pollution
sources

RESULTS AND DISCUSSION

The concentrations of Al, Cr and Mn in the root zone soil of the wild rose from the
sampling area are shown in Figure 2. The concentrations of Al in root zone soil were within
world average level [7]. The lowest concentration was at the 11 site and the highest at the T1
site. The concentrations of Cr in root zone soil were below the limit value (100 mg/kg)
according to the Serbian Regulation [8], except at the sampling site Ul (100.4 mg/kg). The
lowest concentration of Cr in root zone soil was found at the sampling site 11. The
concentrations of Mn in root zone soil were above the world average level (411-550 mg/kg)
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[7]. The highest concentration of Mn was detected in the soil from the site 14, while the
lowest concentration was found in the soil from the site R2. The highest concentrations of the
examined elements were not observed in the areas affected by the pollution from the mining-
metallurgical copper production (except for Cr at the Ul site), as well as the lowest
concentrations were not recorded at the B site which was characterized as unpolluted. This
observation could indicate natural presence of Al, Cr and Mn in the soil.

The ratio of element concentration in the soil sample and the corresponding element
concentration from the background site represents the Enrichment factor (EF) [9]. Figure 3
shows the EF values for Al, Cr and Mn in soil from the study area. The soil samples from all
the 14 sites were not enriched with Al and Cr (EF<2), while the moderate enrichment with
Mn was noticed only at the sites 14, U and T2 (2<EF<5). Considering the EF values, which
were used to assess the origin of the elements in the soil, it could be noticed that Al, Cr and
Mn were naturally present in soil of the study area.
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Figure 2 Concentrations of a) Al b) Cr and c¢) Mn in root zone soil of wild rose from the sampling
sites in the study area
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Figure 3 Root zone soil Enrichment factor for Al, Cr and Mn in the study area
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The concentrations of Al, Cr and Mn in plant material of wild rose (Rosa spp.,
predominantly Rosa canina L.) from the sampling area are shown in Figure 4. Among the
analyzed plant parts, branch was characterized with the lowest content of analyzed elements
at all sampling sites. The highest concentration of Al in root was at the Ul site, while the
highest concentrations in leaves and fruits were at the sites 12, 14 and 15. Site 12 was located in
the vicinity of the copper mine Cerovo, while the sites 14 and 15 were located in the vicinity
of the copper mine Veliki Krivelj and flotation tailing ponds, respectively. Based on this, it
could be considered that the origin of Al in the plant material was from resuspended particles
of soil. The highest concentration of Cr in root of wild rose was at the T2 site, while in leaves
the highest concentrations were at the 13 and 14 sites. The concentration of Cr in fruit was
detected only in samples from R2 and 14 sites. In the root of wild rose, the highest
concentration of Mn was in the sample from 13 site, while the concentrations of Mn in leaves
were higher in the samples from the SU, R2 and sites located in the industrial zone (1) and in
the vicinity of open pits and flotation tailing ponds, compared to the other sites. The highest
concentration of Mn in fruit samples was found at the 13 site. According to the obtained
concentrations of Cr and Mn in parts of wild rose, it can be considered that mining and
smelting activities influenced higher concentrations of these elements in samples from the
sites in the vicinity of open pits Cerovo and Veliki Krivelj and in the rural zone.

a) b)
BFruit M Unwashed leaves Washed leaves Branch ®Root mFruit ® Unwashed leaves Washed leaves Branch mRoot
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Figure 4 Concentrations (mg/kg) of @) Al; b) Cr and ¢) Mn in plant parts of wild rose

Comparing the content of Al, Cr and Mn in washed leaves and fruits of wild rose obtained
in this research with the data from the literature (Table 1) it can be seen that concentrations of
Al and Cr in the leaves were approximate, while the concentration of Mn was higher in the
samples from the study area in Bor and the surroundings. Concentrations of Al, Cr and Mn in
fruit samples analysed by Basgel and Erdemoglu [1] were several times higher than the
concentrations in this study.
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Table 1 Literature data for the element concentrations (mg/kg dw) in the parts of wild rose
Al Cr Mn References

Washed leaves

0.022+0.005 2.441+0.16 110 £10.97 [10]
Fruit
Al Cr Mn References
157412 0.92+0.07 244.0+13.8 [1]
13.70+11.24 1.33£1.14 13.93+11.71 [11]
/ 0.7940.02 35.840.7 [4]

dw - dry weigh basis; “concentrations are given in %; / not determined.

CONCLUSION

Concentrations of Al, Cr and Mn in the root zone soil and parts of wild rose sampled in
Bor area were determined in order to assess the origin of these elements. Based on the
obtained concentrations of the examined elements in root zone soil of wild rose and values of
Enrichment factor it can be noticed that Al, Cr and Mn were naturally present in soil.
Regarding the concentration of elements in the plant material it was observed that Al
originated from resuspended particles of soil, because this element is surely present in soil.
Higher concentrations of Cr and Mn in the plant material were influenced by mining and
smelting activities especially at the sites around the open pits and rural area.
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Abstract

Estimation of Al, Fe, Cu, Zn, Pb, Ni, As and Cd distribution among the roots, branches and needles of
the pine trees from the zones in the chemically imbalanced environment due to the soil and air
pollution from the copper production processes and unpolluted zone, was presented. Distribution of Al
throughout the pine tree in the most cases was characteristic for the natural environmental conditions
probably due to the absence of a nonpoint source of Al pollution in the examined area. Higher Fe
concentrations in the pine branches than in the needles could be attributed to rougher branches
surfaces, which contributed to higher ability for retaining Fe from the atmospheric deposition.
Differences in the distribution of Cu, Zn, Pb, As and Cd among parts of pine from the extremely
polluted urban-industrial relative to the background zone, point out the different ways of plant
adaptations in the environmentally stressed habitats. Cu was predominantly accumulated in the
branches, while the roots had the lowest Zn, Pb and Ni content.

Keywords: pine, distribution, environmental pollution, copper production

INTRODUCTION

Plants respond to chemical stress caused by both deficiencies and excesses of nutrients in
ecosystems. During evolution and course of life, plants have developed several biochemical
mechanisms that have resulted in the adaptation to and the tolerance of new or chemically
imbalanced environments. Therefore, this relations should always be investigated for the
particular soil-plant, as well as the air—plant systems [1]. Contents of certain elements in the
plant parts can be indicative of (1) atmospheric pollution via incorporation through the
stomata or (2) soil pollution taken up via roots and transported to the leaves [2,3]. The transfer
and accumulation of heavy metals into the plant organs is usually substantially influenced by
the various factors: primarily by soil heavy metal content and soil characteristics, by soil
reaction, by cation exchange capacity, or by Ca/Mg content ratio [4]. However, the ability to
transfer metals from the soil/air to the plant organs makes some tree species suitable for the
colonization and vegetation restoration of the contaminated areas [5].

Chemically imbalanced environments due to the soil and air pollution are the most
attractive for the investigations of the interactions in the soil-plant and air—plant systems.
However, little attention was given to the distribution of the essential elements, as well as
heavy metals and metalloids within the parts of trees. The aim of this research was to estimate
distribution of Al, Fe, Cu, Zn, Pb, Ni, As and Cd among the roots, branches and needles of
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pine trees from the different zones located in the area affected by the polluting substances
from the copper production processes relative to the unpolluted background zone.

MATERIALS AND METHODS

Plant material was sampled from 10 sampling sites distributed in 7 zones. The urban-
industrial (Ul) zone/sampling site was located in the city of Bor (Serbia). This zone was
characterized by decades of the extreeme air pollution from the copper smelter, flotation
tailing ponds, heating plant and traffic [6]. The urban (U) zone/sampling site characterized
with the periodical impact of the polluting substances from the copper production proceses
was situated in the most populous part of the city. The suburban (SU) zone/sampling site was
polluted predominantly with the pollution from the copper smelter. The I1 and 12 sampling
sites within the industrial (I) zone represented area in the vicinity of the Copper mines Veliki
Krivelj and Cerovo, respectively. Polluting substances at these sampling sites predominantly
originated from the flotation tailing ponds and overburden dumps, as well as from the acid
mine drainage waters. Two sampling sites, T1 (Brestovac spa) and T2 (Bor lake), represented
the tourist zone (T). The rural (R) zone (R1 and R2 sampling sites) under the pollution from
the copper smelter, flotation tailing ponds and acid mine drainage was the most vulnerabled
area, due to the ussage of agricultural land for food production. The background (B)
zone/sampling site represented the unpolluted area, about 17 km from the facilities for the
copper production.

Plant material was sampled during September and the first half of October. Samples were
collected under the stable weather conditions, after prolonged periods without rain, and during
days without winds. Three to five healthy individuals were sampled from the each sampling
site. Needles and branches (about 2 cm thick) were sampled at the high of 1.5 to 2 m, from the
outer of the canopy, on the east, west, north and south sides. Needles and branches remained
unwashed. Roots (up to 4 cm thick) were sampled at a depth of 10-20 cm, with several sides
of the canopy depending on the availability. The composite root samples were repeatedly
washed in distilled water with brushing. Plant samples were air dried at the room temperature
and then milled. Microwave digestion of the plant material was performed according to the
US EPA method [7]. The concentrations of Al, Fe, Cu, Zn, Pb, Ni, As, and Cd in the needles,
branches and roots were determined on the atomic emission coupled plasma—induced
spectrometer, with radial and axial plasma observations, (Atomic Emission Spectrometer with
dual view simultaneous Inductively coupled plasma, ICP—AES) manufactured by SPECTRO
model Blue.

RESULTS AND DISCUSSION

Pine roots from 6 sampling sites had higher Al concentrations, compared to the rest
analyzed pine parts (Figure 1a). This was in accordance with the results by Zhang et al. [8]
and Wang et al. [9] who found that Al mainly accumulates in the pine roots. Pine branches
contained higher Al concentrations than the needles at the most sampling sites. Distribution of
Al in the pine parts from the most polluted (Ul) and unpolluted (B) sampling sites differed,
althouth nonpoint source of Al pollution in the examined area did not existed [3].
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Pine branches (except from the Ul and 12 sites) retained higher Fe concentrations relative
to the roots and needles (Figure 1b). Branches have rugher surface than the needles which
could be the cause of higher Fe concentrations in the pine branches. Kalinovic et al. [3]
noticed significant decrease of Fe concentrations resulting from the washing of tree leaves
which indicated the presence of Fe in the atmospheric deposition.

Pine branches contained more Cu, compared to the rest examined plant parts, except at the
sampling sites Ul, 12 and B (Figure 1c). Skonieczna et al. [10] detected the highest Cu
concentrations in the branches of pine growing in the environmentally stable area. Pine from
the sampling sites 12 and B, had the highest Cu concentrations in the roots, while branches
and needles had similar Cu contents. Cu has low mobility relative to other elements in plants
and most of this metal appears to remain in the root and leaf tissues until they senesce [11].
Such behaviour in this investigation was observed only for the sampling sites with the lowest
environmental pollution, esspecially for the sampling site B with natural environmental
conditions. Differences in Cu distribution depending on the plant part and sampling site, point
out the different ways of adaptation which plants develop to survive in the habitats with high
Cu contents. This observation was based on the data from the most polluted zone (Ul
sampling site) and the background zone. Kalinovic et al. [3] found that soil from the vicinity
of the copper smelter was the most polluted with Cu, while soil from the background zone
had the lowest Cu content. Also, the washing procedure resulted in the significant reduction
of the Cu content in the needles from the examined area [3], which indicated environmental
pollution with Cu.

The determined Zn concentrations were the lowest in the pine roots compared to the other
parts, at 6 out of 10 sampling sites (Figure 1d). From this regularity deviated Zn
concentrations in the plant material from the suburban, industrial and background zone. Pine
roots from the unpolluted area (B zone) had higher Zn content compared to the branches and
needles, which was contrary to the results from the Ul zone. That indicated the specific
behavior of the pine tree under different environmental conditions, similarly to the results for
Cu. Kalinovic et al. [3] detected the highest Zn contents in the pine soil from the Ul zone,
while statistically significant Zn content was washed from the pine needles. In the conditions
of hight levels of Zn in soil, this element may be translocated from the roots and accumulated
in the tops of the plant [11], which was in agreement with the results of this study.

The lowest Pb content was detected predominantly in the pine roots, except for the
sampling sites 12 and B, where Pb content in the roots was higher compared to the other parts
(Figure 1e). According to Kabata—Pendias and Mukherjee [12] a great proportion of Pb was
accumulated in the pine roots, which was the case only at the sampling sites with the lowest
environmental pollution (i.e. 12 and B). Pine branches contained the highest Pb levels, except
at the sampling sites Ul, 12 and B. The variations in the Pb distribution among the roots,
branches and needles from the urban—industrial and background zone, point to the different
mechanisms of Pb accumulation and translocation in the pine tree, under the specific
environmental conditions, similar as in the case of Cu and Zn.

The lowest Ni concentrations were observed in the pine roots from 7 out of 10 sampling
sites, including the sampling site B which represented the unpolluted zone (Figure 1f). The
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aerial pine parts contained the highest Ni concentrations. Distribution of Ni among the pine
parts from the Ul and B zone did not differ greatly.

Branches and needles had higher As contents than the roots, except from the sites T1 and B
(Figure 1g). These results indicated that pine tree used the same mechanisms for accumulation
and translocation of this nonessential element, in almost the entire study locations. The
differences in the distribution between Ul and B zones, as in the case of Cu, Zn and Pb, were
observed. The copper smelter had enormously influence on the pollution of soil and air with
As in the entire study area [6]. Jana et al. [13] concluded that the pine roots retained more As
than the trunk, branches and needles. These results were contrary to the our findings, probably
because of the different source and level of pollution.

The distribution of Cd in the pine parts very greatly in all the investigated zones (Figure
1h). It is important to point out that the needles from the urban—industrial zone contained the
highest Cd concentrations, while the roots had the highest concentrations in the background
zone. The results from the background zone were in agreement with the statement by Kabata-
Pendias and Mukherjee [12] who reported that Cd concentrations are ussually the highest in
the roots and decreases towards the top of plants. These results indicated specific mechanisms
of pine adaptation depending on the degree of the environmental pollution by Cd. The trend
of the environmental pollution with Cd was similar as in the case of Cu and As reported by
Kalinovic et al. [3].

CONCLUSION

The contents of Al, Fe, Cu, Zn, Pb, Ni, As and Cd in the pine roots, branches and needles
from 9 sampling sites under the pollution from the copper production processes, and one
unpolluted site were determined and compared in order to evaluate the elements distribution
through the pine tree. Aluminum accumulated predominantly in the roots (at 6 out of 10
sampling sites). The distribution of Al throughout the pine tree in the most cases was in a
compliance with the results from the literature data, probably due to the absence of a nonpoint
Al pollution source in the examined area. Pine branches contained higher Fe concentrations
than the needles, which could be effect of the rougher surface which captured more Fe from
the atmospheric deposition. The differences in Cu, Zn, Pb, As and Cd distribution among the
parts of pine from the extremely polluted urban-industrial and unpolluted background zone,
point out different ways of adaptation which plants develop to survive on the chemically
imbalanced habitats. Cu was accumulated predominantly in the branches, while the roots had
the lowest Zn and Pb content (at 8 out of 10 sampling sites), and Ni content (at 7 out of 10
sampling sites).
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Abstract

This study aims to evaluate the influence of selected soil properties on soil enzyme activities in the
area characterized with long-term contamination originating from the mining-metallurgical
processes. Sampling of Plantago spp. root zone soil was performed at five sites. Selected soil
properties, such as soil pH, soil organic carbon and soil moisture were determined. The activities of
five hydrolases (i.e. R-glucosidase, urease, arylsulphatase, acid and alkaline phosphatase) with
essential roles in soil nutrient cycling were assessed. Calculated total enzyme activity index (TEI)
inhibition rate denoted soil enzyme activities inhibition at the site Brezonik, while the other sites were
characterized with higher soil enzyme activities in comparison to the control site. Spearman’s
correlation coefficients between soil properties, soil enzyme activities and TEI were also calculated.
Among the five studied enzymes, Arl activity was found to be sensitive to distance from the main
pollution source. Assessed soil properties (pH, organic carbon and moisture) did not significantly
influence soil enzyme activities. On the other hand, soil properties determination along with soil
enzyme activities is necessary considering the complexity of interrelations between these variables.
Keywords: soil enzyme activities, hydrolases, soil properties, TEI, copper smelter, Plantago

SpPp.

INTRODUCTION

Contaminants emitted during different anthropogenic activities are primarily accumulated
in the upper soil horizons where most organic matter is found and microbial processes are
occurring [1]. Different soil properties are affected by contamination, such as the amount and
quality of potential organic inputs, as well as soil microbial processes [2]. Unlike soil
physico-chemical properties, soil biological properties (i.e. soil enzyme activities) are
sensitive indicators responding rapidly to the environmental disturbances of both natural and
anthropogenic origin [3,4]. Soil processes mediated by enzymes are regarded as integrators of
soil physical, chemical and biological characteristics, and represent excellent candidates to
reflect changes in soil properties [5]. The methods for determination of soil enzyme activities
are considered to be relatively easy and fast, thus soil enzyme activities represent cost-
effecting monitoring tools [2,6]. Soil enzymes are catalysts of different reactions, and have
crucial roles in the stabilization of soil structure, organic matter formation and nutrient
cycling [4]. Nutrient cycling is one of the most important soil functions, whereby the
processes catalyzed by enzymes provide the basis of fundamental elements cycling in soil
[2,5].
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Soil properties including pH, organic carbon content and soil moisture level, beside the
presence of soil contaminants (i.e. heavy metals), highly influence soil enzyme activities
[2,4,5,7]. The investigations based on the identification of the relations between soil physico-
chemical properties and soil enzyme activities can improve current knowledge of soil
biogeochemical dynamics and cycles [7]. The evaluation of soil hydrolytic enzymes activities
provides the measure of the effects of soil alteration on the biological processes related to C,
N, S and P cycling [3]. Special emphasis is given to the assessment of the soil enzyme
activities in long-term contamination areas with the specific environmental conditions [2].
Taking into account aforementioned, this study aims to evaluate the influence of selected soil
properties on the soil enzyme activities with crucial roles in essential element cycling, namely
R-glucosidase, urease, arylsulphatase, acid and alkaline phosphatase, in the long-term
contaminated area.

MATERIALS AND METHODS

Soil sampling

Soil sampling was performed at the 5 sites in the Bor area previously described with the
highest amount of heavy metals in air and soil: Town park, Brezonik, Ostrelj and Slatina,
while site Gornjane was used as control [8-10]. At each selected site, root zone soil of
Plantago spp. (predominantly Plantago lanceolata) from 5-10 individual plants was sampled,
and combined into one composite sample. Sampled soil was further air dried in the laboratory
and physico-chemical properties were determined. One part of the soil was sieved (<2mm),
kept at 4°C and used for the analyses of soil enzyme activities.

Soil physico-chemical properties

Air dried soil samples were sieved (<2 mm), grinded and further analyzed. Soil pH was
determined in 1M KCI solution [2,4,11]. Standard pH meter (Model MU 6100L) was used to
determine pH of soil:KCl suspension. The ratio used for pH determination was 1:5
mass/volume [12]. Soil water content (moisture) was determined from the loss of weight after
drying of field moist soil samples (<2 mm) at 105°C until constant mass. In order to calculate
soil organic carbon content, soil organic matter was first determined from the loss-on-ignition
method (550°C for 2 h) [13]. Soil organic carbon (OC) was calculated by using the
conversion factor of 2, based on the assumption that organic matter is 50% carbon [14].

Soil enzyme activities determination
The activities of 3-glucosidase (Glu), urease (Ure), arylsulphatase (Arl), acid and alkaline
phosphatase were determined on the basis of product released after the specific reaction
between the enzymes and substrates [15]. The specific substrates were salicin (for Glu
determination), urea (Ure), p-nitrophenylsulfate (Arl) and p-nitrophenyl phosphate (AcP and
AIP). The enzyme activities are expressed as released products per unit of dry soil mass (dm).
Total enzyme activity index (TEI) was calculated according to expression:
TEl =X,/ X;, where X, represents the measured activity of the soil enzyme i, while X,
represents the average activity of the soil enzyme i in all samples [3,16]. TEI inhibition rate
proposed by Fang et al. [16]: [1-(TElyotuted! TE lunpoiiuted)] *100 was also calculated.
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Data analysis

All statistical analyses were conducted and graphs were created using R programming
language, v 3.5.2, R core team 2018 [17]. Non-parametric correlation analysis (Spearman’s
coefficients) was used to assess the relationships between soil enzyme activities, soil physico-
chemical properties and TEI. The correlation matrix of data was plotted by the R package
corrplot [18].

RESULTS AND DISCUSSIONS

Soil properties

The results of analyzed soil physico-chemical properties are given in Table 1. Soil pH
values were in the range of 4.22 to 7.20, whereby the sampling site Slatina was characterized
with the lowest and site Gornjane with the highest pH. Moisture content in the soil samples
was in the range from 9.22% (at the site Gornjane) to 20.24% (at the site Town park). The
lowest organic carbon content was determined in the soil samples from the site Gornjane
(1.88%), while the highest was in the samples from the site Slatina (5.52%).

Table 1 Physico-chemical properties of the sampled soils
Sampling site Distance (km)” pH (KCI)  Moisture (%) OC (%)

Town park 0.5 6.81 20.24 5.52
Brezonik 2.5 6.26 14.31 3.30
Ostrelj 4.5 7.19 18.79 4.67
Slatina 6.5 4.22 18.32 5.53
Gornjane 17 7.20 9.22 1.88

" From the copper smelter

Total enzyme activity index (TEI) and TEI inhibition rate

Soil enzyme activities across the study area were: 309.83 pg saligenin g dm (Glu); 96.04
ug N gt dm (Ure); 75.10 pg p-nitrophenol g* dm (AIP); 548.71 ug p-nitrophenol g dm
(AcP) and 442.18 pg p-nitrophenol g dm (AIP). The lowest TEI value was calculated for the
sampling site Brezonik, while the highest for the site Ostrelj (Table 2). Contrary to our results,
Fang et al. [16] found the highest TEI for the unpolluted area.

