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Potentially toxic elements in cultivated rose hip - quantification by
ICP-AES method

Jelena M. Miladinovi¢*, Jelena B. Popovié-Djordjevi¢*, Burda D. Krsti¢**, Vibor G. Roje***
*University of Belgrade, Faculty of Agriculture, Nemanjina 6, Belgrade, Serbia
**University of Belgrade, Faculty of Chemistry, Studentski trg 12-16,
Belgrade, Serbia
***University of Zagreb, Faculty of Forestry, SvetoSimunska cesta 23,
Zagreb, Croatia

Introduction

Rose hips (rose haw or rose hep) are the fruits of the rose plant (rose bush) belonging to
Rosa genus (Rosaceae family). Color of edible fruit - rose hips is usually red to orange, and
fruits consist of mesocarp (65—70 %) and seeds (30—35 %), Figure 1A. The rose hips are the
most commonly used to make jams, jellies, pies, stews, tea and wine. On the other hand,
the petals and leaves of dog rose (Rosa canina) may be brewed for tea, while the flowers
make delicious syrup and can be eaten in salads or candied or preserved in vinegar, honey
and brandy. Rose hips are a potential fruit commodity to be used for functional food and
cosmo-nutraceutical preparations, which is mainly attributed to their rich profile of
bioactive, especially antioxidant phenolics.® Rose hip has long been used for food and
medicinal purposes due to be a rich source of bioactive compounds with potentially
positive effects on human health. It is widespread in Europe (especially in the
Mediterranean area), North America, Western and Northern Asia.?

Serbia is rich in wild (indigenous) species and some authors report over 100 wild fruit
species classified in 15 families and 26 genera.® The wild fruits such as dog rose (Rosa
canina) are used as rootstocks for small- or large-scale organic or conventional fruit
production.>* People in Serbia consume rose hip fruits for various purposes, especially in a
healthy life diet. However, metal toxicity has attracted a growing concern for the safety of
fruit consumption as an important aspect of health.®

In the scientific and professional practice there is a wide variety of how the term 'heavy
metals' is defined. Still, a classification of chemical elements according to their toxicity® is
an appropriate one in the context of characterization of samples from the environment.
According to literature®, the elements that have been selected for this study — namely,
aluminium (Al), arsenic (As), boron (B), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb)
and zinc (Zn) - can be understood as 'toxic and relatively accessible' ones and their
assessment in foodstuff is in the focus of our interest during the past few years.?’
Literature reports on the content of toxic and potentially toxic elements in cultivated
rosehip fruits from different areas in Serbia are scarce. Therefore, in the context of our
interest in the naturally (wild) grown and cultivated rose hip in Serbia?, this work on multi-
elemental characterization of the rose hip samples from two areas (Valjevo and Prijepolje)
has been undertaken.

Herein we present the results of the quantification of several selected potentially toxic
metals (Al, As, Cr, Cu, Ni, Pb and Zn) as well as one non-metal (B), by means of inductively
coupled plasma atomic emission spectroscopy.

Nis, Srbija, 7-8. juni 2019. 3
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Experimental

Rose hip of cultivars Laksa and Polimerijana, were grown and harvested from two
orchards near Valjevo and near Prijepolje (Republic of Serbia), Figure 1B. Rose hips were
harvested at the stage of full physiological maturity (bright red color) from August to
October 2018, and labelled as follows: I-L (cultivar "Laksa", Prijepolje), Il-L (cultivar
"Laksa",Valjevo), IlI-P (cultivar "Polimerijana", Prijepolje) and IV-P (cultivar "Polimerijana",
Valjevo). Additionally, the seed and the mesocarp were labelled as S and M, respectively.

mesocarp Valjevo

Prijepolje

Figure 1. Cross-section of rose hip (A) and study area (B)

Multi-elemental characterization of the rosehip seed and mesocarp samples

The analysis for each variety and location was performed on 50 fruit sample. Seeds were
separated from mesocarp and grounded in a mill. With the aim of transferring of the
analytes into solution, microwave-enhanced wet digestion of the seeds and mesocarp
samples taken from rosehips was carried out. Each sample (ca. 0.4 g) of seeds or mesocarp
was digested by a reagent consisting of nitric acid (HNOs3, 65 %, p.a.) and hydrogen
peroxide (H202, 30 %, p.a.), 5 mL and 2 mL, respectively. Microwave-enhanced wet
digestion procedures were done using Anton Paar Multiwave 3000 digestion system
equipped with XFS-100 rotor and Teflon cuvettes. Eight selected elements (Al, As, B, Cr,
Cu, Pb, Ni, and Zn) were quantified in the prepared digestates by means of ICP-AES
(Thermo Fischer iCAP 6300 Duo). Calibration curves were obtained by measuring a series
of standard solutions, which were prepared by appropriate dilutions of commercial multi-
elemental standards and acidified with nitric acid (v/v 1 %). The results are expressed as
mean values of two measurements in fresh weight.

Statistical analysis

Descriptive statistics, t-Test: Paired Two Sample for Means and Correlation matrix were
performed at significance level of p = 0.05 by using a SPSS statistical software (IBM SPSS
Statistics 20).

Ni$, Srbija, 7-8. juni 2019. 4
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Results and discussion

The content of microelements in rose hip can be affected by the characteristics of soil and
the ability of plants to accumulate selectively certain elements. Other possible sources of
potentially toxic metals in plants are rainfall, traffic density, use of oil or fossil fuels for
heating, atmospheric dust, plant protection agents, and fertilizers.® Elements such as As,
Cd, Cr, and Pb are toxic and potentially carcinogenic to humans even at considerably low
concentrations and pose a variety of health risks.>

"Laksa" and "Polimerijana" are the most widely grown cultivars in orchards in the Republic
of Serbia. The results obtained for the concentrations of B, Cu, Ni, and Zn in the seed and
the mesocarp of fresh rosehip samples of these two cultivars are shown in Figure 2.

Four elements, namely Al, As, Cr and Pb were below the method limit-of-detection (LOD)
values in both seed and mesocarp of all studied samples. The exception was Al in the
mesocarp of sample IV-P from Valjevo area. Still, the LOD values of these four elements
(4.30, 1.07, 0.104, and 0.560 mg kg™, respectively) suggest that their content in the tested
samples is not elevated and consumption of usual quantities of this fruit cannot pose a
risk to human health.

The greatest amount of boron intake in general population is through food. The richest
sources of B are fruits, vegetables, pulses, legumes, and nuts. The estimated mean level of
intake of B in adult human population is 0.98 mg per day.® The lowest mass fraction value
of B was found in the sample II-L (cultivar "Laksa") from Valjevo area. On the other hand,
the highest concentration of B was measured in sample IV-P (variety "Polimerijana") from
the same orchard. The mesocarp of the sample IV-P had the highest concentration of B
(15.9 mg/kg).

Food is a main source of Cu exposure for humans. Meat, seafood, nuts and seeds (whole
grains) are good sources of dietary Cu. It is considered that the maximum of the
acceptable range of oral intake of this metal for adults is assessed to be about 3 mg/day.
40 % of dietary copper comes from yeast breads, white potatoes, tomatoes, cereals, beef,
dried beans and lentils.°

Ni is one of the ‘heavy metals’ that poses a health risk to humans. The levels of Ni in food
are generally in the range 0.01-0.1 mg/kg, but also large variations have been noted. Daily
dietary intakes of Ni are dependent upon various factors and, according to the data known
up to know, are different in different countries; generally, it can be summarized in the
range 0.08 to 0.4 mg per day.!?

Zinc is an essential element and it is found in food and water. Food which is rich in
proteins (meat and marine organisms) contain high concentrations of zinc; 10-50 mg/kg,
but grains, vegetables, and fruit contain zinc in low concentrations, usually <5 mg/kg.*?

In the context of our study it has to be pointed out that the lowest mass fraction values of
Cu, Ni, and Zn were found in the sample II-L (cultivar "Laksa") from Valjevo area. The
highest mass fraction values of Cu and Zn were found in the seed of the sample IlI-P
(cultivar "Polimerijana") from Prijepolje area (6.69 and 19.5 mg/kg, respectively). The
highest mass fraction of Ni was found in the seed of I-L sample (4.05 mg/kg). The results
obtained in our study for Ni and Zn were higher then reported in literature.*%*2

The mesocarp of sample IV-P had the highest concentration of B (15.9 mg/kg), whereas
the highest content of Cu and Zn was found in the seed of IlI-P sample (6.69 and
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19.5 mg/kg, respectively) and Ni in the seed of I-L sample (4.05 mg/kg), Figure 2. The
results obtained in our study for Ni and Zn were higher then reported in literature.1%?
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Figure 2. The metal content in seed (A) and mesocarp (B)
of cultivated rose hip samples

Due to the normal distribution of the results, significant difference in the metal’s content
between seed and mesocarp samples was confirmed by t-Test: Paired Two-Sample for
Means. The t-Test was used to determine whether the mean difference between two sets
of observations is zero. It was found that content of Cu, Ni and Zn was significant higher in
seed samples (|t|> teit; t values were respectively 12.62; 5.67 and 13.31 while tit=2.20),
while the content of B was significantly higher in mesocarp samples of rose hip (t = -5.38,
tcrit=2.20).

In general, the chemical composition of the plants reflects the elemental composition of
the soil on which it is cultivated, and various factors impact their relations, as well as the
ability of the plant to accumulate certain elements from the soil.>'* The composition of
potentially toxic elements in rose hip samples from Valjevo and Prijepolje areas can be
attributed to variations in environmental, growth conditions and time of harvesting.

Conclusion

In the cultivated rose hips "Laksa" (Valjevo) and "Polimerijana" (Prijepolje) the lowest and
the highest concentrations of Cu, Ni and Zn were measured. The results of the analysis
revealed that As, Cr, and Pb in the tested samples were present in the mass fractions that
are below method limit-of-detection values for these elements. Generally, the mass
fraction values suggest that the seeds and mesocarps of the cultivated rose hips that were
examined are not loaded with the elements analyzed in this study.

Acknowledgements: This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Grant Nos. 46009 and 172017).
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Potencijalno toksicni elementi u gajenom Sipurku — odredivanje sadrzaja
ICP-AES metodom

Srbija je bogata divljim vrstama Sipurka, a neke od njih, kao Sto su Rosa canina, koriste se
kao podloge za konvencionalnu i organsku proizvodnju. Plod divlje ruze - Sipurak se
najéesce koristi za pravljenje dZemova, Zelea, pita, variva, aja i vina od divljeg voca. Cilj
rada bio je odredivanje sadrZaja odabranih potencijalno toksicnih metala (Al, As, Cr, Cu, Ni,
Pb i Zn) kao i jednog nemetala (B), u uzorcima gajenog Sipurka sa dve lokacije, tehnikom
induktivno spregnuta plazma atomska emisiona spektroskopija (ICP-AES). Elementi As, Cr i
Pb bili su bili ispod granice detekcije u semenkama i mezokarpu ispitivanih uzoraka.
Najveéa i najmanja koncentracija, izraZena kao maseni udeo, izmerena je za Zn (19,5
mg/kg) odnosno Cu (0,572 mg/kg). Mezokarp uzorka sa podruéja Valjeva imao je najvecu
koncentraciju B, dok je najveci sadrZaj Cu, Ni i Zn detektovan u semenkama uzoraka sa
podrucja Prijepolja. Statistickom analizom su utvrdene znaclajne razlike u masenim
udelima elemenata izmedu semena i mezokarpa u ispitivanim uzorcima Sipurka (p<0,001).
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Introduction

Blackberry fruits are a rich source of nutrients: vitamins, fibers and ellagitanins and
anthocyanins which have beneficial effect on human health. Because of their natural
antioxidantive properties and due to their high concentration and quality diversity, the
people have a growing interest in the consummation of blackberries in diet as natural
functional food. Antioxidant activity of blackberry fruits has been evaluated earlier?,

The aim of this work was to determine the antioxidant activity of different extracts
obtained from five cultivars of blackberry fruits (Rubus spp.) grown in Serbia. Because
particular antioxidants have various contributions to the total antioxidant capacity, no
single assay will accurately reflect all of the radical sources or all antioxidants in a complex
system. Therefore, the total antioxidant capacities of extracts were measured using four in
vitro spectrophotometric methods: 1,1-diphenyl-2-picrylhydrazyl free radical (DPPH) sca-
venging activity, 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical
cation scavenging activity, ferric reducing-antioxidant power (FRAP) and reduction power
(RP) Fe(lll) to Fe(ll).

Materials and method

Ethanol (96 % by vol.) methanol (HPLC grade) and aceton (HPLC grade) were from J.T.
Baker (Deventer, The Netherlands). Purified water (18 MQcm), prepared by a MicroMed
purification system (TKA Wasseraufbereitungssysteme GmbH, Niederelbert, Germany),
was used to prepare all samples and standards.

The ultrasound-assisted extraction with different solvents (acidified 80 % methanol (0.01
%, v/v HCl), methanol, ethanol, 60 % ethanol, aceton and water) was used to prepare
extracts from berry samples. Frozen berry fruits were milled in the blender to obtaine fruit
puree which was used for extraction. The ultrasonic extractions were performed at room
temperature (25 °C) for 15 minutes and repeated for 3 times. Briefly, 2.0000 g + 0.0001 g
of each berry sample was weighed and the flask with a sample was put into the ultrasonic
bath and sonicated for 15 min at 25 °C. After sonication, the solvent was removed by
vacuum evaporation.

For DPPH method*, which is slightly modified, a solution of DPPH (1x10* mol L) was
prepared in methanol. 5.0 ml of this solution and 100 pL of berry extract were mixed in 10
ml volumetric flask and filled with methanol to the mark. The discoloration of the DPPH
radical was measured at 520 nm, 30 min after the reaction started. The Trolox calibration
curve was plotted as a function of the decrease in absorbance of DPPH radical scavenging
activity. The final results were expressed as milimoles of Trolox equivalents (TE) per gram
of fresh weight of berry samples (mmol TE g* fw).
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The ABTS radical scavenging activity was measured using the method of Re et al.®> and Arts
et al.®. 100 uL of berry extract was mixed with 3.9 ml of diluted ABTS radical cation
solution. After reaction at room temperature for 6 min, the reduction in absorbance at
734 nm was measured. The Trolox calibration curve was plotted as a function of the
decrease in absorbance of ABTS radical cation scavenging activity. The final results were
expressed as milimoles of (TE) per gram of fresh weight of berry samples (mmol TE g fw).
Ferric reducing-antioxidant power (FRAP) assay was performed as previously described by
Benzie and Strain’. In the FRAP assay, antioxidants in the sample reduce Fe*-TPTZ
complex to the ferrous form at low pH (pH 3.6) with an increase in absorbance at 595 nm.
FRAP values were expressed as milimoles of Fe?* equivalents (FE) per gram of fresh weight
of berry samples (mmol FE g fw).

Reducing power (RP) assay Fe(lll) to Fe(ll) was determined as described by Oyaizu?.
Reducing power was expressed in relation to the reducing power of ascorbic acid as a
positive control (AEAC, Ascorbate Equivalent Antioxidant Capacity). RP values were
expressed as milimoles of ascorbic acid equivalents (AAE) per gram of fresh weight of
berry samples (mmol AAE g fw).

An Agilent 8453 UV/Vis spectrophotometer (Agilent Technologies, Santa Clara, California,
USA) was used for absorbance measurements and spectra recording, using optical cuvettes
of 1 cm optical path. The pH measurements were made with Hanna instrument pH-meter
(Hanna Instruments, Smithfield, Rhode Island, USA) equipped with glass electrode.

Results and disscusion

The final results of antioxidant activity determination have been given in Table 1. As it can
be seen, the highest antioxidant activity was measured in acidified 80 % methanol
extracts, which could be a consequence of anthocyanins extraction. Acording to Mertz et
al.®, ellagitanins and anthocyanins represent main classes of phenolic compounds in
blackberries. The anthocyanin structure contains multiple hydroxyl groups and a formal
charge of the oxygen on the pyran ring, providing polar characteristic, suggesting polar
solvents would provide greater extraction efficiency. In addition, a slightly acidic
environment provides favorable environment for the anthocyanin to be solubilized and
hydrolized to anthocyanidins®. The use of acidified methanol for anthocyanin extraction
from strawberries, raspberries, blackberries and sour cherries was reported!3, Also,
extracts obtained with pure ethanol have shown lower antioxidant activity comparing to
60 % ethanol, but both higher then aqueous extracts and lower then methanol extracts.
This fact should be highlighted as important considering the toxicity of methanol. Aqueous
extracts have shown the lowest antioxidant activity. Lower antioxidant activity of aqueous
extracts of blackberries and raspberries comparing to methanol extracts, was also
reported?®. To correlate the results obtained with different assays, as well as between
assays, a regression analysis was performed and correlation coefficients were calculated.
DPPH and ABTS assays are based on the ability of antioxidants to scavenge free radicals.
However, ABTS assay can be used in a wide range of pH, unlike DPPH assay which is to be
avoided in acidic media. This fact is important to be known during pH influence
examination on different compounds, as well as in examination of acidic solutions'**>. All
tested blackberry samples had very close values for ABTS activities. In addition, the values
obtained by the DPPH assay were higher than those obtained by the ABTS assay. The ABTS
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radical scavenging activity ranged from 0.1960 mmol TE g in water extract of sample Bcl
to 0.5462 mmol TE g? in acidified methanol extract of sample Bc5. The DPPH radical
scavenging activity ranged from 3.33 mmol TE g in water extract of sample Bc3 to 13.1
mmol TE g in acidified methanol extract of sample Bc5. In all applied solvents, the
correlation between the results of DPPH and ABTS assays was high (R?=0.9985, p<0.05, in
acidified methanol; R?=0.9481, p<0.05, in methanol; R?=0.7720, p<0.05, in ethanol;
R2=0.8827, p<0.05, in 60 % ethanol; R?=0.7336, p<0.05, in aceton and R?=0.7548, p<0.05,
in water). This is to be expected, considering the similar mechanism of ABTS and DPPH
assays are based on. Although both of these assays show the ability of antioxidants to
scavenge free radicals, ABTS radical is reduced by oxygen-containing compounds, while
DPPH radical is reduced by hydrogen donors and free radicals. This is why the results
obtained by ABTS are lower then the ones obtained by DPPH method?®.

Table 1. The antioxidant activity of blackberry extracts determined by ABTS, DPPH, FRAP
and RP assays*

ABTS, mmol TE g1 DPPH, mmol TE g1

sovent —pT B2 B3 BA B Bl B2 B3 Bk BG

MeOH 0.2588% 0.2541+ 0.2542+ 0.2544+ 0.5462+ 7.79% 7.6+ 7.78+ 7.98+ 13.1%
80% 0.0001 0.0006 0.0005 0.0006 0.0000 0.08 0.1 0.05 0.05 0.1

0.2504+ 0.2590+ 0.2186+ 0.2505+ 0.3607+ 5.11+x 5.06x 4.71% 6.2+ 9.3%

MeOH 0.0001 0.0003 0.0003 0.0001 0.0001 0.01 0.01 0.02 0.1 0.3

EtOH 0.2253% 0.2399+ 0.2179+ 0.2042+ 0.3853+ 4.59+ 446+ 549+ 436+ 6.8+
60% 0.0002 0.0001 0.0001 0.0003 0.0003 0.05 0.01 0.02 0.03 0.1

0.2165+ 0.2360+ 0.2038+ 0.2149+ 0.3269+ 3.93+ 4.5+ 3.96x 5.47+ 6.12+

ELOH 0.0001 0.0003 0.0005 0.0001 0.0002 0.05 0.1 0.07 0.02 0.02
H,0 0.1960+ 0.2046+ 0.1821+ 0.2152+ 0.2720+ 3.91+ 432+ 3.33+ 528+ 5.08%

0.0002 0.0001 0.0000 0.0001 0.0001 0.02 0.07 0.02 0.03 0.05
Aceton 0.2035+ 0.2378+ 0.2205+ 0.2395+ 0.2855+ 5.06x 5.57+ 447+ 4.39+ 6.5+

0.0001 0.0001 0.0003 0.0002 0.0003 0.02 0.08 0.02 0.05 0.1

MeOH 22.6+ 33.2+ 27.9+ 395+ 526+ 195+ 19.9+ 224+ 229+ 31.6%
80 % 0.2 0.2 0.2 0.3 0.3 0.3 0.6 0.1 0.2 0.1

2195+ 23.20+ 24.2+ 30.2¢ 345+ 186+ 17.2+ 20.5+ 19.4+ 23.4%

MeOH 0.05 0.05 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1

EtOH 26.41+ 21.25+ 24.63+ 25.21+ 33.84+ 187+ 17.8+ 219+ 199+ 27.5%
60 % 0.03 0.05 0.05 0.07 0.05 0.2 0.3 0.1 0.1 0.5

20.3x 20.71+ 239+ 21.26+ 3158+ 17.1+ 17.5+ 17.9+ 184+ 19.4%

EtOH 0.1 0.07 0.1 0.05 0.03 0.2 0.1 0.3 0.1 0.2
H,0 17.11+ 19.9+ 20.68+ 19.35+ 25.98+ 133+ 154+ 152+ 143+ 16.3%
0.05 0.1 0.05 0.03 0.05 0.5 0.1 0.2 0.1 0.1
Aceton 24.8+ 22,58+ 21.28+ 211+ 283+ 20.0+ 19.0+ 17.0+ 21.0+ 23.0+

0.1 0.05 0.08 0.1 0.5 0.1 0.1 0.1 0.5 0.2

*The values are represented as the mean + SD (n = 3)

FRAP and RP assays are based on the electron-transfer mechanism and measure reducing
capacity based on the reduction of Fe(lll) to Fe(ll) ions. Obtained values are higher then
the ones obtained by ABTS and DPPH assays. The antioxidant activity of blackberry
extracts samples measured by the FRAP and RP ranged from 17.11 mmol FE g in water
extract of sample Bcl to 52.6 mmol FE g in acidified methanol extract of sample Bc5 and
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13.3 mmol AAE g! in water extract of sample Bcl to 31.6 mmol AAE g! in acidified
methanol extract of sample Bc5, respectively. In all applied solvents, the correlation
between the results of FRAP and RP assays was high (R?=0.8987, p<0.05, in acidified
methanol; R?=0.7965, p<0.05, in methanol; R?=0.8750, p<0.05, in ethanol; R?=0.9008,
p<0.05, in 60 % ethanol; R?=0.7273, p<0.05, in aceton and R?=0.9020, p<0.05, in water).

Conclusion

Blackberry fruits can be considered an excellent source of antioxidants, since all analyzed
samples of blackberry extracts have shown very good radical scavenging capacity in four
applied spectrophotometric antioxidant assays (ABTS, DPPH, FRAP and RP). The highest
antioxidant activity has been measured in acidified methanol extracts, while the lowest
antioxidant activity has been measured in aqueous extracts. Also, 60 % ethanol extracts
have shown higher antioxidant activity, comparing to ethanol extracts, probably due to
higher polarity of solvent. Strong correlation has been observed among DPPH and ABTS
assays, as well as among FRAP and RP assays, which is a consequence of the reaction
mechanism between radicals and antioxidants. However, toxicity of methanol should not
be overseen. Therefore, it is important to find an adequate solvent which can provide
satisfactory amount of extractable compounds, without toxic side effects to humans.
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Ministry of Education, Science and Technological Development. The authors are grateful for the
financial support provided by this Ministry.

McnutuBarbe aHTMOKCMAATUBHE aKTUBHOCTU PA3/IMUUTUX €KCTPaKaTa
KyNnuHe cCneKTpopoTOMETPUjCKUM TECTOBUMA

Y pady je ucnumaHa aHMUOKCUOGMUBHA QKMUBHOCM Pa3au4UMUX ekcmpakama nem
copmu KynuHe, 2ajeHux y Cpbuju, npumeHoM crekmpogomomempujckux mecmosa: ABTS,
DPPH, FRAP u RP. lMpumerbeHa je ynmpa3gyvyHa eKcmpaKkyuja pasaudumum pacmeapaqyuma
(80 % memaHon (1 % HCI), memaHon, 60 % emaHosn, emaHos, auemoH u 800a). Hajeeha
aHMUOKCUOaMUBHA AKMUBHOCM 3abesexeHa je y eKcmpakmuma 20e je Kao pacmeapay
KopuwheH 80 % memaHon ca 1 % HCl, 0ok je HajMara aHMUOKCUOAMUBHA AKMUBHOCM
3a6enexceHa y 800eHUM eKCmpakmumd. BpedHocmu aHMUOKcudamueHe akmusHocmu
ekcmpakama KynuHe rpema ABTS paduKan KamjoHy ce Kpehy y epaHuyama o0 0,1960 mmol
TE/g y 8B00eHomM ekcmpakmy y30pka Bcl do 0,5462 mmol TE/g y ekcmpakmy y30pka Bc5 20e
je kao pacmsapay KopuwheH 80 % memaHon ca 1 % HCl, 0ok ce npema DPPH padukany
Kpehy y epaHuuyama 00 3,33 mmol TE/g y odeHom ekcmpakmy y3opka Bc3 do 13,1 mmol
TE/g u ekcmpakmy y30pKa Bc5 20e je kao pacmeapay kKopuwheH 80 % mematon ca 1 % HCI.
BpedHocmu aHMUOKCUGAMUBHe GKMUBHOCMU 08UX Y30PaKa, U3parceHe npeKo pedyKyuoHe
mohu y mecmosuma FRAP u RP, cy y uHmepeany 00 17,11 mmol FE/g (sodeHu ekcmpakm
y3opKa Bcl) o 52,6 mmol FE/g (80 % memaHonHu ekcmpakm ca 1 % HCl y3opka Bc5), u
13,3 mmol AAE/qg (8odeHu ekcmpakm y3opka Bcl) 0o 31,6 mmol AAE/g (80 % memaHonAHuU
ekcmpakm ca 1 % HCl y3opka Bc5). KopenauuoHa aHanusa usmehy npumereHux memooa
30 aHMUOKcudamusHy akmugHoCcm roKasasa je 0obpy Kopenayujy usmehy ABTS u DPPH
memoode, kao u usmehy FRAP u RP memode, wmo je nocneduuya cAu4YHO2 MEeXaHU3MA.
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Koegpuyujenm kopenayuje usmehy DPPH u ABTS mecmosa je usHocuo R?=0.9985, p<0.05, y
80 % memarony ca 1 % HCI; R>=0.9481, p<0.05, y memaHony; R?=0.7720, p<0.05, y emaHony;
R?=0.8827, p<0.05, y 60 % emarony; R?=0.7336, p<0.05, y auemoHy u R?*=0.7548, p<0.05, y
800u. Koegpuyujenm Kopenayuje usmehy FRAP u RP metode je usHocuo R*=0.8987, p<0.05, y
80 % memaHony ca 1 % HCl; R?=0.7965, p<0.05, y memaHony; R?=0.8750, p<0.05, y emaHony;
R?=0.9008, p<0.05, y 60 % emaHony; R?=0.7273, p<0.05, y ayemoHy u R?=0.9020, p<0.05, y

sodu.
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lzvod

U ovom radu je ispitivana degradacija organofosfornog insekticida (malationa) primenom
hlor-dioksida. Degradacija je proucavana u dejonizovanoj vodi. Optimizacija uslova
degradacije je ispitivana u uslovima svetlosti, sa razli¢itim dozama hlor-dioksida, posle
razli¢itih vremenskih perioda degradacije i pri razli¢itim pH vrednostima rastvora. Ovo je
prvo istrazivanje gde je degradacija malationa ispitivana upotrebom hlor-dioksida kao
degradacionog sredstva. Procenat degradacije je odreden pomoc¢u HPLC-DAD, dok su
degradacioni proizvodi izolovani i indentifikovani pomoc¢u GC/MS. Rezultati su pokazali da
pH ima znacajan uticaj na stepen degradacije malationa. Ispitivani insekticid pokazuje
dobar stepen degradacije. Vrednost stepena degradacije pri optimalnim uslovima za
malation je 97,78 % primenom 5 mg/L hlor-dioksida na pH 7,00 posle 24 h tretmana.
Analizom masenih spektara malationa utvrdeno je da su dobijeni degradacioni proizvodi:
dietil 2-hidroksisukcinat, dietil fumarat, dimetil hidrogen fosfat, dietil 2-((dime-
toksifosforil)tio)sukcinat.