Table 2 Calculated TEI and TEI inhibition rate

Sampling site TEI TEI inhibition rate (%)
Town park 4.24 -0.33
Brezonik 3.73 11.67

Ostrelj 7.85 -85.66

Slatina 4.95 -17.08
Gornjane 4.23 /

" calculated in comparison to the control site
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TEI inhibition rate for the site Brezonik amounted to 11.67% indicating inhibition of soil
enzyme activities compared to the control site (Table 2). TEI inhibition rate calculated for the
other sampling sites amounted to -0.33, -85.66 and -17.08% for the sites Town park, Ostrelj
and Slatina, respectively. Negative TEI inhibition rate indicated the enhancement of the soil
enzyme activities in comparison to the control site.

The influence of soil properties on the soil enzyme activities

Correlation matrix between soil enzyme activities, soil properties and TEI is given in
Figure 1. The positive correlation found between Arl activity and distance from the main
pollution source (r=0.900, p<0.05) was in accordance with the previous studies [4,11,19].
Statistically significant positive correlation was found between TEI and Ure activity (r=1.000,
p<0.001) (Figure 1), which was in accordance with the study by Tan et al. [3]. Soil properties
did not exhibit significant influence on TEI. However, Tan et al. [3] found that TEIl was
strongly influenced by soil OM and pH levels (OM content had positive, while pH had
negative effect on TEI) in comparison to the individual soil enzyme activities. Also, Fang et
al. [16] found that soil properties (i.e. electrical conductivity) negatively influenced TEI.

Soil pH value was in positive relation with the activities of AcP and Glu and in negative
relation with the activities of AIP and Arl, although relations were not significant. This
finding was supported with statistically significant negative correlations (r=-0.900, p<0.05)
between AcP and AIP activities, as well as between Glu and Arl (Figure 1). Our results are in
accordance with the previous studies which indicated that AIP activity was predominant in
neutral or alkaline soils, whereas AcP activity was predominant in acid soils [5].

The results from this study indicated that soil enzyme activities are poorly related to soil
pH, in contrast with the previous studies highlighting influence of pH on the soil enzyme
activities [4,5]. The changes in soil pH values influence soil enzyme activities through direct
and indirect effects [5]. On the other hand, Garcia-Gil et al. [1] stated that it is very difficult
to distinguish between the effects of pH changes on soil biological properties and the effects
resulting from the presence of soil pollutants.

OC was negatively correlated with Glu, Ure and AcP activity, while positively with Arl
and AIP, although not statistically significant (Figure 1). The absence of significant influence
of organic C on the soil enzyme activities, Angelovicova and Fazekasova [6] attributed to the
quality of the organic inputs into the soil. Niemeyer et al. [2] denoted positive relations
between soil enzyme activities and soil organic carbon in the surrounding area of lead smelter
plant in Brazil. According to the literature [2,4], organic matter acts like an energy and C
source for microbes, as well as the substance-complexing heavy metals and thus protecting
soil enzymes. Also, regarding the influences of organic matter on the soil capacity for water
retention, soil enzyme activities are considered to be positively related to soil organic carbon.

Taking into account moisture level and soil enzyme activities, there were no significant
correlation (Figure 1), which was in contrast to the previous study by Weintraub et al. [7] who
denoted positive correlations between soil moisture level and enzyme activities. According to
the study by Pereira et al. [20], low correlation coefficients indicated that the moisture level
was not a limiting factor affecting soil enzyme activities in the mining area. Alvarenga et al.
[21] stated that low enzymatic activities in soil sampled at the SGo Domingos mine, could be
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attributed to the specific climatic conditions resulting in the low soil moisture content. Soil
moisture affects soil enzyme activities directly by influencing water availability to microbial
activity, as well as by indirect effects related to changes in soil levels of oxygen and the flux
of labile C and nutrients [7].
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Figure 1 Correlation matrix between soil enzyme activities, distance from the smelter, soil properties
and TEI in the root zone soil of Plantago spp. based on Spearman’s correlation coefficients. Purple
and green colors indicate negative and positive correlations, respectively. The size of the circle is
proportional to the correlation coefficients. Asterisks indicate statistical significance ('p<0.05,
“p<0.001). Glu: B-glucosidase, Ure: urease, Arl: arylsulphatase, AcP: acid phosphatase, AlP:
alkaline phosphatase, OC: organic carbon content, TEI: total enzyme activity index.

CONCLUSION

The influence of selected soil properties on the enzyme activities in soil sampled at five
sites with distinct distance from the main pollution source was assessed. TEI inhibition rate
denoted reduction of soil enzyme activities at the site Brezonik, while at the sites Town park,
Ostrelj and Slatina soil enzyme activities were higher in comparison to the control site.
Arylsulphatase activity was negatively correlated to the distance from the main pollution
source, which indicated the reduction of the activity in the soil sampled in the close vicinity of
the copper smelter. In general, soil enzyme activities were poorly related to soil pH, organic
carbon and moisture content. Taking into account direct and indirect influences on the soil
enzyme activities, the soil properties should be determined in the studies involving evaluation
of soil enzyme activities as indicators.
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Abstract

Effectiveness, mineralization and toxicity of four organophosphorus pesticides (OPPs) azamethiphos
(AZA), dimethoate (DM), fenitrothion (FEN) and malathion (MAL) in water with chlorine dioxide
(CIO,) as degradation agent were investigated. Analyses included toxicity tests of parent pesticides
and their degradation products (DPs), using Daphnia magna test organisms, and total organic carbon
(TOC) analysis. Toxicity tests showed that all four pesticide DPs were less toxic than parent
pesticides, but DM had higher toxic DPs compared to parent AZA, FEN and MAL. All DPs were
classified as category 111 (on a scale from | to V) of toxicity as acutely toxic. TOC analysis showed
that AZA has lowest (only 18%) and MAL has highest mineralization (56%). Considering the obtained
results, it could be concluded that CIO, efficiently degrades AZA, DM, FEN and MAL and represents
good solution for a safer environment.

Keywords: organophosphorus pesticides, chlorine dioxide, TOC, toxicity

INTRODUCTION

According to US EPA estimates, organophosphorus pesticides (OPPSs) represent about 40%
of the world market value [1]. They are the most popular and most used pesticides because of
their low cost, wide spectrum of application and multi-pest control capability. The widespread
application of the OPPs represents a great potential risk to environment and human life [2].
They could easily reach and contaminate the underground and surface water by leaching or
runoff [3].

It has been found that OPPs could be very toxic to human health [2]. They can cause minor
and major disruptive disorders, such as allergies, nausea, pancreatitis, spontaneous abortions
and death [2,4]. It was reported that OPPs are neurotoxic and high doses of them involve
inhibition of acetylcholinesterase [4]. Many researchers have suggested association between
post natal exposure of children with OPPs and caused health disorders. Attention deficit
hyperactivity disorder was noticed [5], also poorer short-term memory and attention [6],
slower motor speed [7], and developmental delay [8]. Because of this and many other health
disorders, significant number of OPPs has been restricted by Environmental Protection
Agency (EPA) and European Union (EU) [9].
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Among the oxidants, chlorine dioxide (ClO2) has been increasingly employed as
disinfectant in water treatment systems due to its antibacterial and antiviral properties [10]. As
a powerful oxidant, CIO, can remove many organic and inorganic pollutants [11,12]. Previous
studies reported oxidative degradation using CIO, of some pesticides and pharmaceuticals
[3,13,14].

The aim of this study was to investigate effectiveness, mineralization and toxicity of four
OPPs (AZA, DM, FEN and MAL (Figure 1)) and their DPs, in water using CIO, as
degradation agent. Toxicity screening was examined with the test organisms D. magna. Also,
the mineralization degree was obtained by total organic carbon (TOC) analysis.

MATERIALS AND METHODS
Chemicals

In this research AZA, DM (Makhteshim Agan, 98%, obtained from the Institute for Plant
Protection, Belgrade), FEN and MAL (Sigma Aldrich, 97%) were used. Concentrations of
pesticides in experiments were 10 mg/L for AZA and DM and 20 mg/L for FEN and MAL.
Reason why we used 20 mg/L AZA and DM, not 10 mg/L like FEN and MAL, was the
quantification limit on high performance liquid chromatography (HPLC) for these two
pesticides which becomes important for trace monitoring in the final steps of degradation.
For toxicity test pesticides were diluted in medium, prepared according to standard procedure
OECD Guideline 202, 2004 [15, 16]. CIO, was prepared by dissolving sodium chlorite
(TwinOxide®) and sodium bisulphate (TwinOxide®) in 1 L of deionized water and
standardized with 0.1000 mol/dm? standard solution of sodium thiosulphate according to the
Standard Method SRPS EN 12671:2009 [17].
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Figure 1 Structures of organophosphorus pesticides

Experimental
Optimization of pesticide degradation and preparation of samples for TOC analysis

The optimal conditions for degradation of OPPs with CIO, in deionized water had to be
determined. Degradation using different concentrations of CIO; (5 and 10 mg/L), degradation
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time (0.5, 1, 2, 3, 6 and 24 h) and pH values (2, 3, 7, 9) was studied. The percentage of
degradation was determined by HPLC analysis with photodiode array detection (DAD) as
described previously by Pergal et al. [3]. Samples with the highest degree of degradation for
each pesticide were analyzed by TOC analysis. TOC analysis was done on Zellweger
LabTOC 2100 TOC Analyzer in accordance with method ISO 8245:2007 [3]. The optimal
conditions for degradation of each pesticide were also applied to preparation of samples for
toxicity tests.

Sample preparation for toxicity tests

All samples were diluted in medium prepared according to Klittgen et al. [16]. One part of
initial pesticide solution was taken for toxicity test and other part was set to optimal
parameters and treated with optimal concentration of CIO;, for obtaining of DPs. Test
organisms D. magna were exposed to solution of pesticides and their DPs. A detailed
examination using toxicity tests can be found in our paper Pergal et al. [3].

RESULTS AND DISCUSSION

Results of degradation efficiency

Optimization of OPPs degradation (AZA, DM, FEN and MAL) was performed in
deionized water under sunlight conditions described previously by Pergal et al. [3]. In Table 1

are presented summarized optimal conditions for OPPs degradation (ranged from 81 to 100%
in efficiency) and which were determined using HPLC-DAD analysis.

Table 1 Optimized conditions for degradation of pesticides with CIO,

Concentration Concentration of pH Duration of Degree .0 f

Sample name of sample CIO, (mglL) value degradation () degradation
(mg/L) (%)
Azamethiphos 10 10 9 0.5 100
Dimethoate 10 10 7 24 97
Fenitrothion 20 10 2 24 81
Malathion 20 5 7 24 98

Toxicity test results

Toxicity tests of the pesticide solutions and their DPs were evaluated using test organisms
D. magna.

After a 48 h of test period number of live and dead neonates was determined, and LCsg
(lethal concentration which causes 50% mortality in the daphnids) was calculated for each
pesticide and its DP. Results of LCs for parent pesticides and DPs are shown in Table 2.
Solution of parent AZA has the highest mortality of neonates and FEN has the lowest
mortality as compared to other parent pesticides, but it was still high. For DPs of pesticides,
AZA has higher LCsy value, while DM has the lowest LCs, value compared to other
pesticides. DM has the highest and AZA has the lowest mortality. The pesticides degradation
products were less toxic than parent pesticides. When compared the toxicity results of
pesticide solutions with their DPs, it could be concluded that ClO, degradation of AZA was
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successful. Also, there should be noted that in case of other tested pesticides toxicity of DPs
was noticeable lower in comparison to starting pesticide solutions.

Table 2 LCs, values of pesticides and their degradation products (DPs) after 48 h of CIO, treatment

Sample name LCso (%, V/v) 48h Sample name LCso (%, V/v) 48h
Azamethiphos 2.5 Fenitrothion 23.2
Azamethiphos DP 61.3 Fenitrothion DP 45.8
Dimethoate 12.2 Malathion 12.9
Dimethoate DP 354 Malathion DP 42.6

A toxicity unit (TU) was calculated for each sample using the LCsq results. On the scale
from I to V [18] all DPs can be categorized in class Il as acutely toxic.

Results of mineralization analysis

Mineralization percent was determined by TOC analysis for each pesticide and its DP. The
results of mineralization are presented in Table 3. Results show that AZA and DM have low
level of mineralization and MAL has the highest mineralization level as compared to other
pesticides. But, low level of mineralization does not always mean that something is harmful
or toxic. When all results have been compared (HPLC analysis, D. magna test and TOC
analysis), we could see that AZA has a good degradation percent (100%) and its DP relatively
high LCs (61%). It means that CIO, degrades AZA very efficiently, with significantly less
toxic DPs but they are still of organic origin. FEN and MAL both have good degree of
degradation (81 and 98%, respectively) and mineralization (45 and 55%) and less toxic DPs.
In case of DM, even ClO, degrades this OPP with degradation efficiency of 97%, ClO,
creates relatively toxic DPs and they are mostly of organic origin (mineralization of only
23%).

Table 3 Mineralization degree of degradation products (DPs) of pesticides

Sample name Degree of mineralization (%)
Azamethiphos DP 17.7
Dimethoate DP 22.5
Fenitrothion DP 45.2
Malathion DP 55.8

CONCLUSIONS

In this research, toxicity of AZA, DM, FEN and MAL pesticides and their DPs, after
degradation with ClO, under optimal conditions for each pesticide, was studied. The toxicity
test was done on D. magna neonates. Degree of mineralization was also obtained by TOC
analysis for pesticides and DPs.

Results showed that AZA has a good degradation percent (100%) and relatively high LCsg
(61%). It means that CIO, degrades AZA very well, with significant less toxic DPs but they
are still of organic origin (18% of mineralization). FEN and MAL both have good degree of
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degradation (81 and 98% respectively) and mineralization (45 and 56%) and less toxic DP. In
case of DM, CIO, degrades this OPP with degradation degree of 97%, CIlO, creates relatively
toxic DPs and they are mostly of organic origin (mineralisation of only 23%).

The results of toxicity tests showed that all DPs of pesticides belong to class 111 as acutely
toxic. Further research should be directed towards obtaining less toxic products.
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Abstract

Commonly found heavy metals in waters are As, Pb, Hg, Cd, Ni and Cr. The promising green
technique for heavy metal removal from the environment is phytoremediation. Regarding polluted
water, the best choice for phytoremediation are the free-floating macrophytes such as Pistia stratiotes.
The aim of this study was to evaluate the time trend and sorption capacity of P. stratiotes with respect
to increased cadmium concentration in aqueous cultivation medium. Sorption capacity of P. stratiotes
towards cadmium with respect to the growth period, increases linearly in the first 4 day of growth; the
linear correlation becomes weaker with the increasing pollution. Sorption capacity of P. stratiotes
towards cadmium with respect to the level of pollution, increases linearly, up to 11" day, after which
the adverse effect of prolonged plant exposure to cadmium was observed.

Keywords: water pollution, phytoremediation, Pistia Stratiotes

INTRODUCTION

Plants, animals and ultimately humans are negatively affected by heavy metal pollution of
water supplies. Commonly found heavy metals in waters are As, Pb, Hg, Cd, Ni and Cr. One
of the major consequences of this kind of pollution is bioaccumulation of heavy metals. There
are many functional changes that can be observed in plants, after being exposed to heavy
metals, such as plant membrane damage due to the formation of reactive oxygen species and
radicals, disrupted metabolic activities or growth retardations. For example, the accumulation
of cadmium in P. stratiotes stimulates malondialdehyde production, indicating that cadmium
indirectly leads to production of superoxide radicals and increases lipid peroxidative products
and oxidative stress [1]. However, toxicity degree of non-essential metals such as Cd, Pb, Hg
depends on their concentration.

Techniques of phytoremediation arise as a cost-effective and ‘green’ solution for
remediation of soils and water supplies contaminated by heavy metals. Many aquatic plants
are currently under investigation to determine their phytoremediation potential, particularly
high-growth rate plants i.e. macrophytes. P. stratiotes or water lettuce is a free-floating
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macrophyte from the family Araceae. The key properties of its potential phytoremediation
effectiveness are high growth rate, high coverage of water surface and easy harvestability.

Mechanisms of phytoremediation varies between plant types. Metal uptake mechanisms
may include accumulation, exclusion, translocation, osmoregulation and distribution. Among
these accumulation, translocation and concentration of heavy metals in the aerial parts of
hyper-accumulator plants are mostly suspected to occur [2]. Beside the plant type, an
important factor of remediation capacity for a specific metal is the length of exposure, the
metal itself, its concentration, environmental parameters (e.g. temperature, salinity and pH)
and synergistic or antagonistic interactions with other metals in the environment [2].

P. stratiotes has been suggested for efficient removal of Cd and Pb from contaminated
water since it has good rhizofiltration potential accompanied by a high tolerance to heavy
metal stress, especially with respect to cadmium [3]. The aim of this study was to evaluate the
sorption capacity of P. stratiotes with respect to increased cadmium concentration in agueous
cultivation medium.

MATERIALS AND METHODS

Reagents: the source of cadmium was the 72.958 ug mL™ solution of cadmium-chloride
[CACI,]. Nutrients for plant growth were not used.

Biosorbent: The samples of aquatic macrophyte Pistia stratiotes were handpicked from the
natural freshwater habitat in Ostrovica, near Ni§ (Serbia), in the mid—June 2017.

Experimental setup

Collected plant samples were washed with tap water to eliminate the remains of pond
sediments and particulate matter, placed in five different plastic tanks (labeled from | to V)
and filled up to 35 L with tap water (Figure 1).

< e & IR LR

SFINAL SETUP - FRAMES WITH PROTECTION AGAINST INSECTS ADDED

Figure 1 Construction of P. stratiotes growth medium

Each tank contained 15 specimens of Pistia stratiotes and different amount of Cd** ion (as
CdCly), as given in Table 1. Plants were grown during 15 days in contaminated media. One
plant per day was removed from each tank and analyzed.
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Table 1 Concentration of CdCl, and Cd** ion and amount of plant material in each tank

Tank No. | 1l Il v V
Cd* ion concentration, ppm 1 5 10 15 20
Cd** ion total amount in tank, mg 35 175 350 525 700
Total mass. of plant materl.al at start 490 480 598 496 592
of experiment (fresh weight), g
Total mass of plant material at the 402 355 388 992 349

end of experiment (fresh weight), g

Sample preparation

After removal from tanks, samples of Pistia stratiotes were washed out of excessive
substrate solution with fresh water and left to dry indoor at ambient temperature until
complete dryness. Afterwards, in order to remove possible residual humidity, plants were
additionally dried in a laboratory oven, at 100 °C for 30 minutes, prior to weighing. Leaves
and root of each plant specimen, were separated, weighted, cut in small pieces and pulverized.
A weight of each specimen sample was then digested with 15 mL of a mixture (v/v 3:1) of
concentrated 63% nitric acid and 30% hydrogen peroxide and solution was evaporated until
dryness. The solid residue was re-dissolved in 13 mL of 0.1 mol/dm?® nitric acid, filtered
through filter paper, then through microfilter (0.45 pum), after which the mineralized plant
material was ready for instrumental analysis.

Instrumental analysis

In order to determine the metal content in plant material, obtained extracts were analyzed
by atomic absorption spectroscopy (AAS) using VARIAN Aanalyst 300 with acetylene/air
flame.

RESULTS AND DISCUSSION
Effect of growth period in polluted water

Mass fraction of cadmium (mg kg™) in whole plant unit was calculated by summing up
masses determined in roots and shoots, divided by mass of plant weighted prior to the
separation of roots and shoots (dry weight).

Within tank No. I, cadmium amount in plant increases up from 66.47 to 307.25 mg kg™ up
to 4" day of growth (R,=0.9989, linear fit). From 5" to 15" day it becomes practically
uniform with average value of 303.90 mg kg™ (RSD=25%). Similar was observed for tank
No. 111 (Table 2). Linear increase in Cd amount up to 4™ day (R,=0.8876), after which it
reaches 1944 mg kg™ (RSD=35%). Within tank No. Il increase in cadmium amount in plant is
observed practically till 11" day of growth (R,=0.8059, linear fit). 4™ day linear correlation
between Cd within-plant amount and growth period is weaker in tanks No. 4 and 5
(R2=0.7552 and 0.7870, respectively). In this highly polluted water mediums, Cd amount
through the period of 8 days (5™ to 12™) reaches 3382 mg kg* in plants from tank 1V
(RSD=11%) and 3752 mg kg™ in plants from tank V (RSD=25%). There is no correlation
with measured amounts from 13" to 15" day of growth.
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Table 2 Cadmium amount in plant in mg kg™ (dry weight) after exposure to cadmium polluted water

Tank No.
Days | | i v \Y
Amount mg kg™ dry weight
1 66.47 295.65 485.20 791.43 1550.72
2 139.36 592.57 1633.18 2592.75 2966.52
3 225.84 556.52 1843.56 3805.47 2689.64
4 307.25 698.89 2271.33 3374.47 3627.80
5 255.54 844.99 1475.13 2653.41 3218.94
6 288.62 779.36 1632.30 3835.65 2380.39
7 272.05 678.52 2479.26 3378.60 4200.69
8 282.18 898.74 3174.27 3685.47 3979.59
9 421.28 884.87 2447.61 3205.55 3618.25
10 280.10 897.68 1534.69 3273.23 5563.82
11 459.43 1138.03 2141.86 3302.57 4072.68
12 254.82 768.19 1158.27 3721.03 2983.39
13 236.68 355.09 797.40 661.14 678.83
14 360.15 995.28 2313.79 2828.99 1660.28
15 232.06 503.40 2230.63 2417.45 1852.88

Effect of increased cadmium pollution

The degree of linear correlation between the calculated fraction and cadmium
concentration in aqueous solution is given in Table 3 for each day of the experiment and
visualized in Figure 2 in five-days intervals. Strong correlation exists almost after each day of
experiment, up to 11™ day. Weaker correlation i.e. lesser mass fraction of cadmium at last
days of experiment, especially after 12" day was probably due to the adverse effect of
prolonged exposure to cadmium, since the destruction of plants was observed, mainly
evidenced in root biomass reduction, as it was also elsewhere noticed [4]. Weight
measurements showed that total mass of plant material measured from the beginning to the
end of experiment (Table 1) was reduced for about 18.00, 26.00, 26.50, 31.00 and 33 % in
tanks I, I1, 1, IV and V, respectively.