Uvod

Pesticidi su proizvodi hemijskog ili bioloskog porekla namenjeni za sprecavanje, suzbijanje
i uniStavanje organizama Stetnih za bilje, biljne proizvode i plodove, drvo i proizvode od
drveta na otvorenom i u zatvorenom prostoru, kao i suzbijanje ili uniStavanje nepozeljnih
vrsta biljaka i drugih organizama.!

lako agronomija poznaje mnoge metode =zastite bilja (mehanic¢ka, agrotehnicka,
karantinska, fizikalna, bioloska, i dr.), hemijska metoda zastite (upotreba pesticida) daleko
je najzastupljenija mera. Konvencionalnu poljoprivrednu proizvodnju danas je nemoguce
zamisliti bez upotrebe pesticida. Takva, hemijska zastita bilja, nosi sa sobom niz negativnih
propratnih pojava.

Pesticidi su jedinjenja koja imaju Siroku primenu u poljoprivredi, a velika primena je dovela
do njihovog prisustva u povrsinskim i podzemnim vodama. Pesticidi mogu predstavljati
pretnju Zivotnoj sredini jer su dizajnirani tako da imaju specifican fizioloski efekat na Ziva
bica i mogu biti ksenobiotici, mutageni, kancerogeni i teratogeni. Poznato je da
konvencionalni bioloski tretmani ne mogu u potpunosti ukloniti pesticide pa je njihovo
uklanjanje iz Zivotne sredine, posebno iz povrsinskih voda, jedan od imperativa danasnjice
i predmet proucavanja kojim se, ve¢ nekoliko godina unazad, bavi veliki broj istrazivaca.
Organofosforni pesticidi su najveéa i najsvestranija grupa insekticida.? Otrovniji su od
hlorovanih ugljovodonika. Deluju tako Sto inhibiraju enzim holinesterazu, Sto izaziva
paralizu nervne funkcije kod insekata i ljudi.>* Prskaju se po li$¢u ili dodaju u zemlju preko
rastvora koje upija korenje. Brzo se raspadaju i zato su pogodniji od stabilnih hlorovanih
ugljovodonika. Koriste se za kontrolu razli¢itih insekata, komaraca, vasi, Stetocina u
zemljistu itd.
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Degradacija organofosfornih pesticida ispitivana je na razliCite nacine: mikrobioloska
degradacija, enzimska, UV degradacija, termalna, kataliti¢ka, biodegradacija, bakterijska itd.>®
Hlor-dioksid je moc¢no sredstvo za dezinfekciju i izuzetno selektivan oksidans (Eo = 0, 936 V)
koji moze selektivno oksidovati specificne funkcionalne grupe kao sto su fenolne grupe i
tercijarni amini.”’*® Koristi se kao baktericid, fungicid, algicid i antiseptik. Reaguje
nezavisno od pH vrednosti rastvora, a u odnosu na tretman hlorom ima prednost jer ne
proizvodi toksi¢ne trihalometane. Mana hlor-dioksida je nastanak hloritinih i hloratnih
anjona koji imaju negativne efekte na crvena krvna zrnca.

Cilj ovog istraZivanja je bio da se optimizuju uslovi za degradaciju malationa sa hlor-
dioksidom u dejonizovanoj vodi.

Eksperimentalni deo

Kao uzorak za ovo proucavanje koris¢en je insekticid malation (dietil (dimetoksifosfi-
notioiltio)sukcinat; 97,9 %; Sigma Aldrich). Struktura insekticida prikazana je na Slici 1.
Hlor-dioksid napravljen je kao rastvor rastvaranjem natrijum-hlorita (Superior Water
Disinfection Power, TwinOxide®) i natrijum-sulfata monohidrata ((Superior Water
Disinfection Power, TwinOxide®) u 1 L vode HPLC cistoce (Ultra pure water, Thermofisher
TKA MicroPure water purification system, 0,055 uS/cm). Ovakav rastvor hlor-dioksida
standardizovan je pomocu standardnog rastvora natrijum-tiosulfata prema 4500-Cl0O2
DPD, Standard Method. Vrednost pH odredivana je na instrumentu Orion Star A221,
Thermo Scientific, pH/mV — metrom sa staklenom elektrodom. Za podesavanje pH
vrednosti koriséeni su sumporna kiselina (98 %, Sigma — Aldrich) i natrijum-hidroksid (p.a.,
Sigma — Aldrich). Kao eluenti za HPLC-DAD analizu koris¢eni su acetonitril (>99,9 %, Sigma
— Aldrich) i 0,1 % rastvor mravlje kiseline (HPLC, Fluka analytical) u ultra-Cistoj vodi. Uzorci
su profiltrirani kroz filtere (Econofilter PTFE 25 mm 0,45 um, Agilent Technologies).

b

o 6}

B el 0]

\O/ \S O/\
(0]

-

Slika 1. Struktura organofosfornog insekticida (malationa)

Pre analize na HPLC-u, uzorci su rastvoreni u acetonitrilu tako da im koncentracija bude oko
1000 mg/L (interni standard). Interni standard je zatim razblaZen ultra-¢istom vodom do
Zeljene koncentracije od 20 mg/L. Ova koncentracija herbicida je bila ista u svim uzorcima
koji su analizirani u ovom istrazivanju. U rastvore herbicida dodat je hlor-dioksid kao
degradaciono sredstvo. U jednu seriju uzoraka dodat je u koncentraciji od 5 mg/L, dok je u
drugu dodat u koncentraciji od 10 mg/L. Reakcija je prekidana pomoéu 0,1 mol/dm3 rastvora
natrijum-tiosulfata (~0,3 mL Na25203 u 10 mL uzorka) nakon odredenih vremenskih intervala:
30 min, 1 h,2 h,3 h, 6 hi24h. U cilju optimizacije uslova degradacije, reakcija je praéena u
uslovima mraka i na svetlu, kao i pri razli¢itim pH vrednostima (2,00; 3,00; 7,00 i 9,00).
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Na prethodno opisan nacin pripremljeni uzorci su profiltrirani i uspeSnost degradacije je
odredivana na HPLC-DAD. Koris¢en je hromatograf Thermo UltiMate 3000 RS sa DAD
detektorom. Koriséena je kolona Hypersil Gold aQ (150 mm x 3 mm x 3um). Eluiranje je
bilo gradijentno: propustena je smesa eluenata A i B, 0-0,5 min 5 % B, 0,5-6 min 5-45 % B,
6-8 min 45-95 % B, 8-9 min 95 % B, 9-9,01 min 95-5 % B, 9,01-14 min 5 % B, uz protok
eluenata od 0,6 mL/min i pri temperaturi kolone od 40 °C. Kao eluent A koris¢n je 0,1 %
rastvor mravlje kiseline, a kao eluent B koris¢en je acetonitril. Injektovano je 20 pL uzorka.
Detektor je bio podesSen na sledeée talasne duzine: 197 nm, 211 nmi 220 nm.

Glavni degradacioni proizvodi analizirani su pomocu GC/MS (Agilent Technologies
7890B/7010). Instrument je bio opremljen masenim detektorom (trostruki kvadrupol) koji
radi po principu elektronske jonizacije, kapilarom kolonom HP5-MS (duZina 30 m,
unutrasnji precnik 0,25 mm i sloj filma 0,25 um). Kao nosedi gas korisé¢en je helijum sa
protokom 1 ml/min. Podetna temperatura je bila 50 °C tokom 5 min, zatim je podesena da
raste brzinom 10 °C/min, do 320 °C i zadrZana 15 min. Temperatura transfer linije bila je
300 °C, temperatura injektovanja 320 °C, temperatura izvora jona 230 °C a temperatura
kvadrupola 150 °C. Prilikom snimanja maseni detektor je bio u scan modu. Koris¢eni su
uzorci koji su pokazivali najveci stepen degradacije.

Rezultati i diskusija

Procenat degradacije prac¢en je pomoc¢u HPLC analize i izraCunat je na osnovu povrsine
pika malationa pre degradacije i povr$ine pika malationa nakon degradacije.'* Efikasnosti
degradacije u uslovima svetla, na razli¢itim pH i na razlicitim vremenima degradacije
prikazane su na Slici 2.

Koncentracija polaznog pesticida bila je 20 mg/L, jer se pri ovoj koncentraciji pesticida
dobio zadovoljavajudéi signal u HPLC hromatogramu, i mogla se uspesno pratiti degradacija
pesticida. Sve analize su radene u uslovima svetlosti, dok je mrak isklju¢en iz daljeg
istraZivanja. Raniji rezultati pokazuju da je degradacija pesticida efikasnija na svetlosti
nego u mraku.** HPLC analiza malationa primenom 5 i 10 mg/L hlor-dioksida, na svetlosti,
pokazuje relativno lo$ procenat degradacije, pri ¢emu se vrednosti kre¢u 11-36 % za
5 mg/L, odnosno 20-56 % za 10 mg/L ClO,. Najvi$a vrednost degradacije se postize nakon
24 h. Promenom uslova degradacije menjanjem pH vrednosti, postiZze se bolji stepen
degradacije. Na pH 2,00, primenom hlor-dioksida koncentracije 5 mg/L, postiZe se
vrednost degradacije 57-81 %, odnosno primenom 10 mg/L postize se stepen degradacije
59-84 % . Najvisa vrednost se dostize nakon 24 h u svim sluc¢ajevima. PodeSavanjem uslova
na pH 3,00 postize se vrednost degradacije 55-70 % primenom 5 mg/L hlor-dioksida, i
46-77 % primenom 10 mg/L. Rezultati su pokazali da pH vrednost 7,00, uz upotrebu
5 mg/L hlor-dioksida, daje odli¢cne rezultate u degradaciji malationa, i to 92-98 %, pri ¢emu
se u ovim uslovima postize i optimalna vrednost nakon 24 h i iznosi 97,78 %. Optimalni
uslovi su primenjeni za dalje istraZivanje. Primena 10 mg/L hlor-dioksida daje stepen
degradacije 55-76 %. Kada su uslovi podeseni na pH 9,00, takode se dobija veoma dobra
vrednost degradacije. Primenom 5 mg/L ClO2 postize se 63-80 %, dok 10 mg/L ClO: daje
vrednosti 60-90 %.
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Slika 2. Graficki prikaz efikasnosti degradacije malationa pri razli¢itim uslovima

GC/MS spektri malationa snimljeni su pri optimalnim uslovima degradacije. Za malation
pH 7,00, tretman hlor-dioksidom koncentracije 5 mg/L, nakon 24 h. Analizom masenih
spektara malationa utvrdeno je da su dobijeni sledeci degradacioni proizvodi: dietil
2 hidroksisukcinat (Rt 21,425 min; m/z 149), dietil fumarat (Rt 11,662 min; m/z 172),
dimetil hidrogen fosfat (Rt 11,828 min; m/z 128), dietil 2-((dimetoksifosforil)tio)sukcinat
(malokson, Rt 21,363 min; m/z 277).

Zakljucak

Proucavanje degradacije organofosfornog pesticida (malation) primenom hlor-dioksida
obuhvatilo je nekoliko koraka. Prvo je radena optimizacija koncentracije hlor-dioksida
promenom uslova svetlosti i razli¢itih pH vrednosti. U drugom koraku, u ispitivanje su
uklju¢ene hromatografske metode i to HPLC kako bi se pratio stepen degradacije
pesticida, a zatim i GC/MS za analizu glavnih degradacionih proizvoda. Ispitivani insekticid
pokazuje dobar stepen degradacije. Pokazano je da pH vrednost ima znacajan uticaj na
stepen degradacije malationa. Optimalna vrednost stepena degradacije za malation je
97,78 % primenom 5 mg/L hlor-dioksida na pH 7,00 posle 24 h. GC/MS analizom
identifikovana su Cetiri degradaciona proizvoda. Rezultati su pokazali da hlor-dioksid moze
efikasno da se koristi za degradaciju malationa.

Zahvalnica: Ovaj rad je finansiran od strane Ministarstva Prosvete, Nauke i Tehnoloskog Razvoja
Republike Srbije. Zahvaljujemo se i TwinOxide RS d.o.o za dostupnost preparata "TWINS".
Degradation of organophosphorus insecticide by chlorine dioxide

In this paper, the degradation of organophosphorus insecticide (malathion) with chlorine
dioxide was investigated. Degradation was studied in deionized water. Optimization of
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degradation conditions was examined under light condition, with different doses of chlorine
dioxide, after different degradation times and at different pH values. This is the first study
where degradation of malathion was done using chlorine dioxide as a degradation agent.
The percentage of degradation was determined by HPLC-DAD, while the degradation
products were isolated and identified by GC-MS. The results showed that pH has a significant
influence on the degree of degradation. The value of degradation degree determined under
the optimal conditions for malathion was 97.78 % using 5 mg/L chlorine dioxide at pH 7.00
after 24 h of treatment. By analyzing mass spectra of malathion, it was found that the
resulting degradation products were diethyl 2-hydroxysuccinate, diethyl fumarate, dimethyl
hydrogen phosphate and diethyl 2-((dimethoxyphosphoryl)thio)succinate.
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Isoljavanje i sinergizam pri ekstrakciji salicilne kiseline iz vodenih rastvora

Goran M. Nikoli¢, Jelena V. Zivkovi¢, Kristina Pegi¢, Jovana Momc¢ilovi¢
Univerzitet u Nisu, Medicinski fakultet, Katedra Hemija, 18000 Nis, Srbija

Uvod

Salicilna kiselina (2-hidroksibenzoeva kiselina) je supstanca za razli¢itim primenama u
medicini i farmaciji, a narodito je znacajna njena primena u dermatologiji.! Osim toga, ona
se u organizmu moze naci kao proizvod metabolizma aspirina i obi¢no se odreduje zajedno
sa njim, pri ¢emu se kod pripreme uzoraka za analizu ¢esto primenjuje postupak tecno-
tegne ekstrakcije.? Efikasnost ekstrakcije, koja je vazna za povecanje osetljivosti i taénosti
odredivanja, moZe se znatajno poboljsati primenom isoljavanja® i kori¢enjem sinergizma
koji se javlja pri ekstrakciji binarnim sme3ama organskih rastvaraca,*® ili kori$¢enjem
kombinacije oba navedena efekta. Proucavanje isoljavanja je znacajno i zbog toga Sto se
konstanta isoljavanja kao karakteristicna velicina moze koristiti za fizicko-hemijsku
karakterizaciju razli¢itih supstanci.®’

U ovom radu ispitivan je uticaj NaCl, KCl i (NH4)2SO4 na ekstrakciju salicilne kiseline dietil-
etrom iz vodenih rastvora, kao i efekat sinergizma koji se javlja pri ekstrakciji salicilne
kiseline binarnom smesSom dietil-etar/1-butanol iz vodenog rastvora u prisustvu NaCl.

Materijal i metode

Sve hemikalije koris¢ene u ovom radu bile su anallitickog stepena Cistoce i koris¢ene su
bez dodatnog precis¢avanja. Osnovni rastvor salicilne kiseline (10 mmol/L) i osnovni
rastvori neorganskih soli (4 mol/L za NaCl i 2 mol/L za KCl i (NH4)2S0a4) pripremani su
direktnim rastvaranjem tacno odmerenih masa supstanci u odgovarajucoj zapremini
dejonizovane vode. Radni rastvori salicilne kiseline iz kojih je vrSena ekstrakcija pripremani
su razblazivanjem osnovnog rastvora vodom i/ili meSanjem sa rastvorima soli u
odgovaraju¢em odnosu, neposredno pre ekstrakcije. Da bi se izbegao uticaj disocijacije
salicilne kiseline na njenu raspodelu, radni rastvori salicilne kiseline su pre ekstrakcije
zakiseljavani dodatkom HCI (1 mol/L) do pH =~ 2.

Ekstrakcija salicilne kiseline vrSena je manuelno u levkovima za odvajanje na uniforman
nacin za sve uzorke. Odredivanje salicilne kiseline u vodenoj fazi pre i posle ekstrakcije
vrseno je spektrofotometrijski, merenjem apsorbancije na 296 nm Sto odgovara talasnoj
duZini apsorpcionog maksimuma salicilne kiseline u vodenom rastvoru. Merenja su vrsena
na spektrofotometru Evolution 60 (Thermo Scientific, USA).

Sve ekstrakcije su sprovodene u duplikatu, paralelno u dva odvojena levka, a za
izraCunavanje distribucionih koeficijenata (D) koriséene su srednje vrednosti apsorbancije
za dve probe. Za Izracunavanje distribucionih koeficijenata koris¢ena je formula:

p_RA-A VY,
AV

org
gde su Ao i A vrednosti apsorbancije vodene faze pre i posle ekstrakcije, R je faktor
razblazenja osnovnog rastvora potrebnog za dobijanje vrednosti Ao, Vaq je zapremina
vodene faze, a Vorg je zapremina organske faze.
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Rezultati i diskusija
Efekat isoljavanja za razblaZene rastvore se moZe proceniti na osnovu raspodele neelek-
trolita izmedu vodenih rastvora soli i rastvaraca koji se ne mesa sa vodom pomodu izraza:
log(D/Do) = KsCs

gde su D i Do distribucioni koeficijenti neelektrolita za ekstrakciju iz vodenog rastvora soli i
vodenog rastvora bez prisustva soli, Cs je koncentracija soli, a Ks predstavlja konstantu
isoljavanja.?
Prethodni izraz se moze predstaviti i u obliku:

log D = KsCs + log Do
koji omogucava da se ekstrapolacijom izra¢una vrednost Do na osnovu vrednosti D za
vodene rastvori soli razli¢itih koncentracija.
Na slici 1 prikazane su vrednosti logaritma distribucionog koeficijenta za ekstrakciju
salicilne kiseline dietil-etrom iz vodenih rastvora neorganskih soli razli¢itih koncentracija.

30 r
O Nacl
O Kcl
A (NH4)2504
A
Sas | a o
£ o
O o
A
§ 8
2.0 1 1 L L L L 1 L 1 L L L L L 1 L L L L ]
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Slika 1. Zavisnost logaritma distribucionog koeficijenta od koncentracije soli u vodenoj fazi pri
ekstrakciji salicilne kiseline dietil-etrom.

U tabeli 1 predstavljeni su zbirno rezultati dobijeni pri ekstrakciji salicilne kiseline dietil-
etrom iz vodenih rastvora ispitivanih soli razli¢itih koncentracija.

Tabela 1. Zbirni prikaz parametara isoljavanja za ispitivane soli pri ekstrakciji salicilne
kiseline dietil-etrom.

So Ks R? log Do (izracunato)
NacCl 0,2271 0,9588 2,154
KCl 0,1201 0,9656 2,237
(NH4)2S04 0,3859 0,9993 2,063

Odnos vrednosti konstanti isoljavanja za soli ispitivane u ovom radu je
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Ks((NH4)ZSO4) > Ks(NaCI) > Ks(KCI)

Vrednosti Ks dobijene u ovom radu za NaCl i KCl su uporedive sa vrednostima dobijenim na
osnovu merenja rastvorljivosti salicilne kiseline u vodenim rastvorima ovih soli (Ks(NaCl) =
0,1707 i Ks(KCl) = 0,1209).
Vrednosti log Do dobijene ekstrapolacijom, na osnovu podataka prikazanih na slici 1,
razlikuju se od eksperimentalno odredene vrednosti koja je dobijena pri ekstrakciji
salicilne kiseline dietil-etrom iz vodenog rastvora bez dodatka soli (log Doexp) = 2,230).
Uzrok odstupanja je delimi¢no mesanje dietil-etra i vode u odsustvu soli, Sto se vidi po
tome da je odstupanje vece kod soli sa veCcom konstantom isoljavanja.
Za veliki broj organskih jedinjenja utvrdeno je da je Ks((NH4)2504) = 2,07xKs(NaCl) (R? = 0,72).7
U ovom istraZivanju je utvrdeno da je za salicilnu kiselinu Ks((NHs)2504) = 1,70xKs(NaCl).
Efekat sinergizma pri ekstrakciji salicilne kiseline ispitivan je primenom binarnih smesa
organskih rastvaraca dietil-etar/1-butanol za ekstrakciju iz vodenog rastvora koji sadrzi
NaCl (2 mol/L). Kvantitativho se efekat sinergizma pri ekstrakciji neelektrolita binarnim
smeSama organskih rastvarata moze izraziti preko koeficijenta sinergizma, K, koji se
izraCunava prema formuli:

Kc= Iog (Dmix/Dadd)
gde je Dmix eksperimentalno dobijena vrednost, a Dadd je teorijski izraCunata vrednost za
distribucioni koeficijent neelektrolita u sistemu binarna smesa organskih rastvaraca-vodena

faza.*®
Vrednost Dadd S&e moZe izraCunati prema formuli:

Dadd = D1ix1 + D2(1-x1)

gde D1 i D2 predstavljaju distribucione koeficijente neelektrolita u sistemu sa Ccistim
organskim rastvaracima, a x1 je molski udeo jednog od rastvarac¢a u binarnoj smesi. Za
izraCunavanje molskih udela rastvaraéa u smeSama koriséeni su literaturni podaci za
gustine rastvaraca; p (dietil-etar) = 0,71 g/cm3®i p (1-butanol) = 0,81 g/cm3.°

U tabeli 2 dati su rezultati odredivanja distribucionih koeficijenata i koeficijenata
sinergizma za ekstrakciju salicilne kiseline iz rastvora NaCl (2 mol/L) binarnim smeSama
dietil-etar/1-butanol razli¢itog sastava.

Tabela 2. Vrednosti distribucionih koeficijenata i koeficijenata sinergizma za ekstrakciju
salicilne kiseline iz rastvora NaCl binarnim smesama dietil-etar/1-butanol.

x (DEE) Dmix Dadd Kc
0 118,692 - -
0,179 321,611 162,434 0,297
0,368 429,481 208,620 0,314
0,568 575,686 257,494 0,349
0,778 676,641 308,812 0,341
1 363,063 - -

Na slici 2 je graficki prikazana zavisnost distribucionog koeficijenta salicilne kiseline od
sastava organske faze pri ekstrakciji binarnim smesama dietil-etar/1-butanol.
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Slika 2. Zavisnost distribucionog koeficijenta od molskog udela dietil-etra pri ekstrakciji
salicilne kiseline binarnim smesama dietil-etar/1-butanol (isprekidanom linijom je
prikazana zavisnost Dada 0d sastava binarne smese).

Dobijeni rezultati pokazuju da je za salicilnu kiselinu dietil-etar efikasnije ekstrakciono
sredstvo od 1-butanola, ali i da je ekstrakcija pomocu binarnih smesa dietil-etar/1-butanol
efikasnija od ekstrakcije Cistim rastvaracima Sto je posledica efekta sinergizma koji se javlja
u celokupnom opsegu sastava ispitivanih smesa. lako je najveca vrednost koeficijenta
sinergizma dobijena pri ekstrakciji binarnom smeSom sa molskim udelom dietil-etra od
0,568, najefikasnija ekstrakcija (najveéa vrednost distribucionog koeficijenta) postignuta je
pri molskom udelu dietil-etra od 0,778. Sli¢ni rezultati su dobijeni i kod ekstrakcije
askorbinske i nikotinske kiseline binarnim sme3ama butanol/etil acetat i butanol/butil
acetat, kao i kod ekstrakcije paracetamola binarnom smesom dietil-etar/1-butanol, gde se
najizrazeniji efekat sinergizma javlja ukoliko je u smesi dominantno zastupljen rastvarac
koji je efikasnije ekstrakciono sredstvo.*®

Zakljucak

Rezultati dobijeni u ovom radu pokazuju da se isoljavanje i sinergizam mogu iskoristiti za
znacajno povecanje efikasnosti ekstrakcije salicilne kiseline iz vodenih rastvora. Osim za
neposrednu prakti¢nu primenu, dobijeni rezultati se mogu koristiti i za detaljniju fizicko-
hemijsku karakterizaciju salicilne kiseline.

Zahvalnica: Ovaj rad je podrZzan od strane Ministarstva prosvete, nauke i tehnoloskog razvoja
Republike Srbije kroz finansiranje projekta TR 31060.

Salting-out and synergism in the extraction of salicylic acid
from aqueous solutions
The influence of NaCl, KCl, and (NH4):S04 on the extraction of salicylic acid from aqueous
solutions with diethyl ether, as well as synergic effects in the extraction of salicylic acid

with diethyl ether/1-butanol binary solvent mixtures from aqueous solutions containing
NaCl, were investigated. The salting-out constants for the salts investigated were ordered
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as Ks((NH1):S04) > Ks(NaCl) > Ks(KCl) and the obtained values are comparable with
literature data obtained by the salicylic acid solubility measurements. The highest value of
synergic coefficient was obtained for a binary solvent mixture with 0.568 mole fraction of
diethyl ether. However, the most efficient extraction of salicylic acid (highest value of
distribution ratio) was achieved with the binary solvent mixture containing 0.778 mole
fraction of diethyl ether. The results obtained in this study may be used for improving
extraction efficiency of salicylic acid which is important in the sample preparation step for
its determination by various methods. Also, these results may be used for a better
physicochemical characterization of salicylic acid.
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Introduction

Over the years, due to the fast technological development, our environment has become
more and more influenced by man-made low frequency electromagnetic fields (EMFs).
Therefore, it is not surprising that this increasing exposure of the population in everyday
life to EMFs has earned such a wide public interest. Recently, the effects of electric fields
(EFs), magnetic fields (MFs) or EMFs on different microbes have become a very popular
topic since the mentioned physical fields could potentially act as stress factors and thus
affect the survival of the microbial cells as well as their metabolism and behavior.!

Many authors have investigated the influence of an MF on different eukaryote and
prokaryote organisms. Among eucaryote organisms, yeast Saccharomyces cerevisiae?> has
become the most significant model to investigate the influence of static and a low
frequency MF. This is mostly because S. cerevisiae has well-characterized metabolic and
genetic properties but also because of their similarity in the molecular mechanisms of
basic cellular processes with numerous eukaryotic species. On the other hand, the
influence of a low frequency MF has also been investigated on Enterococcus faecalis®,
Escherichia coli®and other prokaryote organisms’.

Considering the results available in the literature, a static magnetic field (SMF) or a 50 Hz
low frequency MF were usually used to investigate effects on various microbial cells.
Novak et al.? investigated the influence of the 50 Hz MF (10 mT) on the growth of S.
cerevisiae. Based on the serial dilution method and measurements of the optical density
at wavelengths of 570 and 620 nm, the authors concluded that an MF decreases the
number of yeast cells, and slows down their growth.? Similarly to the work of Novak and
coworkers, Ruiz-Gomez et al.? studied the influence of long-term exposure to static (0 Hz)
and 50 Hz sinusoidal MF (0.35 mT and 2.45 mT) on the growth of S. cerevisiae by
measuring the optical density of the suspension at 600 nm. In this study, a 50 Hz MF was
induced by a pair of Helmholtz coils, while in the paper of Novak et al. a 50 Hz MF was
induced in a cylindrical coil (0.35 mT and 2.45 mT). Contrary to Novak et al., Ruiz-Gomez et
al. concluded that neither a static nor 50 Hz sinusoidal MF could induce alterations in the
growth of S. cerevisiae. These papers represent only one example among many others
available in the literature with conflicting results of the bio-effects of the applied MFs.
Possible reasons for this could be the use of different cell types, MF exposure protocols,
intensities, frequencies and others. Besides static and 50 Hz MF examinations on the S.
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cerevisiae cell growth by the optical density measurements, many authors also studied the
effects of an MF on ethanolic fermentation® by S. cerevisiae as well as he effects of MF ex-
posure on genome-wide gene expression®.

To the best of our knowledge, in one of our recently published studies, within 55th
Meeting of the Serbian Chemical Society, in Novi Sad, Serbia, for the first time, a low
frequency MF with frequency scan interval 10-1000 Hz was used rather than some
particular frequency.® In our previously published paper® the influence of an MF on yeast
cells was examined by measuring respiration activity with a powerful Micro-Oxymax®
respirometer. The paired two sample one-tail T-test showed statistically important
differences between the control sample and the sample exposed to a 10-1000 Hz MF for
cumulative Oz consumption which suggested that the applied scan regime of a low
frequency MF could influence yeast cell respiration activity. However, inconsistency of the
results was found in cumulative CO; production.® Considering most results available in the
literature where a static or 50 Hz MF was examined, the potential explanation of why the
cumulative CO2 production was inconsistent could be that different frequencies have an
opposite effect on respiration. Therefore, in this paper we narrowed the scan frequency
interval down to 10-50 Hz. Besides, when 10-1000 Hz was studied, control and MF
samples were not stirred. The lack of mechanical stirring, and relatively large CO2
solubility, could lead to unequal CO: release from the solution which was supported only
by the diffusion through the solution. Therefore, in order to obtain a better regularity for
cumulative CO2 production in this investigation both control and MF samples were stirred
with the rate of 300 rpm.

Experimental part

Prior to the experiment, S. cerevisiae was grown on the malt extract agar. In order to
prolong log phase of cell division which will be monitored in the experiments, the diluted
(1:1) Sabouraud dextrose broth (SBD) was inoculated with overnight culture suspension. All
the experiments were performed in pair: control (CC) and magnetic field exposed cells
(MFEC) and lasted 24 h (Fig 1). As can be noticed from Figure 1, CC and MFEC bottles were
installed in a glass water recirculation jacket and were mutually connected in line with a
thermostat in order to minimize possible temperature differences between the samples.
Also, both samples were mixed with a magnet and magnetic stirrer with stirring rate of
300 rpm.

A low frequency MF was generated inside of a Cu-coil which was wrapped around one
bottle together with recirculation jacket. An arbitrary function generator was used to set
up a scan regime interval from 10 Hz to 50 Hz and a scanning time interval of 100 s. An
amplifier was used to set up a maximal effective current trough the coil (2 A which
corresponds to magnetic induction of 33 mT), and an oscilloscope was used to control
changes in the effective current during frequency scanning.

The respiration activity (cumulative O2 consumption and cumulative CO2 production) of CC
and MFEC was continuously measured by a twelve-channel Micro-Oxymax® respirometer
(Columbus Instruments, USA). All of the experiments were performed in two light-proof
5 mL glass bottles with 3 mL of the inoculated SBD medium. The constant temperature
of (28.0 £ 0.1) °C was maintained by the thermostat (Julabo, F12 Refrigerated/Heating
Circulator, Germany). The cumulative O2 consumption and cumulative CO2 production (mL)

Nis, Srbija, 7-8. juni 2019. 25



FHP2TR 56. savetovanje SHD / 56th SCS Meeting

were measured every 20 min during 24 h and the experiments were performed in five
replicates.
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Figure 1. Schematic view of the experimental setup.

It is important to stress out that before all of the experiments, where the influence of an
MF on yeast cells was examined, the experimental setup was tested to respirometer
reading without an MF. In an ideal case, the cumulative O2 consumption and cumulative
CO2 production should be the same in both sample vessels when an MF is turned off.
However, all five test experiments without an MF showed that a small difference between
two vessels exists. Therefore, in order to perform proper interpretation of the results
when an MF is applied, these small differences were taken into account. From mean
values (obtained from five replicates) a correction factor was calculated. For the
cumulative 02 consumption the correction factor is 1 and for the cumulative CO:
production it is equal to 0.69. The obtained correction factors were used to adjust the
values of the respirometer reading obtained in all MF experiments.

Results and discussion

In this paper the influence of the low frequency MF with scan regime 10-50 Hz on yeast
cells respiration was examined. As mentioned in the Experimental part, the cumulative 02
consumption and cumulative CO2 production were monitored in CC and MFEC during 24 h.
The changes of the cumulative O2 consumption and cumulative CO2 production in CC and
MFEC over exposure time, obtained in all five repeated experiments, are given in Figure 2.

Nis, Srbija, 7-8. juni 2019. 26



FHP2TR 56. savetovanje SHD / 56th SCS Meeting

It can be noticed that in both the MFEC and CC cumulative the O2 consumption decreases
linearly over time, while the cumulative CO2 production increases very slowly up to the
15th hour after which it immediately increases until it reaches saturation limit. Besides,
Figure 2a. demonstrates that in all five replicates the cumulative O2 consumption was
slightly lower in MFEC in comparison to CC. However, the cumulative CO, production was
higher in MFEC in four experiments while in only one experiment the cumulative CO.
production showed somewhat lower values in MFEC (Figure 2b.).
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Figure 2. Experimentally obtained cumulative Oz consumption in mL (a) and cumulative CO:
production in mL (b) over 24 h for MF frequency range 10 - 50 Hz and samples stirring rate
of 300 rom. Gray curve corresponds to changes obtained in CC while the black curve
represents changes of the Oz and COzin MFEC.

The obtained results were statistically analyzed using the paired two sample one tail T-
test, and the cumulative values for both 02 and CO in the 20" h were used. It should be
emphasized that the mentioned calculated normative factors were taken into
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consideration during the determination of statistical differences. As is well-known, the
paired two sample one-tail T-test considers whether observed differences between two
samples are significant or whether they could be explained just by random variations. By
the most commonly used criteria, if the calculated probability is equal or smaller than 5 %,
the differences are considered statistically significant. The calculated probabilities for the
cumulative O2 consumption and cumulative CO2 production are 2 % and 5 % respectively.
In other words, the paired two sample one-tail T-test showed that for both measured
system parameters the differences between MFEC and CC are statistically significant.

In comparison to our previously published results, where a 10-1000 Hz MF was examined,
here the paired two sample one-tail T-test showed statistically important differences for
both the cumulative O, consumption and cumulative CO2 production. Also, when a 10-50
Hz MF was applied, only one experiment showed a bit lower cumulative CO; production
MFEC in comparison to CC, while in the case of 10-1000 Hz a complete inconsistency was
found. Interestingly, all other performed experiments showed that the lower cumulative
02 consumption is followed by the higher cumulative CO2 production in the sample
exposed to a 10-50 Hz MF in comparison to CC. This behaviour may indicate that a low
frequency MF for chosen scan region from 10 to 50 Hz may favorize anaerobic cells
metabolism. However, in order to confirm whether a low frequency MF from 10-50 Hz
favorizes anaerobic methabolism, it is important to take into account other important
parameters of the system such as cells growth, glucose uptake and ethanol production.

As we assumed in our previous paper, the narrowing frequency scan interval emphasized
better effects of the MF on yeast cell respiration. However, further investigation is needed
in order to find a scan range which covers more "bio-effective" frequencies. We believe
that our obtained results are very promising and that they represent a good basis for
further investigation in this field.

Conclusion

The examined MF with a constant low frequency scan regime from 10 Hz to 50 Hz in all
five repeated experiments showed the lower cumulative O2 consumption of cells exposed
to the MF and a better regularity for the cumulative CO2 production was obtained. Also,
the applied paired two sample one-tail T-test showed statistically important differences
for both the cumulative 02 consumption and cumulative CO2 production between control
cells and the MF exposed cells. The obtained results strongly suggest that a 10-50 Hz MF
influences cell respiration. Even though the presented results are promising, further
investigation should cover other important properties of the system, besides respiration,
such as cell growth, glucose consumption and ethanol production. Additionally, other MF
frequency scan intervals should be analyzed so that the scan interval containing the most
bio-effective frequencies could be determined.

Acknowledgement: This research was financially supported by the Ministry of Education, Science
and Technological Development of Republic of Serbia, through Projects No. Ill 43004 and Ol 172015.
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Uticaj niskofrekventnog magnetnog polja (10-50 Hz) na respiracionu
aktivnost celija kvasca Saccharomyces cerevisiae

Ispitivanje uticaja elektricnog, magnetnog i elektromagnetnog polja na mikroorganizme je
veoma aktuelni predmet istrazivanja, jer ova fizicka polja potencijalno deluju kao faktori
stresa i tako uticu na mikrobni metabolizam, ponasanje i preZivljavanje. U ovom radu
ispitivan je uticaj niskofrekventnog magnetnog polja (MP) sa konstantnim intervalom
skeniranja od 10 do 50 Hz na respiraciju celija kvasca, S. cerevisiae. Eksperiment je raden u
pet ponavljanja i pracen Micro-Oxymax® respirometrom. Kumulativna potrosnja kiseonika
je bila manja kod celija izloZenih MP u svih pet ponavljanja, dok je produkcija CO: bila
nekonzistentna. Medutim, ove razlike u potrosnji Oz i produkciji CO: su statisticki znacajne.
lako su dodatna ispitivanja neophodna, dobijeni rezultati ovih inicijalnih eksperimenata
predstavljaju dobru osnovu za dalja istraZivanja u ovoj oblasti.
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Uvod

Razvoj tehnologije i modernizacija drustva pocivaju na upotrebi elektricne energije.
Eksploatacija fosilnih goriva kao osnovni nacin proizvodnje energije dovodi ne samo do
ubrzane potrosnje ovih ogranicenih resursa, ve¢ i do znacajnog zagadenja Zivotne sredine.
Pored toga, u svetu oko 4,3 miliona ljudi godisnje izgubi Zivot usled koris¢enja kuénih aparata
koji sagorevaju biomasu i toksi¢na goriva. Ipak, potreba za elektrichom energijom je stalno
rastuca, narocito imajuci u vidu da oko 1,1 milion ljudi na Zemlji i dalje Zivi bez struje. Zbog
toga je proizvodnja energije na nacin koji nece biti Stetan po Zivotnu sredinu, upotrebom
obnovljivih izvora energije, na bezbedan nacin i dostupan za upotrebu u razli¢itim sistemima,
od prenosivih uredaja male snage, preko prevoznih sredstava, do veliki stanica za napajanje
stambenih ili industrijskih objekata uslov razvoja od izuzetne vaznosti. Dostupna i obnovljiva
energija je svrstana i u 17 ciljeva odrzivog razvoja donetih 2015. godine od strane lidera 190
driava Sirom sveta.! Ovi ciljevi doneti su kako bi se uticalo na iskorenjenje siromastva,
nejednakosti i nepravde medu ljudima i pre svega klimatske promene, koji su prepoznati kao
osnovni problemi Covecanstva koji stoje na putu prosperitetnoj, pravednoj i odrZivoj
civilizaciji. Stoga su istrazivanja u oblasti odrzivih izvora energije od izuzetne vaZznosti i imaju
za cilj pronalaske koji ¢e proizvodnju energije uciniti odrzivom i lako dostupnom.

Gorivni galvanski spregovi — resenje problema

Gorivni galvanski spregovi (GGS), poznati i kao gorivne Celije, spadaju u alternativne izvore
energije koji obnovljiva goriva elektrohemijskim putem oksiduju, ¢cime dolazi do konverzije
hemijske energije goriva u elekricnu energiju. Ovi sistemi imaju viSe nacina funkcionisanja,
zavisno od vrste elektrolita i radne temperature, a medu njima se izdvajaju polimer elek-
trolitni gorivni spregovi kao najpogodniji za upotrebu u brojnim sistemima, od prenosivih
uredaja do vecih postrojenja zahvaljujuci niskoj radnoj temperaturi, kao i Cvrstom
polimernom elektrolitu — polupropustljivoj membrani. Gorivo za ovu vrstu spregova moze
biti vodonik, ali i mali organski molekuli, dok je oksidans uglavnom kiseonik iz vazduha.
Vodonik je izuzetno pogodno gorivo s obzirom na to da se njegovom upotrebom u ovom
sistemu kao proizvod dobija samo Cista voda. Medutim, zbog bezbednosnih rizika pri
upotrebi vodonika i komplikovanom transportu, mali organski molekuli se mogu koristiti
kao pogodna zamena. |z tog razloga, koji je veoma vazan kada se radi o komercijalizaciji
gorvnih spregova, reakcije oksidacije malih organskih molekula kao anodne reakcije u GGS
se intenzivno ispituju na razli¢itim katalizatorima, naj¢esce na platini koja kao plemenit
metal ima sposobnost da obezbedi dehidrogenaciju malih organskih molekula.

Preostali izazovi u tehnologiji GGS
Ono Sto se javlja kao osnovni problem pri upotrebi plemenitih metala kao anodnih kata-
lizatora za oksidaciju malih organskih molekula je trovanje katalizatora ugljen-monoksidom
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kao meduproizvodom koji se javlja u ovim reakcijama. Trovanje povrsine katalizatora utice
na njegovu stabilnost, odnosno njegova aktivnost se zna¢ajno smanjuje tokom rada, a moze
doci i do potpunog blokiranja povrsine katalizatora. Dakle, neophodno je razviti anodne
katalizatore koji ¢e imati povecanu aktivnost i stabilnost u odnosu na komercijalne, odnosno
naci nacin da katalizator bude manje podlozan katalitickim otrovima. Radi dizajniranja
anodnog katalizatora odgovarajucih karakteristika neophodno je poznavati mehanizme
kojima se odigravaju ove anodne reakcije, u kojoj fazi reakcije dolazi do formiranja ugljen-
monoksida, kao i na koji nacin se on uklanja sa povrsine anodnog katalizatora.

Oksidacija mravlje kiseline kao goriva za GGS

Pored metanola i etanola, mravlja kiselina je takode pogodno gorivo za GGS. S obzirom na
jedan atom ugljenika, mehanizam oksidacije ne ukljucuje raskidanje C-C veze, kao u
slucaju etanola, a takode se sastoji iz manjeg broja stupnjeva i razmenjenih elektrona u
odnosu na oksidaciju metanola. Prihvadeno je da se na platini ova reakcija odigrava
paralelnim mehanizmom, istovremeno slededi direktan i indirektan reakcioni put.

Direktni reakcioni put:

HCOOH + Pt - Pt - HCOOHads - CO2 + 2H "+ 2e ~

Indirektni reakcioni put:

HCOOH + Pt - Pt - HCOOHads = Pt—CQads + H20

Pt+H20 > Pt = OHags+H*+ e~

Pt — COads + Pt — OHads > 2Pt +CO2 +H* + e~

Direktan put oksidacije odvija se kroz dehidrataciju mravlje kiseline adsorbovane na
platini, do stvaranja ugljen-dioksida. S druge strane, u indirekthm reakcionom putu,
oksidacija zapocinje procesom dehidratacije mravlje kiseline, tokom koga dolazi do
stvaranja adsorbovanog CO, koji se ponasa kao kataliticki otrov. Na Sl. 1. ilustrovan je
proces oksidacije mravlje kiseline u polimer elektrolithom GGS sa proton propustljivom
membranom, dok je na Sl. 2. ilustrovan indirektni reakcioni put tokom koga dolazi do
stavaranja katalitickog otrova kao reakcionog intermedijara.

@B UGUEN-DIOKSID é évobm PARA ‘

SI.1. llustracija polimer elektrolitnog gorivnog sprega sa mravljom kiselinom kao gorivom
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Sl. 2. llustracija indirektne oksidacije mravlje kiseline uz blokiranje povrsine katalizatora
katalitickim otrovom

Pt

Na kinetiku sloZenih reakcija koje se odvijaju po mehanizmu koji podrazumeva formiranje

veceg broja adsorbovanih intermedijara u nekoliko stupnjeva veliki uticaj ima priroda

katalizatora. Razmatrajuci predstavljeni mehanizam, zakljucuje se da dobar katalizator za

oksidaciju mravlje kiseline treba da obezbedi odvijanje reakcije direktnim putem u Sto

vecoj meri, ili omoguci brzo stvaranje OHads vrsta potrebnih da se COads oksiduje i ukloni sa

povrsine (na $to nizem potencijalu).

Nanocestice platine su pogodan anodni materijal za upotrebu u GGS, zahvaljujuéi svojim

izuzetnim osobinama:

e visokoj katalitickoj aktivnosti za reakcije u GGS i hemijskoj stabilnosti

e malom precniku zrna nanocestica (2-10 nm), odnosno visoko razvijenoj povrsini, ¢ime se
potrebna koli¢ina platine svodi na minimum

e mogucéem dispergovanju na nosa¢ katalizatora razvijene povrsine, ¢ime se postize visoko
iskoris¢enje elektrohemijski aktivne povrsine katalizatora

e  jako dobroj provodljivosti

e dostupnoscu velikog broja odgovarajuéih nosaca

Poboljsanje katalitickih sposobnosti nanostruktuirane platine u cilju smanjenja uticaja

katalitickih otrova na elektrodu moguce je posti¢i na sledece nacine:

e primenom bimetalnih katalizatora, gde drugi element ima bifunkcionalni, geometrijski ili
elektronski efekat na platinu

e  primenom interaktivnih nosaca

e primenom nanocestica platine kontrolisanog oblika sa favorizovanim ravnima orijentacije
pogodne za reakciju od interesa

e  kombinacijom prethodna tri nacina

Na osnovu prethodnog ispitivanja oksidacije mravlje kiseline na nanocesticama platine

kontrolisanog oblika,>* gde je ustanovljen uticaj orijentacije faseta kubnih nanocestica na

reakcioni mehanizam i jednostavnost ukljanjanja COags sa povrsine katalizatora, u ovom

istrazivanju pod istim uslovima, uz upotrebu aditiva koji utic¢e na oblik Cestice, sintetizovan

je bimetalni PtAu katalizator. Zlato je dodato kao drugi element, jer je pokazano da su

PtAu sistemi najbolji bimetalni sistem za ovu reakciju, usled geometrijskog efekta zlata na

platinu. Naime, geometrijski efekat — poznat i kao efekat treé¢eg tela, primeéen je upravo
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pri oksidaciji mravlje kiseline. Dok na primer bifunkcionalni efekat doprinosi brzem
uklanjanju katalitickog otrova sa povrSine, geometrijski efekat favorizuje direktan
reakcioni put pri kome ne dolazi do formiranja COags . Cuesta i saradnici5 su pokazali da,
prilikom oksidacije HCOOH na Pt(111) monokristalu, modifikovanom adsorbovanim CN,
dehidrogenacija HCOOH do CO na platini zahteva barem 3 susedna atoma (aktivha mesta)
platine, dok se direktan put oksidacije HCOOH mozZe odigrati na manjem broju susednih
atoma. Iz tog razloga, ukoliko je povrsSina katalizatora takva da su grupe susednih atoma
platine razdvojene atomom drugog metala, odnosno da je smanjen broj dostupnih
aktivnih mesta sa 3 i viSe susednih atoma platine, direktan put mehanizma oksidacije
HCOOH ¢e biti favorizovan.

Rezultati i diskusija

Mikroemulziona sinteza katalizatora

PtAu/C katalizatori sintetizovani su mikroemulzionim postupkom, gde do redukcije
prekursora u prisustvu HCl kao aditiva koji utice na oblik cestice, dolazi u mikroreaktorima,
odnosno reversnim micelama sistema [vodeni rastvor prekursora]|polietilenglikol-
dodeciletar(BRIJ®30)| n-heptan]. Redukcija oba prekursora vrsena je simultano unutar
vodene faze iste mikroemulzije. Postupak je ilustrovan na Sl. 3. uz naznacene koris¢ene
koncentracije aditiva HCI.

+ NaBH, + Vulcan XC-72R + aceton
FL Ugljeniéni nosaé

\ \
|uechan>‘an\|
Vodena faza = B micela
0.1 M H,Ptcl, § PtAU W) k:tt:ll‘;/a(t:or % ¢
+0,1 M HAucl, nanocestice . Vulcan - I P
(1:1) u 0, 25,ili " -~ XC72-R W

35 % Hcl BRIJ® 30

Sl. 3. llustracija postupka sinteze PtAu/C katalizatora mikroemulzionim postupkom, simultanom
redukcijom prekursora

Elektrohemijska merenja

Katalizatori su karakterisani elektrohemijski u trodelnoj elektrohemijskoj celiji, gde su
nanoSeni na rotiraju¢u disk elektrodu od staklastog ugljenika, u 0,5M H2S04 kao
osnovnom elektrolitu, a oksidacija mravlje kiseline ispitana je u 0,5M rastvoru HCOOH u
osnovnom elektrolitu tokom 100 ciklusa, na netretiranim (,as prepared”) elektrodama.
Kao pomocéna elektroda koris¢ena je platinska Zica, dok je za refernetnu elektrodu uzeta
zasi¢ena kalomelova elektroda (ZKE). Rezultati elektrohemijskih merenja prikazani su na Sl.
4 u poredenju sa Pt/C katalizatorom.
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Na osnovu potenciodinamickih krivih oksidacije mravlje kisline prikazanih na SI.4,
evidentna je promena mehanizma reakcije usled dodatka zlata platini. Dok se u slucaju
platine reakcija odigrava paralelnim mehanizmom, uz dominaciju indirektnog reakcionog
puta, kod PtAu/C katalizatora izraZeniji je direktni put, Ssto se manifestuje dominacijom
strujnog vrha na nizoj vrednosti potencijala.

Analiza energetskom disperzionom spektroskopijom X-zraka

PtAu/C katalizatori okarakterisani su i energetskom disperzionom spektroskopijom X-zraka
(EDS), kojom je pokazano da je, uprkos niskom udelu Au od oko 10 % u nanodesticama
veli¢ine 4-5 nm, zlato izuzetno fino dispergovano na povrSinama cetica dostupnim
elektrolitu, usled cega su kontinualni domeni platine isprekidani (SI.5.). Poredenjem EDS
snimaka sa elektrohemijskim rezultatima, jasno je da je poboljSana aktivnost bimetalnog
katalizatora u odnosu na Pt/C, uz jasnu promenu mehanizma, direktna posledica izrazenog
geometrijskog efekta.

010 1 pt/C(25%HCl) N
100 stepenice
110 P 10| r \ 4 100 § PtAU/Cyy
] ! (35%Hcl)
005 | : — ) lektrolit: (L
! \i 100 siroki domeni os | Elektrolit: 4 o 80 i pr/c
47 o 0,5M H,50, ) ® (35%HCl)
. £ [ +0,5M HCOOH \ e
< : © o5l 4 260
E 0.00 q: 'l E
= § £ I v=50mVst =
= 8
"~ 04 | 4 &
+ 40
o
-0.05 |- 02 E
2+ 1 &
= 20
00| <~ — Pt/C(35%HCI)
— 0
T J s | . . PtAlu/CS.MI(?;S%I-I{CI)
GO N 02 00 02 04 08 08 10 L ciklus  100. ciklus
E/V prema ZKE E/V prema ZKE

Sl. 4. Levo — inicijalni voltamogram Pt/C katalizatora kubnog oblika u osnovnom elektrolitu sa TEM
mikrografijom?, sredina - potenciodinamicke krive oksidacije mravije kiseline na neteretiranim
elektrodama Pt/C i PtAu/C katalizatora®, desno — stabilnost PtAu/C i Pt/C katalizatora tokom 100
ciklusa; prikazano za PtAu/C katalizatorom u poredenju sa Pt/C katalizatorom sintetizovanim pod
istim uslovima

10 nm
-

Sl. 5. Rezultati EDS analize uzorka PtAu/CSIM(35 %HCI)®

Zakljucak

Ovim radom je prikazana sinteza bimetalnih PtAu/C katalizatora za oksidaciju mravlje
kiseline. Uzorci su sintetizovani mikroemulzionim postupkom, $to je za ovaj sistem
izvedeno po prvi put u skoroj publikaciji.” Elektrohemijskim merenjima dokazana je
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promena mehanizma ispitivane reakcije i prisutnost geometrijskog efekta, kojim se
favorizuje direktan put oksidacije mravlje kiseline. Kako ovaj reakcioni put, za razliku od
indirektnog ne podrazumeva formiranje katalitickog otrova COads kao reakcionog
intermedijara, stabilnost katalizatora u radnim uslovima gorivnog sprega je poboljsana,
kao i njegova aktivnost na potencijalu od interesa za gorivni spreg (0,2 V prema ZKE).

Zahvalnica: Ovaj rad je finansiran od strane Ministarstva prosvete, nauke i tehnoloskog razvoja
Republike Srbije, u okviru projekta osnovnih istraZivanja OI172060
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Shape controlled bimetallic nanocatalysts for anodic reactions in fuel cells

Ever rising needs for renewable energy, in order to decrease pollution and exploitation of
limited fossil resources, have caused intensive research on the use of eco friendly fuels.
Hydrogen electrooxidation in fuel cells is a promissing process of zero-emission energy
production from a renewable source. Furthermore, using small organic molecules (SOMs)
such as formic acid, instead of hydrogen, makes this process safer and fuel transportation
easier to manage. Oxidation of SOMs in fuel cells requires a noble metal as catalyst,
capable of enabling dehydrogenation of SOM as an initial step of the reaction. Bimetallic
PtAu catalysts are the best catalysts for formic acid oxidation so far, due to the ensemble
effect of Au on Pt which favors the direct oxidation of formic acid, avoiding the formation
of CO that acts as a catalytic poison. In this reseach carbon supported PtAu nanocatalysts
were synthesized by a microemulsion method, in presence of a capping agent that affected
the particle shape, which made further improvement in catalytic performance of these
nanoparticles.

Acknowledgements: This research is funded by the Ministry of Education, Science and Technological
Development of the Republic of Serbia, under project 01172060

Nis, Srbija, 7-8. juni 2019. 36


https://www.globalgiving.org/sdg/

Hemijsko inzenjerstvo

Chemical Engineering



HIO1TR 56. savetovanje SHD / 56th SCS Meeting

Experimental measurements and theoretical simulations of alcohol and
hydrocarbon binary systems

Milana M. Zari¢, Petra Imhof*, lvona R. Radovi¢**, Mirjana Lj. Kijevéanin**
ICTM — Scientific Institution Institute of Chemistry, Technology and Metallurgy,
University of Belgrade, Serbia
*Department of Physics, Freie Universitdt Berlin, Germany, present address: Department of
Chemistry, Biochemistry and Environmental Engineering, University of Stavanger, Norway
**Department of Chemical Engineering/Faculty of Technology and Metallurgy,
University of Belgrade, Serbia

Abstract

Experimental and theoretical methods were used to study two mixtures, 1-hexanol with n-
hexane and cis-3-hexen-1-ol with n-hexane. The experimental technics were used to
determine excess molar volume and viscosity deviations in the temperature range from
288.15K to 318.15K. The data of excess molar volume indicate similar behavior of the two
alcohols, 1-hexanol and cis-3-hexen-1-ol in mixtures with n-hexane. The experimental data
are in accordance with molecular dynamics simulation of these mixtures, showing similar
number of hydrogen bonds in the two mixtures. The experimental data of viscosity deviations
show difference of the two mixtures, where the deviation is significantly larger for cis-3-
hexen-1-ol and n-hexane mixture, indicating stronger interactions within cis-3-hexen-1-ol and
n-hexane binary mixture. These experimental data are in accordance with quantum chemical
calculations on interactions energies. Namely, calculated interaction energies show that
interaction between single and double bonds are stronger, than interactions between two
single bonds.

Introduction

Insight in different types of mixtures’ properties has a great importance in understanding
and predicting the behavior of mixtures. The properties of liquid mixtures, such as
volumetric and transport properties depend on the geometry and steric effects and
intermolecular interactions between molecules. Many papers were published on
describing and explaining how to analyze the experimentally measured properties. Intense
research in last decades increased the amount of available data and the models describing
the behavior are in constant improvement. Depending on the availability and usage of
substances and their mixtures, and practical interest in certain mixtures, the models for
describing the liquid mixtures can be more or less accurate®.

Another aspect of investigating the properties of mixtures is a theoretical aspect, which
can be used for analyzing the non-covalent interactions. The theoretical aspect can
guantitatively and accurately model these interactions using the quantum mechanical
methods. These methods can be used to find the interaction energies and the geometries
of interactions in the investigated systems. For quantum mechanical calculations, a
benchmark study for finding the best level of theory is an essential step®. The benchmark
study assures that the level of theory gives reasonably accurate data. The very accurate
CCSD(T)/CBS level is used as a reference, because it has been recognizes as a gold
standard in the quantum mechanical world. The use of CCSD(T)/CBS level is very time
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consuming and that is the reason to find other, less demanding level of theory that have
at the same time a reasonable accuracy. So far, we have studied the interactions of double
and single bonds and interactions between two double or two single bonds on a model
system of 2-butene and butane molecules®.