Table 3 Coefficients of correlation between cadmium concentration in aqueous solution and in plant
material (mg kg™ dry weight) after each day during experiment

Day 1St 2I’1d 3I’d 4th 5th 6th 7th
Correlation coefficient 0.918 0.979 0.756 0.951 0.987 0.666 0.974
Day 8" ot 10" 11™ 12" 13" 14™ 15"

Correlation coefficient 0.897 0.956 0.933 0.996 0.794 0.609 0.482 0.639

At the end the percentage of cadmium removal from experimental solutions by the total
mass of plant can be pointed out. In the hypothetic case of a 100 % cadmium removal, the
mass fraction of cadmium based on total plant mass from tank No. I would be 71.42 mg kg™
of fresh weight. Experimentally determined fraction was 5.085 mg kg™ of fresh weight; thus,
the percentage of cadmium adoption/removal is 7.12%. The percentage for tanks No. II, IlI,
IV and V was 3.75, 5.08, 5.25, 4.25%, respectively. However, it should be kept in mind that
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the removal percentage represent an uptake potential of 15 plant units, where each of them
has been in contact with the polluted water for only 24 hours.
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Figure 2 Cd concentration in plants vs. concentration in tanks, for different exposure periods

CONCLUSION

Sorption capacity of P. Stratiotes towards cadmium with respect to the growth period,
increases linearly in 1, 10, 15 and 20 ppm cadmium polluted medium, but only in the first 4
day of growth. Furthermore, with increasing pollution linear correlation becomes weaker. The
exception is water medium with 5 ppm of cadmium, where sorption capacity linearly
increases up to 11" day.

Sorption capacity of P. Stratiotes towards cadmium with respect to the level of pollution,
was reflected through strong correlation almost after each day of experiment, up to 11" day.
Weaker correlation, especially after 12" day, was probably due to the adverse effect of
prolonged exposure to cadmium, since the destruction of plants was observed, mainly
evidenced in root biomass reduction.
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Abstract

This paper aimed to investigate the agricultural soil pollution by heavy metals as a result of
anthropological activities in the municipality of Pljevlja, north part of Montenegro. The soil samples
contaminated by heavy metals (Zn, Cu, Cd, Cr, Pb, Hg and As) were taken from the settlement near
the coal fired station Pljevija and from open pit mine of lead and zinc "Suplia Stijena". The soil
pollution was evaluated using the ecological risk (RI) index and index of geo-accumulation (lge). The
results have indicated the extremely polluted soils by Pb, Zn and Cr, unpolluted or unpolluted to
moderately polluted soil by Cd, strongly to extremely polluted soil by As and unpolluted soil by Hg.
The low ecological risk values were mainly obtained but three sampling sites indicated moderate,
considerable and high ecological risk.

Keywords: Heavy metals, agricultural soil, ecological risk index, index of geo-accumulation

INTRODUCTION

The problem of heavy metal contamination in the environment is widespread. Significant
amount of pollutants from different sources can contaminate soil every year. Soil acts as
natural buffer by controlling the transport of chemical elements and substances to the
environment as well as a sink for the chemical pollutants. Toxic elements such as heavy
metals contaminate agricultural soil that attracts the interest of people, because metals can be
taken by plants and may enter the food chain, and therefore, humans can also be exposed to
this kind of contamination [1]. Different kinds of industries can be generators of heavy metals
and contribute their reaching in the soil through industrial effluent. The quality and
concentration of the heavy metals varies from industry to industry and has a direct concern
with nature of the product. Deficient environmental management have led to a large-scale
pollution in the environment especially in developing countries, due to rapid industrialization,
excessive application of metals and synthetic chemicals in the terrestrial environment.
Although some of heavy metals are essential for a different metabolic process, the high intake
of these elements lead to their accumulation in a human body and potential development of
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different diseases. The body burden of Cd and Pb have been well documented as toxic to the
central nervous and renal systems while chronic exposure to Cu health problems such as:
nausea, head-aches and diarrhea [2].

Environment pollution by heavy metals is a result of different anthropological activities.
There are several sources of heavy metals pollution in the environment: 1) air sources from
mining, smelting and refining of fossil fuels, production and use of metallic commercial
products and vehicular exhaust, 2) water from domestic sewage, thermal power plants and
atmospheric fallout, sewage and industrial effluents, and 3) soil - like agricultural and animal
wastes, municipal and industrial sewage, coal ashes, fertilizers, discarded manufacture goods
and atmospheric fallout [3]. The two main industrial pollution sources in Montenegro are
located in the municipality of Pljevlja on the north part of Montenegro. The first one is a coal
fired power station Pljevlja and second one is an open pit mine of lead and zinc "Suplja
Stijena”. Since, both activity present a serious risk for a global community, this paper aimed
to investigate the pollution of agricultural soils in the surrounding settlement of coal fired
power station and mine. The sampling of agricultural soil at eleven locations was carried out
and heavy metals concentrations (Zn, Cu, Cd, Cr, Pb, Hg and As) were determined.

MATERIALS AND METHODS
Materials and sampling

Soil samples were taken from maximum 20 cm depth, from agricultural fields near
households in November 2019. The households are located near two sources of pollution,
Thermal power plant (TE Pljevlja) and Zinc and lead mine (Gradir, Montenegro). Samples 1,
2, 3, 4,6, 7 and 11 are located near Thermal power plant. Sample 5 is located between
Thermal power plant and surface Coal mine. Samples 8, 9 and 10 are located near Zinc and
lead mine. For metal analysis, wet soil was dried at 105°C and sieved through mesh 0.25 pum.
3 g of dried and sieved samples were digested with 25 ml of aqua regia, using reflux and
heating source (EPA method 3050B). Samples were filtrated through Whatman No. 41 and
flasks were washed with 5 ml of concentrated HCI and adjusted to final volume of 50 ml with
distilled water. Concentrations of heavy metals were measured using inductively coupled
plasma technique (ICP-OES), manufactured by Spectro Arcos with hydride technique for As
determination.

Assessment of Soil Contamination

Ecological risk (RI) index and index of geo-accumulation (lgeo) defined by Miller [4] were
used in order to define and determine soil contamination by arsenic by comparing current
concentrations with pre-industrial levels. Based on the value of RI there are low, moderate,
considerable and high risk contaminations while based on the value of Iy, there are seven
classes of pollution (Table 1) [2].
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Table 1 Terminologies for the assessment of agricultural soil contamination by arsenic and
terminologies for contamination classes on pollution indices

Ecological risk index (Rl): RI=2E.; E,=T;'C¢: Cf :Cc_rii

Low risk RI <150
Moderate risk 150 <RI <300
Considerable risk 300 <RI <600

High contamination RI > 600
Index of geo-accumulation (lge) | ge0 log, [1'5 . iCri }
CLAS 0, unpolluted lgeo <0
CLASS 1, from unpolluted to moderately polluted 0<lgo<1
CLASS 2, moderately polluted 1<lge<2
CLASS 3, from moderately to strongly polluted 2<1geo<3
CLASS 4, strongly polluted 3<lgo< 4
CLASS 5, from strongly to extremely polluted 4<lg<5
CLASS 6, extremely polluted lgeo > 5

C, is the total metal content in soil, C, is background level (reference threshold for sensitive soil [5])
and Ti is the toxic-response factor for a given substance by Hakanson [6] (Table 2), C; is
contamination factor and E, is ecological risk factor.

Table 2 Toxic-response factor (T;) by Hakanson Elements [6]
Elements Cu Cd Zn Cr Pb Hg As

Toxic-response factor 5 30 1 2 5 10 40

RESULTS AND DISCUSSION

Total contents and descriptive statistics for the heavy metals measured in this study are
given in Table 3. The order of the total element content was Zn>Pb>Cu>Cr>As>Cd->Hg. The
results have shown that the mean content of Pb exceeds the maximum allowed concentration
of metals prescribed by National regulation [7] while the values of mean contents of other
metals are below the prescribed limits.
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Table 3 Total contents and descriptive statistics of elements in agricultural soil samples
Element (mgkg™)

Site Pb Cd Cu Zn Cr Hg As
1 11.73 0.92 15.78 43.3 6.14 0.06  4.06
2 21.07 0.99 52.35 96.54 16.35  0.425 10.52
3 20.00 1.26 59.43 129.85 13.8 008 811
4 17.43 0.24 22.32 30.73 13.76 011  4.33
5 35.76 1.78 49.67 92.55 17.47 012  7.12
6 23.97 0.63 52.92 117.98 18.86 017  9.54
7 37.65 3.08 56.79 140.27 28.24 093 127
8 37.82 0.52 37.82 81.57 15.7 007 824
9 837.4 2.8 18.85 1150.3 18.95 062 57.71
10 27.37 0.51 51.76 55.28 13.28 018  9.42
11 39.97 0.75 52.35 80.87 28.53 018  2.00
MAC" 50 2 100 300 50 1.5 20
Min 11.73 0.24 15.78 30.73 6.14 0.06  4.06
Max 837.4 3.08 59.43 1150.3 28.24 093 57.71
Mean 100.9 1.23 42.73 183.6 17.37  0.268 12.16
sD™ 244.4 0.945 16.2 322.5 6.48 0279 154

MAC™ maximum allowed concentration.
SD™ Standard deviation.

Geo-accumulation index (lg4e0) and ecological Risk Index (RI)

According to geo-accumulation index (lgeo) (Figure 1) values for Pb, Zn, Cu and Cr the
agricultural soil in the municipality of Pljevlja belong to Class 6 i.e. extremely polluted soils.
The values for g, for Cd indicated the unpolluted (Class 0) or unpolluted to moderately
polluted soil (Class 1). The soil belongs to the extremely polluted (Class 6) and the Class 5 i.e.
strongly to extremely polluted soil with respect to the value of g, for As while there is no
contamination by Hg since the values of Iy, indicated unpolluted soil.
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Figure 1 Geo-accumulation index (lg) values of heavy metals in agricultural soil samples in the
municipality of Pljevlja (Montenegro)
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The results obtained for ecological risk assessment (Figure 2) showed that RI values were
mainly lower than 150 indicating the low ecological risk. However, the Rl values at location 2,
7 and 9 indicated moderate, considerable and high ecological risk, respectively. Zinc, lead,
copper and arsenic are the main contributors to RI values.
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Figure 2 Ecological risk index (RI) values of heavy metals in agricultural soil samples in the
municipality of Pljevlja (Montenegro)

CONCLUSION

The results of investigation have shown that the values of I, indicated the agricultural soil
is extremely polluted by Pb, Zn, Cu and Cr, extremely polluted or strongly to extremely
polluted by As, unpolluted or unpolluted to moderately polluted by Cd while pollution by Hg
was not registered. With respect to the values of RI agricultural soil in the municipality of
Pljevlja in Montenegro are characterized mainly by low ecological risk. However, the results
obtained at three locations indicated moderate, considerable and high ecological risk.
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Abstract

Pine ore deposits in Pobrdje and Piskanja, Baljevac - Serbia, are unique in this part of Europe so far.
Trial excavation of trench ore by underground mineral extraction methods was organized at the
,,Pobrdje “ ore deposit. After excavation, the trench ore is transported by truck to the disposal site at
the location of the Piskanja site. The hand-picked ore is taken to the customers and the tailings go to
the landfill. There are small classes of ore in the tailings that could not be separated by hand, so the
use of trench ore is about 20 to 30%, depending on geological conditions. The low utilization in the
manual extraction of ore deposit "Pobrdje" indicates that for the future exploitation of ore from the
"Piskanja" deposit, technical and technological solutions must be provided that will improve the
utilization. Some of the possible solutions are: magnetic separation, optical separation, electrostatic
separation, decryption, etc. To determine the optimal solution researchs and industrial tests must be
performed. Each of these methods require the removal of impurities from the trench ore, that is, the
trench ore washing, which will produce a certain amount of waste water. This paper will present the
results of the analysis of wastewater used in the process of washing the primary trench ore in order to
define the environmental impact.

Keywords: boron ore, trench ore washing, wastewater, environmental impact

INTRODUCTION

Since boric acid is widely used in many fields of industry, pharmacy, agriculture, etc.,
there is a real need for its production. One of the production possibilities is a technological
process that uses a mixture of colemanite and haulite minerals, enriched with B,O3 at least
42%, for the feedstock. Boron oxides are present everywhere in nature, but boron minerals are
very rare. Such deposit in which the boron minerals haulite and colemanite are represented is
in the Jarandol basin.

The Jarandol Tertiary Basin is located in the valley of the Ibar river, territorially belonging
to the Raska Municipality, about 14 km away. The basin is elongated in the W-NW-E-SE
direction. The Ibar river is divided into two parts: the eastern, the Piskanjski which contains
the deposit of the Piskanja boric minerals and the western, wich contains the Jarandol coal
horizons, the mineral deposit of the "Pobrdje™ in the Pobrdje stream and the boron
mineralization in Raspopovic. The deposit of the boric minerals "Pobrdje” is located west of
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Baljevac, about 1.6 km away. Traffic communications with ,,Pobrdje“ deposit are very
convenient [1].

An ore body consisting of cholemanite and haulite is genetically related to younger
volcanism, that is, volcanic gas fumaroles and hydrothermal solutions containing significant
concentrations of boron. The accompanying rocks of the ore layers are: volcanogenic breccias
and conglomerates of marls, tuff-sandstones, sandstones and clays, which often form larger
and smaller layers in the ore layer, which negatively affects the depletion of the trench ore [2].

Balance ore reserves as of 31.12.2019. amounted to 124.701 t. Taking into account mining
and geological conditions, the excavation of pine ore in the "Pobrdje” deposit is done by
underground exploitation, and the trench ore in the pit "Pobrdje" is obtained by the process of
drilling and mining operations. The mined ore from the pit is transported to the surface by a
conveyor system, ie by chain conveyors and belt conveyors, from where it is transported by
truck to a location in the area of Piskanja. The hand-picked ore is taken to the customers and
tailings go to the landfill. Due to the presence of a lot of fine particles of both ore and tailings
and the presence of moisture and bitumen, the very fractions of ore and tailings occur in the
process of exploitation and transportation. They adhere to both the tailings surface and the ore
surface, so it is difficult to visually distinguish the ore from the tailings. Ore itself is often
very similar to tailings, especially sandstones that have a greyish color. The exception is
haulite, which has a snow-white color and is no problem to spot and separate from the
tailings. During the manual extraction of ore, the effects are very small due to the difficult
distinction between ore and tailings. Better results are achieved when washing the ore, ie, by
washing with water, it is easier to distinguish between ore pieces and tailings pieces.

Although much better results have been shown in practice when the ore was previously
washed, manual ore selection due to low utilization is not an option and is unlikely to apply in
the future. The methods used in the world to obtain boron ore concentrates, that is, colemanite
concentrates, which in commercial form should contain from 35 to 43% of useful component
B,Og3, are magnetic separation as a very cheap form of separation, decryption, electrostatic
separation, for optical separation or separation on optical sorters. For each of these types of
separation, it is necessary to separate the ore and tailings grains from tiny micro particles in
order to distinguish them. For example, in the case of magnetic separation, this is necessary
because if the tailings were not removed from the ore, which, due to the content of the iron,
were magnetic, the magnetic separator would attract them altogether. No matter which
method of concentrate production is adopted, the need to wash ore is inevitable.

The purpose of this paper is to determine whether water can be discharged into
watercourses after the process of washing trench ore, or whether a treatment facility or a
wastewater treatment plant is required. To determine the correctness of such water, we took
one quantity of trench ore and washed it with a certain amount of water.

MATERIALS AND METHODS

The trench ore from the pit, previously ground on a crusher with a hammer to a particle
size of -16.0 + 0.00 mm, was used for the experiment. Thereafter, a measured amount of 1 kg
of ore of such a granulometric composition was inserted into a plastic balloon. Then the water
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was poured into the balloon, shaken and cast. On this occasion, 9 liters of water was
consumed to wash 1 kg of trench ore. The used washing water was taken from the city water
supply system, for which the competent institution daily analyzes the water quality. Such
water was poured into special balloons and collected. The process itself was repeated several
times until a water of barely noticeable slight turbidity was obtained. The water was collected
in two balloons, which were sent for testing to the Institute MOL d.o.0. During the test, the
water was filtered and on this occasion sludge was obtained as a solid residue and a clearer
liquid residue.

RESULTS AND DISCUSSION

According to the analyzes done earlier, the content of B,O3 in water after the first ore
washing is 0.0856 mg/l, which indicates that boron ore can be washed because it is insoluble
in water, more precisely it is poorly soluble [3]. During the ore washing, the water removes
the dirt, dust and micro particles from the ore and tailings that are generated during the
exploitation and transportation of the ore.

A balloon containing a sample of shredded trench ore was used in the experiment, and the
appearance of such a sample before washing is shown in Figure 1a. As we emphasized, the
water from the city water supply system was poured into a balloon containing trench ore. The
balloon was shaken several times to make contact between water and all fractions of trench
ore more intense. Afterwards, such water is drained and a new amount of water is poured into
the balloon. When the first quantity was drained, the water was extremely turbid and parts of
the wooden pit support that were floating on the water were present. The appearance of such
turbid water is shown in Figure 1b.

Figure 1 Initial phase of trench ore washing a) the appearance of shredded trench ore before
washing; b) the appearance of turbid water during washing when the first quantity is outflow
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This process was repeated several times until the watered water became almost clear, that
is, until it had a slight turbidity. The appearance of such slightly turbid water is shown in
Figure 2a, and the appearance of the sample of shredded trench after washing in Figure 2b.
Visual differences between tailings and ore were noticeable, confirming the conclusion that
trench washing would be of great benefit in the preparation phase for the selected separation
method.

vO S o i,
Figure 2 Final stage of trench ore washing a) the appearance of slightly turbid water after
removal at the end of washing; b) the appearance of shredded trench ore after washing

In order for water to be allowed to enter the watercourses after washing, it must meet a
certain ecological status according to the classification given in the ordinance, which
prescribes ecological and chemical status parameters for surface waters. Decree on limit
values of pollutants in surface and groundwater and sediment and deadlines for their
attainment (Official Gazette RS No. 50/2012) defines limit values for parameters for a certain
ecological status, ie class of surface waters [4].

After submitting the wastewater sample for testing, the MOL Institute d.o.o. did the
analysis and produced the test report. The parameter concentrations were determined from the
clear portion of sample I.b. 803, and the results of these analyzes are shown in Table 1.
Methods which used to find parameter values are also shown in Table 1.

Comparing the limit values of the parameters for good ecological status, that is, for the Il
class of surface waters with the obtained results, it was found that the pH and ammonium ion
values were increased [5]. Namely, the pH limit for the mentioned surface water class is 6.5-
8.5, while the found value is 8.86. Also, the limit value for ammonium ions for the mentioned
surface water class is 0.10 mg N/I, while the value of 0.28 mg N/I was found. The values
found for other parameters were within the allowed values.
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Table 1 Test results for the clear portion of the sample 1.b. 803, Mol Institute d.o.o. [5]

Parameter Method Measur_e ment Found
unit value

pH SRPS H.Z1.111:1987 8.86
Specific conductivity ASTM D 1125A:1999 pS/cm 335
Total residue after evaporation Manual ? met. 2540 B:98 mg/l 318.0
Suspended matter Manual  met. 2540 D:98 mg/I <15.0
Sedimentary matter VM 068 ml/Il <0,1
?ggg')ca' oxygen demand EPA M 410.2:1978 mg O,/I 9.77
Biochemical oxygen demand _

SRPS EN 1899-1:2009 mg O,/ <3.0
(BOD)
Consumption of potassium SRPS EN 1SO 8467:2007 mg/l 5.69
permanganate
Chlorides VM 057-2 mg/l 4,51
Sulfates VM 057-2 mg/I 38.12
Phosphates VM 057-2 mg P/I <0.1
Nitrates VM 057-2 mg N/I 0,98
Nitrites VM 057-2 mg N/I <0.1
Ammonium ion SRPS H.Z1.184:1974 mg N/I 0.28
Total inorganic nitrogen calculated mg N/I 1.26
Oils and fats EPA M 1664 A:1999 mg/l <l4
Phenols SRPS ISO 6439 B:1997 mg/I <0.002
Mineral oils C10-C40 VM 056-2 mg/l <0.05
Detergents SRPS EN 903:2009 mg/l <0.1
Iron VM 090 mg/I <0.01
Chrome VM 090 mg/I <0.007
Zinc VM 090 mg/I <0.006
Copper VM 090 mg/l <0.006
Nickel VM 090 mg/I <0.008
Lead VM 090 mg/I <0.005
Cadmium VM 090 mg/l <0.003
Total phosphorus SRPS EN ISO 6878:2008 mg/l 0.017
TOC VM 093 mg/I 151
Sulphides EPA M 376.2 mg/I <0.1
Cyanides SRPS H.Z1.139 mg/I <0.01
Mercury EPAM 245.1 mg/l <0.0007
Arsenic VM 090 mg/l 0.008

Since ammonium ion occurs in the presence of organic matter, one of the assumptions for
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increased ammonium ion concentration may be the appearance of residual parts of the
wooden pit support and bitumen. For increased pH, a more detailed analysis would have to be
done to explain why such water is alkaline to this extent. Such information would assist in the
treatment of wastewater.
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CONCLUSION

In order to improve the technical and technological procedure for the separation of pine
ore, the procedure for trench ore washing is imposed as a first step. As a product of the
washing of pine ore, a certain amount of waste water is generated which has to be tested and
determined whether it can freely enter the watercourses. This experiment was performed to
serve as an initial assumption of water quality for further exploration of the possibility of
treating such wastewater. The test results show that the found pH values and the found values
of ammonium ion concentration increased in relation to the limit values prescribed by the
Decree on limit values of pollutants in surface and groundwater and sediment and deadlines
for their attainment (Official Gazette RS No. 50/2012), indicating that such filtered water
does not qualify for discharge as such into watercourses. It is necessary to create a plant for
the preparation of mineral raw materials where the water would be brought to a condition that
would meet the legal requirements during the technological purification process, so that it
could flow into the watercourses. This should be a mandatory part of all future projects that
would address any type of separation in raising the quality of boron concentrate.
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Abstract

There is a recognised need for the protection of water integrity by using environmentally friendly,
efficient and cost-effective solutions. Floating treatment wetlands (FTW) have emerged as a powerful
and innovative technology for the removal of a vast spectrum of pollutants from contaminated water.
This research set out to determine the efficiency of P and N removal in modified FTW constructed on
the bank of the polluted urban river. The results showed that after the whole treatment P
concentrations in polished water were reduced by 87%. This green technology was also very efficient
in removing NH4-N, NO,-N, NOs-N and total N by decreasing its concentrations 96%, 97%, more than
94% and more than 86%, respectively. Further studies should focus on the research on the required
number and arrangement of cells with aerobic and anaerobic conditions in FTW.