From the theoretical aspect, besides the quantum mechanical calculations and analyses,
the molecular dynamic simulations have been used for analysis. The molecular dynamic
(MD) simulations can be used for analyzing structural and dynamic properties, connecting
the microscopic and macroscopic world, as well as making a connection between the
experimental results and theoretical predictions’. The MD is based on the solving step-by-
step the equation of motion, predicting the dynamics of the system. The system is
represented by a simulation box represented like in Figure 1 using Visual Molecular
Dynamic (VMD)2. The essential for an accurate MD is right set of force fields, which in this
study was generated by Amber Force Field®.

Figure 1. A visual representation of a “box” for the MD simulation in VMD

The results provide the insights of interactions at molecular level, offering an understanding
of experimental measured properties of substances and mixtures with double bonds.

The aim of this work is to combine the two aspects of analyzing the liquid mixtures. First, the
experimental measured properties and their deviations from ideal mixtures and second, use
the computational modeling for analyzing the same effects of deviations at molecular level.
The mixtures containing alcohols and hydrocarbons have been studied in this research. The
combination of experimental measurement and computational modeling is the future in
predicting chemical processes in systems and mixtures, providing better and more complete
information on properties and chemical processes.

Experimental and methodology section
For experimental measurement, the mixtures of 1-hexanol or cis-3-hexen-1-ol with n-hex-

ane have been studied. Substances cis-3-hexen-1-ol (>98 mas %) and 1-hexanol (98 mas %)
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were provided by Sigma Aldrich and n-hexane (>99 mas %) was provided by Merck. All
compounds were dried over Sigma (type 0.3nm) molecular sieves and degassed by
ultrasonic before each experimental measurement. The measured properties of pure
substances for 1-hexanol and n-hexane shown good agreement with literature data on
temperate of 288.15K.

The densities of pure substances and their mixtures were measured with an Anton Paar
DSA 5000 M density and sound velocity meter with a stated accuracy +5x10°* kgm™ for
density. The viscosity of pure substances and their mixtures were measured on an Anton
Paar Stabinger SVM 3000/G2 viscometer with accuracy of £ 0.1 %.

Theoretical quantum mechanical calculations were preformed on Gaussian 09 (version
D.01)%. The benchmark study was performed using various DFT and MP2 methods with
basis sets of various sizes®. The interaction energy at the CCSD(T)/CBS level, which was
used as reference level, was calculated using the extrapolation scheme proposed by
Mackie and Dilabio!. The single point energies were calculated creating a potential curve
and for each of the investigated system and at minima of each potential curve the
optimized geometries and energy of interaction are analyzed.

From the input molecular coordinates of the molecules obtained by quantum chemical
calculations, the topology and parameters for amber force field were generated by
ANTECHAMBER and the xleap ABMER tools!?. The set up of system was structured as
mixtures of 1000 molecules in a cubic simulation box of 6x6x6 nm side length (Figure 1)
with different sets of concentrations and at different temperature. The force field was
used with a cutoff of 1.2 nm for van der Waals and for the short ranged electrostatic
interactions, together with Particle-Mesh-Ewald treatment (on a 0.16 grid). After 500
steps of steepest descent minimization, short equilibration runs of 100 ps length were
performed at the target temperature, employing the V-rescale thermostat. Subsequently,
production runs of 1 ns length were performed, in an NPT ensemble at the respective
target temperature and target pressure. For temperature control the V-rescale thermostat
was employed, pressure control was achieved with the Parrinello-Rahman barostat. All
bonds hydrogen atoms were constrained by LINCS. Trajectories were saved every 2fs.
Molecular dynamic simulations were performed in GROMACS*>, Visualization and
analysis of the MD trajectories was done with Visual Molecular Dynamic (VMD)2.

Results and discussion

In this paper, the results of measured density and viscosity data are shown in combination
of the quantum mechanical calculation and dynamic modeling simulations. The
experimental measurements were done for the binary mixtures of 1-hexanol + n-hexane
and cis-3-hexen-1-ol + n-hexane in the whole range of concentration at seven
temperatures from 288.15K to 318.15K with a step of 5K at atmospheric pressure.

The excess molar volume was calculated by the next equation

v = am[(p)-(Ue)] w

where N is the number of components, xi is the mole fraction and M is the molecular mass
of component i, while p and p are the measured densities of a mixture and the pure
component i, respectively.
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The viscosity deviations, A7, were calculated from the equation:

N

An=n->Yxn, (2)
i=1

where 77 and 77 are the measured viscosities of a mixture and the pure component i,

respectively.

Redlich-Kister (RK) polynomial equation!® was used for correlating the calculated

experimental values of excess molar volume V£ and viscosity deviations A7.

YE(AY)= xixjiAp (2x,-1) (3)

where YE(AY) represents VE or A, and A, represents the adjustable parameters of the
property, and the degree of adjustable parameters (k + 1) determined applying the F-test.

a b

Figure 2. Experimental data of (a) excess molar (VE) and (b) viscosity deviations (An) for the two
binary mixtures: 1-hexanol (1) + n-hexane (2) and cis-3-hexen-1-ol (1) + n-hexane (2) at
288.15K (m, ®) and 323.15 K (m, ®) and at atmospheric pressure. Symbols refer to experimental data
points while lines represent the values calculated by RK equation (Eq. 3.).

In Figure 2 excess molar volume (V£) and viscosity deviations (A7) are shown at two
temperatures, 288.15K and 318.15K. The results of excess molar volumes show a ,,S“-shaped
curve, characteristic for mixtures of alcohols and hydrocarbons. The values are negative for
the molar content of an alcohol larger than 0.2. This behavior is expected in mixtures richer
in an alcohol due to the alcohol self-association interaction. Namely, alkanol molecules are
polar and can form homo-associates trough hydrogen bonding between —OH groups?’.
Figure 3 represents three sets of simulations: pure 1-hexanol and pure cis-3-hexen-1-ol,
mixtures alcohol + n-hexane containing 60 % of an alcohol, and mixtures containing 20 %
of an alcohol, at the temperature 318.15K.

As data represented in Figure 3 show, simulation of pure 1-hexanol has an average of
about 480 hydrogen bonds, while for the mixture 60 % (1-hexanol) + 40 % (n-hexane)
there are 284 and for mixture 20 % (1-hexanol) + 80 % (n-hexane) there are about 90
hydrogen bonds. For pure cis-3-hexen-1-ol there are 395, and for 60 % (cis-3-hexen-1-ol)
+40 % (n-hexane) and 20 % (cis-3-hexen-1-ol) + 80 % (n-hexane) there are in average 228
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and 65 number of hydrogen bonds, respectively. This is in agreement with experimental
data that show small differences in values of two mixtures, as represented in Figure 1(a).

a b

Figure 3. Number of hydrogen bonds analyzed by VMD after the MD simulations for
mixtures (a)1 —hexanol + n-hexane and (b) cis-3-hexen-1-o I+ n-hexane at 318.15 K

As for the values of deviation of viscosity (Figure 2b), the values are negative in the whole
range of composition. The differences between the two mixtures are much larger. This
provides information that the energy of interactions in mixture of cis-3-hexen-1-ol and n-
hexane are larger than in the mixture of 1-hexanol and n-hexane. This indicates different
energy interactions between the double bonds in cis-3-hexen-1-ol and the single bonds in 1-
hexanol within the mixtures with n-hexane. This observation about the interactions have
been confirmed by analyzing the difference in interactions of double and single bonds on
molecular level. In our previous paper, we confirmed that the highest energy interactions
are in mixture of double/single bond®. Interaction energies of systems with double and
single bonds using model system: 2-butene/2butene (for double bond/double bond system),
2-butene/butane (for double bond/single bond system), and butane/butane (for single
bond/single bond)® has been calculated. The results of quantum mechanical calculations,
obtained at very accurate CCSD(T)/CBS level are presented in Table 1, showing that
interaction energies are the strongest in systems with interaction of double and single
bonds, than in systems with two single bonds, and the weakest in systems with two double
bonds.

Tabel 1. Energy interaction (AE) of model systems for double and single bonds interaction

Model systems AE (CCSD(T)/CBS), kcal/mol
Double bond/double bond (-1.95) + (-2.53)
Double bond/single bond (-2.50) + (-2.82)
Single bond/single bond (-2.44) + (-2.58)
Conclusions

In this work we applied methodology that combines two theoretical methods, quantum
chemical and molecular dynamics with experimental measurements on properties of two
liquid mixtures, 1-hexanol with n-hexane and cis-3-hexen-1-ol with n-hexane. The
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experimental data on excess molar volume of the two mixtures show high similarity, while
viscosity deviations of the two mixtures show significant difference of the two mixtures. The
similar behavior considering excess molar volume indicates similar number of hydrogen
bonds between molecules of alcohols in the mixtures. It is in accordance with MD simulation
of these mixtures, showing similar number of hydrogen bonds in the two mixtures.
Difference of the two mixtures considering viscosity deviations, indicates difference in the
interaction energies between 1-hexanol and n-hexane and cis-3-hexen-1-ol and n-hexane. It
is in accordance with calculated interaction energies showing that interactions between
single and double bods are stronger, than interactions between two single bonds. The
results presented in this work show that our methodology combining two theoretical
methods, quantum chemical and molecular dynamics with experimental measurements
gives opportunity to obtain, understand and predict data on liquid mixtures.

The authors are grateful for the financial support received from the Research Fund of Ministry of
Education, Science and Technology Development (project No 172063), Republic of Serbia and the
Faculty of Technology and Metallurgy, University of Belgrade.
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Eksperimentalna merenja i teorijske simulacije binarnih sistema alkohola
i ugljovodonika

Eksperimentalne i teorijske metode korisc¢ene su za proucavanje dve smese, 1-heksanola sa
n-heksanom i cis-3-heksen-1-ola sa n-heksanom. Eksperimentalne tehnike su koris¢ene za
odredivanje dopunskih zapremina i promene viskoznosti za temperaturni opseg od 288.15K
do 318.15K. Podaci o dopunskoj molarnoj zapremini ukazuje na slicno ponasanje dva
alkohola, 1-heksanola i cis-3-heksen-1-ola u smesama sa n-heksanom. Eksperimentalni
podaci su u skladu sa simulacijom molekularne dinamike ovih smesa, pokazujudi slican broj
vodonicnih veza u dve smese. Eksperimentalni podaci o promeni viskoznosti pokazuju
znacajnu razliku izmedu dve smese, odstupanje je znacajno vece za smesu cis-3-heksen-1-
ol i n-heksan, Sto ukazuje na jacu interakciju u binarnoj smesi cis-3-heksen-1-ola i
nheksana. Ovi eksperimentalni podaci su u skladu sa kvantno-hemijskim proraéunima
energija interakcija na molekulskom nivou. Naime, izracunate energije interakcije pokazuju
da je interakcija izmedu jednostrukih i dvostrukih veza jaca, nego interakcija izmedu dve
jednostruke veze.
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Simultaneous modeling of density and viscosity of the systems
with ethyl butyrate
Divna M. Majstorovié, Emila M. Zivkovi¢, Jovan D. Jovanovi¢, Mirjana Lj. Kijev¢anin

Faculty of Technology and Metallurgy University of Belgrade, Karnegijeva 4,
11120 Belgrade, Serbia

Abstract

Experimental values of viscosities and densities of five binary liquid mixtures with ethyl
butyrate, determined at atmospheric pressure and in a temperature range, were used to
test Eyring model, coupled with the Peng-Robinson equation of state and van der Waals
mixing rule, for calculating these properties. The obtained results were analyzed in terms
of the applied approach and model. Results of density correlation with used equation of
state are excellent, with values of percentage deviations below 0.01 %, while for viscosity
correlation, with applied model, values are mostly lower than 4.5 %.

Introduction

As most important thermodynamic and transport properties, data for density and viscosity
are used in numerous chemical-engineering correlations for analyzing fluid flow and
calculating mass and heat transfer. These calculations should be based on reliable
experimental data for a given mixture, at a certain temperature, pressure and in certain
composition, depending on the need. However, these data are often unavailable, so it is
often necessary to use various models for density and viscosity calculations.

Based on the obtained experimental data for density and viscosity, it is possible to
examine the success of predicting and correlating these properties using different models.
Our previous research regarding viscosity modeling has shown that the results obtained by
correlation are generally excellent, and in prediction are often very good*2. In this paper
analyzed model for viscosity correlation contains the equation of the state, and therefor
can be applied for simultaneous calculations of density and viscosity. It is the model® that
starts from the Eyring equation which is, in this study, coupled with the Peng-Robinson
equation of state* and van der Waals mixing rule. The quality of results obtained with
investigated model was determined by comparison with experimentally measured values
of viscosity and density for systems with ethyl butyrate®. Experimental data for binary
mixtures ethyl butyrate + 1-propanol / isobutanol / 1-butanol / isopentanol / 1-hexanol
are determined at atmospheric pressure and in temperature range 288.15 - 323.15 K.

Investigated model

The model tested in this paper is based on Eyring theory and uses equations of state in
viscosity modeling. According to this model?, the viscosity of the mixture (n) is calculated
by the equation:

V= V) exp{ﬁ%) (1)
where Vis molar volume and o is a proportional factor.

The relationship between the viscosity of the ideal mixture (ID) and the components
forming the mixture is given with the equation:
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In(mVp = X x:inln; V) (2)
where xi corresponds to mole fraction of pure component i.

The excess Gibbs energy of the mixture (GF) can be calculated from the coefficients of the
fugacity of the components in the mixture In:ﬁ,-i and pure substances {n:p,‘-"according to
the equation:

GE = RTT, x; (Ind; — Ing{) (3)
The coefficients of the fugacity of the components in the mixture are calculated using the
equations of state by the equation:

- w | AP RT
RTing; = [, {(Ei)w”.- - ?] dV — RTInZ (4)
EAELLY
while the fugacity coefficients of pure substances are calculated:
RTing? = [, [(ﬂl)— ~|av —Rrinz - RT(Z- 1) (5)

The authors® have shown that the calculated viscosity values of the mixture show higher
deviations from the actual measured values if o is treated as a simple parameter as shown
in the equation (1). In order to improve the correlation accuracy, the parameter o is
further considered as a function of the composition according to the equation:

g = aﬂ+x151+xfcr: (6)
where oo, 01 and o2 are model parameters obtained by minimizing the corresponding
target function.

In this work, with presented model, Peng-Robinson equation of state (PR EOS) was used*.
Using the van der Waals mixing rule (vdW1-3)°, binary interaction parameters kj, mj and
l;, were obtained, by correlating the data for the molar volume of mixture.

Results and discussion

Parameters were obtained by Marquardt optimization technique’ from the corresponding
experimentally measured values of the density and viscosity of the mixture using the
equation for minimizing the target function OF:

F ¥; ¥ " =
OF = i ;’;1(—l EJ;: Ex;mm) — min (7)
The quality of model used in this paper for correlating measured data for the density and
viscosity of binary systems with ethyl butyrate is estimated by calculating the percentage
deviation (PD), where Yexp and Y are N experimental and calculated density or viscosity
values:
pp — 100

Yexp—Teal
J.'|I-

i1 | (8)

The values of PD of calculation of density and viscosity are given in Table 1. The modeling was
performed and the parameters were determined for the whole investigated temperature
range.

The values of percentage deviations of correlation of density by PR EOS over the entire
temperature range are generally under 0.01 %, with a highest deviation of 1.10x102 % for
the ethyl butyrate + 1-propanol system. The values of percentage deviation for viscosity
correlation range from 3 to 6 %, which are slightly higher than the ones obtained by one-
parameter correlative models and much better than the predictive models®. This is a very

Yexp
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good result if one takes into account that the parameters are determined for the entire
temperature interval and that therefore the application of this model is significant.

Table 1. Results and parameters of correlation of density with PR equation of state and
viscosity of binary ethyl butyrate + alcohol mixtures with model Eyring-PR EQOS + vdW1-3.

Binary mixture PD /% Parameters of Eyring-PR EOS + vdW1-3 model
ethyl butyrate + p  1.10x10? ki12=0.0101 mi2=0.0100  /12=0.0105
1-propanol n 3.21 oo =-0.0011 01=-0.0405 02=0.0449
ethyl butyrate + P 6.62x1073 k12=0.0101 mi2=0.0100 /12=0.0109
isobutanol n 5.48 oo =-0.0061 01=-0.0520 02=0.0626
ethyl butyrate + p 9.50x1073 ki2=0.0101 mi2=0.0100 /12=0.0106
1-butanol n 3.36 00 =-0.0020 01=-0.0446  02=0.0498
ethyl butyrate + p 8.26x1073 ki2=0.0101 mi2=0.0100 /12=0.0106
isopentanol n 4.23 oo =-0.0045 o1 =-0.0459 02=0.0542
ethyl butyrate + 2] 6.15x1073 ki2=0.0100 miz2=0.0100 /12=0.0110
1-hexanol n 3.18 00 =-0.0016 0:=-0.0473  0:=0.0521

In Figure 1 are presented the results of correlation of density with PR EOS and vdW1-3
mixing rule of ethyl butyrate + 1-butanol / isobutanol / 1-hexanol systems at 303.15 K. It
can be noticed that the lines perfectly describe experimental points.

plkgm?)
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830
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Figure 1. Results of density correlation with PR EOS and vdW1-3 mixing rule at 303.15 K for
systems: (m) ethyl butyrate + 1-butanol, (e) ethyl butyrate + isobutanol and ( A ) ethyl
butyrate + 1-hexanol. Symbols refer to the experimental data, while the lines present the
results calculated with PR EOS.

In Figure 2 the results of viscosity modeling at 303.15 K are shown for some of investigated
systems. From the graph the stated values in Table 1 can be confirmed; both systems with 1-
propanol and 1-hexanol have smaller values of PD than system with isobutanol.

Ni$, Srbija, 7-8. juni 2019. 47



HIP2TR 56. savetovanje SHD / 56th SCS Meeting

3,0 T T

2,5

2,0

154

n/(mPa-s)

1,04

0,5 T T
0,0 0,2 0,4 0,6 0,8 1,0

Figure 2. Results of viscosity modeling at 303.15 K with Eyring-PR EOS+vdW1-3 of systems:
( *) ethyl butyrate + 1-propanol, (e) ethyl butyrate + isobutanol and ( A ) ethyl butyrate +
1-hexanol. Symbols refer to the experimental data, while the lines present the results
calculated with investigated model.

As mentioned earlier, parameters given in Table 1 are determined on the whole investigated
temperature range. For most of the systems, as shown for ethyl butyrate + isopentanol on
Fig. 3, values of percentage deviation of viscosity modeling decrease with the temperature
increase.
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Figure 3. Results of viscosity modeling of system ethyl butyrate + isopentanol with Eyring-

PR EOS+vdW1-3 model on temperatures: (—) 288.15 K, (—) 298.15 K, (—) 308.15 K and

(—) 318.15 K. Symbols refer to the experimental data, while the lines present the results
calculated with investigated model.
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Conclusion

Experimental viscosity data for binary mixtures ethyl butyrate + alcohol were correlated
with Eyring model coupled with Peng-Robinson equation of state and van der Waals
mixing rule. Results obtained are very good with deviations below 5.5 %, but with unique
set of model parameters for the whole investigated temperature range. Since model
involves equation of state and molar volume, results for correlation of density are also
presented, where the values of percentage deviation go up to 0.01 %.

The authors gratefully acknowledge the financial support received from the Research Fund
of Ministry of Education, Science and Technological Development, Serbia and the Faculty of
Technology and Metallurgy, University of Belgrade (project No 172063).

Istovremeno modelovanje gustine i viskoznosti sistema sa etil butiratom

Eksperimentalne vrednosti viskoznosti i gustine pet binarnih tecnih smesa sa etil
butiratom, odredene pri atmosferskom pritisku i u temperaturnom opsegu, koriscene su za
testiranje Eyring modela, zajedno sa Peng-Robinson jednacinom stanja i van der Waals
pravilom mesanja, za izracunavanje ovih svojstava. Dobijeni rezultati su analizirani u
smislu primenjenog pristupa i modela. Rezultati korelisanja gustine koris¢enom
jednacinom stanja su odlicni, sa vrednostima procentualnih odstupanja ispod 0,01 %, dok
su za korelisanje viskoznosti primenjenim modelom vrednosti uglavnom manje od 4,5 %.
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Volumetric properties modeling of binary mixtures by Prigogine-Flory-
Patterson (PFP) and Extended Real Association Solution (ERAS) models

Nikola D. Grozdanié¢, lvona R. Radovié, Mirjana Lj. Kijev€anin
Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4,
11120 Belgrade, Serbia

Abstract

In this work, excess molar volume, VE, of two previously published binary systems, dimethy!
adipate+1-butanol and dimethyl adipate+2-butanol were correlated with two models,
Prigogine-Flory-Patterson (PFP) and Extended Real Association Solution (ERAS).

Volumetric coefficients, thermal expansion coefficient, a, and isothermal compressibility, «,
were calculated from density, speed of sound and isobaric heat capacity data. Isobaric
molar heat capacities, Cp, at all temperatures for 2-butanol were obtained by correlation of
literature data using Jovanovi¢ et al. model, while heat capacities for dimethyl adipate
were predicted with Kolska et al. model.

PFP and ERAS models were used for analysis of molecular interactions present in the
investigated solutions.

Introduction

Models that are based on theoretical approach are very challenging for describing
thermodynamic properties of binary mixtures consisting of associative components.

Most of these models are defined with expressions for excess properties, including excess
volumes which are divided into physical and chemical contributions.

Two models, Prigogine-Flory-Patterson (PFP)® and Extended Real Association Solution
(ERAS)13 were selected for excess molar volume prediction. PFP model is one of the
most common theoretical approaches that can describe and predict non-ideal behavior of
multicomponent systems. On the other hand, ERAS model combines chemical and physical
interactions, and represents a combination of Flory’s equation of state and model of the
real assimilated solution introduced by Heintz4.

Modeling
Experimental literature densities!>® have been correlated by Prigogine—Flory—Patterson
(PFP) and Extended Real Association Solution (ERAS) models.
Prigogine—Flory—Patterson model is theoretical model used for analyzing the excess molar
volume of the mixtures. According to this theory, molecular species in mixtures, differ in size
and shape, and excess molar volume consists of three contributions: interactional, a free
volume, and a pressure contribution. The expression for excess molar volume is given as

VE B (sz 71)\72/3'//1‘927(12 3 (\71 -V, )2 ((14/9) IV 71) Vv, 4 (\71 7\/.2)(P1* - PZ*)WII//Z (1)

- Pv, +Py,

(VS +xV, ) ((413)IV-1)R ((4/3)1v¥ -1V
where VE is excess molar volume, x molar fraction, V' characteristic volume, P
characteristic pressure, ¢ molecular contact energy fraction, ¢ molecular surface fraction,
and y12 parameter of PFP model.

Reduced volume of binary mixture is defined with following mixing rule?’

V= ‘/’1\71 + '//2\72 (2)
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Thermal expansion coefficient, a, and isothermal compressibility, x, are obtained from
density, speed of sound, and isobaric molar heat capacity

o= _1[5"J 3)
p\aT ),
2
_ 21 aT (4)
(W) S,
The isothermal compressibility k can be derived only from density data
1(0
p\ OP

In our preliminary investigation using the isothermal compressibility data k obtained in
this way it was found that much better results were achieved when k was calculated from
speed of sound, u, and isobaric molar heat capacities, Cp, rather than only from densities.
ERAS model combines Real Association Solution Model with Flory equation of state!*. This
model needs pure component data of density, p, thermal expansion coefficient, a, and
isothermal compressibility, k, at atmospheric pressure to obtain the characteristic
parameters V', T", and P* of each component.

The excess function is written as

VE=VvE +VE (6)

chem phys
where VEchem is the chemical contribution, and VEphys represents the physical contribution.
Those contributions are mainly due to the association reactions, and the physical
interactions between molecules, respectively

Vclrfem :VNM |:XA KAAV; (¢A1 - ¢A01) + XBKBAV; (¢Bl - ¢gl)+
(7)
* ¢Bl (1_ KA¢A1)
+X, K g AV
roee (VB/VA)(]-_ KB¢Bl)+ KAB¢Bl
Vpiys = (XAV; + XBVB* )( \7M - ¢A\7A - ¢B\78) (8)

where A and B are indexes of pure components in the mixture.
Reduced volume of binary mixture, \ZA, the characteristic volume, Vi and the hard-core

volume fractions, ¢, were described with same equations as for PFP model (eq. 6,7 and

10).
Av" and Ki are the association parameters where association constant Ki can be defined as
Ah Y1 1 .
Ki=Koexp|—| — || === , 1=A,B,AB (9)
R NT T,

Ko is the equilibrium constant at the atmospheric pressure and standard temperature
To=298.15 K, R the gas constant and Ah" the enthalpy of reaction, which corresponds to
the hydrogen bonding energy. Av* and Ah" are calculated

Results and discussion
The aim of this work was to investigate if PFP and ERAS models were able to correlate
excess molar volumes of two different binary systems.
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The quality of the fit for the applied models was estimated by the standard deviation, o
and average percent deviation, D

- E E )2 v
;(Vexp _Vcal ) (10)
N —npar
N E _\/E
p - 1003 Ve, Ve 1)
N <&V

exp

where Ve is experimentally determined excess molar volume, Vi is calculated excess
molar volume and npar is number of parameters.
All the obtained results for the PFP model are shown on Figure 1.

Figure 1. The experimental excess molar volumes compared with the correlated values via PFP model
for binary mixture of dimethyl adipate(1)+1-butanol(2) (m) and dimethyladipate(1)+ 2-butanol(2) (m)
at T=298.15 K. Symbols represent experimental and lines calculated values.

Systems of two alcohols, 1-butanol and 2-butanol, with dimethyl adipate at 7=298.15 K are
shown on Figure 1. Values for excess molar volume for both systems are positive in all
concentration range. The PFP model closely follows the trend of experimental points,
which is confirmed by the values of the average percentage deviation, D, 5.82 % for
dimethyl adipate+1-butanol and 4.58 % for dimethyl adipate+2-butanol at 7=298.15 K.

The excess molar volumes of the two binary systems, DMA+1-butanol and DMA+2-butanol
at 7=298.15 K and atmospheric pressure were correlated with the ERAS model.

All the obtained results for the ERAS model are shown on figure 2.

Regarding comparison of ERAS model and PFP model, ERAS gives better correlation results
and deviations are less as a consequence of considering both physical and chemical
contribution. ERAS model is a more complicated model and requires a good knowledge of
the system and its characteristics.
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Figure 2. The experimental excess molar volumes compared with the correlated values via
ERAS model for binary mixture of a) DMA(1)+1-butanol(2) and b) DMA(1)+2-butanol(2) at
=298.15 K

Conclusion

In this work, Prigogine-Flory-Patterson and Extended Real Association Solution models
were used to correlate the experimental values of the excess molar volume for two binary
systems over the same temperature range and at atmospheric pressure. For both systems,
dimethyl adipate + alcohols (1-butanol and 2-butanol) values of V£ are positive throughout
the whole concentration range and PFP and ERAS models generally succeeds in following
the trend of experimental points.

Acknowledgement: The authors gratefully acknowledge the financial support received from the

Research Fund of Ministry of Education, Science and Technological Development, Serbia and the
Faculty of Technology and Metallurgy, University of Belgrade (Project No. 172063).
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Modelovanje volumetrijske osobina binarnih smesa koris¢enjem
Prigogine-Flory-Patterson (PFP) i Extended Real Association Solution
(ERAS) modela

U ovom radu, dopunske molarne zapremine, V£, dva prethodno objavljena binarna
sistema, dimetil adipat+1-butanol i dimetil adipat+2-butanol korelisane su sa dva modela,
Prigogine-Flory-Patterson (PFP) i Extended Real Association Solution (ERAS) modelom.
Volumetrijski koeficijenti, koeficijent termalne ekspanzije, o, i izotermalne kompresibilnosti, k,
izracunati su preko podataka za gustinu, brzine zvuka i izobarske toplotne kapacitivnosti.
Izobarski molarni toplotni kapaciteti, C,, na svim temperaturama za 2-butanol dobijeni su
korelisanjem literaturnih podataka koristeci Jovanovic et al. model, dok su toplotni kapaciteti
za dimetil adipat dobijeni preko Kolska et al. modela.