Keywords: floating treatment wetlands, water pollution, phytoremediation, nutrient removal

INTRODUCTION

Finding an efficient, environmentally friendly and economically justified solution for the
treatment of degraded urban rivers and lakes has received increased attention across many
disciplines in recent years. Floating treatment wetlands (FTW) are one of the innovative
phytoremediation techniques [1] that are often described as more cost-effective and efficient
compared to widely used constructed wetlands [2,3]. Floating treatment wetlands consist of a
series of cells with floating islands. The platform, which carries the substrate for the growth
of terrestrial and aquatic plants forms the floating island. To start the revitalization of the
polluted urban river, pilot-scale FTW was constructed on its bank. Because of numerous
sources of anthropogenic pollution this river is mainly classified as a river with bad ecological
status (class V) based on its chemical, physiochemical and microbiological water parameters
[4]. Phosphorus (P) and nitrogen (N) are one of the most important elements in ecosystems.
However, the problem arises when the excess amounts of these macronutrients occur in water.
This will lead to a deplete of dissolved oxygen in the water and the appearance of
eutrophication [5]. This paper evaluates the efficiency of modified FTW in the removal of P
and N.

MATERIALS AND METHODS

The FTW consisted of a pump for drawing water from the river, a closed collection tank,
four open rectangular cells with floating islands, and one open rectangular cell with algae [4]
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(Figure 1). In each of 4 cells, there were 3 floating islands with seedlings planted in the
substrate (stone wool). The coverage of the cells with plants was 100%.

a)

7 - e

Figur 1 The cells with plants a month after the planting (a and the cell with algae (b)

The floating islands of the Cell 1 were planted with 25 seedlings of
Phragmites australis (Cav.) Trin. ex Steud each. The Cell 2 was planted with 25 seedlings of
Canna indica L. per floating island. The Cell 3 contained a mix of those 2 species, with 25
seedlings on each island. Each floating island of the Cell 4 was planted with 30 seedlings of
mix decorative macrophytes: Iris pseudacorus L., Iris sibirica 'Perry's Blue', Alisma plantago
- aquatica L., Lythrum salicaria L. and Menyanthes trifoliata L. The algae (Cladophora sp.)
were introduced to the Cell 5 directly from the river.

A 12-day treatment was conducted to assess efficiency of modified FTW for removal of P
and N from water. The treatment cycle began with the pumping of polluted water from the
river to the collection tank. Water was then simultaneously transported by gravitation to 4
open cells with floating islands. Polluted water stayed in Cells 1 - 4 for 6 days and then it was
moved to the Cell 5 for the same period. At the end of this phase, the treatment cycle was
completed. Samples of polluted water were collected at the beginning of the treatment cycle at
the outlet of the pump. Treated water was sampled in cells with plants after 6 days. Polished
water in the cell with algae was sampled at the end of the cycle (after 12 days). The composite
sample represented 1L of water collected from 5 spots within each cell.

Temperature, pH and dissolved oxygen (DO) in water samples were measured with HACH
HQ 40d Digital Multi 2-channel Meter with automatic temperature calibration (HACH, USA)
according to US EPA 170.1:74, SRPS EN ISO 10523:2016 and HACH 10360 LDO methods,
respectively. Total P was determined by SRPS ENISO 6878:2008 method. Concentration of
ammonia nitrogen (NH4-N), nitrites (NO,-N), nitrates (NOs-N), and total N were determined
according to SRPS EN ISO 14911:2009, SRPS EN 26777:2009, APHA 4500-NO3" B and
SRPS EN 12260:2008 methods, respectively.

RESULTS AND DISCUSSION

The polluted water had the characteristics of a slightly alkaline medium (Table 1). There
was a decrease in pH in each cell with plants after the first six days of treatment. However,
the pH value increased again at the end of treatment (after 12 days). Extremely low DO values
were detected in Cells 1 - 4 due to 100% cell coverage with floating islands (Table 1). After
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water polishing in Cell 5, the amount of DO increased and had higher values than DO
concentrations in the polluted water.

Table 1 Temperature, pH and dissolved oxygen in polluted and treated water

Parameter Tank Cell 1 Cell 2 Cell 3 Cell 4 Cell 5
t (°C) 14.50 12.80 12.10 12.40 12.10 14.00
pH 7.66 7.33 7.29 7.37 7.33 8.15
DO (mg/L) 6.98 0.40 0.63 1.33 1.43 18.77

Low concentrations of phosphorus (0.31 mg/L) were detected at the inlet of FTW. Content
of P increased within the cells with floating islands after 6 days of treatment. However, by the
end of treatment, the removal efficiency of total P in Cell 5 was 87% (Table 2).

Settling is the main physical process for the removal of P from polluted water [1,6]. During
this process, P binds to solid particles in water and sinks to the bottom of the FTW. The
removal of P is much more efficient in the FTW compared to other constructed aquatic
ecosystems [7]. The large free root surface of floating islands allows rapid filtration of solid
particles from the water which are then precipitated with P. White and Cousins [8] have
shown that the removal efficiency of P in the FTW can reach 81%. The results of this research
are in accordance with these claims if the efficiency of the entire FTW is considered.
However, the results also showed that there was no reduction of P concentrations in the Cells
1 - 4 and that there was higher content of P in the outlet of these cells than in the collection
tank. It was presumed that the anaerobic conditions in the cells with floating islands have led
to the release of sequestered and precipitated P back into the water body. It was also assumed
that at extremely low DO content in the water, sulfate was reduced, sulfides were created, and
thus prevent the binding of P to Fe and Al oxides [9]. Also, the cause of the additional P
resuspension in the FTW could be the turbulence caused by the introduction of new quantities
of water into the cells or the occurrence of gases (oxygen, methane and carbon dioxide) from
the bottom of the cells [5]. Algae have a high affinity for P removal from polluted water, and
the removal process is rapid [10]. The results have shown that algae accumulate large
amounts of P during the experimental period [4]. Since there was no removal of P in the Cells
1 - 4, it can be concluded that algae were responsible for the biological removal of P in the
modified FTW. Together with the settling and sorption processes in the aerobic environment,
algae were able to remove this element with high efficiency.

Confirmation of the high efficiency of the modified FTW in the removal of P can also be
supported by the following data. Based on the concentration of P as a parameter for the
assessment of the ecological status of waters [11] water at the inlet of the modified FTW was
classified as water with moderate ecological status (class I11). After 12-day treatment, water at
the outlet of the modified FTW had characteristics of water with excellent ecological status
(class I).
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Table 2 Efficiency of the removal of total phosphates, ammonia nitrogen, nitrite, nitrate and total
nitrogen (%)

Parameter Cell 1 Cell 2 Cell 3 Cell 4 FTW outlet
P -55 -294 -71 -58 87
NH,-N 83 45 81 78 96
NO,-N 15 -137 -26 -100 97
NO;-N 79 56 63 67 >94
N 77 22 64 67 >86

The initial concentration of ammonia (NH4-N) in polluted water was 3.12 mg/L. After the
treatment cycle the concentration was reduced to 0.14 mg/L and thus a removal efficiency of
96% was achieved (Table 2). Reduction of NH4-N concentration was significant even after six
days of treatment in the cells with plants. The highest NH4-N removal efficiency in the Cells
1 - 4 was achieved in the Cell 1 where P. australis was planted (Table 2). The removal
efficiency of nitrite (NO,-N) and nitrate (NO3-N) was also high, considering the entire
treatment cycle, with NO,-N removed up to 97% and NO3-N by more than 94% (Table 2).
After six days of treatment, NO,-N concentrations decreased in the Cell 1 (15%) compared to
the inlet value (0.27 mg/L), while in other cells with plants concentration increased (Table 2).
The reduction of NO3z-N content was significant in the cells with floating islands and ranged
from 56% to 79% (Table 2). The maximum removal efficiency was achieved in the Cell 1
with P. australis compared to other cells with plants. The concentration of total nitrogen (N)
in the inflow was 7.00 mg/L. As with nitrates, removal of N was significant after six days of
experiment in the Cells 1 - 4 (Table 2). The highest removal efficiency was achieved in the
Cell 1 with P. australis, and the lowest in the Cell 2 with C. indica. At the end of the
treatment and polishing of the water with algae, the removal efficiency of N was more than
86% (Table 2).

The removal of organic N in the modified FTW was accomplished primarily due to the
metabolism of nitrifying and denitrifying microorganisms [12]. The decomposition of these
pollutants in water begins with the process of ammonification. This process takes place in
both aerobic and anaerobic environments [1]. The rhizosphere of plants in the modified FTW
is a convenient place within which the organic N compounds can be decomposed to NH4-N
and CO,. An aerobic environment in which nitrification takes place is required for the further
decomposition process. Based on the obtained results about the efficiency of NH;-N removal
in the Cells 1 - 4 and the fact that cells had anaerobic conditions, it can be concluded that the
amount of oxygen present in the rhizosphere of the plants was sufficient for the unobstructed
execution of this process. Also, the decrease in the pH of the water in the Cells 1 - 4 can serve
as an indication that nitrification in the cells with plants took place despite the low DO in the
water surrounding the rhizosphere. However, when analysing the results obtained for the
efficiency of NO,-N removal, it can be noticed that the nitrification process was still not
complete thus that all available NH4-N was not utterly converted to NO3-N. Bernet et al. [13]
state that low DO concentrations in water can lead to the formation of toxic NO,-N, as an
intermediate phase for the conversion of NH;-N to NO3z-N. The reduction of NO,-N
concentration occurred only in the Cell 1 with P. australis, with removal efficiency being
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relatively low compared to removal of other forms of N from polluted water. Anaerobic water
conditions in the cells with plants enabled high NO3-N removal through denitrification.
Through their metabolism, denitrifying microorganisms have decomposed NO3-N to harmless
gaseous N and CO,. Despite the relatively low and seasonally dependent efficiency of plants
in N removal [14], it cannot be said that they had no significance in the removal of this
element from the polluted waters. The primary role of plants in FTW was water aeration.
However, plants also adopted inorganic N as a macronutrient thus removing it from water.
For its growth, C. glomerata can use N in both NH4-N and NO3-N form [15]. Although the
removal of various forms of N was mainly due to microorganisms, the efficiency of the Cell 5
with algae was very high for NH4-N, NO3-N and total N. Due to the aerobic conditions in the
Cell 5, NO,-N was reduced with an efficiency of 97% (Table 2).

Dodkins and Mendzil [1] state that the removal efficiency of total N and NH4-N in the
FTW is about 40% and 50%, respectively. By comparing the efficiency of the modified FTW
in this research with the results obtained by other authors [2,3,8,16] for a similar type of FTW
it can be concluded that the modified FTW was far more efficient in removing the various
forms of N, both in the cells with plants and algae, especially in the case of NH4-N.

The high efficiency of the modified FTW in the removal of various forms of N can also be
indicated by comparing the contents of NH4-N, NO,-N, NO3-N and total N, as a parameter for
the assessment of the ecological status of water [11], in inlet and outlet of modified FTW.
Based on the content of NH,4-N, the polluted water had characteristics of waters with bad
ecological status (class V). According to the concentration of NO,-N polluted water had poor
ecological status (class 1V). Based on the total N and NO3-N concentrations polluted water
was characterised as water with moderate ecological status (class Ill). After treatment in
modified FTW water had high ecological status (class I) for parameters NO,-N, NO3z-N and
total N, and good ecological status (class 1) based on NH4-N concentration.

CONCLUSION

The present study was designed to determine the removal efficiency of P and N in the
modified FTW. Taken together, presented results suggest that proposed green technology can
provide efficient removal of P and N from polluted water if appropriate conditions are created
for the unobstructed execution of the main physical and biological processes for the removal
of these pollutants. These findings have significant implications for the understanding of how
alternating changes in aerobic and anaerobic conditions can lead to successful treatment of
polluted water. The most important limitation for high P removal in this research lies in the
fact that the cell coverage with the floating island was 100%. There is, therefore, a definite
need for the reduction of the vegetation coverage in order to leave enough free space for the
contact between water and air, which will allow the necessary oxygen input into the water.
Since P is removed mainly through the processes of filtration and settling, to avoid its
resuspension to water it is important to organize periodical removal of the accumulated
sediments from the bottom of the cells. Another important practical implication of this study
is that for an efficient N reduction in the FTW it is necessary to provide both aerobic and
anaerobic conditions. This means that, as in the case of P, the percentage of the cell coverage
should be reassessed. Based on the presented results it is also recommended to provide a
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series of cells with algae at the end of the FTW for additional water polishing. Further studies
should focus on the research on the required number and arrangement of cells with aerobic
and anaerobic conditions in FTW, bearing in mind that such biological systems should be also
able to remove a vast range of pollutants, other than P and N.
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Abstract

The concentration of pollutants in the atmosphere is constantly increasing every day which affects
human population, as well as complete ecosystem. Present work utilizes Computational Fluid
Dynamics based on the control volume to analyse influence of meteorological conditions on the
dispersion of pollutants from stationary industrial sources in populated areas. Measured emission
values from the Thermal Power Plant Sisak and INA Sisak Refinery were used as input data together
with the boundary wind conditions taken from the meteorological model. The computational domain
covers the area of the City of Sisak and the time horizon encompass period of 24 hours, i.e. one
characteristic day. Simulation results demonstrate spatial evolution of pollutant dispersion for the SO,
emissions along the domain height. It was concluded that the legally prescribed emission limit value
for SO, in the populated part of the city is not exceeded during the simulation period, making the air
quality satisfactory.

Keywords: numerical simulation, SO, emission, pollutant dispersion

INTRODUCTION

The increase in world population together with strong economic development has led to
the increase in environmental burden, especially pollutant emissions which have adverse
impact on human health. Most of the energy today is obtained through the combustion of
fossil fuels, which lead to an increase in the concentration of greenhouse gases, as well as
other harmful products such as CO, NOx and SOx. The negative impact of these substances
on the environment is reflected through the formation of photochemical smog, ozone
depletion, global warming, the occurrence of acid rain etc. [1]. Anthropogenic sources of
pollutants include traffic, industry, households, agriculture, energy sector etc., while forest
fires, volcano activity, dust dispersion caused by the action of wind, could be classified into
natural sources. During its development, humanity has recognized the negative impacts and
has begun to take action to control and reduce it. Today, environmental protection is receiving
greater attention and cases of such disasters are very rare [2].

The aim of the present work is to study the dispersion of pollutants from stationary
industrial sources by the control volume method. The emission data for simulation were taken
from the Sisak Thermal Power Plant and the INA Sisak Refinery, whereas for wind data the
meteorological model was employed. Those stationary industrial sources have a significant
influence on the pollution of the city of Sisak and the simulation of the movement of
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pollutants under different wind speeds and directions was being studied. The rest of the work
Is organized in a few steps. First, the research method is presented by giving the most
important conservation laws in differential form which lead to general transport equation as
the basis for numerical method. Afterwards, most important numerical settings are given
together with boundary conditions for emissions. Finally, most important results are presented
as spatial distributions and average values of SO, and most important findings are
summarized in conclusion section.

RESEARCH METHOD

In this section, the most important equations behind the method are given together with
numerical simulation settings and boundary conditions.

Mathematical model
Mass conservation law for differential element of fluid in Cartesian coordinate system can
be expressed by the following equation:

P2 (pu;) =0 (1)

where p is fluid density, t represents time, x; Cartesian coordinates and u; velocity vector
components. For incompressible fluid, equation (1) states that the divergence of velocity is
equal to zero. Momentum conservation law for differential, incompressible element of
Newtonian fluid can be written in the following form:

0 0 op o°u,

—(pu )+—(puu. ) =——+u———+pf, 2
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Equations (1) and (2) are also known as Navier-Stokes equations. Energy conservation law is
written as:
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where i is specific internal energy of fluid.

The observed commonalities between presented governing equations enable introduction
of a general scalar variable ¢, with whom general conservative form of all fluid flow
equations can be stated:

0 0 0 op
—(pp)+—(ppu.)=—|T,— |+S
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In the above equation four characteristic members can be distinguished each with distinct
physical meaning: first term on the left hand side represents time rate of change of scalar
variable ¢, second term on the left hand side is convective transport of the same variable, first
term on the right hand side describes diffusional transport of ¢, whilst the last term of the
equation is source/sink of the variable ¢ due to various other mechanisms. General transport
equation (4) represents foundation for the numerical theory of CFD. In this work conservation
equations of mass, momentum and energy based on Reynolds averaging were solved.
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Simulation settings

Computational domain was made which encompasses boundaries of the city of Sisak
(Figure 1). The domain is 2000 m high, 8230 m wide and 5530 m long. The boundary
conditions for wind in the form of velocity components and turbulent kinetic energy were
taken from the Weather Research and Forecasting (WRF) model for locations of 4 boundary
points depicted in Figure 1 in red colour. Data were given for the entire height of the domain,
more precisely from the ground up to two kilometres in height. The boundary conditions
between those points were obtained by linear interpolation.

a) b)

Ulaz wera

Ulaz vietra Adjabstski e

Figure 1 City of Sisak a) satellite image; b) computational mesh [3]

Initial concentrations of chemical species were set within the domain, amounting to 79%
for nitrogen and 21% for oxygen. Emission sources in simulation domain come from 5
chimneys (Table 1), of which 2 chimneys belong to the thermal power plant (TE blok A and
TE blok B) and 3 belong to the refinery (FCC, WB3 and main chimney).

Table 1 Data for industrial chimneys used in the simulation as emission sources
Mass fraction

CHIMNEY Temperature Mass flow

SO,

K kg/h ppm

FCC 620 67980 695
WB3 484 47652 443
main chimney 423 361902 552
TE block A 433 202767 2142
TE blok B 433 271391 2046

At the top of the domain constant pressure of 0.8 bar was imposed which linearly increases
towards the bottom of the domain where adiabatic and no-slip boundary conditions were set.
Well established k-¢ model was used for the description of turbulence which is numerically
robust and gives reasonable compromise between results accuracy and computational
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demands. Solution is considered converged when residuals of conservation equations fall
below four orders of magnitude compared to initial guessed solution. SIMPLE algorithm was
used for pressure velocity coupling. Euler first order implicit scheme was utilized for the time
discretization. Central differencing scheme was used for continuity equation, whereas
combined scheme of central and upwind schemes with blending factor of 0.5 was used for
momentum equation. Energy and scalar equation employed upwind differencing scheme.

RESULTS AND DISCUSSION

Following section presents spatial distribution of SO, concentration at different hours of
simulated characteristic day and emission profiles at different domain heights.

Spatial distribution of SO,

The green area in the following Figures represents densely populated Sisak area. The
concentrations in the scales are set according to the limit values for SO, emissions following
national legislation. The limit value for the concentration of SO; in the air should be below
350 pg/m® during the one-hour averaging period, and this value was converted to mass
fraction.

Figure 2 presents spatial distribution of SO, concentration at 10" hour of characteristic
day. Smoke plums are quite narrow, which in combination with fairly uniform wind direction,
results in longer retention of pollutants in the air and low concentrations near the ground
surface emission concentration. The area around the chimneys is most affected at a height of 2
m, and considering the terrain, the area around the chimney is mostly affected. At 400 m, a
smoke plume is only visible from the thermal power plants chimneys.

2.92¢-07

— 2.33e-07

| 1.75e-07

——{ 1.17e-07

5.83e-08

lu

h=2m h= 50m h=200m h=400m

Figure 2 Spatial distribution of SO, mass concentration at various heights for 10™ hour

Figure 3 presents results for 15" hour of the characteristic day and is selected because the
emissions cover a wider area, including the densely populated area of the city.

Also, it can be seen that fairly similar concentration pattern is conserved regardless of
height. The reasons for this can be reflected in the state of the atmosphere, the time of day,
meteorological conditions and other influences. Stationary industrial sources of the city of
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Sisak present a potential risk of contamination even for areas located at larger distances from
the industrial zone. SO, concentrations are increased compared to the 10" hour.

h=2m h=50m h=200m h=400m

Figure 3 Spatial distribution of SO, mass concentration at various heights for 15" hour

Emission profiles at different domain heights

Emission profiles along the line that goes across the green zone of the densely populated
part of the city (Figure 4a) is considered representative to check whether the SO,
concentration limits defined by law were surpassed.

a) b)

0mz

—h=2m
—h= 50m
h= 200m

Mass fraction

S 1= 400M

P T

o 500 1000 1500 2000 2500 3000
Length, m

Figure 4 Concentration profiles a) line position within the city; b) SO, profiles at various
heights

It can be seen that the conenctration is highest near the ground and becomes more uniform
and lower with increased height. Emission limit is not reached at any simulated hour in the
green zone, bringing the conclusion that air quality is satisfactory with respect to SO,
concentrations during the the cahracteristic day. It was also shown that numerical simulations
are valid tool for study of urban pollution which can be used for environmental studies and
urban planning.

104



EcoTER'20, 16-19 June 2020, Kladovo, Serbia

CONCLUSION

The simulation performed within this work shows the results of the dispersion of pollutants
with the associated concentration values at specific parts of the domain and at certain
altitudes. The highest concentrations were noticed at the ground level at a height of 2 meters.
It should be pointed out, as an important conclusion, that the limit value for SO, emissions in
the populated part of the city was not exceeded during any hour of simulated time period. The
recommendation for further work is to validate the presented method and to analyse the
dispersion of suspended particles that have a negative effect on human health. It was also
shown that numerical simulations are valid tool for study of urban pollution which can be
used for environmental studies and urban planning.
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Abstract

The purpose of this study was to investigate possibility of walnut shell for heavy metals ions removal
from rivers into which wastewater is discharged from Mining and Smelting Complex Bor, ZiJin Bor
Copper. Concentration of metal ions (Cu (II), Cr (1), Ni (1), Cd (II)), in treated sample solutions,
were determined using inductively coupled plasma optical emission spectrometer. Maximum
biosorption efficiencies for Cd (11), Cr (I1), Cu (I1) and Ni (I1) of walnut shell was determined to be
96%, 91.6%, 97.6% and 91.5%. According to the results walnut shell can be used as an efficient
biosorbent for removal of metal ions from wastewater solutions.

Keywords: walnut shell, biosorption efficiency, biosorbent

INTRODUCTION

Industrial activities influenced the flow of materials in nature, so that in aquatic
environments, besides naturally occurring, appeared and some other substances, such as
textile dyes, phenols, pesticides, detergents, heavy metals, etc. Many industries, such as
mining, metallurgy, pesticide and fertilizer production, create wastewater with a relatively
high content of heavy metals whose impact on the ecosystem is of great economic and health
importance [1]. Today, wastewater treatment can remove 30-90% of harmful elements. Such
purified waters are further discharged into surface water, which is practically harmless if
wastewater treatment is applied, which is not yet the case in Serbia [2].