PFP | ERAS modeli primenjeni su za analizu molekulskih interakcija prisutnih u datim
smesama.
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Ispitivanje dinamike granulacije praskastih materija u fluidizovanom sloju

Tatjana Kaluderovi¢ Radoici¢, Mihal buris*, Drako Ja¢imovski*, Zorana Arsenijevic¢*
Tehnolosko-metalurski fakultet, Univerzitet u Beogradu, Beograd, Srbija
*Institut za hemiju tehnologiju i metalurgiju - nacionalni institut, Univerzitet u Beogradu,
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Uvod

Granulacija u fluidizovanom sloju je proces u kome se granulisane cCestice dobijaju
naprskavanjem rastvora, suspenzije ili rastopa odgovarajuceg veziva u fluidizovani sloj
praskastog materijalal. Granulacijom se pobolj$avaju i kontroliu mnoga svojstva praskastih
materijala: reologija, permeabilnost, poroznost, rastvorljivost, pogodnost pri rukovanju,
nasipna gustina, itd®*. Granulacija je nala Siroku primenu u metalurgiji, prehrambenoj i
farmaceutskoj industriji, industriji deterdZenata, proizvodnji keramike i katalizatora, poljo-
privredi i dr. S obzirom da postoji zavisnost izmedu parametara procesa u fluidizovanom
sloju i karakteristika dobijenog granulata, kontrola uslova izvodenja procesa je od izuzetnog
znacaja za dobijanje proizvoda Zeljenih karakteristika. Upotrebom veziva u aglomeraciji u
fluidizovanom sloju utice se na promenu strukture aglomerata, te stoga veziva uti¢u na
brzinu uvedanja veli¢ine primarnih &estica, nasipnu gustinu i morfologiju nastalih granula®.
Fizicka slika procesa mokrog granulisanja je veoma kompleksna (slika 1) i sastoji se od
sedam mehanizama koji se dopunjuju i odvijaju istovremeno®. Razvoj pojedinog
elementarnog potprocesa, mehanizma granulacije podstaknut je sudarima Ccestica
nastalim kretanjem (mesSanjem) praskastog materijala u granulatoru. U pocetnoj fazi
granulacije za vecinu Cestica u granulatoru prevladuje vlazenje i naknadna nukleacija.
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Slika 1. Mehanizmi procesa mokrog granulisanja
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Na proces mokrog granulisanja u fluidizovanom sloju, samim tim i na posmatrano svojstvo
dobijenih ¢estica/granula (raspodelu veli¢ina Cestica) utiu brojni faktori: brzina doziranja i
koncentracija veziva, brzina fluida za fluidizaciju Cestica, lokacija mlaznice, mase faza u
procesu granulacije, dimenzije otvora mlaznice, Sirina mlaza, pritisak gasa za rasprsivanje
veziva, temperatura ulaznog vazduha, vreme kontakta itd.

Eksperimentini sistem

Na slici 2 je prikazan laboratorijski uredaj za granulaciju prahova u fluidizovanom sloju
(1-kolona, koniéno-cilindriéna, D = 110 mm na dnu, D = 195 mm na vrhu, 1a - dvofluidna
mlaznica za vezivo, 1b - integrisan vredasti filter, 2 - elek. predgreja¢ vazduha, 3 - rezervoar
veziva, 4 - peristalticka pumpa, 5 -ventilator, 6 - elektromagnetni ventili vrecastog filtera,
TIC1 - indikacija temperature i kontrola grejaca, TIC2 -indikacija temperature u fluidizovanom
sloju, TIC3 - indikacija temperature iznad fluidizovanog sloja, FI1 -merac protoka vazduha).
Protok vazduha i temperature se podesavaju tako da pospese ili zaustave dalji rast granula u
fazi suSenja. Proces stvaranja granula traje oko 15 do 20 min, nakon cCega se prekida
doziranje veziva i poc€inje susenje granula, koje se vrsi u istoj aparaturi.

U ovom radu je ispitivana dinamika rasta Cestica kukuruznog brasna (500 g po $arzi) tokom
granulacije, koriS¢enjem rastvora saharoze kao vezivnog sredstva. Koncentracije rastvora
saharoze su iznosile 20, 30, 35 i 40 %. Temeratura u sloju tokom procesa granulacije se
kretala u opsegu od 40-50°C. Eksperiment je izvoden tako Sto su u jednakim vremenskim
intervalima (At= 3 min) uzimani uzorci iz fluidizovanog sloja tokom procesa granulacije.
Svakom uzorku je odredena vlaga, nasipna gustina i raspodela veli¢ine Cestica i uporedivanja
sa pocetnim polaznim podacima. Nasipna gustina je odredena na osnovu izmerene mase i
zapremine svakog od uzorka. Raspodela veli¢ine Cestica merena je analizom skenirane slike
svakog od uzorka u programskom paketu Image/’®. Operativni uslovi izvodenja eksperi-
menata prikazani su u tabeli 1.
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Slika 2. Sema uredaja za Sarznu granulaciju u fluidizovanom sloju
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Tabela 1. Operativni uslovi granulacije kukuruznog brasna u fluidizovanom sloju

Red. Cvezva/ Temperatura, °C  Maseni protok Brzina Vreme, min

broj mas% usloju iznadsloja veziva, g/s  vazduha, m/s granulacije su3enja
1 20 39,3 39,1 0.162 2,69 15 17
2 20 39,9 40,5 0.169 2.50 15 18
3 20 44,9 47,4 0.04 2,26 15 18,5
4 20 51,6 50,8 0.174 2,68 16 18,5
5 30 42,3 38,0 0.0278 1,50 21 15
6 30 40,7 36,8 0.0278 1,56 18 22
7 35 45,6 39,4 0.0278 1,50 21 20
8 35 44,7 40,5 0.0278 1,44 21 20
9 40 44,8 40,9 0.0278 1,79 21 20
10 40 46,3 42,1 0.0278 1,72 21 20

Rezultati i diskusija

Na slici 3. data je zavisnost nasipne gustine od vremena za 4 odabrana ogleda pri razlicitim
koncentacijama vezivnog sredstva. MoZe se primetiti da tokom procesa granulacije dolazi
do smanjena nasipne gustine Cestica Sto potvrduje da dolazi do granulacije Cestica jer se
aglomeracijom cCestica formiraju Suplje strukture u materijalu, povecava se poroznost
materijala Sto kao posledicu ima smanjene nasipne gustine. Takode se vidi da pri
granulaciji brasna sa 40 % rastvorom saharoze dolazi do najbrze aglomeracije Cestica jer se
u prva 3 minuta nasipna gustina smanjila sa pogetne 760 kg/m3 na 660 kg/m?3, dok se za
ostale koncentracije ova nasipna gustina postize tek posle 15 minuta.
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Slika 3. Zavisnost nasipne gustine od vremena Slika 4. Poredenje sadrZaja vlage negranulisanog i
granulisanog uzorka

Nasipna gustina moze biti pokazatelj uspesSnosti granulacije materijala, jer se njenim
merenjem posle procesa suSenja moze videti da li je tokom procesa susenja doslo do
raspadanja granula usled sudara Sto bi kao posledicu imalo povecanje poroznosti.
Smanjene nasipne gustine (slika 3.) pokazuje da tokom naSeg ispitivanja ni u jednom
ogledu nije doslo do raspadanja Cestica, nego je zbog vlaznosti materijala doslo do
dodatne aglomeracije Cestica. S obzirom da tokom granulacije materijala u fluidizovanom
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sloju mokrim postupkom dolazi do povecanja vlazinosti granulisanog materijala tokom
vremena, neophodno je osusiti granulisani materijal da tokom pakovanja, transporta
materijala i odrzavanje kvaliteta ne bi doSlo do gubitka kvaliteta. Na slici 4. dato je
poredenje sadrzaja vlage negranulisanog i granulisanog uzorka Sto je jasni pokazatelj
uspesnosti procesa suSenja jer krajnji granulisani proizvod ima manji sadrzaj vlage od
polaznog suvog praskastog materijala.

Za polazni materijal je na osnovu analize skeniranog uzorka u paketu Image) odredena
raspodela veli¢ine Cestica, na osnovu koje je odreden srednji pre¢nik materijala da=0.055
mm. Dinamika rasta Cestica tokom procesa granulacije preéena je tako Sto je tokom
ogleda za svaki uzorak odredena raspodela veli¢ine Cestica. Za analizu raspodele velicine
Cestica koris¢eno je izmedu 1000-2000 cestica za svaki uzorak da bi rezultat bio
merodavan. Zavisnost srednjeg precnika projektovane povrsine da od vremena data je na
slici 5 za odabrana 4 ogleda u kojima je koris¢ena razli¢ita koncentracija veziva. Za svaki
ogled primecuje se pravilan rast Cestica tokom procesa granulacije i odrzavanje velicine
granula tokom procesa susenja.
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Slika 5. Zavisnost srednjeg precnika da od Slika 6. Uporedna analiza srednjeg precnika
vremena Cestica

lako je iz rezultata za nasipnu gustinu Cestica oCekivano da ¢e najvece Cestice biti dobijeni
pri koris¢enu 40 % rastvora saharoze, uporednom analizom srednjeg precnika za
granulisani material (slika 6.), pokazano je da se najvece Cestice dobijaju kada je koris¢ena
koncentracija saharoze od 35 % kao vezivno sredstvo. Ova pojava mozZe da se objasni sa
formiranjem vecih Supljina unutar granula (40 %) koje uti¢u na manju masu granula a
samim tim i na manju nasipnu gustinu. Iz tog razloga za odredivanje kvaliteta granulisanog
neophodno je porediti vise faktora (nasipna gustina, veliina Cestica, vlazinost,
kompresibilnost, raspadljivost itd) da bi se obezbedio zadovoljavajudéi kvalitet granulata.

Zakljucak

U ovom radu ispitivana je dinamika granulacije kukuruznog brasna mokrim postupkom u
fluidizovanom sloju. U eksperimentima su koris¢ene 4 razli¢ite koncentracije rastvora
saharoze (20, 30, 35 i 40 %) koji je koris¢en kao vezivno sredstvo za granulaciju. Dinamika
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granulacije za svaki ogled radena je uzimanjem malog uzorka iz fluidizovanog sloja u
intervalu od 3 minuta i merenjem tri razliCita parametra (nasipna gustina, vlaznost i
raspodela veli¢ine Cestica za svaki od uzoraka). Ukupno vreme granulacije je 18 minuta,
dok je vreme susenja trajalo 12 minuta. Poredenjem rezultata zakljucuje se da za sve
uzorke dolazi do smanjenja nasipne gustine Sto je jasan pokazatelj uspesne granulacije Sto
su potvrdili i rezultati za raspodelu veli¢ine Cestica. Poredenjem sva tri ispitivana faktora
doslo se do zakljucka da se najbolji kvalite granula postize koris¢enjem 35 % rastvora
saharoze.

Zahvalnica: Finansiranje ovog rada izvrSeno je kroz projekat ON 172022 Ministarstva
prosvete, nauke i tehnoloskog razvoja Republike Srbije

Investigation of the dynamics of fluidized bed granulation process

In this paper, experimental investigation of the dynamics of the process of fluidized bed
granulation was performed, in order to find optimal process conditions and binder
concentration to achieve the desired granules development. The experiments were
performed in batch system using corn flour as starting material. Ten experiments were
performed in which sucrose solution of different concentrations (20, 30, 35 and 40 %) was
used as binder. The temperature of the system was kept constant during the granulation
process and amounted to 40-50°C. Samples were taken from the fluidized bed at time
intervals of 3 min. The dynamics of granulation was examined by determining three
different factors (bulk density, moisure content and particle size distribution) for each of
the samples. It has been found that bulk density continuously decreases during the
granulation process, while in the drying phase it remains constant. Particle size
distribution has shown that the average diameter of the projected surface increases
uniformly during the process. By comparing all of the three investigated factors, it was
shown that the best quality of granules is achieved using 35 % sucrose solution.
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Uvod

Veliki potencijal viskoze za izradu medicinskog tekstila lezi u njenoj strukturi, koja kao
matrica pruza odlicne mogucnosti za dizajn biokompatibilnih, bioaktivnih i visoko-
funkcionalnih tekstilnih materijala®. Antibakterijska svojstva su najvaznija karakteristika
tekstilnih materijala namenjenih za izradu odece za osobe sa osetljivom koZom sklonoj
stvaranju rana, s obzirom da bakterijske infekcije mogu da odloze ili produze zarastanje
rana’. S povedanjem svesti o infektivnim bolestima i rezistenciji na antibiotike, mnoge studije
su posvecéene funkcionalizaciji tekstilnih materijala radi postizanja njihovog antibakterijskog
dejstva uz potpunu bezbednost po zdravlje ljudi?. U tom smislu, funkcionalizacije su vriene
upotrebom netoksicnih, biorazgradivih i ekoloski prihvatljivih reagensa koji ukljucuju
alternativne i do sada manje kori$éene polisaharide i njihove derivate kao $to je hitozan3. Do
sada su predstavljeni razli¢iti postupci funkcionalizacije viskoze sa hitozanom#®, ali nije
ispitivana njihova postojanost na pranje. Za dobijanje viskoznih tekstilnih materijala
funkcionalizovanih hitozanom sa antibakterijskom aktivno$¢u postojanom na pranje,
efikasno i trajno vezivanje hitozana u/na viskozu je od najveceg znacaja.

Sliénosti izmedu hemijske strukture celuloze i hitozana omogucavaju visok afinitet izmedu
ova dva polimera. NajvisSe intermolekulskih interakcija izmedu celuloze i hitozana se
zasniva na vodonicnim vezama i Van der Waals-ovim silama. Medutim, za intenzivnije i
ireverzibilno vezivanje hitozana neophodno je uvesti karboksilne i/ili aldehidne grupe u/na
celulozu. Karboksilne grupe celuloze omogucavaju elektrostaticko privlacenje, a aldehidne
grupe kovalentno vezivanje (formiranjem Schiff-ove baze) molekula hitozana?. Karboksilne
i aldehidne grupe se mogu uvesti brojnim postupcima hemijskog modifikovanja, pri cemu
se menja struktura celuloze Sto neretko dovodi do znacajnog narusSavanja njene
nadmolekulske strukture i pogor3anja drugih, posebno fizi¢ko-mehanickih svojstava’°.

U dizajnu i proizvodnji novih biomedicinskih materijala, nanoceluloza privlaci veliku paznju
zbog svojih izvanrednih fizickih svojstava, posebne hemije povrsine i odli¢nih bioloskih
svojstava (biokompatibilnost, biorazgradljivost i niska toksi¢nost)!'*4. Nanoceluloza je
materijal izolovan iz nativne celuloze, pogodan za modifikaciju razli¢itih materijala kako bi
im se poboljsala postojeca ili dala potpuno nova svojstva®>*®, Od razli¢itih postupaka koji
se koriste za dobijanje nanoceluloze, postupak koji se zasniva na kombinovanju selektivne
oksidacije nitroksil radikalima i ultrazvuc¢noj dezintegraciji spada u postupke koji najvise
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obecavaju. Oksidacija nitroksil radikalima je veoma efikasna metoda za uvodenje
funkcionalnih grupa u polisaharide velike molekulske mase. Iz serije nitroksil radikala
najve¢u primenu ima 2,2,6,6-tetrametilpiperidin-1-oksil radikal, poznat kao TEMPO
radikal. Za oksidaciju koja je katalizovana TEMPO radikalom uobicajen je naziv TEMPO
oksidacija. TEMPO oksidacijom celuloznih vlakana i naknadnim mehanickim i/ili
ultrazvucnim tretmanima dobija se nanofibrilisana celuloza sa povecanim sadrzajem
karboksilnih i aldehidnih grupa, takozvani TEMPO oksidisani celulozni nanofibrili (TOCN)*”
19, Sa tog stanovista, TOCN je pogodan supstrat za naslojavanje viskoze radi uvodenja
velike koli¢ine funkcionalnih grupa na njenu povrsinu, bez naruSavanja mehanickih
svojstava, i nakon toga efikasne adsorpcije hitozana.

U ovom radu, u cilju dobijanja viskozne tkanine funkcionalizovane hitozanom poboljsanih
antibakterijskih svojstava karboksilne i aldehidne grupe za ireverzibilno vezivanje hitozana
na viskoznu tkaninu uvedene su novim pred-tretmanom: naslojavanjem TEMPO
oksidisanim celuloznim nanofibrilima (TOCN). Ispitan je uticaj ovog pred-tretmana na
hemijska, elektrokineticka, mehani¢ka i antibakterijska svojstva viskozne tkanine.
Hitozanom funkcionalizovane nemodifikovana i naslojena TOCN viskozna tkanina
okarakterisane su pomocu elementalne analize i merenjima zeta potencijala. Takode,
odredeni su sadrzaj karboksilnih i aldehidnih grupa, prekidna jacina, i antibakterijska
aktivnost. Postojanost na pranje nemodifikove i TOCN naslojene tkanine funkcionalizovane
hitozanom pradena je promenama u sadrzaju azota/hitozana, elektrokinetickim svojstvima
povrsine i antibakterijskoj aktivnos¢u nakon 1, 3 i 5 ciklusa pranja.

Eksperimentalni deo

Materijali. Kao osnovni materijal kori¢ena je viskozna tkanina proizvedena od strane IGR
Agence, povriinske mase 82 g/m?, gustine 400 niti u pravcu osnove/10 cm i 350 niti u
pravcu potke/10 cm, pri finoéi prede 9,6 tex osnova i 9,9 tex potka. Hitozan niske
molekulske mase (Aldrich, 448869), 75—85 % deacetilovan, proizveden je od strane Sigma-
Aldrich (Vienna, Austria). TEMPO, NaBr, NaClO, NaClO, NaOH, 13 % rastvor NaClO i druge
hemikalije analiticke Cistoce proizvedeni od strane Sigma Aldrich (Vienna, Austria) i Fluka
(Seelze, Germany) su upotrebljeni bez daljeg precis¢avanja.

Priprema rastvora hitozana. 0,5 % rastvor hitozana je dobijen potapanjem hitozana u
destilovanoj vodi, nakon Cega je pH podeSen na 2,5 uz upotrebu hlorovodonicne kiseline
(1 M HCI). Dobijena suspenzija je zatim mesSana 24 h upotrebom laboratorijske magnetne
mesalice na sobnoj temperaturi do potpunog rastvaranja hitozana. Konac¢na pH vrednost
rastvora hitozana je podesena na 5,5 dodavanjem 0,5 M NaOH.

Priprema TEMPO oksidisanih celuloznih nanofibrila. Pamucna vlakna (ruska, | klasa,
32/33 mm) su TEMPO oksidisana prema ranije opisanom postupku®®'’. Ukratko, 10 g
pamucnih vlakna suspendovano je u vodi (750 ml u kojoj su prethodno rastvoreni TEMPO
(0,0250 g) i natrijum-bromid (0,250 g). Odredena zapremina rastvora NaClO (13 mas. %),
koja odgovara koli¢ini 15 mmol/g celuloze, je polako dodavana u celuloznu suspenziju uz
neprekidno mesanje. pH vrednost suspenzije odrzavana je na 10,5 dodavanjem 0,5 M
NaOH tokom 3 h na sobnoj temperaturi. Nakon 3 h oksidacija je prekinuta dodatkom
etanola (oko 5 ml). Oksidisana celuloza je temeljno isprana vodom, zatim etanolom i na
kraju vodom, preko filter papira postavljenog na bihnerovom levku.
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Kako bi se dobili TEMPO oksidisani celulozni nanofibrili sa natrijum-karboksilnim grupama
(TOCN-COONa) dispergovani u vodi, suspenzija TEMPO oksidisanih pamucnih vlakana
(0,5 mas. %) i vode (100 ml) je tretirana na homogenizatoru sa dvostrukim cilindrom (T 25
digital ULTRA-TURRAX, IKA, Germany) tokom 5 min na 1000 rpm, i nakon toga 15 min na
ultrazvu¢nom homogenizatoru (VCKS 750, SONICS, USA) sa sondom precnika 19 mm na
20 kHz i 750 V izlazne snage.

Funkcionalizacija viskozne tkanine. Kako bi se poboljSala adsorpcija hitozana na viskozu,
primenjen je pred-tretman viskoze radi uvodenja karboksilnih i aldehidnih grupa kao
vezujuéih mesta za amino grupe hitozana:

Naslojavanje viskozne tkanine sa (0,5 mas. %) disperzijom TOCN. Naslojavanje je trajalo
30 min na sobnoj temperaturi pri odnosu kupatila 1:50 i 100 % upijanju. Uzorci su zatim
iscedeni na laboratorijskom fulardu (Rapid, Turkey) pod pritiskom od 2 bara. Nakon sto je
viSak tecCnosti uklonjen, tkanina je susena na 40°C tokom 30 min u laboratorijskoj susnici
(Instrumentaria, Zagreb). Pred-tretirani uzorci su kondicionirani (T=20+2 C; RV=6515 %)
pre funkcionalizacije sa hitozanom.

Funkcionalizacija sa hitozanom. Nemodifikovana i TOCN naslojena tkanina su potopljene u
vodeni rastvor hitozana. Funkcionalizacija je trajala 30 min na sobnoj temperaturi pri
odnosu kupatila 1:50 i 100 % upijanju. Uzorci su zatim iscedeni na laboratorijskom fulardu
(Rapid, Turkey) pod pritiskom od 2 bara. Nakon uklanjanja viska tecnosti, tkanine su
susene na 40°C u laboratorijskoj susnici (Instrumentaria, Zagreb) tokom 30 min. Nakon
toga uzorci su kondicionirani (T=20+2°C; RV=6515 %) pre daljih analiza.

Pranje uzoraka. Pranje uzoraka je izvrSeno prema standardu ISO 105-C10, tokom 30
minuta sa 0,5 % rastvorom standardnog sapuna na teperaturi od 40°C. Nakon toga, uzorci
su ispirani 1 min destilovanom, a zatim jo$ 1 min teku¢om vodom. Nakon ispiranja uzorci
su osuseni u susnici na 40°C.

Oznake uzoraka pre i posle pranja su prikazane u tabeli 1.

Tabela 1. Oznake uzoraka

Oznaka uzorka Opis uzorka Ciklus pranja
cv Nemodifikovana viskoza *(1) -
TOCN CV Viskoza naslojena sa TOCN *(2) -
Ccv/cs 1+rastvor hitozana -
TOCN CV/CS 2+rastvor hitozana -
CV/Cs-1 1+rastvor hitozana 1
TOCN CV/CS-1 2+rastvor hitozana 1
CV/CS-3 1+rastvor hitozana 3
TOCN CV/CS-3 2+rastvor hitozana 3
CV/CS-5 1+rastvor hitozana 5
TOCN CV/CS-5 2+rastvor hitozana 5

Odredivanje sadrZaja karboksilnih grupa. Sadrzaj karboksilnih grupa odreden je Ca-
acetatnom metodom?’. Uzorci mase 0,5 g tretirani su sa 100 ml 0,01 M HCl u trajanju 1 h,
a potom isprani destilovanom vodom. Nakon toga, uzorci su potopljeni u 30 ml 0,25 M Ca-
acetata i 50 ml destilovane vode i meSani 2 h u tom rastvoru. Od ukupnih 80 ml uzeto je
po 30 ml za titraciju sa 0,01 M NaOH uz fenolftalein kao indikator. Sadrzaj COOH grupa
izracunat je po formuli:
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@o,ow

ml1-Y
100

gde je: 0,01 M molaritet rastvora NaOH koriS¢enog za titraciju, V zapremina rastvora NaOH
utrosena za titraciju (ml), m masa uzorka koji se tretira (g), w sadrzaj vlage uzorka (%).
Odredivanje sadrZaja karbonilnih grupa. Za odredivanje sadrzaja karbonilnih grupa
upotrebljena je Parks i Hebert-ova metoda®®. Karbonilne grupe su prevedene u karboksilne
tako Sto je u 50 ml destilovane vode dodato 10 ml 5 M CH3COOH, uzorci mase 1 gi 0,905 g
NaClO2. Uzorci su meSani 48 h u drmalici na sobnoj temperaturi, a potom ispirani
destilovanom vodom i acetonom i osuseni na vazduhu do konstantne mase. Dalje je
primenjena Ca-acetatna metoda za odredivanje sadrzaja COOH grupa.

Od ovako dobijenih vrednosti, koje predstavljaju sadrzaj karboksilnih grupa nastao
prevodenjem svih karbonilnih grupa u karboksilne, oduzete su vrednosti za sadriaj
karboksilnih grupa prisutnih u uzorcima pre oksidacije hloritom u cilju dobijanja vrednosti
sadrzaja karbonilnih grupa.

Elementalna analiza. Elementalna analiza azota je izvedena koriséenjem uredaja Vario EL
Il C,H,N,S/O (Elementar Analysensysteme GmbH, Germany) i termoprovodljivog detektora
(TCD, thermal conductivity detector). Uzorak je sagorevan na 1150 °C u struji kiseonika i
prisustvu katalizatora, sa helijumom kao nosec¢im gasom.

Merenje zeta potencijala. Zeta potencijal viskozne tkanine odreden je metodom
potencijala strujanja pomocu SurPASS elektrokinetickog analizatora (Anton Paar GmbH,
Austria). Pravougaoni uzorak tkanine (8x2 cm) je montiran u cilindri¢énu celiju, tako da
formira propusni ¢ep. Reproduktivna gustina pakovanja propusnog ¢epa odrzavana je
pracenjem veli¢ine i mase uzorka, kao i kontrolisanjem kompresije uzorka u mernoj celiji.
Da bi se izbegao uticaj bubrenja supstrata na zeta potencijal, uzorci su prethodno
potopljeni u dejonizovanu vodu 30 minuta pre merenja. Kao elektrolit je koris¢en 0,001 M
rastvor KCl, a pocetni pH je podesen na pH 10 dodatkom NaOH, dok su, tokom
automatskih titracija, promene u pH (od oko pH 10 do pH 3) postignute dodavanjem 0,05
M HCI. Posto jonska jacina rastvora elektrolita tokom merenja u regionu niskog pH moze
uticati na zeta potencijal?® merenja su vriena do pH 3. lzoelektri¢ne tacke (IET) nize od 3
su odredene ekstrapolacijom eksperimentalnih podataka. Za svaki uzorak su izvrSena Cetiri
merenja, a standardna devijacija je bila do 5 %.

Odredivanje prekidne jacine. Prekidna jacina tkanina odredena je prema standardu SRPS
EN ISO 13934-1:2008 koris¢enjem dinamometra sa konstantnom brzinom optereéenja
(Textest, Schwerzenbach, Switzerland).

Testiranje antibakterijske aktivnosti. Antibakterijska aktivnost tkanina je ispitivana prema
Gram-negativnoj bakteriji E.coli ATCC 25922 i Gram-pozitivnoj bakteriji S.aureus ATCC
25923 prema standardu ASTM E 2149- 01 (2001) za odredivanje antimikrobne aktivnosti
imobilisanih antimikrobnih sredstava pod dinamickim uslovima kontakta.

Redukcija bakterija (R, %) je izracunata upotrebom sledece jednacine:

c,—C

sadrZaj COOH, mmol g™ =

R= 100

0
gde je: Co (jedinice koje formiraju kolonije CFU) broj kolonija bakterija na kontrolnom
uzorku, C (CFU) broj kolonija bakterija na ispitivanom uzroku.
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Rezultati i diskusija

SadrZaj karboksilnih i aldehidnih grupa nemodifikovane i viskozne tkanine naslojene TOCN-
om. Konverzijom primarnih hidroksilnih grupa glukopiranozidnih jedinica celuloze u
karboksilne grupe preko aldehidnih intermedijara tokom TEMPO oksidacije dolazi do
povecanja sadrzaja funkcionalnih grupa TOCN-a. Naslojavanje viskozne tkanine sa TOCN-om,
primenjeno radi uvodenja karboksilnih i/ili aldehidnih grupa na njenu povrsinu, je doprinelo
znacajnom povecanju sadrzaja obe funkcionalne grupe sto se moze videti sa slike 1.