One of the most commonly used methods is adsorption with activated carbon, but its
application is limited due to the high cost of production and regeneration of activated carbon.
The last ten years have been invested in finding new, cheaper and more efficient materials for
wastewater treatment [3]. Most attention is paid to natural materials, most often to agro-
industrial waste that is readily available in large quantities. The biosorption as a method for
removal of heavy metals from water has been studied for more than twenty years [4]. The
advantages of this method relative to traditional methods are the low cost, high efficiency,
minimization of chemical or biological sludge, the ability to regenerate biosorbent and the
ability to extract metals. Jalayeri and Pepe, 2019 [5] showed that pistachio green hull is
sutible sorbent for Cu (I1) removal from aqueous solutions. Corn silk can be used as efficiant
sorbent for effective removal of Cu (Il) and Zn (Il) and grape pomace waste is sutible for
cadmium ions removal from solutions [6,7].
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Walnut shell is rich in lignin and cellulose that contains many functional groups which
have a strong affinity for heavy metal ions. So, it is widely used in the removal of heavy metal
in a solution. Some authors showed that the walnut shell have an adsorption effect on heavy
metals ions in aqueous solutions [8,9].

The purpose of this study was to investigate possibility of walnut shell for heavy metals
ions removal from seven sample solutions. Sampling was carried out from rivers into which
wastewater is discharged from Mining and Smelting Complex Bor, ZiJin Bor Copper. In this
study, by interpreting the results of biosorption experiments, the answers about the efficiency
of this biosorbent were obtained.

MATERIALS AND METHODS

Seven different water samples were collected from rivers at locations Krivelj (K), spring of
Bor River (I), Timok (T), Slatina (S), Robule (P), Bor River (B) and Jaruga (J). The samples
were collected according to The Official Gazette of Republic of Serbia, no. 33/2016. Walnut
shell as biosorbent was collected from rural households. Biosorbents were previously air-
dried to constant mass, and then grounded in a vibrating mill with Mesh-Tyler rings.
Subsequently, the walnut shell samples were dried in a laboratory oven at 105° C for almost 1
hour. All the formed walnut shell samples were passed through a 200 mm sieve. A mass of
20 g/L of walnut shell was added in each water sample and stirred with magnetic stirrer (600
rpm) during 60, 120 and 240 min at the room temperature. After filtration, metal ions
concentration (Cu (1), Cr (11), Ni (11), Cd (1)), in treated sample solutions, were determined
using inductively coupled plasma optical emission spectrometer (ICP-OES Optima 8300;
Perkin Elmer, USA).

The biosorption efficiency, R (%) of heavy metal ions from wastewater was determined
according to equation (1):
R (%)== )

where C, and C; are the initial and final heavy metal ion concentrations (mg/L) in aqueous
solution, respectively.

RESULTS AND DISCUSSION

Heavy metal ion removal by the biosorbent was investigated at various initial
concentrations and the results obtained are presented in Table 1. The concentrations of metal
ions before treatment decreased with time. For example, the initial concentration of Cu (II)
ions, 76.7 mg/L in sample S is reduced to a value of 5.1 mg/L. While in the same sample a
reduction of Cd ions from 0.97 mg/L to 0.18 mg/L and Ni ions from 0.89 mg/L to 0.24 mg/L
was observed. The Cr concentration in initial sample B of 0.39 mg/L is reduced to 0.05 mg/L.
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Table 1 Concentrations of metal ions in sample solutions before and after biosorption

Sample cd(ll) cr(ll) cu(ll) Ni(Il)
solutions Concentrations (mg/L)

Jo 0.0863 0.0752 0.8933 0.3069
N 0.0168 0.0447 0.5546 0.2547
J5 0.0078 0.0092 0.2004 0.1347
Ja 0.0034 0.0063 0.1856 0.0262
Ko 0.0105 0.0086 0.7951 0.0125
K1 0.0078 0.0015 0.5006 0.0097
K, 0.0046 0.0010 0.2469 0.0076
K, 0.0027 0.0009 0.1865 0.0053
lo 0.0146 0.0066 0.6883 0.0894
Iy 0.0090 0.0025 0.5843 0.0686
I 0.0077 0.0016 0.2826 0.0526
I, 0.0070 0.0009 0.2549 0.0234
To 0.0105 0.0199 0.8861 0.5627
T, 0.0085 0.0191 0.7121 0.2886
T, 0.0073 0.0191 0.3364 0.1807
T, 0.0028 0.0157 0.2610 0.0418
So 0.9691 0.3733 76.676 0.8861
S; 0.6862 0.0907 7.5221 0.6186
S, 0.2271 0.0665 5.3418 0.3008
S, 0.1883 0.0709 5.0956 0.2379
P, 0.0040 0.0451 7.3515 0.1253
P, 0.0033 0.0408 1.3574 0.0951
P, 0.0022 0.0263 0.6666 0.0870
P4 0.0018 0.0206 0.1779 0.0229
B, 0.0778 0.3954 40.076 0.5685
B, 0.0223 0.1238 3.3453 0.4884
B, 0.0205 0.1114 3.1804 0.3719
B, 0.0178 0.0532 2.7812 0.2824

Walnut shell showed high affinity for heavy metal ions in all samples (Figure 1). The
highest biosorption efficiency of the walnut shell for metal ions was determined after 4 h in
all water samples. Those results point out to best contact time between investigated biosorbent
and treated water. Maximum biosorption efficiencies for Cd (Il) were detected in samples J
(96%), S (80.6%) and B (77%), respectively. In samples J, K, I, B and S, high efficiency of Cr
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biosorption after 4h was determined: 91.6%, 89.9%, 86.9%, 86.5% and 80.9%, respectively.
Also, copper ions were effectively removed from the studied samples P (97.6%), B (93.1%)
and S (93%). Biosorption efficiency of Ni after 240 min was most effective in samples J
(91.5%), T (86.2%) and P (81.7%).

cd Cr
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J K I T 5 P B
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Figure 1 Efficiency of heavy metals ions removal from different sample solutions by walnut shell

CONCLUSION

Walnut shell has been found to have a high sorption capacity for Cd (1), Cr (I1), Cu (II)
and Ni (I). The highest efficiency removal of Cu (II) with the walnut shell occurred in the
samples that contained the highest initial copper ions. According to the results, a high
biosorption efficiency for Cd (1), Cr (I1), Cu (1) and Ni (1I) removal from different sample
solutions revealed that the walnut shell can be used as an eco-friendly and low-cost adsorbent,
in particular in those areas where this material is abundant.
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Abstract

The examples of the exploitation of various methods for isolation and detection of polycyclic aromatic
hydrocarbons (PAHS), as typical micro-pollutants present in environmental soil and plant samples are
numerous, and over the years, their combinations became more and more original. It can be said that
during the latest decades of 20™ century, the development of different procedures practically exploded,
especially in terms of screening of PAH presence in the environment, as well as for different risk
assessments. However, gas chromatographic-mass spectrometric (GC/MS) method, in combination
with various extraction/purification procedures, showed as one of the most appropriate because it
provides a fast, safe, and accurate analysis. In this work, a brief overview of some of the most
interesting and important examples of GC/MS application in PAH determination is represented,
including the descriptions of methods for PAH extraction from the investigated soil and plant samples
(together with the subsequent clean-up steps).

Keywords: PAHSs, environmental samples, GC/MS

INTRODUCTION

Polycyclic aromatic hydrocarbons, PAHSs, are hazardous substances belonging to a group
of the so called persistent organic pollutants, POPs. The number of individual PAH
compounds that can be found in the environment is pretty high (over 100) but 16 of them are
recognized as extremely dangerous and they are included in the list of priority pollutants; they
are: naphthalene (Nap), acenaphthylene (Acy), acenaphthene (Ace), phenanthrene (Phe),
fluoranthene (FIt), fluorene (FIr), anthracene (Ant), pyrene (Pyr), benzo[a]anthracene (BaA),
chrysene (CHR), benzo[a]pyrene (BaP), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene
(BKF), dibenz[a,h]anthracene (DhA), benzo[g,h,i]perylene (BgP), and indeno[1,2,3-cd]pyrene
(IcP); several compounds such as BaP, BkF, BbF, BaA, DhA, CHR, and IcP are anticipated
as possible carcinogenic and mutagenic [1].

Although present in micro-quantities in the environment, it was shown that PAHs may
pose serious risk for all living organisms. Their main natural sink is surface soil, where some
significant quantities may be accumulated over the years. Edible plants growing in PAH-
contaminated soil may also accumulate many PAH compounds representing in that way a
potential danger for human health [2]. In terms of protecting human health and the complete
environment, a constant monitoring of 16 priority PAHs is recommended by many relevant
world organizations, together with the related methods for their precise and accurate
detection. In most cases, gas chromatographic-mass spectrometric (GC/MS) method was a
method of choice and it was applied to different environmental matrices with great success
[3]. In this paper, a brief overview of some of the most interesting and important examples of
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GC/MS application in PAH determination is represented, including the descriptions of
methods for PAH-extraction from the investigated soil and plant samples, as well as of the
subsequent clean-up steps.

VARIOUS COMBINATIONS OF ISOLATION AND DETECTION METHODS FOR
PAHs IN THE SOIL AND PLANT SAMPLES

The development of different procedures practically exploded during the latest decades of
20" century, especially in terms of screening of PAH presence in the environment, as well as
for different risk assessments.

For example, at the end of 20" century, in far 1999, Kipopoulou et al. [4], applied the
method of high performance liquid chromatography, HPLC (with fluorescence detector) in
PAH detection in edible parts of several vegetables such as: carrot (Daucus carota), cabbage
(Brassica oleracea capitala), lettuce (Lactuca sativa), endive (Chichorium endivia), and leek
(Allium porrum), growing in an industrial area of Thessaloniki (Greece). PAHs were extracted
from the dried plant samples but also from the corresponding soils, in a Soxshlet-apparatus,
using solvents such as dichloromethane (for plants) and cyclohexsane (for soil). For each
sample clean-up, i.e. for the separation of PAHs from the polar compounds (chlorophyll, etc.),
solid-phase extraction, SPE, was applied, using Florisil cartridge (Florisil fibers are typical
silica micro-columns properly conditioned by n-hexsane, containing also anhydrous Na,SOy,).

Only few years later, in 2004, Tao et al. [5] were investigating the content of 16 priority
PAHSs in agricultural soil and plants in the area of Chinese town Tianjin, using the method of
GC/MS. The selected plants were celery (Apium graveolens), Chinese cabbage (Brassica
rapa, Pekinensis group), sweet violet (Coriandrum sativum), spinach (Spinacia oleracea),
turnip (Brassica rapa), cauliflower (Brassica oleracea), carrot (Daucus carota), and Chinese
mustard (Brassica juncea). Soil PAHs were extracted using accelerated solvent extraction,
ASE, with 1:1 mixture of dichloromethane and acetone. Clean-up was performed on silica gel
column (with anhydrous Na,SO, and dichloromethane). The solvents used in different
procedural phases were as follows: cyclohexsane, n-hexsane, and pentane/dichloromethane.
Similar extraction and clean-up methods were also used for plant samples, with the
notification that the step of sulfonation was included during the clean-up (in terms of
removing the lipids and other co-extracted substances that could jeopardize PAH analysis).

Two years later, Tao et al. [6] were also investigating the content of 16 priority PAHSs in
the samples of soil and different organs of rice (Oryza sativa) collected at the same territory
(Tianjin, China), and using the same GC/MS method together with the same extraction and
clean-up techniques. The applied procedure provided a safe evolving of important conclusions
related to the level of PAH bioaccumulation in the investigated rice organs, as the main food
in the region of interest.

In the same year, 2006, Meudec et al. [7] were using GC/MS method for the identification
and quantification of PAHs in marine plants, especially in halophytic Salicornia fragilis. For
elimination of pigments and other compounds that may endanger the analysis of PAHSs, they
used the saponification method with KOH and SPE (with Florisil fibers). The solvents used in
different procedure steps were — ethanol, hexane, and dichloromethane.
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During 2006, Ratola et al. [8], collected and used Pinus pinea needles (from Barcelona,
Spain) for the analysis of 16 priority PAHs by GC/MS method. They also used this
opportunity for the development and comparison of the three different extraction methods:
Soxhlet, ultrasonic and pressurized liquid extraction, using always the same mixture of
solvents such as hexane/dichloromethane (1:1, v/v). Several clean-up procedures were also
tested, namely: Florisil, silica and alumina in cartridges or glass column format using the
same solvent mixture. Among several investigated extraction and clean-up methods tested,
ultrasonic extraction followed by alumina cartridge clean-up was the method that provided the
best recoveries of PAHs and limits of detection.

Already in 2010, Liao et al. [9] used an advanced GC/MS apparatus equipped with triple-
quadrupole in terms of the detection of PAHSs in surface soils. Microwave-assisted extraction,
MAE, and SPE were used for PAH extraction and clean-up. Used solvents were
dichloromethane/hexane and acetone. The applied procedure provided average recoveries in
the range of 66.59-122.07% with relative standard deviations generally less than 20%.

In terms of investigating plant phytoremediation potentials, in 2011, Smith et al. [10] used
the method of HPLC with an UV diode array detector in the analysis of PAHSs in 5 different
plant species: Festuca rubra (red fescue), Festuca arundinacea (tall fescue), Trifolium
pratense (red clover), Lolium perenne (perennial ryegrass), and Trifolium repens (white
clover). Extraction was accomplished by Soxhlet-method using dichloromethane/acetone (1:1,
vIv).

In 2012, Wang et al. [11] applied the method of GC/EI-MS (GCl/electron-ionization MS)
in the investigation of PAH content in the samples of native plants, vegetables and rice (but
also in their corresponding soils) growing near the electronic (e-) waste situated at the
territory of Guangdong province in south China. PAH extraction from the soil samples was
accomplished by Soxhlet-method with dichloromethane as an extraction solvent, while plant
samples were extracted using mixture dichloromethane/acetone (3:1, v/v). After the
concentration, both kinds of extracts were dissolved in hexane. Their purification was
performed in a multi-layer silica gel - alumina column (with anhydrous Na,SQO,) using eluent
hexane/dichloromethane (1:1, v/v). In terms of elimination of lipids, the extracts obtained
from the plant samples were additionally purified on a gel-permeation chromatography
column.

Three years later, Banach-Szott et al. [12] determined the content of the selected PAHSs
(fluorene, anthracene, pirene, and chrizene) in the samples of agricultural soils from the
regions of Kujawy i Pomorze (Poland) using HPLC (with fluorescence detector). pAHs were
extracted in a standard way using Soxhlet-apparatus and cyclohexane as an extraction solvent.
Extracts were evaporated, whereas the residue was dissolved in acetonitrile.

In terms of investigating of the influence of PAH speciation in industrial soil on their latter
assimilation by plants (practicallt, Chinese cabbage, B. chinensis), in 2016, Zhang and Fan
[13] used the method of GC/MS and the accelerated solvent extractor with dichloromethane
as a solvent; it was later replaced with the series of different combination of solvents with the
aim of determination of PAH speciation in the samples of soil and plant). The extracts were
purified on an alumina and silica gel chromatography column and the extractable PAHs were

113



EcoTER'20, 16-19 June 2020, Kladovo, Serbia

obtained through elution with 30 mL dichloromethane/n-hexane (2:1, v/v); the extractable
aliphatic hydrocarbons were obtained through elution with n-hexane.

In 2017, Shi et al. [14] monitored the content of 6 PAHs (phenanthrene, anthracene,
pyrene, benz[a]anthracene, benzo[a]pyrene, and benzo[g,h,i]perylene) in the samples of
leaves of 6 varieties of winter wheat (Triticum aestivum L.). Analyses were done on HPLC-
FLD aparatus with ultraviolet detector and a fluorescence detector. For the extraction,
Soxhlet-apparatus and mixture of solvents acetone/dichloromethane (1:3, v/v) were used. The
extracts were purified on Florisil column using mixture hexane/dichloromethane (1:1, v/v).

During 2013 and 2014, Sadowska-Rociek et al. [15,16] introduced a significant novelty in
PAH extraction from plant samples but also from the samples of different types of tea;
namely, they applied and optimized the QUEChERS (Quick, Easy, Cheap, Effective, Rugged
and Safe) methodology, a method combining the extraction: liquid—liquid with the later
purification on dispersive SPE. The method was originally developed for pesticide residues
analysis operating normally with the pollutant micro-quantities. Sadowska-Rociek et al. [15,
16] examined several types of solvents (acetonitrile, ethyl acetate), sorbents (PCA, GCB,
SAX, NH,), and preparation methods (solvent evaporation to dryness and dissolving of
residues in hexane and liquid-liquid extraction, LLE, with the solvent exchange). The results
showed that, for different types of teas, acetonitrile extraction, clean up with SAX and final
LLE represented the best approach providing the most purified extracts and the best
compound recoveries. The final extracts were analyzed by GC/MS.

A couple of years later, Cvetkovic et al. [17] adopted the QUEChERS methodology for
PAH analysis in real soil samples (collected in urban-industrial locations in Ni$, Serbia),
applying again, different combinations of the extraction solvents (acetonitrile/water and
hexane/water) and purification sorbents (PSA, florisil, C18, diatomaceous earth and
clinoptilolite). Detection was done on GC/QqQ/MS system in the selected ion monitoring
(SIM) mode. The results showed that the most effective combination was: extraction by
acetonitrile/water as the extraction solvent and diatomaceous earth as the dispersive SPE
sorbent.

Following previous examinations, in 2016 and 2017, Alagi¢ et al. [2,18] used the
QUECHhERS method for PAH analysis in the samples of roots of wild blackberry from the
region of Bor (Serbia), as well as in the corresponding soil samples with the aim of estimating
the usability of this plant species in biomonitoring and phytoremediation. Practically,
extraction was performed using mixture acetonitrile/water (1:1, v/v), the clean-up was done
on a PSA-sorbent, while the detection of PAHs was done on the same GC/QqQ/MS system.
The results confirmed the proficient biomonitoring and phytostabilization potentials of the
investigated plant species.

CONCLUSION

Today, the researchers have mighty analytical instruments, which provide very precise
detection of organic pollutants such as PAHSs, even in the case of their micro-quantities
(typically found in the environmental samples). However, GC/MS method is one of the most
appropriate because it provides a fast, safe, and accurate analysis; the detection of PAHs by
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this method is of great importance for environmental preservation and protection. It should be
mentioned here that the preparation of samples also represent an important step in the
complete analysis, including the suitable methods for PAH extraction and later purification
where PAHs should be properly separated from other substances that may jeopardize the
correct final results. In recent time, the QUEChERS method appears as one of the best
solutions for micro-pollutants such as PAHS.
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Abstract

Increasing needs for agricultural products require significant use of phosphorus fertilizers, that has
seriously disrupt natural cycle of this element in the soil. Phosphorus fertilizers are primarily used to
increase concetration and availability of phosphorus, as an essential element for plant development
and growth. However, more than 80% of phosphorus originating from fertilizers, soon after
application turn into the form that cannot be absorbed by the plants, due to very slow diffusion
process and high fixation degree. There are numerous factors influencing phosphorus availabilty in
soil solution, such as easily accessible Pi adsorption and desorption processes, soil texture, type and
pH value as well as method of soil treatment. It is necessary to understand dynamics and nature of the
process of phosphorus absorption and factor influencing phosphorus availiability in soil solution in
order to reduce production of phosphorus fertilizers and improve efficiency of its consumption. This
paper describes factors affect phoshorus availiability and concentration in soil solution and methods
for increasing phosphorus availability in soil solution.

Keywords: soil, inorganic P, phosphorus fertilizers, P availability, phosphorus activators

INTRODUCTION

In addition to nitrogen and potassium, phosphorus (P) is one of seventeen essential
elements required for normal plant growth and development [1,2]. Phosphorus stimulates seed
germination, root and stem development, flower and seed formation, crop yield and quality.
Also, it has significant role in numerous cell processes including maintenance of membrance
structures, synthesis of biomolecules and high energy molecules. Phosphorus deficiency
reflects in the disruption of many physiological, biochemical and metabolic processes, so the
plants growing under such conditions are underdeveloped with smaller, curled dark—green
leaves. Younger plants have greater need for phosphorus in relation to the plants that finished
their growth and development process, and that is the reason why the symptoms of its
deficicency are more visible at young plants [3].

As Balemi and Negisho [1], at more than 40% of the worldwide soil, P content available
for plants, is not sufficient to satisfy the needs of the plants [1]. During last decades, much
greater quantities of phosphorus fertilizer have been used, to satisfy needs for agricultural
products in the world. Shen et al. [4] indicated that consumption of phosphorus fertilizers in
China has been drastically increased from 1.18 Mt P in 1985 to 4.80 Mt P in 2005 [4].
Excessive application of phosphorus fertilizers can lead to an increase in the amount of
phosphorus that accumulates in the soil and/or leads to leakage from the soil into aquatic
systems, which can further lead to artificial eutropia and red tide [5,6]. In South China, about
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68 kg P/h accumulates in agricultural land annually [5]. The results of study conducted by
Heckrath [7] indicate that if the amount of accumulated Olsen P is greater than 60 mg/kg,
there will be a loss of phosphorus from agricultural land to aquatic ecosystems [7]. The
disruption of natural phosphorus cycles imposes the risk to complete environment.

This paper present factors affecting phosphorus availability and concentration in soil as
well as methods for reducing phoshorus fertilizers and maximum recovery of the phosphorus
present in the soil.

PHOSPHORUS IN THE SOIL

Phosphorus in soil exists both in organic (Po) and inorganic (Pi) form. Literature data of
organic and inorganic phosphorus content is presented in Table 1. P concentration in the
surface layer of soil (0—15 cm) is from 50 to 3000 mg P/kg soil, whereas P concentration in
soil solution is from 0.05 to 0.30 pg/ml. Although most soil contains significant amounts of
phosphorus, only small part (<1%) of total P has been dissolved in soil solution [8]. Such low
phosphorus concentration and poor availability in soil solution has conditioned application of
phosphorus fertilizers [9]. Phosphorus fertilizers are primary used for increasing
concentration and availability of phosphate ion in soil solution. The most commonly used
phosphorus fertilizers are: shredded phosphate rock, super phosphate, triple super phosphate,
NPK and ammonium phosphate fertilizers [10]. P,Os content in different types of phosphorus
fertilizers is given in Table 2.

Table 1 Content of organic and inorganic Table 2 P,Os content in different types of
phosphorus in soil phosphorus fertilizers [2]
Content of P (%) Sapling location Ref. Types of phosphorus fertilizers Content (%)
Po 20-80 Newark (USA) [9] Single
17-20
superphosphate
Po 30-60
Beijing (China) [4] .
Pi 35-70 Triple superphosphate 44-48
Po 30-50
Beijing (China) [8] Phosphate rock 26-37
Pi 60-80
Po 15-80 Novi Sad (Serbia) ~ [11] Dicalcium phosphate 35-52

FACTORS INFLUENCING Pi CONCENTRATION AND AVAILABILITY IN
SOIL SOLUTION

The great number of reactions taking place in soil (Figure 1) affect P concentration and
availability in soil solution. Soon after application, more of 80% of P originating from
fertilizers, turns into form that cannot be absorbed by the plants, because of the sorption
process, precipitation or microbial immobilization [8].
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Figure 1 Phosphorus cycles in soil [8]

P concentration in soil solution is primarily controlled by balance between adsorption and
desorption process of labile Pi [8]. In acidic soil, P can be adsorbed at Al and Fe
oxides/hydroxides and clay mineral, whereas in neutral and carbonate soil, on the surface of
Ca carbonate and clay minerals [4]. Taking into consideration that clay minerals are
characterized by large surface for P adsorption, clay-rich soil is characterized by small
amount of P that can be extracted [12].

Phosphorus adsorbed at aluminium or iron oxide, as well as calcium phosphate minerals
are sensitive to changes of pH. Increasing of soil pH leads to increasing of Fe and Al
phosphate solubility (Figure 2), whereas the solubility of the Ca phosphate decreases until
pH=8. Increasing of soil pH (pH>8) leads to increasing of Ca phosphate solubility.
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Figure 2 Influence of soil pH value to P availability [13]

Different forms of Ca, Al and Fe phosphates can influence P concentration in soil solution.
Dissolution of minerals in acidic, neutral and alkaline soil is presented in the following
reactions (1-9) [8]:

FePO, -2H,0(s) <> Fe** + PO,* + 2H,0 (1)
Fe 3(PO,),-8H,0(s) <> 3Fe** + 2P0O,> + 8H,0 (2)
AIPO,-2H,0( > AI** + PO, + 2H,0 (3)
Caz(POy)y) <> 3Ca" + 2P0, (4)
CaHPOy(s) <> Ca** + PO,> + H* (5)
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CaHPO, - 2H,0) «» Ca® + PO,* + H' + 2H,0 (6)
Cas(POy)sF () «> 5Ca”* + 3PO,* + F (7)
Cas(PO4)30H) <> 5Ca* + 3P0,> + OH’ (8)
CagH2(PO4)s - 5H,0 < 8Ca*" + 6P0O,* + 6H,0 (9)

Some metal cations present in soil solution can form metal-phosphate complexes with
H,PO, and HPO4* ions. Complexed P can present significant part of total P present in the soil
[14]. Low molecular weight organic acids can form organo—metal complexes with Fe, Mn,
Zn, Cu or Ca, whereby P releases from metal-phosphate complexes. Plants that grow on soil
rich in CaCOj3; contribute to increase of organic acid content in the soil and thus affect the
concentration of P that plants can absorb [15].

METHODS FOR INCREASING Pi AVAILABILITY IN SOIL

Phosphorus activators transform insoluble P into forms that can be absorbed, leading to a
reduction in the amount of phosphorus that accumulates in the soil and/or flows into aquatic
ecosystems. They can be divided into three groups: (1) bio—inoculants and bio—fertilizers; (2)
organic substances and (3) zeolites and other substances [8]. The effect of applying different
bio-fertilizers is shown in Table 3.

Table 3 Effect of bio-fertilizers application

Microorganisms in bio-

fertilizers Soil type Results of applied bio-fertilizers Ref.

Aspergillus versicolor

Bacillus licheniformis Silt clay soil ~ The applied bio—fertilizer improved the uptake of P in maize and [16]

Bacillus subtilis (India) rice by 25.95-50.56% and 18.58-44.09%, respectively

Streptomyces cellulosae

Pseudomonas Loamy soil 0

synxantha (India) Improved phosphorus uptake by 103% -
. Loamy soil

Serratia marcescens (India) Improved phosphorus uptake by 121%

Sandy soil Application with superphosphate improved P uptake by 29 mg/pot

Aspergillus niger (Egypt) and 30 mg/pot for wheat and faba bean, respectively

Sandy soil Application with superphosphate improved P uptake by 129 mg

Aspergillus fumigatus (Egypt) /pot and 39 mg /pot for wheat and faba bean, respectively (18]

Sandy soil Application with superphosphate improved P uptake by 125 mg/pot

Penicillium pinophilum (Egypt) and 112 mg/pot for wheat and faba bean, respectively

The effects of applied organic acid on P transformation are shown in Table 4.

The use of humic acid, biochemical humic acid and lignosulfonate sodium as activators
reduced the amount of phosphorus that flows into aquatic ecosystems by 34.6%, 35.6% and
42.3%, respectively [5]. The impact of the application of phosphorus activators on the amount
of P that flows into aquatic ecosystems is shown in Figure 3 [5].
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Table 4 Effects of applied organic acid on P transformation

Organic . . Ref.
9 Concentration Soil type Results
compound
Prevents the fixation of P in the soil
Humic acid 0.1 mg/kg soil Calcareous soil (Pakistan) and increases its availability to [19]
plants.
Maleic acid Natural forests or plantation from
Citric acid 10 mM/kg soil subtropical and tropical areas Effective in mobilizing P from soil [20]
Oxalic acid (Australia)
2.40
- syt
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Figure 3 Cumulative phosphate loss via P leaching from the paddy soil [5]
(RCKO-without the addition of agents; RCK—superphosphate; HA-humic acid; LS- lignosulfonate
sodium; BCHA- biochemical humic acid)

In addition to activators, availability of phosphorus in soil solution can be affected by
changes in physical and chemical soil properties as well as crops planting approach. Results
of the study conducted by Shen et al. [4] indicated that if the corn and broad beans are grown
on the same agricultural land, the amount of absorbed P can be increased. Broad beans secrete
organic acids that leads to decreasing of rhizosphere pH value and contributes to increasing of
P concentration that can be absorbed by the plants [4]. Considering that P diffusion in the soil
is a very slow process, applying phosphorus fertilizers near the crop seeds can increase its
availability for the plants. By applying phosphorus fertilizer out of root area, the efficiency of
the applied fertilizer is reduced.

CONCLUSION

Due to the very low concentrations and poor availability of phosphorus in soil solution and
high demand for agricultural products, phosphorus fertilizers have been used in increasing
quantities in recent decades. In order to reduce quantity of phosphorus fertilizers in the world,
it is necessary to understand factors affecting P availability in soil, dynamics and nature of P
absorption from the soil. A number of factors influence phosphorus availability, such as: soil
pH value, method of soil treatment, content of Fe, Al, Ca, clay mineral and organic
substances. The activators, which facilitate phosphorus accumulated in the soil to be
transformed in the form easily absorbed by the plants, can be used in order to reduce the
quantity of phosphorus fertilizers application worldwide. Also, the use of activators can
reduce the amount of P that flows into aquatic ecosystems, thus preventing environmental
pollution.
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Abstract

According to the literature so far, a total of Gyas titanus is present in nine localities in Bosnia and
Herzegovina. Our surveys from 2001 to 2018 recorded it in 21 localities. All our findings of Gyas
titanus do not deviate from other habitats of other authors where it is found, which is a forest on the
bank of a stream-river or terrain overgrown with shrubs and mostly beneath a rock or rotten tree. As
we can see, it mainly inhabits the forests of the most old age with a strong set, whose canopy cover is
not less than 70% and slightly smaller canyons and gorges with high almost vertical cliffs overgrown
with dense vegetation. During our study, the elevation zonation of this species ranged from about 600
above the sea level in Kozara to almost 1700 above the sea level in Mount Cincar. If we look at the
sites cited by Novak et al. [4] we notice that some localities are repeated, i.e. our research has
confirmed their presence in the wider area, which indicates our continuity of presence in the area. If
we compare the literature data with ours, we can see that for most of our localities these are new
findings in Bosnia and Herzegovina. It is reasonable to assume that the species and inhabits areas
that have not been extensively explored before, as these new localities in Bosnia and Herzegovina
show. Considering the findings from the literature as well as these new locations in Boshia and
Herzegovina, we can conclude that G. titanus is more or less constantly present in the western and
central Balkans. In addition to some isolated mountains in the Pannonian Plain, the species
population has a continuous Alpine-Balkan-Carpathian distribution.

Keywords: Gyas titanus, Bosnia and Herzegovina, new location

INTRODUCTION

European phalangidae of the genus Gyas, are represented by two species Gyas titanus
Simon, 1879 and Gyas annulatus (Olivier, 1791) and both represent Mountainean species. In
the subalpine and hilly regions, G. titanus occurs in forests on the banks of streams and there
have been rare sporadic findings in caves. G. titanus species has been recorded in Croatia,
Bosnia and Herzegovina (B&H), Montenegro and Serbia.

In the description of the area we will stick to the Mountainean pre-alpine and hilly region,
which is cultivated and inhabited. The territory of B&H has an area of 51129 km? and is an
integral part of the geomorphostructure of the Dinarides. The Dinaric Mountain
Morphosystem is a sub-continent of the western part of the Alpine-Himalayan belt. It
originated in the geotectonically moving, Mediterranean subduction zone (Mediterranean
geosynclinal area), during the Cenozoic phase of the Alpine cycle of orogenic closure by the
Neothetical Ocean. The formation of the Dinaric Orogen was influenced by complex tectonic
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processes [1]. The relief structure of Bosnia and Herzegovina is expressed by: mountain
massifs and hills with foothill stairs, surfaces, mountain elevations and hills, karst fields,
valleys, bays and valleys. The high mountain dinaric zone morphologically expresses the
mountainous areas of northern Herzegovina, central, southeast and southwestern Bosnia.
Therefore, it is an extremely mountainous area with the highest altitudes (the peak of Maglic
2386 above the sea level) and the highest values of vertical distribution in B&H [2]. The
northeastern part of the high mountain Dinaric zone, in the area of the Central Dinarides, is
represented by mountain ranges and ridges of Vlasic (1943 above the sea level), Jahorina
(1913 above the sea level), Bjelasnica (2067 above the sea level), Zelengore (2015 above the
sea level), Maglica (2386 above the sea level). The southwestern highland frame is
represented by the boring-folding and scaly mountain morphostructures of the High Karst
zone in the Outer Dinarides. Orographically, the linear elevations of the mountain ridges
predominate. These are: Pljecevica 1645 above the sea level, Klekovaca 1961 above the sea
level, Staretina 1607 above the sea level, Dinara 1912 above the sea level, Vitorog 1907
above the sea level, etc. The mountain massifs in the high Dinaric Orographics reflect
orographically: Tent 1873 above the sea level, Grme¢ 1604 above the sea level, Prenj 2123
above the sea level, etc. The mentioned mountains are morphotectonically separated by relief
depressions of karst fields and larger bays. Morenan deposits are a reliable indicator of the
glacial process found in the high bays and low foothills of Pranja, Velez, Dinara, Tent, etc.,
while higher parts of the mentioned mountains are marked by forms of Pleistocene glacial
relief. The high mountain belt of the Dinarides of B&H is bordered from the northeast and
southwest, by slightly lower mid-mountain morphostructures of average altitudes of 1000-
1600 above the sea level. The southwestern highlands, extending to eastern and western
Herzegovina, represented by the backs and massifs of Radovan 1133 above the sea level,
Vrani¢ 1117 above the sea level, Bjelasnica 1395 above the sea level, Viduse 1328 above the
sea level, etc., while the northeastern mountain range in central and eastern [1].

This paper aims to complete the picture on the distribution of Gyas titanus in B&H.

MATERIALS AND METHODS

The material is ordered by rolling stones, rotting trees and stumps mainly in the bed of a
stream or mountain river in the forest. Specimens in most localities were not collected, only
photographed. It covers the period from 2001 to 2018 when field surveys were conducted in
the territory of Bosnia and Herzegovina. Determination was done according to Luhan [3].

RESULTS AND DISCUSSION

According to the authors Novak et al. [4] Gyas titanus is present in Bosnia and
Herzegovina in eight localities:

Kupreska vrata, XJ87, Bugojno, 1200 m, 10.09.1983, Coll. BIOS 2606, SIVEC leg.: 1 m
(TN 406/1985; PMSL); Kozarac, XK48, Prijedor, 06.05.1987, SIVEC, HORVAT leg.: 2
subad. (TN 1096/1998; PMSL); Ravan, YJ38, Busovaca, Zenica, 13.05.1986, SIVEC,
HORVAT leg.: 1 subad., 1 iuv. (TN 1234/1998; PMSL); Konjuh Mountain, CQO00, 890 m,
16 km north of Kladanj, 14.10.1990, SIVEC, HORVAT leg.: 2 iuv. (TN 1256/1998; PMSL);
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Vranica Mountain., YJ27, 1400 m, 5 km southwest of Fojnice, 17.10.1990, SIVEC,
HORVAT leg.: 2 iuv. (TN 1264/1998; PMSL); Ponor cave Bijambare, Cevljanoviéi, BP37,
28.07.1968, PRETNER leg.: 1 iuv. (TN 233/1985; JH); Radaci¢i, CP09, Kladanj, 680 m,
15.10.1990, SIVEC, HORVAT leg.: 1 iuv. (TN 1271/1998; PMSL); Magli¢ Mt., CN19, 25
km south of Fo¢a, AUSOBSKY leg. (MARTENS, 1978).

The data of Jaksi¢ [5], PhD for Prokosko Lake on Vranica Mountain, where the description
of biodiversity indicates the presence of this species. Thus, in total, Gyas titanus is present in
nine localities in Bosnhia and Herzegovina. In the period 2001-2018 Gyas titanus was recorded
in 21 localities (Figure 1), which are listed as:

Zelengora Mountain: Canyon of Hrs¢anka River, 20. 08.2008, river bank below stone, 1
individual; Donje Bare Lake, 22.08.2008, lake shore, below stone, 2 individuals; rainforest
Perucica, 19.08.2009, forest, under rotting tree, 3 individuals; 23.05.2001, forest under stone
along Perucac creek, 5 individuals;

Magli¢ Mountain: Trnovac Lake, 19.08.2009, forest around the lake, under a rotting tree,
1 individual; Suha River Canyon, 19.08.2009, forest under a rotting tree, 2 individual,

Sutjeske canyon: 21.08.2009, coast, forest under stone, 1 individual;

Cincar Mountain: Dragnjic place, 17.08.2010, under the stone, 1 individual;

Sator Mountain: place Rare, under the stone, 18.08.2010, 1 individual; place Stekerovci,
19.08.2010, under the stone, 1 individual,

Lisine Mountain: Podrasnica, Zelenkovac, 24.08.2010, under a tree in the forest, 2

individuals; 25.08.2010, and 21.08.2011, along Zelenkovacki creek below the stone, 1
individual each;

Krug Mountain: place Zagori¢ani, 25.08.2010, under the stone, 2 individuals;

Ljubusa Mountain: place of Mokronoge, 29.08.2010, under the stone, 2 individuals; the
surroundings of Rama Lake, 29.08.2010, below the stone 1 individual;

Livno: Jaruga River, 25.08. 2011, river bank below the rock, 2 individuals;

Zenica: Kraljeva Sutjeska, 20.04.2012, beneath the extinct tree in the forest, (one dry
specimen);

Kozara Mountain: Crna River, 17.08.2012, 20.08.2014. and 22.08.2013, under the
deciduous tree in the forest, 2 + 5 + 3 individuals; Pasini konaci, 21.08.2013. below the
extruded tree in a wet meadow (swamp) 2 individuals, Gumlin cave, 28.08.2015, in the
furnace walker in complete darkness, 3 individuals, Gumlin creek 28.08.2015, in the gorge of
the stream below the stone at coast, 3 individuals., Starenica river, 30.08.2018., below the
stone on the coast, 1 individual. Figure 2 shows Gyas titanus in Kozara NP in the Gumlin
creek gorge below a rock on the shore.
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Figure 1 21 localities in Bosnia and Herzegovina where Gyas titanus was recorded

Localities surveyed: 1. Sutjeske Canyon (1); 2. Livno: Jaruga River (2); 3. Cincar Mountain: Dragnjic
Town (3); 4. Kozara Mountain: Black River (4), Pasha Strands (5), Gumlin Cave (6), Gumlinski brook
(7), Starenica River (8); 5. Krug Mountain: Zagoricani Town (9); 6. Lisina Mountain: Podrasnica,
Zelenkovac (10) and Zelenkovack creek (11); 7. Ljiubusa Mountain: the place of Mokronog (12) and
the vicinity of Rama Lake (13); 8. Magli¢ Mountain: Trnovac Lake (14) and Suha Reka Canyon (15);
9. Sator Mountain: Rare (16) and Stekerovci (17); 10. Zelengora Mountain Canyon of the Christian
(Hrs¢anke) River (18); Donje Bare Lake (19); rainforest Perucica (20); 11. Zenica: Kraljeva Sutjeska
(21)

Figure 2 Gyas titanus in Kozara NP in the Gumlin creek gorge below a rock on the shore (Photo by
M. Stankovic)

All our findings of Gyas titanus do not deviate from other habitats where it is found, which
is a forest on the bank of a stream or terrain overgrown with shrubs and mostly under rock or
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decayed wood. As we can see, it mostly inhabits the forests of the most old age with a strong
set, whose canopy cover is not less than 70% and slightly smaller canyons and gorges with
high almost vertical cliffs overgrown with dense vegetation. In terrains that have a
predominantly open merocarst type where sparse shrubby or only grassy vegetation is present,
specimens are found under the rock, usually in slightly higher grass or denser shrub
assemblages.

The finding of the species in the Gumlin creek gorge and in the Gumlin Cave shows its
trogloxene character. That is, the species uses the interior of the cave temporarily during the
summer dry season. Visiting the cave itself, specimens were found in the cave corridor over
100 m from the entrance in complete darkness due to optimal humidity during the summer
when the temperature reached 40°C and the water level in the stream was very low. This is
not the first case that opilions are found both around and inside the cave.

During fieldwork, it was observed that in vegetation terms Gyas titanus inhabits from
hardwood to mixed to purely coniferous communities as well as to communities in pastures
above the forest border, or from canyon communities with Salix, through mesophilic oak
communities, as well as from hilly and mountain beech communities to subalpine conifer or
mixed communities (Abieto-Fagetum, Abieto-Fageto-Picetum, Picetum submontanum, etc.)
The presence of this species was recorded in four localities belonging to the protected areas,
namely the Sutjeska and Kozara National Parks, while the Lisine Mountains are under
previous protection.

If we look at the sites cited by Novak et al. [4] we notice that some localities repeat like
Maglic (finding in 1978) where we also found it, which only confirms its continuity. At two
localities Kozarac near Prijedor (finding in 1987) and Ravan near Zenica (finding in 1986),
our research confirmed their presence in the wider area. In the work of Novak et al. [6] we
find data on the zoogeographical distribution of Gyas titanus where the authors state that it
belongs to the Alpine, Iberian, Central European, Dinaric and Carpathian elements.

During our study, the elevation zonation of this species ranged from about 600 above the
sea level in Kozara to almost 1700 above the sea level in Mount Cincar.

If we compare the literature data with ours, we can see that for most of our localities these
are new findings in B&H. It is reasonable to assume that the species and inhabits areas that
have not been extensively explored before, as these new localities in B&H show.

CONCLUSION

According to the literature so far, a total of Gyas titanus is present in nine localities in
Bosnia and Herzegovina. Our research in the period 2001-2018 recorded it in 21 localities.

All our findings of Gyas titanus do not deviate from other habitats of other authors where it
is found, which is a forest on the bank of a stream-river or terrain overgrown with shrubs and
mostly beneath a rock or rotten tree. As we can see, it mainly inhabits the forests of the most
old age with a strong set, whose canopy cover is not less than 70% and slightly smaller
canyons and gorges with high almost vertical cliffs overgrown with dense vegetation. During
our study, the elevation zonation of this species ranged from about 600 above the sea level in
Kozara to almost 1700 above the sea level in Mount Cincar.
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If we look at the sites cited by Novak et al. [4] we notice that some localities are repeated,
I.e. that our research has confirmed their presence in the wider area, which indicates to us its
continuity in the area.

If we compare the literature data with ours, we can see that for most of our localities these
are new findings in B&H. It is reasonable to assume that the species and inhabits areas that
have not been extensively explored before, as these new localities in B&H show.

Considering the findings from the literature as well as these new locations in B&H, we can
conclude that G. titanus is more or less constantly present in the western and central Balkans.
In addition to some isolated mountains in the Pannonian Plain, the species population has a
continuous Alpine-Balkan-Carpathian distribution.
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Abstract

The Zasavica Nature Reserve study collection includes the Paleontological-Geological Section and
the Biological Section. About 50 specimens of minerals, rocks and fossils have been deposited in the
paleontological-petrological collection from the area of the reservoir and the surrounding area.The
paleontological part of the collection consists of a collection of quaternary vertebrates with parts of
the mammalian quaternary fauna skeletons, and here we have the mammoth atlas (Mammuthus sp.)
found in Crna bara (Jovaca); then a collection of invertebrate macrofauna with the remains of
Bivalvia, Gastropoda and other freshwater or marine invertebrates in limestone and other sediments
(silt, clay, etc.) and a paleobotanical collection consisting of parts of the tree found in silt and peat
and peat samples. The petrological part of the collection contains minerals and rocks found in alluvial
deposits or averaged fractions of deposits from sources on the Zasavica coast. The biological part of
the collection includes: Mycological collection of 111 liquid mushroom preparations; Botanical
collection with 2500-3000 specimens herbaceous material and 82 bottles and vials with liquid
preparations of plants and algae and Zoological collection in which we have a total of 113 samples of
64 species + 1 subspecies and include: Ichthyology collection with 34 samples in ethanol and one dry
preparation; Batrachological collection of ethanol from 28 samples in ethanol (9 from Caudata and
19 from Anura); Herpetological collection with 23 samples in ethanol and dry preparations (armor
and hairpieces); Ornithological collection of 8 prepared birds of 7 species; Mammological collection
of 20 exhibits (whole specimens and horned heads prepared), followed by skulls of small mammals,
rodents' nests and liquid preparations; Entomological collection and collection of other invertebrates
with 10 entomological boxes and about 300 vials and vials with liquid sample preparations in ethanol
and dry preparations. The collection so far contains the only specimens found so far in the reserve in
the past 23 years, namely those of fish: Neogobius fluviatilis, Gobio albipinnatum and Barbus
peloponesus; from amphibians Rana temporaria and from reptiles black (melano) specimen of the
species Vipera berus bosniensis.