< 0.85
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S 0.84+ [/77] Aldehidne grupe
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2

Q N

£ 0.82

E 081
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Slika 1. SadrZaj funkcionalnih grupa nemodifikovane i viskozne tkanine naslojene TOCN-om

Elementalna analiza. Elementalna analiza je upotrebljena za odredivanje sadrzaja azota/hi-
tozana u nemodifikovanoj i viskoznoj tkanini naslojenoj TOCN-om nakon funkcionalizacije sa
hitozanom. U odnosu na nemodifikovanu, viskozna tkanina naslojena TOCN-om ima vecu
sposobnost adsorpcije hitozana za 47 % (tabela 2), kao i vecu stabilnost vezanog hitozana
tokom pranja. Nakon 5 ciklusa pranja zadrzano je 22 % i 42 % hitozana (tabela 2) u odnosu
na masu hitozana pre pranja za nemodifikovanu i viskoznu tkaninu naslojenu TOCN-om,
respektivno. Veca sposobnost adsorpcije i stabilnost vezanog hitozana tokom pranja se moze
objasniti ve¢im sadrzajem funkcionalinih grupa, tj. aktivih mesta za jonsko i kovalentno
vezivanje hitozana, uvedenih na povrsinu vlakana/tkanine naslojavanjem.

Tabela 2. SadrZaj hitozana u funkcionalizovanim viskoznim tkaninama pre i posle 1, 3, i 5
ciklusa pranja

Oznaka uzorka Masa hitozana, g/100 g celuloze
cv/cs 0,77
Cv/Cs-1 0,56
CV/Cs-3 0,24
CV/CS-5 0,17
TOCN CV/CS 1,13
TOCN CV/CS-1 0,59
TOCN CV/CS-3 0,54
TOCN CV/CS-5 0,48

Elektrokineticka svojstva viskoznih tkanina. Povrsinsko naelektrisanje je klju¢an parametar za
poboljsanje ili oteZanje interakcije izmedu rastvorenih jedinjenja u vodenom rastvoru i
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povrsina ¢vrstog materijala. Zeta potencijal (), primarno koris¢en kao indikator
naelektrisanja ¢vrste povrsine, je koristan parametar za poredenje povrSina materijala pre i
nakon povrsinskih modifikacija, kao i ponaSanja njihovog naelektrisanja u vodenom
rastvoru®!. Na slici 2 su prikazane krive zavisnosti zeta potencijala od pH za nemodifikovanu i
viskoznu tkaninu naslojenu TOCN-om pre i posle adsorpcije hitozana. Obe tkanine pre
adsorpcije hitozana pokazuju negativan zeta potencijal u ¢itavom podrucju pH zbog prisustva
karboksilnih i hidroksilnih grupa u celuloznom polimeru. Pomeranje izoelektricne tacke (IET)
sa 2,94 za nemodifikovanu na 1,81 za viskoznu tkaninu naslojenu TOCN-om je posledica
povecéanog sadrzaja kiselih (karboksilnih) grupa na povrsini tkanine.

8
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Slika 2. Zeta potencijal nemodifikovane i viskozne tkanine naslojene TOCN-om pre i posle

funkcionalizacije sa hitozanom

Uspesna funkcionalizacija tkanina hitozanom je uocljiva iz promena zeta potencijala sa
promenom pH sredine. Promene zeta potencijala sa promenom pH za nemodifikovanu i
viskoznu tkaninu naslojenu TOCN-om posle funkcionalizacije sa hitozanom ukazuju na
tipicno amfoterno ponasanje ovih tkanina uslovljeno uvodenjem amino grupa hitozana na
njihovu povrsinu. IET su pomerene ka visSim pH vrednostima (oko pH 7), a same krive su
pomerene ka manje negativnim vrednostima u podrucjima visSih pH vrednosti i na
pozitivne vrednosti u podrucjima nizih pH vrednosti. Manje negativne vrednosti zeta
potencijala ukazuju na maniji broj slobodnih karboksilnih grupa na povrsini vlakana/tkanine
zbog jonskih interakcija sa amino grupama hitozana. Pri niZim pH vrednostima povrsina je
pozitivno naelektrisana zbog potisnute disocijacije slobodnih kiselih grupa celuloze i
poboljsane protonizacije slobodnih amino grupa iz hitozana.

Mehanicka svojstva. Hemijske modifikacije koje se sprovode radi uvodenja funkcionalnih
grupa kao i funkcionalizacije sa hitozanom znacajno pogorsavaju mehanic¢ka svojstva
celuloznih materijala”1%222* §to se direktno odraZzava na njihovu trajnost. Iz tabele 3 se
moze uociti da naslojavanje TOCN-a na povrsinu viskozne tkanine nije izazvalo smanjenje
prekidne jacine. Naprotiv, postignut je efekat oja¢anja. U odnosu na nemodifikovanu,
prekidna jacina viskozne tkanine naslojene TOCN-om je povecana za 14 % u pravcu osnove
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i za 23 % u pravcu potke. Funkcionalizacija sa hitozanom je generalno pracena blagim
smanjenjem prekidne jacine, Sto je verovatno povezano sa hidrolizom celuloznih
1,4 B glikozidnih veza u kiselim uslovima® koji su neophodni za primenu hitozana iz
rastvora?®,

Tabela 3. Prekidna jacina nemodifikovane i viskozne tkanine naslojene TOCN-om pre i
posle funkcionalizacije sa hitozanom

Prekidna jaCina, N

Oznaka uzorka

osnhova potka
cv 225 191
Cv/CS 221 147
TOCN CV 257 152
TOCN CV/CS 230 148

Antibakterijska svojstva. Antibakterijska svojstva funkcionalizovanih viskoznih tkanina
odredena su prema Gram-pozitivnoj (S.aureus) i Gram-negativnoj (E.coli) bakteriji. Prema
koris¢enom standardu uzorak pokazuje antibakterijsku aktivnost ako je redukcija veca od
75 %. Rezultati pokazuju da su nemodifikovana i viskozna tkanina naslojena TOCN-om
nakon funkcionalizacije sa hitozanom ostvarile antimikrobnu aktivnost prema obe
bakterije, s tim Sto je bolja aktivnost ostvarena prema S. aureus. Bolja aktivnost viskoznih
tkanina funkcionalizovanih hitozanom prema Gram-pozitivnim (S.aureus) u odnosu na
Gram-negativne bakterije (E.coli) se moZe objasniti prisustvom spoljasnje membrane u
Gram-negativnim bakterijama koja deluje kao barijera prema spoljasnjim uticajima, Sto je
detaljno opisano u literaturi?’.
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Slika 3. Redukcija bakterija S.aureus i E.coli nemodifikovanom i viskoznom tkaninom
naslojenom TOCN-om nakon funkcionalizacije sa hitozanom pre i posle 1, 3 i 5 ciklusa
pranja
Za obe tkanine funkcionalizovane hitozanom potvrdena je postojanost na pranje
postignute antibakterijske aktivnosti prema Gram-pozitivnim (S.aureus) bakterijama, dok u
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slu¢aju Gram-negativnih (E.coli) bakterija antibakterijska aktivnost nije zadovoljavajuca ve¢
posle 1 ciklusa pranja (slika 3). Generalno, naslojavanje TOCN-om je rezultiralo ve¢om
adsorpcijom hitozana na tkaninu, stabilnosti vezanog hitozana tokom pranja i posledi¢no
ve¢im sadrzajem hitozana koji je odgovoran za antimikrobnu aktivnost. Veca koli¢ina
hitozana na viskoznoj tkanini naslojenoj TOCN-om omogucila je vedu postojanost
antibaterijske aktivnosti prema S.aureus na procese pranja; nemodifikovana viskozna
tkanina funkcionalizovana hitozanom je zadrzala zadovoljavaju¢u antimikrobnu aktivnost
posle 3 cilusa pranja, dok je u sluaju viskozne tkanine naslojene TOCN-om antimikobna
aktivnost bila zadovoljavajuca i posle 5 ciklusa pranja. U poredenju sa nemodifikovanom,
viskoza naslojena TOCN-om je pokazala nesto nizu antibakterijsku aktivnost nakon 1 i 3
ciklusa pranja, bez obzira na visi sadrzaj hitozana nakon odgovarajudih ciklusa pranja. Ovo
se moze objasniti ve¢om gustinom povrSinskog naelektrisanja nemodifikovane viskoze
funkcionalizovane hitozanom u kiselom pH podrucju zbog vece koli¢ine slobodnih odnosno
protonovanih amino grupa koje su odgovorne za njegovu antimikrobnu aktivnost.

Zakljucak

U ovom radu, naslojavanje TOCN-om, kao novi pred-tretman za poboljSanje
antibakterijskih svojstava viskozne tkanine funkcionalizovane sa hitozanom, je upo-
trebljeno radi uvodenja karboksilnih i aldehidnih grupa za ireverzibilno vezivanje hitozana.
Naslojavanje viskoze TOCN-om je doprinelo povecanju sadrzaja karboksilnih i aldehidnih
grupa, sposobnosti adsorpcije hitozana i stabilnosti vezanog hitozana tokom pranja. Kao
posledica vece sposobnosti adsorpcije hitozana i stabilnosti vezanog hitozana tokom
pranja, postignuta je antibakterijska aktivnost prema Gram-pozitivnoj bakteriji S.aureus
postojana na pranje; antibakterijska aktivnost viskozne tkanine naslojene TOCN-om je
zadrzana i posle 5 ciklusa pranja, dok je u slu¢aju nemodifikovane viskoze ona nezado-
voljavajuéa. Dodatno, naslojavanje TOCN-om je poboljSalo mehanicka svojstva viskozne
tkanine. Viskozna tkanina naslojena TOCN-om i naknadno funkcionalizovana hitozanom je
materijal visoke dodatne vrednosti zbog istovremenog poboljSanja antibakterijskih i
mehanickih svojstava, i predstavlja dobru polaznu osnovu za unapredenje ovog
nanostrukturnog matrijala u cilju intenzivnijeg poboljSanja oba svojstva. Zahvaljujudi
odlicnim antibakterijskim i mehani¢kim svojstvima, ova tkanina ima veliki potencijal za
proizvodnju medicinskih tekstilnih proizvoda namenjenih za odevanje ljudi sa osetljivom
koZzom sklonom stvaranju rana.

Zahvalnica: Ovaj rad je finansiran od strane Ministarstva prosvete, nauke i tehnoloskog
razvoja, kroz projekat Ol 172029.

Coating with TEMPO oxidized cellulose nanofibrils as novel pre-treatment
for improving antibacterial properties of viscose fabric functionalized
with chitosan
The main objective of this study was to obtain viscose fabric functionalized by chitosan
with improved antibacterial properties. In order to improve interactions between viscose

fabric and chitosan, viscose fabric was coated with TEMPO oxidized cellulose nanofibrils
(TOCN) before functionalization by chitosan. Fabrics were characterized using elemental
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analysis and zeta potential measurements. Carboxyl and aldexyde group content, breaking
strength and antibacterial activity were also evaluated. Results show that coating with
TOCN improved simultaneously mechanical and antibacterial properties of functionalized
viscose fabric against S.aureus making it more washing durable.
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Effect of the alkali treatment on the structure, moisture sorption and
volume electrical resistivity of woven jute fabrics

Aleksandra Ivanovska, Koviljka Asanovi¢, Nenad Tadi¢*, Dragana Cerovié¢*-**,
Mirjana Kosti¢
Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4,
Belgrade 11000, Serbia
*Faculty of Physics, University of Belgrade, Studentski trg 12, Belgrade 11000, Serbia

Woven jute fabric was treated with NaOH solution of different concentrations for 5 min to
obtain jute fabrics with gradually decreased content of hemicelluloses and increased
moisture sorption. With increasing the concentration of NaOH the crystallinity index
decreased; in the case of NaOH concentration > 10 % the conversion from cellulose Is to
cellulose Il occurred. The obtained decrease of the volume electrical resistivity after the
alkali treatments can be attributed to the changes in hemicelluloses content, crystallinity
index and moisture sorption. Increased conversion from cellulose Is to cellulose Il leads to
an increase in the volume electrical resistivity of the mercerized jute fabrics.

Introduction

Jute is the second most common natural fiber (next to cotton), cultivated in the world and
extensively grown in Bangladesh?. This multi-cellular fiber is a major bast fiber and has
many desirable properties such as high breaking and tear strength, high absorbency and
hygroscopicity, good electrical properties, low carbon footprint, etc. In addition, the jute
fibers are available in large quantities, they are inexpensive, biodegradable, recyclable and
renewable?3. Thanks to their good physico-mechanical properties, jute fibers have been
employed for centuries in a production of packaging materials such as sacks and hessian
cloth, as well as for carpet and twines, ropes, cords, etc®.

As a lignocellulosic fiber, jute has a very heterogeneous chemical composition which
includes a-cellulose, hemicelluloses and lignin, and some other minor components. The a-
cellulose is rich in hydroxyl groups, which partially affects the moisture sorption of the jute
fibers. The highly crystalline cellulose fibrils are embedded in a matrix composed of
hemicelluloses and lignin®>. The hemicelluloses consist of polysaccharides built up from
hexoses, pentoses and uronic acid residues. The lignin is a long-chain amorphous cross-
linked substance of high molecular weight®. A large part of the general understanding of
the jute fiber properties is based on the ratio of their main components which varies
depending on their growing conditions and geographical location for cultivation’.

The ratio of the above mentioned jute components can be changed by different chemical
treatments. Among them, the alkali treatments or mercerization have been widely used as
the most direct and efficient treatments®. Namely, when the jute fibers are treated with
sodium hydroxide profound changes, such as lateral swelling together with considerable
shrinkage in length, occur in their structure?. At the same time, the hemicelluloses content
decreases. In this paper, the effect of the alkali treatment severity on the hemicelluloses
removal, moisture sorption, crystallinity index as well as dc volume electrical resistivity of
the woven jute fabric was investigated. These properties are very important since they
influence jute fabric processing and end-use. Widespread use of the textile materials in
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the field of electromagnetic protection, electronics as well as for production of protective
clothes cause a need for examination of their volume electrical resistivity. It is well known
that a decrease in volume electrical resistivity helps reduce the problem of static
electricity during the processing of textile materials®.

Experimental

Materials

Commercially produced raw woven jute fabric with the following chemical composition:
1.88 % water-soluble components, 1.92 % fats and waxes, 0.84 % pectin, 13.48 % lignin,
21.76 % hemicelluloses and 60.09 % a-cellulose, was used as experimental material. All
used chemical agents are p.a. grade.

Methods

Alkali treatments of woven jute fabrics

Raw woven jute fabric was treated with 5, 10 and 17.5 % NaOH solution for 5 min. The
alkali treatments were done in slack conditions at room temperature. They were followed
by neutralization with 1 % acetic acid, rinsing with 0.5 % NaHCOs, washing and drying at
room temperature. Three alkali treated woven jute samples (A5, A10, A17.5) as well as a
raw sample (R), were investigated, Table 1.

Determination of the chemical composition of woven jute fabrics

The chemical composition of woven jute fabrics was determined according to the
procedure reported in the literature!® by successive removal of the non-cellulosic
components; after that, a-cellulose remains as a solid residue.

Determination of moisture sorption of woven jute fabrics

The moisture sorption (MS) was determined by the thermo-gravimetric method using an
infrared moisture analyzer (Sartorius MA 35). Prior to moisture sorption measurement,
woven jute fabrics were exposed to 65 % relative air humidity for 24 h. The average of
three measurements for each sample was considered.

X-ray diffraction analysis

The X-ray measurements were performed on a Rigaku Ultima IV diffractometer in a Bragg-
Brentano configuration using CuKa radiation. The diffraction data were acquired over the
20 scattering angle (from 10° to 40°) with a step of 0.05° and an acquisition time of
2°/min. The obtained X-ray diffraction patterns were resolved into proportions of cellulose
Ig, cellulose 1l lattice* and amorphous region using Gaussian and Lorentzian distribution
function. Fitting of the X-ray diffraction patterns to estimate the integrated peak area was
done using commercial software (Peakfit v4.12). The crystallinity index (Crl) is calculated
from the ratio of the area of all crystalline peaks to the total area.

Determination of dc volume electrical resistivity of woven jute fabrics

The dc volume electrical resistance of woven jute fabrics was determined with the device
developed at the Department of Textile Engineering of the Faculty of Technology and
Metallurgy at the University of Belgrade. The measurement of dc volume electrical
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resistance was performed using the voltage method that has been presented in the
paper®?, The dc volume electrical resistance of the investigated fabrics was determined in
the warp as well as in weft direction. For each sample, two measurements were
conducted, whereby during each measurement two samples were connected to
electrodes in order to increase the sensitivity of the method. The resistance of woven jute
fabrics was measured under different relative air humidity (in further text humidity). The
measurement was performed by increasing the humidity in the chamber (from 35 % to 55
%), i.e. during moisture sorption, at room temperature (23+2°C). On the basis of the
determined dc volume electrical resistance of the woven fabrics (Rx), the dc volume
electrical resistivity p (GQ-cm) is calculated according to the Eq. 1%3:

:Rx_SF (1)

/

where: Ry is measured volume electrical resistance (GQ), Sr is surface of the sample cross-
section (cm?) and / is sample length, i.e. length between electrodes (1 cm). Samples’ cross-
section Sk is calculated by multiplying the thickness of the sample and their width.

Results and discussion

The influence of the alkali treatment on the chemical composition of woven jute fabrics
The effect of the alkali treatment severity (i.e. treatments with NaOH solution of different
concentrations) on the chemical composition of jute woven fabric was given in Table 1.
From the obtained results it is evident that with increasing the alkali treatment severity,
the hemicelluloses content significantly decreased. Namely, after the alkali treatment with
5 and 10 % NaOH, the hemicelluloses content decreased for 25.2 and 26.8 % respectively,
compared to the raw jute fabric. The most severe alkali treatment results in a removal of
only 36.6 % hemicelluloses which is attributed to the existence of strong hydrogen bonds
between hemicelluloses and cellulose fibrils”. Moreover, the lignin content decreased for
maximum of 7 % (sample A5) since it contains aromatic chemical groups and strong C-C
bonds which are resistant to degradation or fragmentation®. It is good to mention that
the alkali treated woven jute fabrics have higher a-cellulose content (70.44-73.31 %)
compared to the raw fabric (60.09 %) due to the removal of hemicelluloses and other
minor non-cellulosic components.

Table 1 Chemical composition of jute woven fabrics

Content, %

Fabric codes Treatment conditions

Hemicelluloses Lignin a - cellulose
R Raw — untreated 21.76 13.48 60.09
A5 5 5 % NaOH 16.28 12.54 71.19
A10 mi 10 % NaOH 15.93 13.63 70.44
Al17.5 n 17.5 % NaOH 13.79 12.91 73.31

X-ray diffraction analysis of the woven jute fabrics

After the alkali treatments, some rearrangement of the cellulosic chains occurs; which
further contributed to the changes of the crystalline and amorphous regions ratio.
Hemicelluloses and lignin are amorphous components, while the cellulosic chains are
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arranged in crystalline and amorphous regions®®. According to that, the calculated
crystallinity index of the raw woven jute fabric is 0.728, Fig. 1. After the alkali treatments as
the result of hemicelluloses removal, the crystallinity index decreased. For example, in the
case of the mild alkali treatment (sample A5), in parallel with the hemicelluloses removal
(about 25.2 % of the hemicelluloses were removed), the crystallinity index decreased for
about 5.6 % (Crl = 0.687). Compared to the sample A5, sample A10 has very similar
hemicelluloses content (Table 1), while small conversion from cellulose Ig to cellulose I
(about 8.9 %) occurred as the consequence of the mercerization (alkali treatment with 10 %
NaOH). With further increase in the alkali treatment severity (17.5 % NaOH, sample A17.5),
the mercerization is more pronounced and was manifested through decreasing of the
crystallinity index (Crl = 0.591) and increasing conversion from cellulose I to cellulose |l
(about 37.1 %), Fig. 1.

Crl=0.728
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Fig. 1. X-ray diffraction patterns of woven jute fabrics

Moisture sorption of the woven jute fabrics

As it was expected, the hemicelluloses removal, as well as the rearrangement of the
cellulosic chains, contributed to the increased accessibility of the cell wall components to
water vapor. Fig. 2 presents the relation between the hemicelluloses content, moisture
sorption and crystallinity index of woven jute fabrics. According to the results, the raw jute
fabric which has the highest hemicelluloses content and crystallinity index has the lowest
moisture sorption value (7.41 %). In addition, the jute fabric with the lowest
hemicelluloses content and crystallinity index can absorb the highest amount of moisture
(9.01 %). This can be explained by the higher exposer of the cellulose and its hydroxyl
groups at the jute amorphous regions and crystallite’s surface as well as increased
effective surface area after the alkali treatment®. Furthermore, the changes in the
moisture sorption are also the consequence of the rearrangement of the cellulose chains
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and conversion from cellulose Ig (parallel arrangement) to cellulose Il (anti-parallel
arrangement), which should enable better moisture sorption.

224 °
204
18
16 ® )
14 + o
12 1
i, - - -]
0.8 T
m  Crystallinity index, %
- ® Hemicelluloses content, %
0.7 . A Moisture sorption, %
n
0.6 1 L]
T T T T
R AS A10 Al7.5

Sample codes
Fig. 2. Relation between the content of hemicelluloses, moisture sorption and crystallinity
index of woven jute fabrics

The dc volume electrical resistivity of woven jute fabrics

Fig. 3 shows the values of dc volume electrical resistivity (in further text resistivity) at
different humidities (35, 40, 45, 50 and 55 %) for raw and alkali treated woven jute fabrics,
determined at the same sorption dynamics of moisture. The humidity can influence partly
ionization of water molecules, which were around the fabrics, and neutralization of
electric charges on fibers surface by these molecules??. A trend of decreasing values of the
dc volume resistivity along the warp and weft direction with increasing the humidity in the
chamber was noted. The highest difference between the values of the volume electrical
resistivity measured at 35 and 55 % humidity was noticed for raw jute fabric, even 9.5 and
23.4 times (warp and weft direction, respectively). The mentioned differences are lower
for the alkali treated jute fabrics; they have about 2.5-10.6 times lower volume electrical
resistivity at 55 % than at 35 % humidity. With increasing the humidity in the chamber,
these differences significantly decreased, which can be clearly seen in Fig. 3b.

As it can be seen, the resistivity is very sensitive to humidity, but the influence of the
chemical composition, moisture sorption and crystallinity index as well as conversion from
cellulose Ig to cellulose Il on the resistivity should not be neglected. At milder alkali
treatment conditions (sample A5), when the hemicelluloses content decreased for 25.2 %
(Table 1) compared to raw fabric, the resistivity (at 35 % humidity) decreased for 8.4 and
15.9 times (warp and weft direction, respectively), Fig 3. In addition, according to Morton
and Hearle!” the most important factors that influence the resistivity are moisture
sorption and fiber amorphous regions. The presence of moisture facilitates the flow of
current through the jute fiber amorphous regions resulting in decreased resistivity. From
our results, it is obvious that jute fabric with lower crystallinity index (greater amorphous
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fraction), i.e. samples after alkali treatments, have lower resistivity. After the merce-
rization (samples A10 and A17.5), the resistivity increased, compared to the sample AS.
The reason for such behavior can be related to the existence of antiparallel cellulose Il in
the jute crystalline regions. Namely, about 4.2 times higher conversion from cellulose Ig to
cellulose Il (in sample A17.5 compared to the sample A10) contributed to increased
resistivity (at 35 % humidity) for 30.2 and 24.1 % (warp and weft direction, respectively).
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Fig. 3. The resistivity of woven jute fabrics: a) warp direction and b) weft direction
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Conclusion

The alkali treatment of woven jute fabric for 5 min with NaOH solution of different
concentrations resulted in jute fabrics with different hemicelluloses content as well as
changed some properties such as moisture sorption, crystallinity index and volume
electrical resistivity. The jute fabrics with lower hemicelluloses content were characterized
by higher moisture sorption. The X-ray diffraction analysis showed that there was a
gradual decreased in the crystallinity index when the hemicelluloses content decreased. In
the case of NaOH concentration > 10 %, the conversion from cellulose Ig to cellulose Il
occurred. The values of volume electrical resistivity are very sensitive to above mentioned
jute fabric properties. In general, when the relative air humidity was increased from 35 %
to 55 %, the volume electrical resistivity of raw as well as alkali treated jute fabrics
decreased since the humidity can influence partly ionization of water molecules, which
were around the fabrics, and neutralization of electric charges on fibers surface by these
molecules. All alkali treated jute fabrics have reduced volume electrical resistivity
compared to the raw jute fabric. The obtained jute fabrics with lower volume electrical
resistivity can be successfully used for protective clothes or textile of a specific behavior in
environments sensitive to electrical discharges as well as for some ordinary product such
as home textiles (carpet), filters, etc.

Funding: This work was supported by the Ministry of Education, Science and Technological
Development of the Government of the Republic of Serbia (Projects Ol 172029 and 171029).

Uticaj alkalnog tretmana na strukturu, sorpciju viage i zapreminsku
elektri¢nu otpornost tkanina od jute

Tkanina od jute je tretirana rastvorom NaOH razliCitih koncentracija u toku 5 min, sto je
dovelo do smanjenja sadrZaja hemiceluloza i povecanje sorpcije vlage. Analiza rezultata
dobijenih difrakcijom rendgenskih zraka pokazala je da tkanine sa manjim sadrZajem
hemiceluloza imaju manji indeks kristalinicnosti i da nakon mercerizovanja, dolazi do
konverzije celuloze Is u cellulozu Il. Manje vrednosti zapreminske elektricne otpornosti
nakon alkalnih tretmana mogu se povezati sa smanjenjem sadZaja hemiceluloza i indeksa
kristalinicnosti i povecanjem sorpcije vlage. Povecan stepen konverzije celuloze ls u
celulozu Il dovodi do povecanja zapreminske elektricne otpornosti mercerizovanih tkanina.
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Uticaj oksidacije na strukturu i povrSinsko naelektrisanje pamucne prede
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Uvod

Pamuk je najznacajnije i najzastupljenije prirodno vlakano u svetu. lzuzetna svojstva
pamuka poput biokompatibilnosti, dobrih sorpcionih svojstava i relativno lake prerade,
¢ine ovo vlakno prisutnim u mnogim oblastima upotrebe, preko odece, zastitnog tekstila
(mantili, hirurska odeca), kao i kuénog tekstila. Uprkos dobrim upotrebnim svojstvima,
pamuk je cesto potrebno doraditi i funkcionalizovati u cilju poboljSanja postojecih ili
dodavanja novih vrednosti pamucnom proizvodu. Kako je u osnovi gradje pamuka
celuloza, hemijski postupci kojima podleZe celuloza se primenjuju na pamuku.*?

Oksidacija predstavlja jedan od najznacajnijih postupaka za funkcionalizaciju celuloze i
celuloznih vlakana. Celuloza je pogodan supstrat za modifikovanje zbog prisustva tri
hidroksilne (OH) grupe na glukopiranoznom prstenu (slika 1), jedne primarne i dve
sekundarne, koje su podloZne oksidaciji i konverziji u aldehidne, keto i karboksilne grupe.
Na ovaj natin, postupak oksidacije omogucava dobijanje razli¢itih oksiceluloza.?3

oH
HO UH
(]

o 4]

HO aH OH

Slika 1. Struktura celuloze

U zavisnosti od koris¢enog oksidacionog sredstva, moguce je oksidisati jednu, dve ili sve tri
hidroksilne grupe. Neka oksidaciona sredstva oksidiSu samo primarnu OH grupu u celulozi
ili samo sekundarne OH grupe i takva sredstva se nazivaju selektivna oksidaciona sredstva
(perjodatna jedinjenja, TEMPO).*® Neselektivna oksidaciona sredstva, poput kalijum-
permanganata (KMnQOa4), mogu da oksidisu OH grupe na razli¢itim C-atomima i do razli¢itog
stepena, u zavisnosti od uslova pod kojima se vr$i oksidacija.>” Oksidaciona sredstva,
pored uticaja na funkcionalne grupe, imaju uticaj i na glikozidne veze u celulozi. U
zavisnosti od jacine primenjenog sredstva, moze do¢i do kidanja celuloznih lanaca na vise
mesta Sto dovodi do smanjenje molekulske mase ali i kristalnosti uzorka, odnosno pove-
¢anja amorfnih podrucja u vlaknu. Svi ovi efekti oksidacije se ispoljavaju i kroz promenu u
sorpcionim svojstvima vlakana, jer sorpciona svojstva vlakana direktno zavise od kolicine i
dostupnosti amorfnih podruéja u viaknu®.