Keywords: Natural History Collection, Zasavica Reserve

INTRODUCTION

The purpose of forming a natural collection is to serve the present and future interest of
research, protection and presentation to a wider range of stakeholders. Collecting material for
collections can be done by various ways. One way is to donate an item or an entire assembly.
The exhibits can be purchased through purchase, exchange or field research. Any material to
be included in the collection must be recorded in the inventory book with all necessary basic
and additional information. The material thus processed is stored either in a depot usually
inaccessible to visitors and used for scientific research or placed in collections for display in
an exhibition space [1].
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An important segment in the scientific work of each protected area is to study natural
history collections, which represent significant scientific, historical and archival material of
the area. It preserves significant and valuable scientific material that proves the presence of
certain species and populations in the area, and from a historical point of view it is significant
because it also preserves species that have disappeared in the meantime or are rarely
encountered in the field. It is a significant material for various comparative analyzes,
evolutionary, morpho-anatomical and genetic studies on species and populations. In addition
to the scientific value of the collection, they also have an educational role for both visitors and
young professionals and scholars. All preparations in any collection in order to be
scientifically valid must have the following information: name (Latin) species, date of
collection, locality, habitat, legator and who has determined and prepared the specimen, and
of the additional data such as the method of preparation, the dimensions of the preparation,
ect. [2].

There are two methods of preparation in natural collections: dry and liquid preparations.
By dry preparation we mean all specimens that are dehydrated, pressed, stuffed specimens
(animals), osteological material (skeletal and skull parts), dermo preparations, etc. Liquid
preparations are specimens immersed in a certain substance (ethanol, formalin, glycerin, etc.)
to be preserved and thus stored in adequate containers [2].

The Zasavica Nature Reserve Study Collection Fund covers the period from 1996 to 2019
and has the following parts: Paleontological-geological part and biological part, which
includes: Mycological, Botanical and Zoological Collection, which include: Ichthyological,
Batrachological, Herpetological, Ornithological, Mammological, Entomological and other
invertebrate collections. The reserve collection includes dry and liquid preparations.

This paper deals with vertebrate artifacts in more detail in the study's natural collection of
reserves by groups, as this is the most central part of the collection so far.

MATERIALS AND METHODS

The methodology consists in listing the exhibits and their basic data, which are later sorted
by systematic affiliation. For herbarium, algological and paleontological material and
collections related to the invertebrate fauna, only the total number of specimens has been
given, because a large part of the material has not yet been determined. Part of the material
stored in the collection is dry preparations specimens (herbarium, dermo and osteological
material, prepared (stuffed) animals (birds, mammals), entomological material, fruits, galls,
shells, nests of birds or insects, etc.), while a considerable proportion are liquid preparations
most often in ethanol (specimens of fish, amphibians, reptiles, smaller mammals (rodents,
cockroaches, bats) and most of the invertebrate fauna samples). Preparation of all but stuffed
animals is done by our expert associate, while the preparation of birds and mammals is done
by our professional preparer at the Provincial Institute for Nature Conservation in Novi Sad.

RESULTS AND DISCUSSION

For the past 23 years, the following material has been deposited in the reserve's natural
history collection:
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Paleontological-petrological collection: includes found paleontological and geological
material (minerals and rocks) in the area of the reservoir and in the immediate vicinity. A total
of about 50 specimens have been deposited in this collection. The paleontological part of the
collection can be divided into three parts: the collection of quaternary vertebrates, the
collection of invertebrate macrofauna and the paleobotanical collection. The collection of
quaternary vertebrates consists of parts of the mammalian quaternary fauna skeletons, and this
part of the collection has one exhibit, which is the mammoth atlas (Mammuthus sp.) found
during the gravel excavation at the Black Bar near Jovaca. By looking at certain parameters
and comparing the measured values of the length and width of the atlas, the obtained value is
1.7 to 1.8, which is between the species Mammuthus primigenius (Blumenbach) and
Mammuthus trogontherii Pohlig. with Mammuthus sp. The collection of invertebrate
macrofauna consists of the remains of shellfish (Bivalvia), snails (Gastropoda) and other
freshwater or marine invertebrates in limestone and other sediments (silt, clay, etc.), and in
this collection there are about a dozen pieces of limestone and other material with remains of
marina or freshwater fauna. The paleobotanical collection consists of parts of a tree found in
silt and peat and peat samples. The petrological part of the collection contains found pieces of
minerals and rocks (sedimentary, metamorphic and magmatic) in the alluvial deposition of the
Sava or Drina during field work (digging) or as a result of hydroerosion. This collection also
contains one box with averaged fractions of alluvial deposit from a single source on the
Zasavica coast.

Mycological collection - a total of 111 specimens of liquid mushroom preparations in
ethanol have been deposited.

Botanical Collection - consists of collected herbarium material of pressed plants, fruits,
twigs with buds, algae and lichen samples, etc. The collection contains between 2500-3000
excipients of herbarium material and 82 bottles and vials with liquid preparations of samples
of plants and algae in ethanol.

Zoological Collection - Includes collected complete material related to the reserve fauna.
The zoological collection can be divided into two major sections: the invertebrate collection,
which includes the Entomological Collection and the collection of other invertebrates, and the
vertebrate collection.

A total of 300 vials and vials containing liquid sample preparations in ethanol have been
deposited in the invertebrate collection and one smaller part is the dry preparation, i.e.
samples in boxes (cocoons, plant damage, gals, litters, etc.). Also, 10 entomological boxes
containes the collected entomological material (insect fauna) from the reserve area.

The vertebrate collection includes: Ichthyological, Batrachological, Herpetological,
Ornithological and Mammological collections.

A total of 106 specimens of liquid and dry preparations have been deposited in the
vertebrate collection.

Review of the spine collection (vertebrate)

Below will be analyzed and commented on the collection of vertebrates, which is the best
processed and arranged, in the brackets [] the number of specimens in the collection is given.
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Ichthyological collection

The collection has a total of 34 samples in ethanol and one dry head preparation. The
collection includes exhibits of 19 species of fish.

Review of ichthyological collection: 1) Umbra krameri: Banovo Polje, Trebljevine,
26.07.1997 and 26.07.1998, Leg./Det. Stankovi¢. M., [by 1]; 2) Scardinius erithrophthalmus:
Zasavica I, Valjevac, 13.05.2004 and 11.07.2000, Leg/Det.: Stankovi¢. M., [by 1]; 3) Cobitis
elongatea [checkup. Cobitis taenia]: Banovo Polje, well, 26.07.2007, Leg: Stankovi¢. M.,
Det: Sekuli¢. N., [by 1]; 4) Cobitis taenia: Salas Nocajski, Sadzak, 13.07.2011, Leg.
Stankovi¢. M., Det. Simi¢.V., [by 1]; 5) Abramis sapa: Zasavica Il, Valjevac, 20.07.2007,
Leg. Stankovi¢. M., Det. Sekuli¢. N., [1]; 6) Misgurnus fossilis: Radenkovi¢, Batar,
20.06.2005, Leg./Det. Stankovi¢. M., [1]; 7) Carassius carassius: Ravnje, Prekopac,
22.06.2004, Leg. Stankovi¢. M., Det. Simi¢. V., [1]; 8) Barbus peloponesus: Radenkovié,
Batar, 03.05.2004, Leg. Stankovi¢. M., Det. Simi¢. V., [1]; 9) Ictalurus nebulosus: Zasavica
I, Valjevac, 07.07.2007, Leg./Det. Stankovié. M., [1]; Zasavica |, Sumareva ¢éup., 2010,
Leg./Det. Stankovi¢. M., [10 juv.]; 10) Lepomis gibosus: Zasavica Il, Valjevac, 20.07.2007,
Leg./Det. Stankovié. M., [1]; 11) Silurus vulgaris: Zasavica I, Sumareva ¢up., 14.06.2007,
Leg./Det. Stankovi¢. M., [1]; 12) Rutilus rutilus: Zasavica Il, Valjevac, 20.07.2007, Leg.
Stankovi¢. M., Det. Simi¢. V., [1]; Zasavica I, Sumareva ¢up., 03.05.2003, Leg. Stankovié.
M., Det. Simi¢. V., [1]; Radenkovi¢, Vrbovac, 20.07.2007, Leg. Stankovié¢. M., Det. Simié.V.,
[1]; 13) Pseudorasbora parva: Zasavica ll, Valjevac, 27.09.2007, 21.07.2007, 20.07. 2007,
Leg. Stankovi¢. M., Det. Simi¢é. V., [by 1]; 14) Abramis brama: Nocaj, Preseka, 04.05.2006,
Zasavica I, Valjevac, 20.07.2008, Zasavica Il,Valjevac, 13.05.2007, Leg. Stankovi¢. M., Det.
Simi¢. V., [by 1]; 15) Gobio albipinnatus: Radenkovi¢, Batar, 20.09.2002, Leg. Stankovic.
M., Det. Simi¢. V., [1]; 16) Esox lucius: Zasavica I, Sumareva ¢up., 18.05.2005, Zasavica I,
Valjevac, 30.05.2006, Leg./Det. Stankovi¢. M., [1]; 17) Carassius auratus: Nocaj, Preseka,
05.05.2005, [3]; Zasavica I, Valjevac, 20.07.2002, Leg. Stankovi¢. M., Det. Simié. V., [1];
18) Perca fluviatilis: Nocaj, Preseka, 19.03.2006, Zasavica |, Sumareva éup., 08.04.2005,
Zasavica Il, Valjevac, 21.07.2007, [by 1]; Banovo Polje, izvori, 26.07.2007, [1 juv.]; 19)
Neogobius fluviatilis: Zasavica Il, Valjevac, 05.07.2008., Leg. Stankovi¢. M., Det. Simi¢.V.,
[1].

It is important to mention that for the three species of fish in the collection the only data for
the reserve in the past 23 years are: Neogobius fluviatilis, found in 2008 in a watercourse on
Valjevo; Gobio albipinnatum, found in 2002 in Batar and Barbus peloponesus, found in 2004
in Batar.

Batrachological collection

The collection has a total of 28 samples in ethanol, of which 9 are from Caudata and 19
from Anura. In 9 samples of Caudat there are three species, two from the genus Triturus and
one species from the genus Salamandra, while in 19 samples from the Anura there are 10
species. All specimens are stored as a liquid preparation in ethanol.

Review of the Batrachological Collection: Caudata: 1) Salamandra salamandra: Ravnje,
Prekopac, 11.08.1997, Leg./Det. Stankovi¢. M., [1]; Crna bara, Jovaca, 27.04.1996, Leg./Det.
Stankovi¢. M., [1 juv]; 2) Triturus vulgaris: Radenkovi¢, Vrbovac., 18.06.1998, Zasavica I,
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Valjevac, 21.07.1997, Ravnje, Siroka bara, 06.08.2006, Leg./Det. Stankovi¢. M., [by 1
larva]; Radenkovi¢, Batar, 31.03.2000, Radenkovié¢, Pacija bara, 22.12.1997, Leg./Det.
Stankovi¢. M., [by 1 juv.]; Ravnje, Prekopac, 07.05.1997, Leg./Det. Stankovi¢. M., [1];
3)Triturus dobrogicus: Ravnje, Prekopac, 10.09.1997, Leg./Det. Stankovi¢. M., [1]; Anura: 1)
Rana ridibunda: Salas Nocajski, Sadzak, 22.08.1997, Mac¢v. Mitrovica, Modran, 20.07.1996,
Leg./Det. Stankovi¢. M, [by 1]; 2) Rana temporaria: Radenko vi¢, Batar, 17.09.2005,
Leg./Det. Stankovi¢. M., [1]; 3) Bufo viridis: Nocaj, Preseka, 25.05.1998, Salas Nocajski,
canal, 14.04.1998, Leg./Det. Stankovi¢. M., [by 1]; 4) Bufo bufo: Banovo Polje, Panjevine,
25.08.1998, [1 ad.]; Radenkovi¢, Batar, 04.11.2005, [1 ad.], 5) Pelobates fuscus: Radenkovic,
Vrbovac, 25.06.2000, Radenkovi¢, Gaji¢a cup., 30.03.2005, Banovo Polje, Batar,
23.04.2003, [ by 1]; Ravnje, Siroka bara 16.07.2010, larvae (tadpoles); Zasavica |, run over,
01.08.2010, [1 juv]; 6) Rana dalmatina: Crna bara, Jovaca, 13.05.1997, Leg./Det. Stankovic.
M., [1]; 7) Bombina bombina: Sala§ Nocajski, Ostrovac, 07.02. 2008.; Crna bara, Jovaca,
03.08.2006, Leg./Det. Stankovi¢. M., [by 1]; 8) Rana esc.complex: Zasavica Il, Valjevac,
20.07.1996, Leg./ Det. Stankovi¢. M., [1]; 9) Rana lessona: Sala§ Nocajski, Sadzak,
03.08.1996, Leg./Det. Stankovi¢.M., [1]; 10) Hyla arborea: Radenkovi¢, Batar, 29.07.1998,
Leg./Det. Stankovi¢. M., [1 juv]; Ravnje, 13.07.1998, Leg./Det. Stankovié¢. M., [1].

One specimen of the species Rana temporaria found in Batar (Radenkovi¢) in 2005 is also
kept in the Batrachological collection, and it is the only specimen found so far in the reserve.
From the Caudat, the collection contains only two specimens of the Salamandra salamandra
species found in the reserve found in the forests around Jovaca near Crne Bara.

Herpetological collection

The collection has a total of 23 samples in ethanol and dry preparations (armor), of a total
of 10 reptile species. Ordo Testudines: Out of 23 samples in a collection of 8 samples, it
belongs to the Testudines ordo within three types. The collection contains found armor, parts
of armor or whole turtle specimens as dry preparations and their eggs in ethanol. The
collection contains pieces of armor of the allochthonous species Pseudemys scripta elegans
for the time being the only finding in the reserve.

Review of the testudines collection: 1) Emys orbicularis: Nocaj, Preseka, 07.08.2000,
Leg./Det. Stankovi¢. M., [1 oocit]; Zasavica I, Valjevac, 14.05.2008, Leg./Det. Stankovi¢. M.,
[1 juv]; Nocaj, Preseka, 07.08.2009, Leg./Det. Stankovi¢. M., [2 armors]; Macvan. Mitrovica,
Modran, 23.05.2000, Leg./Det. Stankovi¢. M., [1. ad]; Nocaj, Preseka, 27.07.2008, Leg./Det.
Stankovi¢. M., [1 turtle armor]; 2) Testudo hermanni: Banovo Polje, Kupaliste, 28.07.1999,
Leg./Det. Stankovi¢. M., [1 juv]; Ravnje, StaniSevac, 08.08.2008, Leg./Det. Stankovié¢. M., [1
turtle armor]; 3) Pseudemys scripta elegans: Zasavica Il,Valjevac, 31.07.2008, Leg. Gruji¢,
D., Det. Stankovié, M., [parts of the armor].

Ordo Sauridae: out of a total of 23 specimens in a collection of 6 specimens belong to the
Sauridae order within three species. In addition to whole ethanol-stored specimens, the
collection also stores dried scum found in the field.

Review of the Sauridae collection: 1) Podarcis muralis: Zasavica Il, Turske livade,
10.12.2006, Leg./Det. Stankovi¢. M., [1. ad]; Zasavica Il, Turske livade, 18.04.2004,
Leg./Det. Stankovi¢. M., [1. ad]; 2) Lacerta viridis: Sala§ Nocajski, Sadzak, 20.07.1996, [1
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juv]; Lacerta sp.: Ravnje, Siroka bara, 06.08.2006, Leg./Det. Stankovié. M., [1 juv]; 3)
Lacerta agilis: Crna bara, Jovaca, 09.06.1996, Leg./Det. Stankovi¢. M., [1 svlak]; Salas
Nocajski, Sadzak, 20.07.1996, Leg./Det. Stankovi¢. M., [2. ad].

Ordo Serpentes: of the total of 23 specimens in the collection of 9 specimens belong to the
Serpentes order within three species and one intraspecific form. All specimens are stored as a
liquid preparation in ethanol. Special segments of this collection are snake hairs that are
stored in clear thin PVVC boxes.

Review of the Serpentes collection: 1) Natrix natrix persa: Banovo Polje, Ribnjaca bara,
13.02.1997, Leg./Det. Stankovi¢c. M., [1. ad]; Banovo Polje, Trebljevine, 28.08.2008,
Leg./Det. Stankovi¢. M., [1. juv]; 2) Natrix natrix: Radenkovi¢, Batar, 29.09.2000, Leg./Det.
Stankovi¢. M., [1]; Zasavica |, Valjevac, 20.07.1996, Leg./Det. Stankovi¢. M., [1]; Salas
Nocajski, Sadzak, 06.07.1996, Leg./Det. Stankovi¢. M., [1. ad]; 3) Vipera berus bosniensis
melano: Radenkovi¢, Batar, 26.08.2005, Leg./Det. Stankovi¢. M., [1. ad]; 4) Elaphe
longissimus: Ma¢. Mitrovica, Modran (Bogaz), 25.01.1998, Leg./Det. Stankovi¢. M., [1. ad];
Zasavica Il, Turske livade, 12.06.2011, Leg./Det. Stankovi¢. M., [oocit]; Banovo Polje,
Trebljevine, 07.07.2004, Leg./Det. Stankovié¢. M., [snake old skin].

The herpetological collection also preserves one black (melano) specimen of the species
Vipera berus bosniensis found in Batar (Radenkovi¢) in 2005, and it is the only specimen
found so far in the reserve.

Ornithological collection

The collection has a total of 8 specimens of prepared birds within 7 species. Please note
that all specimens of birds in the collection were found dead in the wild except in one instance
when the specimen was seized by hunter-gatherer hunters for illegal hunting of predators and
donated to us for collection as it comes from the reserve area. There are also several
specimens of bird nests in the collection.

Review of ornithological collections: 1) Phalacrocorax pygmeus: Salas Nocajski,
05.01.2002, Leg. Nedi¢. Z., Det. Stankovi¢. M., [1. ad]; Zasavica I, 16.09.2006, Leg. Simic.
S., Det. Stankovi¢. M., [1. ad]; 2) Anas plathyrrhinchos: Zasavica Il, Valjevac, 2002, Leg.
Papi¢. S., Det. Stankovi¢. M., [1.4ad]; 3) Gavia arctica: Zasavica Il, 05.02.2007, Leg. Simi¢.
S., Det. Stankovi¢. M., [1.dad]; 4) Recurvirostra avosetta: Zasavica Il, Valjevac, 2008,
Leg./Det. Stankovi¢. M. [1. ad]; 5) Accipiter nisus: Sala§ Nocajski, Sadzak., 19.12.1998, Leg.
Papi¢. S., Det. Stankovi¢. M., [1. ad]; 6) Phaesanus colchicus: Sala§ Nocajski, Sadzak-
Ostrovac, 13.12.1998, Leg. Papi¢. S., Det. Stankovi¢. M., [1. ad]; 7) Strix aluco: Salas
Nocajski, Sadzak, 2000, Leg. Papi¢. S., Det. Stankovi¢. M., [1. ad].

Mammological collection

It possesses a total of 20 specimens of prepared mammals within 16 species. In addition to
the prepared whole specimens, the collection includes the preparation of horned heads,
rodents' nests and skulls of small mammals and several specimens in ethanol as liquid
preparations (Erinaceus europaeus, Apodemus agrarius, Sorex araneus, Microtus arvalis,
Talpa europaea and Nyctalus noctua). Material that is only a year old has been received as a
gift and entered the year the copy was presented to us. All specimens that we have collected
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and after preparation are in the collection were found dead in the wild or killed on the road
(e.g. Castor fiber).

Review mammological collections: 1) Castor fiber: Zasavica, 22.03.2008, Leg. Papi¢. S.,
Det. Stankovi¢. M., [1. ad]; 2) Rattus norvegicus: Mac¢v. Mitrovica, Modran, 2002, Leg./Det.
Stankovi¢. M., [1. ad-present]; 3) Ondatra zibethica: Zasavica |, Sumareva éup, 15.04.2002,
Leg. Simi¢. S., Det. Stankovi¢. M., [1. ad]; 4) Erinaceus europaeus: Zasavica Il, Turske
livade, 12.08.2000, Leg./Det. Stankovi¢. M., [1. ad]; Ravnje, StaniSevac, 27.07.2004, Leg.
Stankovi¢. M., Det. Paunovi¢, M., [skull]; 5) Micromys minutus: Ravnje, Bostaniste,
24.07.2007, Leg./Det. Stankovi¢. M.; Radenkovi¢, Poljansko, 24.07.2007, Leg./Det.
Stankovi¢. M., [>=2 nests]; 6) Martes martes: Macvan. Mitrovica, 15.12.1998, Leg./Det.
Stankovi¢. M., [1. ad]; Nocaj, 07.01.2004, Leg. Stankovi¢. M., Det. Paunovi¢, M., [ @skull];
7) Sciurus vulgaris: Nocaj, Preseka, 2002, Leg./Det. Stankovi¢. M., [1. ad-present]; 8) Felis
silvestris: Ravnje, 2005, Leg./Det. Stankovi¢. M., [1. ad] (seized from hunters); 9) Capreolus
capreolus: Nocaj, 1997, Leg. Papi¢. S., Det. Stankovi¢. M., [1 head, present]; 10) Apodemus
agrarius: Banovo Polje, Panjevine, 11.04.2005, Leg. Stankovi¢. M., Det. Paunovi¢, M., [1.
ad]; 11) Lutra lutra: Ravnje, 25.10.2005, Leg./Det. Stankovi¢. M., [1. ad]; Zasavica I, 2006,
Leg./Det. Stankovi¢. M., [1. ad-present]; 12) Meles meles: Sala§ Nocajski 03.01.2002,
Leg./Det. Stankovi¢. M., [1. ad]; 13) Sorex araneus: Radenkovi¢, Batar, 29.08.2000,
Leg./Det. Stankovi¢. M., [1. ad]; 14) Microtus arvalis: Zasavica Il, Turske livade, 04.08.2004,
Leg. Stankovi¢. M., Det. Paunovié¢, M., [1. ad]; 15) Talpa europaea: Ravnje, Bostaniste,
23.07.1998, Leg./Det. Stankovi¢. M., [1. ad]; 16) Nyctalus noctua: Radenkovi¢, Vrbovac,
08.07.1998, Leg. Stankovi¢. M., Det. Paunovi¢. M., [1. ad].