Oksiceluloza se karakteriSse poboljSanim sorpcionim svojstvima i moze se koristiti za dalje
hemijsko modifikovanje (npr. vezivanje biolo3ki aktivnih supstanci za vlakno®). Poznavanjem
sadrzaja funkcionalnih grupa i sorpcionih svojstava, kao i povrSinskog naelektrisanja oksi-
disane celuloze, moguée je predvideti tok i optimalan nacin za dalje modifikovanje i upo-
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trebu oksiceluloze. Stoga je u ovom radu proucavan uticaj uslova oksidacije kalijum-per-
manganatom na strukturu, sorpciona svojstva i povrsinsko naelektrisanje pamucne prede.

Eksperimentalni materijal i metode
Kao eksperimentalni materijal koriséena je sirova preda, sastava 100 % pamuk, nominalne
finoce 20 tex. Sve hemikalije koriSéene u radu su p.a. Cistoce.

Postupak oksidacije

Rastvori kalijum-permanganata koncentracije 0,01, 0,1, 0,2, i 0,4 mol-dm™ kori$éeni su za
oksidaciju. pH vrednost rastvora je podeSena pomocu siréetne kiseline na pH 5. Oksidacija
je vrSena pri odnosu kupatila 1:50, na sobnoj temperaturi, tokom 60 minuta, uz stalno
mesanje. Nakon oksidacije, uzorci su ispirani 2 % rastvorom natrijum-metabisulfita radi
uklanjanja zaostalog MnO; sa vlakana koji se javlja kao sporedni proizvod oksidacije’ a
zatim destilovanom vodom do neutralizacije i ostavljeni da se suSe na vazduhu.
Karakterizacija je uradena na polaznom i oksidisanim uzorcima.

Odredivanje sadriaja karboksilnih grupa- Ca-acetatna metoda
Uzorci mase 0,5 g tretirani su sa 100 cm?® 0,01 mol-dm™ HCl u trajanju od 1 h nakon &ega su
isprani destilovanom vodom. Zatim su uzorci tretirani sa 30 cm? 0,25 mol-dm™ Ca-acetata i
50 cm? destilovane vode tokom 120 min uz me$anje. SadrZaj karboksilnih grupa se
odreduje titracijom 30 cm?3 rastvora, natrijum-hidroksidom koncentracije 0,01 mol-dm3, uz
fenolftalein kao indikator, prema formuli:
_ 80/30-0,01-V
m(1—w/100)

gde je: V(NaOH)- zapremina rastvora NaOH utro3ena za titraciju, cm?;

m- masa vlakna koje se tretira, g;

w- sadriaj vlage u uzorku.

-1
Ceoon / MmMol g

Odredivanje sadrZaja vlage

Sadrzaj vlage u uzorcima odreden je termogravimetrijski pomocu uredaja za odredivanje
vlage marke Sartorius - Infrared Moisture Analyzer MA35. Uredaj se sastoji iz vage na koju
se postavi uzorak i automatskog infracrvenog grejaca; a postoji moguénost nekoliko
reZima rada pod zadatim parametrima (temperatura, vreme, promena mase). Za
ispitivanje odabran je reZim rada koji podrazumeva suSenje uzoraka na 105 °C do
konstantne mase. IzraCunavanje sadrzaja vlage se vrsi prema formuli:

m, —m,
w/%=—-—--100
m
p
gde je : m, — pocetna masa uzorka pre susenja, g
my — konstantna masa dobijena susenjem, g.

Prikazane vrednosti sadrZaja vlage predstavljaju srednju vrednost tri merenja po uzorku.

Ispitivanje morfologije uzoraka

Za ispitivanje morfologije uzoraka pre i nakon oksidacije koriséen je skenirajuci elektronski
mikroskop (SEM) marke JEOL 840A. Uzorci su pre snimanja podvrgnuti naparavanju zlatom
na uredaju za naparavanje JFC 1100.
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Merenje elektrokinetickog potencijala ({) uzoraka

Elektrokineticki potencijal oksidisane prede odreden je na uredaju marke SURPass (Anton
Paar GmbH, Austrija). Uzorak prede mase 0,1 g je postavljen u cilindri¢nu éeliju formirajuci
porozni ¢ep. Ujednacena gustina pakovanja uzorka postignuta je pracenjem veliine i mase
uzorka i kontrolisanjem kompresije uzorka u celiji. Pre merenja uzorci su stajali potpoljeni
tokom 1 h u destilovanoj vodi. Kao elektrolit kori$éen je 0,001 mol-dm™ KCI, poletna
vrednost pH 10 je podeSena pomocu NaOH, a tokom automatskih titracija promena pH
vrednosti preko celog opsega merenja (pH 10-3) postignuta je dodavanjem 0,05 mol-dm™
HCl.

Rezultati i diskusija

Morfologija oksidisane pamucne prede

Na slici 2 prikazane su mikrofotografije pamucnih vlakana pre (a) i nakon oksidacije (b,c)
kalijum-permanganatom. Kao sto se vidi sa slika, vlakna pamuka imaju tipi¢nu uvijenu
strukturu a povrsina vlakana je glatka pre oksidacije. Oksidacijom pomoéu 0,01 mol-dm?3
KMnOs (slika 2b) ne postize se znadajnija promena u izgledu povrsine pamucnih vlakana,
verovatno jer je koncentracija oksidacionog sredstva vrlo mala. Sa druge strane, pove¢anjem
koncentracije rastvora KMnOa do 0,4 mol-dm3, postiZe se izmena povrsine vlakana (slika 2c).

a b c

Slika 2. Mikroskopski izgled pamuéhih vlakana pre (a) i posle oksic;acije 0,01 mol-dm™ (b) i
0,4 mol-dm™ (¢) kalijum-permanganatom

U celom uzorku primetna je hrapavija povrsina vlakana u poredenju sa neoksidisanim uzorkom
i primecuju se pore i pukotine nastale na vlaknima tokom oksidacije. Ovo je i ocekivano, imajudi
u vidu da oksidaciona sredstva uti¢u na kristalna i amorfna podru¢ja u celulozi 4, kao i da se
mogu ukloniti necelulozne komponente prisutne na povrsini celuloznog vlakna.*

SadrZaj viage i karboksilnih (COOH) grupa

Najznacajniji efekat oksidacije je uvodenje funkcionalnih grupa u vlakno, tacnije
karboksilnih (COOH) grupa. Karboksilne grupe su polarnije u poredenju sa hidroksilnim i
aldehidnim grupama te znacajno uticu na sorpcione karakteristike celuloznih vlakana. Na
slici 3a prikazan je dijagram zavisnosti kolicine COOH grupa u vlaknima od koncentracije
oksidacionog sredstva kao promenljivog parametra koriséenog u radu, dok je na slici 3b
prikazana zavisnost sadrzaja vlage od koncentracije KMnOa.

Sa dijagrama na slici 3 se jasno vidi da povecanje koncentracije KMnOs dovodi do povedanja i
sadrzaja COOH grupa i sadrzaja vlage. Najveci porast kolicine COOH grupa i sadrzaja vlage je
ostvaren primenom najveée koncentracije KMnOs i oksidacijom sa 0,4 mol-dm uvedeno je
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skoro 6 puta viSe karboksilnih grupa u vlakna u poredenju sa neoksidisanim uzorkom.
Zabelezen je i skoro 60 % veci sadrzaj vlage u oksidisanom uzorku u poredenju sa
neoksidisanim, Sto je u velikoj meri posledica poveéane koli¢ine polarnih karboksilnih grupa
sposobnih da vezu vlagu. Pored povecane koli¢ine COOH grupa, mora se imati u vidu i
promena morfologije povrsine i nastanak novih pora i pukotina prikazane na slici 2, Sto
podjednako doprinosi povecanju sorpcione modi i sadrzaju vlage u uzorcima, jer kroz
novonastale pukotine i pore u vlaknima voda i vlaga lakse prodiru u unutrasnjost vlakana.
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Slika 3. Zavisnost sadrZaja karboksilnih grupa (a) i sadrZaja vlage (b) u pamucnim uzorcima
od koncentracije oksidacionog sredstva

Elektrokineticki potencijal oksidisanog pamuka

Elektrokineticki potencijal tekstilnih materijala je vrlo vazan sa aspekta buduce upotrebe i
primene, jer priroda povrsinskog naelektrisanja odreduje ponasanje materijala tokom
dalje obrade. Povrsinsko naelektrisanje materijala koje se javlja pri kontaktu sa te¢noscu,
utiCe na njegovu sposobnost cis¢enja, bojenja kao i interakcije sa razli¢itim jedinjenjima.
Imajuéi u vidu da se oksidacijom uvode polarne grupe kao i da se menja morfologija
uzorka, vazno je ispitati i uticaj oksidacije na elektrokineticki potencijal povrsine i prirodu
naelektrisanja pamuka. U ovom radu ispitivan je uticaj oksidacije na elektrokineticki
potencijal (7) pamuka u vodenom rastvoru elektrolita pri opsegu pH vrednosti 3-10.

Iz rezultata dobijenih merenjem T potencijala mogu se tumaciti dva fenomena, bubrenje
uzorka i povrsinsko naelektrisanje. PovrSinsko naelektrisanje zavisi od prirode funkcionalnih
grupa na povrsini pri ¢emu su negativne vrednosti { potencijala posledica prisustva
funkcionalnih grupa koje se negativno naelektriSu u kontaktu sa fluidom, i obrnuto, a
bubrenje uzoraka pak uti¢e na vrednosti T potencijala u alkalnoj i neutalnoj pH, tzv. plato
dijagrama zavisnosti potencijala od pH.°

Sa dijagrama na slici 4 se vidi da netretirani pamuk ima negativnu vrednost elektrokinetickog
potencijala u baznoj i neutralnoj sredini, a da iduéi ka nizim pH, T potencijal raste i priblizava
se pozitivnim vrednostima. Ovo je posledica deprotonovanja hidroksilnih grupa prisutnih u
pamuku u baznoj i neutralnoj sredini, koje u rastvoru postaju negativno naelektrisane i
ukupna povrsina vlakna postaje negativno naelektrisana.
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Slika 4. Zavisnost elektrokinetickog potencijala () oksidisanog pamuka merenog pri razlicitim
vrednostima pH, od koncentracije oksidacionog sredstva

Oksidacija najnizom koncentracijom KMnOs (0,01 mol-dm?3) dovodi do daljeg smanjenja
potencijala sto je posledica uvodenja polarnijih COOH grupa. Sa druge strane, povecdanje
koncentracije oksidacionog sredstva dovodi do povedanja vrednosti potencijala i plato
dijagrama kod oksidisanih uzoraka se pomera ka pozitivnim vrednostima (slika 4). Ovo je
posledica uklanjanja neceluloznih komponenti sa povrSine vlakana tokom oksidacije i
povedanje sposobnosti bubrenja ¢ime se povecava vrednost elektrokineti¢kog potencijala.'®
12 posebno je interesantno istaéi da se kori$éenjem najmanje koncentracije oksidacionog
sredstva povecava negativnost elektrokinetickog potencijala, a razlog tome najverovatnije
lezi u Cinjenici da u ovom slucaju preovladuje efekat uvodenja COOH grupa u vlakno bez
znacajnije izmene povrsine vlakna, kako je i prikazano na slikama sa mikroskopa (slika 2b).
Medutim, kod uzoraka oksidisanih ve¢im koncentracijama KMnQOas, uprkos mnogo vecoj
koli¢ini COOH grupa koje bi trebale da dodatno snize T potencijal, znacajan uticaj imaju i
promene snimljene na povrsini pamucnog vlakna nastale tokom oksidacije, odnosno
formiranje novih pora i pukotina kao Sto se vidi na slici 2c. Nastanak novih pora doprinelo je
otvaranju unutrasnje strukture vlakna i boljem prodiranju tecnosti unutar samog vlakna, te
vlakna viSe bubre, a vrednost T potencijala se pomera ka pozitivnim vrednostima.

Zakljucak

Oksidacija neselektivnim oksidacionim sredstvom, kalijum-permanganatom, moze se ko-
ristiti za uvodenje znacajne koli¢ine karboksilnih grupa u pamucno vlakno (do
0,3 mmol-g?). Ovo doprinosi pobolj$anju sorpcionih svojstava, odnosno poveéanju
sadrzaja vlage (do 60 % povecanja). Koncentracija oksidacionog sredstva utice na
koli¢inu grupa kao i na procenat poveéanja sadrzaja vlage, te je nadeno da oksidacija
rastvorom vece koncentracije KMnOQas, pri konstantnoj temperaturi, konstantnom pH
kupatila i vremenu tretiranja od 60 min, povecava sorpciju vlage i koli¢inu karboksilnih
grupa u pamuku. Promene nastale tokom oksidacije uticu na povrsinsko naelektrisanje
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vlakana i elektrokineti¢cki potencijal pamuka, koji se smanjuje oksidacijom S3to
predstavlja posledicu otvaranja strukture vlakna i formiranja novih pora i pukotina na
povrsini tokom oksidacije. Bubrenje uzoraka je poboljSano Sto je jo$ jedan pokazatelj
povecane sorpcije nakon oksidacije. Ovako dobijeni pamucni materijal imao bi Siroku
primenu kao proizvod povecane moci sorpcije ili za dalje modifikovanje i vezivanje
aktivnih jedinjenja na povrsinu u cilju dobijanja pamuka specijalnih svojstava.

Zahvalnica: Autori se zahvaljuju Ministarstvu prosvete, nauke i tehnoloskog razvoja R.
Srbije na finansiranju rada kroz projekat Ol 172029.

Influence of oxidation on the structure and surface charge of cotton yarn

In this work, an influence of oxidation with potassium permanganate (KMnOa) of different
concentration, on the structure, sorption properties and surface charge of cotton yarn was
investigated. Cotton oxidation was performed at const pH for 1 hour. After the oxidation,
samples were washed, dried and characterized from the aspect of change in morphology,
sorption properties, COOH group content and surface charge. The results have shown that
oxidation with the most concentrated solution of KMnQOs led to significant increase of
COOH group content in the sample (around 6 times), which thus led to increment of
moisture sorption as well as reduction of zeta potential in basic range. These results
confirmed that KMnOa could be successfully used for cotton oxidation with aim to improve
sorption properties.
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Abstract

Hydrazones are compounds possessing diverse biological activities like analgesic, anti-inflam-
matory, anticancer, antimicrobial, antibacterial etc. Especially active are the aroylhydrazones of
the type R'-CH=N-NH-CO-R obtained by the condensation of aromatic aldehydes and various
hydrazides. Different substituents in the molecules of the compounds could improve their
pharmacological effect. The presence of hydroxy group in the molecules of different hydrazones
strongly influences the biological activity of the compounds. Novel hydroxy-substituted hydrazone
derivatives were designed by inserting the OH-group in both the aldehyde and hydrazide moiety
and by varying the position of the substituents. The molecular properties of the compounds,
important for drug pharmacokinetics in the human body, were assessed by method based on
group contribution. In silico evaluation of the value of log P and the remaining parameters of drug
similarity, as well as the topological polar surface area and absorption percentage, were used to
find the lead candidates with encouraging properties for further elaboration.

Introduction

Hydrazones of the type R'-CH=N-NH-CO-R obtained by the condensation of aromatic
aldehydes and various hydrazides display a broad range of pharmacological properties, such
as anti-inflammatory [1,2], analgesic [2], anti-tuberculosis [3,4], antibacterial [5], antimic-
robial [6], anti-HIV [6,7] and anticancer [6,8] activity. Many derivatives with different substi-
tuents have been synthesized in order to discover new active compounds. The substitutions
slightly change the compounds but give rise to a diversity of biological effects and various
pharmacological and potential therapeutic properties. Especially interesting hydrazones with
high antiproliferative activities were synthesized by 2-hydroxybenzaldehyde. The additional
hydroxy group in the aldehyde part increases the number of donor atoms and results in
derivatives with high antiproliferative and antioxidant activity [9-13].

Optimization and modification of known bioactive structures by including active groups and
pharmacophores is widely used method for discovery of new potential drugs. Unfortunately,
this approach is a long and costly process [14]. It significantly increases the number of
potential drug candidates requiring in vitro and in vivo evaluation. Moreover, the newly
synthesized compounds tend to have higher molecular weight, high lipophilicity and low
aqueous solubility which results in poor bioavailability. During the last years, the pharma-
ceutical chemists used some modern in silico tools in drug discovery to find the lead compo-
unds and reduce the number of in vivo studies required [15]. In silico pharmacology enables
the design of compounds that can be screened against potential targets and determines the
most capable ones. The appropriate molecular properties include molecular weight,
lipophilicity, hydrogen bond donors/acceptors, solubility and other related properties.

The membrane permeability and oral bioavailability of the compounds depend mostly on
their lipophilicity. Widely accepted measure of lipophilicity is log P and compounds demon-
strating log P > 3.5 usually have poor aqueous solubility [16]. Decreasing of lipophilicity will
improve solvation potential by increasing solvent-solute interactions in aqueous media. In
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general, values of log P among 2 and 3 provide a good balance between water solubility and
lipophilicity of the compounds and ensure a good permeability and bioavailability.

This paper presents the evaluation of in silico biological activity of novel hydroxy-substituted
hydrazones designed by inserting the OH-group in both the aldehyde and hydrazide moiety
and by varying its position. The important molecular properties were calculated to reveal
how the incorporation of OH-group affects the lipophilicity of the compounds.

Calculation of molecular properties

The investigated series of six compounds (2-7) was designed by consecutively incorporation

of OH-group at 3rd, 4th and 5th position in 2-hydroxybenzaldehyde and 2nd, 3rd and 4th

position in benzhydrazide. The structures of the hydroxy-derivatives are present in Table 1.

The molecular “drug-like” properties of hydroxy-derivative hydrazones, important for drug

pharmacokinetics in the human body, were evaluated with the Lipinski’s rule of five (RO5)

[17,18] which states that a compound is more likely to be membrane permeable and easily

absorbed by the body if it matches the following criteria:

e tsmolecular weight is less than 500;

e  The compound’s lipophilicity, expressed as a quantity known as log P (the logarithm of the
partition coefficient between water and 1-octanol), is less than 5;

e  The number of groups that can accept hydrogen atoms to form hydrogen bonds (estimated by
the sum of oxygen and nitrogen atoms) is less than 10;

e The number of groups in the molecule that can donate hydrogen atoms to hydrogen bonds
(usually the sum of hydroxyl and amine groups in a molecule) is less than 5.

The value of log P and the remaining parameters of drug similarity, as well as the

topological polar surface area (TPSA), were calculated by the method based on group con-

tributions [19]. These have been obtained by fitting the values of the calculated log P with

experimental log P for a set of more than twelve thousand, mostly drug-like molecules.

The percentage of absorption was estimated using the equation according to [20].

ABS, % = 109 — (0.345 x TPSA)
The results were compared with the properties of salicylaldehyde benzoylhydrazone.

Table 1. Structures of hydroxy-derivative hydrazones

R
6
R NH
N7 R’
. o R
R OH
R?

Ne  Name R? R? R3 R4 R> R®
1 2-hydroxybenzaldehyde benzoylhydrazone H H H H H H
2 2-hydroxybenzaldehyde-2-hydroxybenzoylhydrazone OH H H H H H
3 2-hydroxybenzaldehyde-3-hydroxybenzoylhydrazone H OH H H H H
4  2-hydroxybenzaldehyde-4-hydroxybenzoylhydrazone H H OH H H H
5 2,3-dihydroxybenzaldehyde benzoylhydrazone H H H OH H H
6 2,4-dihydroxybenzaldehyde benzoylhydrazone H H H H OH H
7 2,5-dihydroxybenzaldehyde benzoylhydrazone H H H H H OH
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Results and discussion

The compounds and their characteristics used for evaluation of drug similarity on the
bases of Lipinski’s rule are presented in Table 2. All hydroxy-derivative hydrazones met all
boundary conditions of the "rule of Lipinski" and did not violate any of the listed criteria.
Incorporation of OH-group affects the value of log P, i.e. modify the lipophilicity of the
compounds. Hydrazone 1 contains one OH-group in aldehyde part and possesses balanced
lipophilicity with log P=3.04. The insertion of the second OH-group in aldehyde moiety
decreases the lipophilicity of the hydrazones 5, 6 and 7. The place of the additional OH-
group insignificantly changes the log P value. Much more noticeable is the influence of the
place of substituents in the hydrazide ring. The introducing of the second OH-group at 3rd
and 4th position in benzhydrazide nuclei also decreases the lipophilicity of the hydrazones
3 and 4. By contrast, 2nd position of OH-group in benzhydrazide increases the log P value
to 3.53 and respectively the lipophilicity of the hydrazone 2.

Table 2. Molecular properties of the hydroxy-hydrazones

N° logP<5 MW nO,N nOHNH  volume TPSA, A2 <140 ABS, % violations

1 3.04 240 4 2 218.12 61.69 87.72 0
2 3.53 256 5 3 226.12 81.92 80.74 0
3 2.54 256 5 3 226.13 81.92 80.74 0
4 2.56 256 5 3 226.13 81.92 80.74 0
5 2.33 256 5 3 226.13 81.92 80.74 0
6 2.54 256 5 3 226.13 81.92 80.74 0
7 2.54 256 5 3 226.13 81.92 80.74 0

Molecular volume and molecular topological polar surface area (TPSA) are also very useful
parameters for prediction of drug transport properties. Molecules with a polar surface
area of greater than 140 A2 tend to be poor at permeating cell membranes [22]. The
number of rotatable bonds (nrotb) describes the molecular flexibility [23]. According to
the results above, all hydroxy-substituted hydrazones have small flexible molecules (with 5
rotatable bonds) which suppose good permeability of the compounds over the cellular
plasma membranes. The values of TPSA are even lower than 90 A2 and thus the
compounds are capable to penetrate the blood—brain barrier [24]. The percentage of
absorption (ABS, %) calculated ranged from 80.74 to 87.72.

Further, the bioactivity scores of these compounds were calculated in order to check their
biological activity towards GPCR ligands, ion channel modulators, kinase inhibitors,
nuclear receptor ligands, protease inhibitors and other enzyme targets, Table 3 [19].

Table 3. Bioactivity scores of the hydroxy-hydrazones

No GPCR ligand lon channel Kinase Nuclear Protease Enzyme
modulator inhibitor  receptor ligand inhibitor inhibitor
1 -0.59 -0.99 -0.66 -0.73 -0.79 -0.49
2 -0.51 -0.90 -0.59 -0.61 -0.71 -0.44
3 -0.49 -0.92 -0.56 -0.56 -0.70 -0.42
4 -0.48 -0.91 -0.54 -0.57 -0.68 -0.42
5 -0.48 -0.87 -0.55 -0.68 -0.73 -0.42
6 -0.49 -0.93 -0.53 -0.55 -0.70 -0.42
7 -0.49 -0.92 -0.56 -0.56 -0.70 -0.42
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According to values, organic molecules can be interpreted as active (bioactivity score > 0),
moderately active (-5.0 < bioactivity score<0.0) and inactive (bioactivity score < -5.0) [25].
The bioactivity scores of the hydroxy-substituted hydrazones indicated the probability of
moderate activity. All compounds showed higher bioactivity scores than hydrazone 1
indicating that activity of hydroxy-substituted hydrazones is likely to be better.

Conclusion

The molecular properties important for drug similarity and bioactivity scores of six novel
hydroxy-hydrazones were evaluated by in silico investigations. The addition of the second
OH-group in hydrazone molecules decreases the lipophilicity of the compounds with
exception of hydrazone 2 and supposes higher bioactivity according the bioactivity scores
Nevertheless of the small differences, all hydroxy derivatives observed boundary
conditions of the method and have suitable lipophilicity and potentially good permeability
across cell membranes.