By analyzing the natural collection of the vertebrates of the Zasavica Reserve, we see that
all classes of vertebrates are represented.

CONCLUSION

The Zasavica Nature Reserve Study Collection includes the Paleontological-Geological
Section and the Biological Section. For the past 23 years, the following material has been
deposited in the reserve's natural history collection. A total of 50 specimens of minerals, rocks
and fossils have been deposited in the paleontological-petrological collection from the area of
the reservoir and the immediate environment. The paleontological part of the collection
includes a collection of quaternary vertebrates composed of parts of the skeletons of
mammals of the quaternary fauna, and here we have one exhibit, namely the mammoth atlas
(Mammuthus sp.) Found in Black Bar near Jovaca, then a collection of invertebrate
macrofauna consisting of the remains of shellfish shells (Bivalvia), snails (Gastropoda) and
other freshwater or marine invertebrates in limestone and other sediments (silt, clay, etc.) and
a paleobotanical collection consisting of parts of trees found in silt and peat and peat samples.
While the petrological part of the collection contains pieces of minerals and rocks found in
the alluvial deposit of the Sava or Drina or the average fraction of deposits from sources on
the Zasavica coast. The biological part of the collection includes: Mycological collection with
a total of 111 specimens of liquid preparations of fungi; Botanical collection with about 2500-
3000 exotic herbaceous material and 82 bottles and vials with liquid preparations of plants
and algae and the Zoological collection. In the zoological collection, we have a total of 113
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samples with 64 species + 1 subspecies and include: ichthyological collection with a total of
34 samples in ethanol and one dry head preparation. For the three fish species in the
collection, these are the only data for the reserve in the past 23 years (Neogobius fluviatilis,
Gobio albipinnatum and Barbus peloponesus). A collection of ethanol from a total of 28
specimens of ethanol (9 are from the Caudata order and 19 from the Anura order) where the
only specimen found so far is found in the Rana temporaria species in the reserve.
Herpetological collection with a total of 23 samples in ethanol and dry preparations (armor),
and the only black (melano) specimen of the species Vipera berus bosniensis found so far is
kept in the collection. The ornithological collection consists of a total of 8 specimens of
prepared birds within 7 species, and the mammological collection has a total of 20 exhibits
(whole specimens prepared and head with horns), followed by small mammal skulls, rodent
nests and liquid preparations. The entomological collection has 10 entomological boxes
containing the collected entomological material, as well as a collection of other invertebrates
where about 300 vials and vials with liquid sample preparations in ethanol have been
deposited and one smaller part are dry preparations i.e. samples in boxes.
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Abstract

An ever-present problem in the pesticide residue analysis - the matrix effect, can lead to the
misleading results. Procedure-matched standards which compensate both for the matrix effect and the
recovery are one of the best options for the matrix effect overcoming. Since procedural standard
preparation is often time consuming, its storage for a prolonged usage can be valuable. For how long
procedural standards can be stored was evaluated by monitoring the main parameters of the apple
peel-matched calibration graphs for 5 pesticides over 57 days. The preparation procedure itself
consisted of a liquid-liquid and solid-phase extraction, common steps in sample preparation
procedures. Limited storage stability of pyrimethanil determined the storage period of less than 9
days.

Keywords: apple peel, procedural standards, GC-MS, storage

INTRODUCTION

When analyzing complex matrices such are fruits or vegetables, the matrix effect appears
as a certain problem in the domain of quantitative analysis. Abundant matrix compounds can
affect analyte response in two ways. The response enhancement effect, characteristic for gas-
chromatographic analysis, was originally described by Erney et al. [1]. Matrix compounds
from sample extracts block the active sites, primarily in the GC injector, thus leading to the
lesser analyte adsorption and consequently to the signal enhancement and vice-versa, the
growth of the new active sites number by gradual accumulation of non-volatile matrix
compounds in the GC inlet and front part of the chromatographic column could decrease the
analyte response as matrix — induced diminishment effect [2]. Therefore, the matrix effect can
lead to the misleading results in pesticide residue analysis, both in quantitation or validation
procedures and must be in some way overcome. Several approaches are nowadays frequently
applied, such as the use of analyte protectants [3], matrix matched [4] or standard addition
calibration method [5] or even the combination of matrix matching and multiple isotopically
labeled internal standards [6].

Since the matrix effect is matrix-type dependent, the reliable approach of analyte
quantitation should be the matrix-matching. Between the procedure-matched (pre-extraction
fortified standards) and matrix-matched standards (post-extraction fortified standards), the
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usage of procedure-matched standards is more useful since it represents the straightest method
of quantitation, simultaneously compensating for the recovery and for the matrix effect.
Although this is the straightest method it is not the quickest one. Along with the positive
features, the time-consuming preparation stands as the major negative feature. Thus, an
adequate storage of the standards for the prolonged usage may be an alternative. The aim of
this study was to evaluate the long-term conservation degree of procedural standards of
several pesticides in apple peel as an example of complex matrix.

MATERIALS AND METHODS
Chemicals

High purity pesticide standards of trifloxystrobin, bifenthrin and boscalid were obtained
from Sigma-Aldrich® (Germany). High purity pesticide standards of pyrimethanil and
cyprodinil were obtained from AccuStandard® (USA). High purity dibutyl adipate (DBA),
used as internal standard (IS), was purchased from Sigma-Aldrich Chemie® (Germany).
HPLC grade ethanol, HPLC grade hexane and HPLC grade methanol were purchased from
Fisher Scientific (USA). SELECTRA® (octadecyl, bulk form) was purchased from UCT
(USA). Florisil® (60-100 mesh) was purchased from LGC Promochem (Germany).

Stock solutions preparation

Primary pesticides stock solutions of 1,000.00 pg mL™ were made of high purity pesticide
standards in ethanol. Secondary stock solutions of various pesticide concentration (single-
pesticide solutions) were prepared in ethanol by diluting the primary stock solutions.
Secondary stock solutions of various pesticide concentration (multi-pesticide solutions) were
prepared in ethanol by mixing and diluting the primary stock solutions. Primary DBA stock
solution of 1,000.00 pg mL™ was prepared in ethanol; solutions of lower concentration were
prepared in hexane, by diluting the primary stock solution. All solutions were stored in freezer
at 15 °C.

Procedural standards preparation

[1] Fortification procedure: Apples of the Granny Smith variety were randomly chosen at
the open-air market (JP “Trznica”, city of Nis, Serbia). One-kilogram sample was peeled. Peel
was homogenized by blending after which six 10 g-portions were weighted. Each portion was
mixed with 20 mL of water and additionally blended. The resulting mixture was transferred to
a glass container and fortified with 5-pesticide mixture solution (multi-pesticide solution).
The resulting concentration levels were: 0.000 mg kg™ — blank procedural standard, 0.100,
0.200, 0.300, 0.400 and 0.500 mg kg™.

[2] Extraction procedure: After homogenization by shaking, mixtures were left to
equilibrate for an hour and then subjected to a liquid-liquid extraction with two 10 mL-
portions of hexane.

[3] Clean-up procedure: Ten milliliters of the obtained hexane extract were subjected to
the SC, SE/LTP procedure, as detailed in Andelkovi¢ et al. [7] in order to remove waxes.
Afterwards, partially cleaned-up extract was subjected to a SPE procedure in order to remove
pigments. The SPE cartridge was filled with 500 mg of C18, then with 500 mg of Florisil®
and at last with another 500 mg of C18, thus creating a three-layered form. Prior to sample
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extract loading, the column was conditioned with 3 mL of methanol. Then, 1 mL of
previously obtained methanol extract was loaded. The elution of analytes was performed with
2 mL of methanol, while the pigmentation was retained on the C18 part of the column. The
obtained eluate was evaporated to dryness, re-dissolved in 0,5 mL of DBA hexane solution (1
ngmL™) and subjected to GC-MS analysis. Between each data acquisition standards were
kept in refrigerator at 4 °C in closed 2-mL GC glass vials.

Instruments

In sample preparation procedure, following appliances were used: balance KERN KB
2000-2N, Germany (acc. + 0.01 g); food processor TEFAL 0.9L BL142A, centrifuge Thermo
Scientific Jouan C4i and TurboVap® LV evaporator, Zymark USA, Manifold SPE system
Waters®, USA.

GC-MS analysis

The gas chromatographic analysis was performed on Agilent 6890 gas chromatograph
equipped with 5973 Mass Selective Detector (MSD) and 7683 autosampler and SGE
25QC2/BPX5 0.25 capillary column (25 mx0.22 mmx0.25 um, non-polar). The mass spectra
were recorded under an electron ionization (EI) voltage of 70 eV. The gas chromatograph was
operated in the splitless injection mode (purge time 1 min). The oven temperature was
programmed from 90 °C (hold time 0 min) to 280 °C (4 min) at 20°C min™ rate; post run:
300°C (2 min). Helium was the carrier gas with constant flow rate of 1.0 mLmin™. The target
compounds were identified and confirmed at scan mode (m/z 50-400) and analysed at
selected ion monitoring (SIM) mode with confirmation ions as given in Table 1. Both data
acquisition and processing were accomplished by Agilent MSD ChemStation® D.02.00.275
software.

Table 1 Properties and qualification parameters of tested pesticides (quantifier ion is given in bold)

Pesticide Class Structure MRL® Molecular Log Retention Characteristic
mg kg mass Kow time, min ions, m/z
-1
Pyrimethanil Fungicide  Anilinopyrimidine 15.00 199.25 2.84 6.79 198°
Cyprodinil Fungicide  Anilinopyrimidine 2.00 225.28 359 7.95 224"
Trifloxystrobin  Fungicide  Strobilurin 0.70 408.37 450 9.06 116, 131, 145
Bifenthrin Insecticide Pyrethroid ester 0.01 422.86 6.00 9.61 181, 166, 165
Boscalid Fungicide  Pyridine- 2.00 343.20 296 12.08 140, 342,112

carboxamide
& Maximum residual level (the highest level of a pesticide residue that is legally tolerated in or on food or
feed when pesticides are applied correctly (Good Agricultural Practice)); ” Besides ions specified in the
table, El ionization of pesticide molecules do not give other specific fragments.

RESULTS AND DISCUSSION
Internal standard overview

Internal standard was added to each calibration standard in the last part of the standard
preparation procedure, and not prior to each data acquisition. This implies that possible
variation in IS signal might be both the outcome of the instrument drift and/or the storage. IS
signal variation as a function of storage time and instrument sequence is given in Figure 1.
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Within-sequence variation in IS signal during the first data acquisition was about 2%. This
variation is also low after 9 days of storage (about 5%), after which it increases (24-32%),
mainly due to the different IS signal in blank sample (Figure 1, label 0). The percentage of
within-standard 1S variation ranged between 8.87% for 0.400 mg kg™ procedural standard
(label 0.4) to 24.60% for blank procedural standard (label 0). Based on the overall IS
variation, its stability can be considered as good.

=Fresh STDs
m 9 days of storage
= 30 days of storage

34 days of storage

Internal standard signal

m 57 days of storage

04
0.3

Calibration standard label

Figure 1 Variation in internal standard signal within each sequence and within each standard

Calibration graphs

Evaluation of pyrimethanil calibration plots (Figure 2) and residual plots (not presented in
the paper) suggests that between the signals and the concentration of freshly prepared
standards and standards after 9 day of storage exists good linearity. Calibration plot
parameters assessed from standards after longer period of storage are quite altered. Both
lower slope and intercept values were observed, with no signal-to-concentration correlation
(Figure 2). Lower signal was measured for the same standard over period, suggesting the
decomposition of the pesticide original form. Comparison of 1% day and 9™ day acquisition
plots indicate that although the signal-to-concentration correlation is still good after 9 days of
storage, the graphs would not give comparable quantitation result, owing to the clearly
distinct both the slope and the intercept. Thus, for the quantitation purposes of pyrimethanil in
apple peel, freshly prepared procedural standards should be used, or the longevity of
pyrimethanil standards should be additionally investigated and confirmed for periods <9 days.

The similar conclusion can be made either for cyprodinil plots (Figure 2), with the note
that calibration based on the same standards is also appropriate after 9 days of storage, since
the parameters are not altered (Table 2) and linearity is preserved. After that period
significantly lower signals were measured over the full concentration range, indicating certain
changes in the pesticide original form. Trifloxystrobin procedural standards, on the contrary,
preserved good signal-to-concentration correlation over the whole concentration range and
period of storage (Figure 2). The correlation coefficients were always higher than 0.95.
Similar was observed for boscalid calibration plots, where correlation coefficients ranged
from 0.9666 to 0.9899 indicating well-preserved correlation after storage (Table 2).
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Figure 2 Procedure-matched calibration plots for pyrimethanil, cyprodinil, trifloxystrobin and
boscalid; relative analyte signal was calculated as absolute signal / IS signal

Table 2 Parameters of the procedure-matched calibration graphs for five pesticides in the 0.00 — 0.50
mg kg™ concentration range

Correlation

Anal Ti | | .
nalyte ime range Slope ntercept coefficient
st .- mgw _
1> day acquisition — fresh 5.26 0.81 0.9273
standards
Pyrimethanil Acquisition after 9 days 14.23 0.63 0.9788
y Acquisition after 30 days 3.92 0.63 0.1785
Acquisition after 34 days 4.07 0.15 0.1516
Acquisition after 57 days 4.39 -0.03 0.1420
st . mgw _
1> day acquisition — fresh 757 0.79 0.9807
standards
cvorodinil Acquisition after 9 days 7.44 0.66 0.9650
yp Acquisition after 30 days 1.97 052 0.1393
Acquisition after 34 days 2.06 0.26 0.1221
Acquisition after 57 days 2.55 0.17 0.1491
st - m,. .
1> day acquisition — fresh 8.95 0.10 0.9731
standards
Trifloxvstrobin Acquisition after 9 days 7.96 0.12 0.9643
y Acquisition after 30 days 6.82 0.23 0.9554
Acquisition after 34 days 6.91 0.21 0.9508
Acquisition after 57 days 6.86 0.13 0.9596
st - m,. .
1> day acquisition — fresh 470 0.05 0.9117
standards
Bifenthrin Acquisition after 9 days 4.14 0.09 0.9014
Acquisition after 30 days 3.49 0.31 0.9048
Acquisition after 34 days 3.54 0.30 0.8559
Acquisition after 57 days 3.75 0.27 0.8485
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Table 2 continued

1% day acquisition — fresh 5.90 -0.06 0.9791
standards
Boscalid Acquisition after 9 days 4.25 0.11 0.9762
Acquisition after 30 days 4.54 0.25 0.9784
Acquisition after 34 days 4.53 0.25 0.9666
Acquisition after 57 days 4.44 0.14 0.9899

When compared to other plots, bifenthrin calibration plots (Figure 3) showed somewhat
weaker signal-to-concentration correlation from the beginning of storage, but the initial
correlation was linear. Stronger correlation and similar slope and intercept values were
maintained until the 9" day of storage, after which alteration was observed (Table 2). The
correlation coefficient ranged from 0.9117 at the beginning to 0.8485 after 57 days of storage.

Bifenthrin °

OFresh STDs Q
9 days of storage

signal

Relative analyte

Standard concentration, mg’kg of peel

Figure 3 Procedure-matched calibration plots for bifenthrin

CONCLUSION

Freshly prepared 5-pesticide mixture procedural standards showed good linear signal-to-
concentration correlation, ranging from 0.9117 for bifenthrin to 0.9807 for cyprodinil. Similar
calibration plot parameters i.e. slope and intercept, as well excellent correlation coefficient,
were preserved even after almost two months of trifloxystrobin and boscalid procedural
standards storage. Bifenthrin procedural standards showed slightly weaker linear correlation
than other 4 pesticides and slow decrease in slope until 30" day of storage with preserved
correlation. Pyrimethanil and cyprodinil procedural standards are suitable freshly prepared
and until 9 days of storage, respectively.

Regarding the feasibility of simultaneous analysis as a desirable feature, the overall
conclusion is that mixed procedural standards are suitable for quantitation only up to 9 days
of storage or even less, due to the limited storage stability of pyrimethanil.
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Abstract

Apple fruit is frequently exposed to pesticide treatment, especially in the latest stages of apples
production. When a pesticide gets the fruit, its interaction with the cuticle and the cuticular waxes
starts via absorption mechanisms. Sorption behavior, that ultimately depends on the pesticide and the
peel waxes characteristics, tends to affect the fate of the pesticide as well as its persistence in the fruit.
This laboratory scaled study was designed to determine the residue levels of four fungicides and one
insecticide in apple peel after immersion in solution of commercial pesticides for different periods of
time. The study revealed that the amount of the fungicides and the insecticide in peel increases
linearly and exponentially, respectively.

Keywords: fruit, sorption, fungicides, insecticides

INTRODUCTION

Apple fruit is frequently exposed to pesticide treatment, especially in the latest stages of
the apples production. The first point of contact of pesticide molecule and fruit is the peel, the
fruits natural barrier. Peel is considered to have an ability to accumulate most of the applied
pesticides. The principal reason for this consideration is the cuticle and its structure and
composition.

Cuticle represents an extracellular coating comprising a polymeric matrix of cutin and
soluble cuticular waxes. The waxy part is mainly consisted of C16-C18 chain compounds i.e.
saturated and unsaturated dihydroxy hexadecenoic, trihydroxy and epoxy hydroxy
octadecanoic acids and a triterpenoid-rich cuticular wax mixture [1].

When a pesticide gets the fruit, its interaction with the cuticle and the cuticular waxes
starts, via absorption mechanisms. A study dealing with the effectiveness of washing agents
in the removal of surface and internalized pesticide residues from apples revealed pesticides
sorption phases [2]. Namely, after applying a pesticide solution to the apple surface, pesticide
was firstly absorbed onto the surface of epicuticular wax and then diffused into the wax and
cuticle. Equilibrium of the pesticide on the epicuticular wax and the pesticide in the wax and
cuticle is established when the amounts of pesticides in wax and cuticle no longer increase
and upon reaching the equilibrium, pesticides begin to penetrate the living cells below,
making this fraction of the pesticide permanently retained.
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Although there is a range of factors such as the pesticide formulation applied, the applying
conditions etc., absorption processes and their magnitude ultimately depend on the pesticide
and the peel waxes characteristics. This includes the polarity characteristics of pesticides and
its mode of action (penetrating, non-penetrating), the maturity stage of apple fruit, the growth
season and even the apple variety. For sure, sorption behavior tends to affect the fate of the
pesticide as well as its persistence in the fruit.

This study was designed to determine the residue levels of four fungicides and one
insecticide in apple peel after immersion in commercial pesticides solution for different
periods of time and thus to assess if the pesticides sorption process is time dependent.

MATERIALS AND METHODS
Chemicals

High purity pesticide standards of trifloxystrobin, bifenthrin and boscalid were obtained
from Sigma-Aldrich® (Germany). High purity pesticide standards of pyrimethanil and
cyprodinil were obtained from AccuStandard® (USA). High purity dibutyl adipate (DBA),
used as internal standard (IS), was purchased from Sigma-Aldrich Chemie® (Germany).
HPLC grade ethanol, HPLC grade hexane and HPLC grade methanol were purchased from
Fisher Scientific (USA). SELECTRA® (octadecyl, bulk form) was purchased from UCT
(USA). Florisil® (60-100 mesh) was purchased from LGC Promochem (Germany).

The following commercial formulations of pesticides were used: Botrystock® -
pyrimethanil (Stockton Crop Protection AG, Swizerland), Cormax® — cyprodinil (Shanghai
Mio, China), Bosco® — boscalid (Ningbo Synagrochem, China), Zato 50 WG® -
trifloxystrobin (Bayer AG, Germany) and Talstar 10 EC® — bifenthrin (FMC Corporation,
USA).

Stock solutions preparation

Primary pesticides stock solutions of 1,000.00 pg mL™ were made of high purity pesticide
standards in ethanol. Secondary stock solutions of various pesticide concentration (single-
pesticide solutions) were prepared in ethanol by diluting the primary stock solutions. Primary
DBA stock solution of 1,000.00 ug mL™ was prepared in ethanol; solutions of lower
concentration were prepared in hexane, by diluting primary stock solution. All solutions were
stored in freezer at —15°C. The stock solution of commercial pesticide formulations,
containing 100.00 pg mL™ of each of five pesticides was prepared prior to experiment set-up
by dissolving commercial formulations in distilled water.

Experiment set-up

Apples of the Granny Smith variety, similar in shape, mass and maturity stage, were
chosen at the open-air market (JP “Trznica”, city of Ni§, Serbia). The average mass of 15
apple units used in this study was 153.64+8.89 g. Apples were cleaned from any visible
dirtiness by wiping. Pesticides sorption was studied by soaking each apple unit in 300 mL of
aqueous solution fortified with five pesticides with final concentration of 1.00 mg L™, in a
500 mL glass beaker. The submersion period was 0.50, 1.50, 4.00, 5.50 and 7.50 minutes.
Each submersion was performed in triplicates. Immediately after submersion has finished, the
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excess of immersion solution was removed from apple surface by 2-3 times short immersion
in tap water and wiping, after which apples were peeled.

Analysis: The complete peel mass obtained from apple unit was homogenized by blending
after which a 10 g-sub portion was weighted for analysis. Each portion was mixed with 20
mL of water and additionally blended. The resulting mixture was transferred to a glass
container and subjected to liquid-liquid extraction with two 10 mL-portions of hexane.

Clean-up procedure: Ten millilitres of the obtained hexane extract were subjected to the
SC, SE/LTP procedure, as detailed in Andelkovi¢ et al. [3] in order to remove waxes.
Afterwards, partially cleaned-up extract was subjected to a SPE procedure in order to remove
pigments. The SPE cartridge was filled with 500 mg of C18, then with 500 mg of Florisil®
and at last with another 500 mg of C18, thus creating a three-layered form. Prior to sample
extract loading, the column was conditioned with 3 mL of methanol. Then, 1 mL of
previously obtained methanol extract was loaded. The elution of analytes was performed with
2 mL of methanol, while the pigmentation was retained on the C18 part of the column. The
obtained eluate was evaporated to dryness, re-dissolved in 0.50 mL of DBA hexane solution
(1 pg mL™) and subjected to GC-MS analysis.

Note: In order to check for the possible migration of pesticides during the immersion
period, beside peel, the first layer of flesh (approx. 1 mm) was peeled and analysed. Although
there are no waxes in flesh, flesh samples were p