Acknowledgment: Thanks are due to Medical Science National Fund at the Medical University —
Sofia (Grant D-83/23.04.2019) for the financial support.
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Kvalitet vazduha na teritoriji grada Sapca

Jelena Avdalovié, Igor Dragicevi¢*, Dusica Mijailovi¢*, Aleksandra Zeradanin,
Nikoleta Lugonja, Snezana Spasi¢, Mila Ili¢
Institut za hemiju, tehnologiju i metalurgiju, NjegoSeva 12, Beograd
*7avod za javno zdravlje Sabac, Jovana Cvijiéa 1, Sabac

Uvod
U savremenim uslovima Zivota, urbanim i industrijskim sredinama, ¢ovek je izloZzen dejstvu
brojnih Stetnih supstanci, ali posebnu pretnju predstavlja zagadenje vazduha.
Atmosfera poseduje ogroman kapacitet, tako da u sebe moze da primi velike koli¢ine
gasovitih i Cesti¢nih polutanata - zbog svoje dinamicke prirode. Medutim u izvesnim
vremenskim situacijama taj kapacitet je naglo suzen, i ako te situacije traju duze, polutanti se
nagomilavaju u jednom odredenom prostoru, sto moze dovesti do tragicnih posledica, kako
to primeri pojedinih gradova pokazuju. Ocigledna je dakle povezanost vremenskih situacija i
zagadenja vazduha. Porast koncentracija polutanata, dovodi do menjanja prirodnog sastava
vazduha, ne samo na lokalnom nego i na globalnom nivou. Zivot u zagadenoj atmosferi
uslovljava brojne posledice kod eksponirane populacijel. Stetni efekti zagadenja vazduha se
ispoljavaju u obliku akutnog i hroni¢nog dejstva. Akutna dejstva se najocitije ispoljavaju na
starim osobama i deci, a posebno kod sréanih bolesnika i ljudi sa obolelim disajnim
putevima. Akutna trovanja se deSavaju u situacijama izuzetno visokog zagadenja vazduha i
nepovoljnih meteoroloskih uslova. Hroni¢na dejstva su mnogo Ces¢a. IzloZenost zagadenom
vazduhu povezana je sa velikim brojem zdravstvenih problema. Prema Svetskoj zdravstvenoj
organizaciji (SZ0), zagadenje vazduha u Zivotnoj sredini odgovorno je za preko tri miliona
preranih smrti svake godine. Od toga, dva miliona preranih smrti je rezultat izlaganja u
zatvorenom prostoru, a milion smrtnih ishoda je rezultat izlaganja u spoljasnjoj sredini.
Generalno se izvori aerozagadenja mogu podeliti na:
e prirodne (polen, spore gljiva, ¢ad od Sumskih poZara, prasina vulkanskih erupcija), i
e izvore koje stvara ¢ovek, a koje mozemo klasifikovati na izvore nastale: 1.
stacionarnim sagorevanjem; 2. transportom; 3. industrijskim procesima i 4. sa
deponija ¢vrstih otpadaka.
1. Stacionarnim sagorevanjem se emituju u atmosferu Cestice-Cad, leteci pepeo i gasoviti-
sumporni i azotni oksidi, zatim u manjim koli¢cinama organske kiseline.
2. Zagadenja transportom (saobracajem) nastaju usled sagorevanja benzina i drugih
goriva koja pokrec¢u motore sa unutrasnjim sagorevanjem. Mogu se podeliti na:
e (estice od nesagorelog ugljenika, kao i od olova nastalog oslobadanjem iz tetraetil-
olova,
e  gasove koji sadrze ugljenmonoksid, azotne okside i ugljovodonike.
Industrijski procesi emituju niz Stetnih supstanci u zavisnosti od tehnoloskog procesa. To su
specifi¢ni polutanti koji se emituju uz standardne Stetne supstance (¢ad, NOx, SO2, CO, Os).
4. Deponije otpadaka emituju razne koliCine i vrste gasovitih Stetnih (narocito organskih)
supstanci, zatim neorganskih, kao i Eestica3.
Polutanti dospeli u atmosferu, bilo iz antropogenih ili prirodnih izvora, u sloju vazduha
vremenom mogu da:
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- difunduju u Siri sloj vazduha, $to dovodi do proSirenja sloja u kome su prisutni uz
istovremeno razblaZzenje njihovih koncentracija,
- disperguju po horizontali i vertikali, u zavisnosti od vazdusnih struja, i time se prenose
na velike udaljenosti, Sto takode dovodi do njihovog razblazenja,
- podleZu suvoj depoziciji pod uticajem gravitacione sile i vertikalnih vazdusnih struja,
- podlezu mokroj depoziciji pod uticajem padavina iz atmosfere, gravitacione sile i
vertikalnih strujanja vazduha,
- podleZu sorpciji na ¢esticama,
- podlezu hemijskim reakcijama i transformacijama u atmosferi.
U atmosferi, usled prisustva razli¢itih para, gasova i Cestica, dolazi do vrlo slozenih
hemijskih procesa i reakcija na koje, osim prisutnih polutanata, utie i niz drugih faktora
kao Sto su: meteoroloski uslovi, intenzitet solarne radijacije, prisustvo vodene pare i
drugo. Nejednako zagrevanje Zemlje izaziva globalne vetrove u atmosferi. Globalni vetrovi
obezbeduju energiju za dugotrajno kretanje gasova, tecnosti i prasine kroz atmosferu, koji
mogu da predu velike razdaljine pre nego $to ponovo dospeju na zemljul#. Polutanti koji
su uvek prisutni u urbanim sredinama su sumpor-dioksid, azotovi oksidi i ¢ad.
Sumpor-dioksid (SO2) je obavezan sastojak zagadenog vazduha urbanih sredina, koji u
atmosferu dospeva emitovanjem, prvenstveno, iz industrijskih peci, termoelektrana koje
koriste goriva sa velikim procentom sumpora (nisko kaloricna goriva), automobila i iz
procesa topljenja metala. U vazduhu moZe da se nade kao bezbojan, koji je 2,5 puta tezi
od vazduha ili rastvoren u vodenim kapljicama. U uslovima poveéane vlaznosti vazduha
oksiduje i delimi¢no prelazi u sumporastu ili sumpornu kiselinu. Stvara se u atmosferi pa u
obliku kisele kise pada na zemlju. Kratkotrajno izlaganje povisenim koncentracijama SO,
moZe izazvati oteZano disanje i dovesti do problema u respiratornom sistemu ljudi.
Cad je prema Uredbi o uslovima za monitoring i zahtevima kvaliteta vazduha (SI. glasnik
RS, br. 11/20 10,75/2010 i 63/2013) definisana kao: “Masena koncetracija suspendovanih
Cestica ekvivalentna smanjenju refleksije filter papira usled sakupljanja crnih Cestica i meri
se samo u aglomeracijama gde prevladavaju crne estice”®. U osnovi ¢adi je ugljenik oko
koga se grupisu sulfati, nitrati, neki metali i policiklicni aromaticni ugljovodonici od kojih su
neki kancerogeni. Najée$ée nastaje kao posledica nepotpunog sagorevanja goriva’?. Cad
se sastoji iz veoma finih, malih Cestice Cija se veliCina kre¢e oko 5um. Zadrzava se u
vazduhu od 1 do 3 nedelje, ali se istovremeno Cestice mogu transportovati na velike
udaljenosti. Povecane koncentarcije Cestica c¢adi se dovode u vezu sa zdravstvenim
problemima kao §to su astmati¢ni napadi, neke respiratorne i kardiovaskularne bolesti®*°.
Azotni oksidi se formiraju pri sagorevanju goriva na visokim temperaturama ili u toku
raznih industrijskih procesa (proizvodnja azotne kiseline, celuloze, vestackih dubriva...).
Postoji Sest azotnih oksida, ali su svi nestabilni i oksiduju do azot-dioksida koji je jedan od
najcescih polutanata koji se mogu sresti u urbanoj sredini. U gradskoj sredini, jedan od
glavnih izvora azotnih oksida su izduvni gasovi kod motora sa unutrasnjim sagorevanjem.
Koncentracije azotnih oksida u gradovima pokazuju dirktnu povezanost sa frekvencijom
vozila i moguénostima provetravanja ulica i naselja. Dakle, azot-dioksid je jedan od
najéeséih polutanata koji se mogu sresti u urbanoj sredini. On je gas crveno-narandzasto-
smede boje sa karakteristiénim mirisom. Jedan od njegovih negativnih efekata je Sto
stvara kapljice azotne kiseline koja znatno uti¢e na smanjenje vidljivosti, iritira pluca i
veruje se da moze izazvati rak, jer se u plu¢éima pretvara u nitrozamine, od kojih su neki
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kancerogeni. Negativno dejstvo NO2 se ogleda i u tome Sto on sa hemoglobinom reaguje
stvarajéi methemoglobin (HbNO2) i na taj nacin smanjuje kapacitet krvi za prenosenje
kiseonika. NO2 uti¢u i na koli¢inu ozona u troposferi. Naime, merenja vertikalnih profila
ozona pokazuju generalno uvecanje koncentracije ozona sa visinom u troposferi ukazujuci
na njegovo intenzivnije stvaranje u troposferskom fotolitickom ciklusu azot-dioksida u
prisustvu reaktivnih ugljovodonika3®.

Predmet ovog rada je bio praéenje kvaliteta vazduha na teritoriji grada Sapca tpkom 2018.
godine na dva merna mesta. Cilj programa pracenja kvaliteta vazduha podrazumeva
pracenje dugorocnih trendova aerozagadenja da bi se utvrdio stepen poboljSanja ili
pogorsanja kvaliteta vazduha u urbanim i industrijskim sredinama. Merenja se obi¢no vrse
na vise mernih mesta skupljanjem i analizom 24-Casovnog uzorka. Na osnovu dobijenih
podataka i poredenja sa standardima prosuduje se o kvalitetu vazduha.

Zakonska regulativa

Normativna delatnost u oblasti zastite vazduha od zagadivanja ima ve¢ dugu tradiciju u

nasoj zemlji. U pogledu zastite vazduha normativno se reguliSu sve delatnosti kojima se

zagaduje ili moZe zagadivati vazduh. Sistem zaStite i unapredenja Zivotne sredine

obuhvata skup mera i uslova za ocuvanje prirodnih vrednosti i zastitu ljudi i Zivotne

sredine od posledica zagadivanja. U nacionalnom zakonodavstvu norme za "imisiju"

tretiraju republicki propisi i to:

e  Zakon o zastiti vazduha (SI. gl. RS br. 36/2009.),

e Uredba o uslovima za monitoring i zahtevima kvaliteta vazduha (SI. gl. RS br.
11/2010, 75/2010i 63/2013)

U navedenim republickim propisima su definisane Grani¢na vrednosti (GV) i Tolerantna

vredosti (TV) zagadujuéih supstanci u vazduhu, sa ciljem da se one svedu na razumnu

meru.

Granicna vrednost (GV) je najvedi dozvoljeni nivo zagadujuée supstanc u vazduhu, utvrden

na osnovu naucnih saznanja, kako bi se izbegle, spredile ili smanjile Stetne posledice po

zdravlje ljudi i Zivotnu sredinu i koja se ne sme preci kada se jednom dostigne.

Tolerantna vrednost (TV) je grani¢na vrednost uvedana za granicu tolerancije. Prema

nivou zagadenosti, polazeéi od propisanih granic¢nih i tolerantnih vrednosti, a na osnovu

rezultata merenja, utvrduju se sledece kategorije kvaliteta vazduha:

1) prva kategorija— Cist ili neznatno zagaden vazduh gde nisu prekoracene granicne
vrednosti nivoa ni za jednu zagadujucu supstancu;

2) druga kategorija— umereno zagaden vazduh gde su prekoracene grani¢ne vrednosti
nivoa za jednu ili viSe zagadujucih supstanci, ali nisu prekoracene tolerantne vrednosti
ni jedne zagadujuce supstance;

3) treca kategorija— prekomerno zagaden vazduh gde su prekoraCene tolerantne
vrednosti za jednu ili vise zagadujucih supstanci.

Za upravljanje kvalitetom vazduha na nekom podrudju potrebno je stalno pratiti

koncentracije zagadujucih supstanci i uporedivati izmerene koncentracije sa vrednostima

koje sluze za ocenu kvaliteta vazduha. Cilj ocene kvaliteta vazduha je dobijanje informacije
potrebne za procenu izloZenosti stanovnistva zagadenju vazduha i njegovog uticaja na
zdravlje.
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Materijal i metode

U radu je prikazan monitoring kvaliteta vazduha u gradu Sapcu, na dva merna mesta
tokom 2018. godine. U ispitivanja opSteg zagadenja atmosfere spada svakodnevno
odredivanje koncentracija sumpor—dioksida, azot- dioksida i ¢adi. Merenja su izvedena u
akreditovanoj laboratoriji Centra za higijenu i humanu ekoogiju, Zavoda za javno zdravlje
Sabac.

Merno mesto u Pop Lukinoj ulici (Vatrogasni dom) se nalazi u centru grada. Merno mesto
je u pravcu ruZe vetrova od industrijske zone ka gradu. Najvece zagadenje poti¢e od
individualnih loZiSta, izduvnih gasova motornih vozila i industrijske delatnosti.

Merno mesto Kasarna, ulica Pocerska se nalazi u prigradskoj zoni pored saobracajnice,
udaljeno oko 1.8 km od centra grada. Najvece zagadenje poti¢e od individualnih loZista i
izduvnih gasova motornih vozila.

Sakupljanje uzoraka

Uzorkovanje vazduha za ispitivanje sumpor-dioksida i azot dioksida se vrsi kontinualno
aparatima za uzorkovanje kod kojih se vazduh konstantnom brzinom proticanja provlaci
najpre kroz filter Watman Nol za zadrzavanje Cestica, nakon ¢ega osloboden od cestica
prolazi kroz staklene ispiralice napunjene apsorpcionim rastvorom, u kom se zadrzavaju
polutanti.

Analiza azot-dioksida

Nakon prolaska vazduha kroz ispiralicu napunjenu rasvorom trietanolamina, u kom se
adsorbije NO2, metoda za odredivanje pomenutog azotnog oksida se zasniva na reakciji
NO: sa sulfanilamidom uz nastanak diazonijumovog jedinjenja koje sa N-(1-naftil)-
etilendiaminom stvara obojeno azo jedinjenje Ciji se intenzitet odredujena osnovu
kalibracione krive napravljene od serije standardnih rastvora natrijum-nitrita.

Analiza sumpor-dioksida

Metoda se zasniva na spektrofotometrijskom odredivanju sa tetrahlormerkuratom i
pararozanilinom. Rastvor tetrahlormerkurata apsorbuje sumpordioksid iz uzorka vazduha
pri ¢emu se stvara kompleks dihlorsulfitmerkurat. Dodatkom formaldehida i kiselog
rastvora pararozanilina nastaje pararozanilinmetilsulfonska kiselina ljubicaste boje. Jadina
boje srazmerna je koncentraciji sumpor-dioksida. Apsorbancija rastvora uzorka se
odreduje spektrofotometrijski na talasnoj duZini od 548 nm 1.

Analiza ¢adi

Princip metode za odredivanje koncentracije ¢adi u atmosferi sastoji se u merenju refleksije
filter papira Watman No1l, zbog istaloZene ¢adi iz propustenog uzoraka vazduha i ocitavanje
odgovarajuée teZinske koncentracije (ug/m?3) iz odgovarajuée tabele. Sondom reflektometra
se meri opticka gustina na osnovu koje se izracunava tezZinska koncentrcija cadi.

Rezultati i diskusija

Monitoring kvaliteta vazduha sprovodi se se merenjem koncentracija c¢adi, sumpor-
dioksida i azot-dioksida na fiksnim lokacijama na osnovu Uredbe o uslovima za monitoring
i zahtevima kvaliteta vazduha (SI. glasnik RS, br. 11/20 10,75/2010i 63/2013).

U Tabelama koje slede su prikazane prosec¢ne, maksimalne i minimalne koncentracije
ispitivanih polutanata na mese¢nom i na godi$njem nivou za oba merna mesta.
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Tabela 1. Prose¢ne, maksimalne i minimalne koncentracije ispitivanih polutanata na
mesecnom nivou na mernom mestu Vatrogasni dom.
Koncentracija SO5, ug/m?3

Jan. | Feb. | Mart | April | Maj | Jun Jul | Avg. | Sep. | Okt. | Nov. | Dec.r
Br. merenja | 22 19 31 30 31 30 31 24 30 31 17 31
Sr.vrednost | 40,3 | 49,8 | 32,7 | 30,8 | 26,4 | 14,8 | 20,1 | 12,9 | 14,3 | 19,4 | 41,7 | 35,6
Minimalna | 28,2 | 43 | 12,4 | 23,2 | 14,0 | 10,3 | 8,9 7,9 9,7 | 12,8 | 29,9 | 10,9
Maksimalna | 53,8 56 47,2 | 37,4 | 38,7 | 20,0 | 28,8 | 17,5 | 19,2 | 27,8 | 65,0 | 45,0
Koncentracija NO,, ug/m3
Br. merenja | 17 28 31 30 31 30 25 27 30 31 17 31
Sr.vrednost | 23,3 | 17,7 | 19,3 | 16,2 | 14,0 | 13,4 | 12,2 | 149 | 146 | 17,1 | 14,2 | 25,5
Minimalna | 11,5 | 10,7 | 10,2 | 6,2 7,8 7,6 7,6 9,5 8,6 8,9 10,2 | 16,1
Maksimalna | 33,6 | 27,1 | 35,2 | 26,6 | 22,8 | 20,8 | 18,7 | 20,4 | 25,0 | 27,2 | 20,9 | 50,9
Koncentracija ¢adi, pg/m?3
Br. merenja | 22 19 31 30 31 30 31 24 30 31 17 31
Sr.vrednost | 26,7 | 38,7 | 24,2 <7 <7 <7 <7 <7 <7 17,1 | 33,5 | 38,8
Minimalna | 13,4 | 20,0 | 10,1 <7 <7 <7 <7 <7 <7 9,7 | 23,8 | 16,9
Maksimalna| 41,0 | 51,0 | 48,0 | <7 <7 <7 <7 <7 <7 24,5 | 44,1 | 55,0

Tabela 2. Prosecne, maksimalne i minimalne koncentracije ispitivanih polutanata na
godisnjem nivou na mernom mestu Vatrogasni dom.

Broj Koncentracija, ug/m?3 Broj dana Broj dana

Parametar mererJ1ja Sr.vrednost Maksirwjlalrtlag Minimalna V| preJko GV preJko TV
SO; 327 28,2 65 7,9 50 | 50 - -
NO; 328 16,9 50,9 6,2 40 | 60 - -
Cad 327 29,9 55 <7 50 | - 5 -

Tabela 3. Prose¢ne, maksimalne i minimalne koncentracije ispitivanih polutanata na
mesecnom nivou na mernom mestu Kasarna.

Koncentracija SO, ug/m3
Jan. | Feb. | Mart |April| Maj | Jun | Jul | Avg. Sep. Okt. | Nov. Dec.r
Br. merenja 17 19 31 30 31 30 31 20 30 31 30 31
Sr.vrednost | 35,8 | 48,7 | 34,3 [32,0]257(187[19,9]| 11,8 25,6 18,5 | 354 34,9
Minimalna | 27,5 | 37,4 | 26,1 |40,2|13,4]| 90| 88 | 82 12,9 14,4 | 206 27,0
Maksimalna | 46,4 | 59,5 | 41,9 | 24,0 | 38,8 (30,2 [30,1| 15,2 43,2 23,7 | 454 41,6
Koncentracija NO,, ug/m?3

Br. merenja 20 20 31 30 | 31 ] 30 | 31 25 26 31 30 31
Sr.vrednost | 18,6 11,0 | 14,0 |12,7| 96 | 8,2 7 13 12,1 13,7 15,9 19,4
Minimalna 9,0 6,9 58 | 5743 |50(101| 89 5,3 6,6 8,5 10,5

Maksimalna | 31,1 17,3 | 40,4 [31,7|16,8| 13,5 3,7 | 17,7 23,6 26,4 31,8 30,0
Koncentracija ¢adi, ug/m?

Br. merenja 17 19 31 30 31 30 31 20 30 31 30 31

Sr. vrednost 30,6 44,6 | 28,1 | <7 <7 <7 <7 <7 <7 19,3 23,3 43,0
Minimalna 14,1 34,0 | 143 | <7 <7 <7 <7 <7 <7 11,8 16,4 32,8
Maksimalna | 45,0 55,0 | 54,0 | <7 <7 <7 <7 <7 <7 28,1 45,4 56,8

Na oba merna mesta, izmerene koncentracije SOz i NO2 u ambijentalnom vazduhu nisu
prelazile ni grani¢énu (GV) ni tolerantnu (TV) vrednost tokom 2018. godine. Broj dana sa
vrednostima cadi preko propisanih u 2018. god. na mernom mestu Vatrogasni dom je
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iznosio 5, a na mernom mestu Kasarna 10. Uoceno je prekoracenje ¢adi preko propisane
vrednosti tokom grejne sezone, $to je u skladu sa istraZivanjima i drugih autoral?. Na
osnovu toga zaklju¢ujemo, da bi prikljuc¢enje individualnih loZiSta na gradsku gasnu mrezu
doprinelo poboljsanju kvaliteta vazduha na celoj teritoriji grada.

Tabela 4. Prosecne, maksimalne i minimalne koncentracije ispitivanih polutanata na
godisnjem nivou na mernom mestu Kasarna.

Broj Koncentracija, pg/m3 Broj dana Broj dana
P t GV TV
arametar merenja  Sr.vrednost Maksimalna Minimalna preko GV preko TV
SO, 331 28,4 59,5 8,2 50 50 - -
NO; 336 12,8 31,8 3,7 40 60 - -
Cad 331 31,6 56,8 <7 50 - 10 -
Zakljucak

Istrazivanje i pracenje stanja i kvaliteta vazduha u urbanim i industrijskim podrucjima,
jedan je od prvih koraka koji se preduzimaju u cilju reSavanja sve znacajnijeg problema
aerozagadenja. Proucavanje i praéenje kvaliteta vazduha ima za cilj kontrolu i utvrdivanje
stepena zagadenosti vazduha, kao i utvrdivanje trenda zagadenja kako bi se
pravovremeno delovalo ka smanjenju sadrzaja Stetnih supstanci. Zagadenje vazduha nije
samo zdravstveni problem. To je bioloski, ekonomski, pravni i tehnicki problem i stoga je
potrebno resavati ga kompleksno. Sve navedeno obavezuju drustvo u celini da ovom
problemu mora posveti veéu paznju.

Zahvalnica: Ova istraZivanja su realizovana uz finansijsku podrsku Ministarstvu za zastitu Zivotne
sredine Republike Srbije, Gradske uprave grada Sapca i Ministarstvu prosvete, nauke i tehnoloskog
razvoja Republike Srbije kroz Projekat 11143004.
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Air quality in the territory of the town of Sabac

Air pollution is an important risk factor for health in Europe and worldwide. This paper
presents the quality of air in the territory of the town of Sabac during 2018. The measured
values of SOz and NO; were less than the legally permitted limit, but the concentration of
soot was above the limit of 50 ug/m? for 15 days during the examined period. The study of
air quality in urban and industrial areas is very important, because it enables us to
determine the degree and trend of pollution, with the aim of reducing the content of
harmful substances in a time manner.
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Ispitivanje upotrebe otpadne biomase za uklanjanje naftnih
ugljovodonika iz vodenog rastvora

Jelena Avdalovi¢, Zorica Lopici¢*, Nikoleta Lugonja, Kristina Joksimovi¢**, Jelena Mili¢,
Vladimir P. Beskoski***, Srdan B. Mileti¢
Institut za hemiju, tehnologiju i metalurgiju, NjegoSeva 12, Beograd
*Institut za tehnologiju nuklearnih i drugih mineralnih sirovina,
Franse Deperea 86, Beograd
**Inovacioni centar Hemijskog fakulteta, Studentski trg 12-16, Beograd
***Hemijski fakultet, Studentski trg 12-16, Beograd

Uvod

Sve prisutnije zagadenje, posledica tehnoloSkog napretka ljudske civilizacije, dovelo je do
poremecaja u zivotnoj sredini, nestajanja prirodnih resursa i bioloskih vrsta, kao i preus-
meravanja prirodnih tokova energije i supstance. Nekada se smatralo da su osnovne
komponente Zivotne sredine, vazduh, voda i zemljiéte neogranicene. Cistog vazduha i vode
bilo je u izobilju, a zagadenja nastala kao produkt covekove aktivnosti su bila lako
asimilirana i uklanjana zbog izvanredne moc¢i samoprecis¢avanja u prirodi.

Medutim, uporedo sa porastom svih vidova aktivnosti modernog coveka pocinju se
pojavljivati prvi znaci upozorenja da predstoji kriza opstanka ne samo okolnih ekosistema
nego i ¢oveka - ako se hitno ne pocne voditi briga o kontroli izvora zagadenja i nacinima
precis¢avanja kontaminiranih sredina. U savremenom svetu, jedan od vodecih ekoloskih
problema predstavljaju otpadne vode. Upravljanje otpadnim vodama je veoma zahtevno
usled njihovog njihovog neprestanog generisanja kao i veoma jednostavnog nacina
raznosenja zagadujucih supstanci na velike udaljenosti, zbog same prirode vode, tj. zbog
njene pokretljivosti.

U primeni je veliki broj postupaka za preciséavanje otpadnih voda, u zavisnosti od vrste
polutanata, i to: taloZenjem, koagulacijom, elektrohemijskim postupcima, flotacijom,
bioloskim tretmanom, reverznom osmozom, gravitacionom separacijom, membranskom
filtracijom, jonskom izmenom, adsorpcijom.’? Sto se ti¢e primene adsorpcije u oblasti
preciscavanja otpadnih voda, savremena istraZzivanja se u poslednje vreme intenzivno
bave primenom ekoloskih, obnovljivih i ekonomski prihvatljivih sirovina koje su
rasprostranjene u prirodi. Upotreba materijala sa navedenim osobinama u svrhe
adsorpcije, naziva se biosorpcija. Dakle, biosorpcija je primena bioloskih materijala za
uklanjanje polutanata iz vodenih rastvora. Biosorbenti se mogu podeliti u cetiri velike
kategorije: bakterije, alge, gljive i kvasci, i poljoprivredni otpad.? Biosorpcija se zasniva na
sposobnosti odredenih biomolekula da svojim aktivnim funkcionalnim grupama
(karboksilna, hidroksilna, fenolna, amido, sulfidrilna, estarska) vezuju iz vodenih rastvora
najcesc¢e jone metala ili organske jedinjenja. Mehanizmi odgovorni za biosorpciju mogu
biti pojedinacni ili kombinacija sledeéih procesa: jonska izmena, gradenje kompleksa,
fizicka adsorpcija ili hemisorpcija, elektrostaticka interakcija, mikrotaloZenje, gradenje
helata, i td. Sto zavisi od prirode samog biosorbenta, ali i osobina polutanta koji se
uklanja.* Biosorpcija je metoda, potpuno u skladu sa principima odrZivog razvoja, jer
koristi obnovljivi izvor — biomasu. Poslednjih godina uradena su istraZivanja i objavljen
veliki broj radova na temu upotrebe razli¢ite otpadne lignocelulozne biomase (LC)
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(piljevina, slama, kostice breskve, kajsile, sljive, masline, oklasak kukuruza....) u svrhu
uklanjanja polutanata sorpcijom iz vodenih rastvora. LC biomasa je veoma interesantna za
istrazivace, jer je Siroko rasprostranjena, dostupna, jeftina, sa odgovarajuéim fizicko-
hemijskim karakteristikama. Pored lignina i celuloze koji su glavni konstituenti biomase,
prisutne su i druge komponente, hemiceluloza, lipidi, proteini, Seceri, tj. jedinjenja koja
sadrze razli¢ite funkcionalne grupe (poput karboksilne, karbonilne, fenolne, hidroksilne,
amido, amino, sulfohidrilne, acetamido grupe), koje pokazuju razli¢it afinitet prema
uklanjanju razli¢itih polutanata.® Jo§ jedna benefit upotrebe otpadne biomase je ta, $to po
iskoriS¢enju ukupnog sorpcionog potencijala, otpadnu biomasu je moguée upotrebiti kao
gorivo. Zahvaljujuéi njenim karakteristikama, sagorevanje LC biomase rezultuje niskom
emisijom gasova sa efektom staklene baste, niskim sadrzajem pepela i teskih metala u
emisiji kao i u &vrstom ostatku, uz istovremeno oslobadanje toplotne energije.®

Prema podacima Organizacije za hranu i poljopriviedu UN — Food and Agriculture
Organisation (FAQ) svetska potraznja, a samim tim i proizvodnja sveZeg voca neprestano
se povecava. U 2014. godini u svetu je proizvedeno 22,8 miliona tona breskvi (Food and
agriculture organization, 2017). S obzirom na Cinjenicu da LC otpad kostunjavog voca pred-
stavlja priblizno 1/5 ukupne mase voca, moze se zakljuéiti da prerada svezeg kostunjavog
voca predstavlja industriju koja poseduje dodatni potencijal upravo zahvaljujuéi otpadnom
LC materijalu koji se iz nje generi$e.®

U ovom radu ispitivana je mogucnost primene otpadne biomase (kostica breskve-KB), kao
biosorbenta za precis¢avaje voda kontaminiranih naftnim zagadivacima. Za ispitivanje
adsorpcije navedenog zagadivaca smo se opredelili, jer su nafta i njeni derivati kljucni
energenti, a samim tim se i najmasovnije upotrebljavaju u svim domenima Zivota i rada, tako
da je zagadenje Zivotne sredine zagadivacima naftnog tipa uvek aktuelan (prisutan) problem.

Materijal i metode

Biomasa koris¢ena u prikazanim eksperimentima predstavlja otpadni LC (koStice breskve-
KB) poreklom iz Fabrike za preradu sokova ,Vino Zupa” iz Aleksandrovca, gde je klasifi-
kovan kao otpadna biomasa. Poslednjih godina se ispituju nove mogucnosti upotrebe ovog
otpada, ili putem sagorevanja biomase ili pronalaZzenjem nove upotrebne vrednosti kroz
biosorpciju, pri ¢emu se rasterecuju ve¢ formirane deponije i sprecava formiranje novih.
Detaljna priprema i karakterizacija kostica breskve upotrebljene u ovom radu je ranije
opisana u radu Lopi¢i¢ (2017).

Odredjivanje naftnih ugljovodonika

Ugljovodonici nafte su odredivani prema standardu SRPS EN ISO 9377-2:2009.”Uzorci su
analizirani na gasnom hromatografu Agilent 7890A sa plamenim jonizuju¢im detektorom,
opremljenim sa kolonom HP-5, duZine 30 m i dijametra 0,32 mm. Debljina stacionarne
faze je 0,25 um, a noseéi gas je vodonik sa brzinom protoka 2 mL/min. Temperatura
injektora je 250 °C, a temperatura detektora 300 °C. Pocetna temperatura u koloni je 40
°C, porast temperature od 4 °C/min, i zadrZavanje na svakom temperaturnom nivou jedan
minut. Program za obradu podataka je ChemStation, Agilent Technologies.

Biosorpcioni eksperimenti
Biosorpcioni eksperimenti su obavljeni u erlenmajerima od 250 ml u kojima je konstantna
koli¢ina biosorbenta od 1 g mesana sa 100 ml rastvora dizela u vodi u koncentacijama 4,
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12, 18, 24, 30, 40i 80 mg/L. Sadrzaj u erlenmajerima je meSan 2h na konstantnoj sobnoj
temperaturi od 25 °C na orbitalnom Sejkeru brzinom od 180 o/min. Nakon odvajanja
koStica, sadrzaj ugljovodonika je odredivan u vodenom rastvoru.

Nakon zavrsenog procesa biosorpcije analiticki je odredivana koncentracija zaostalog
sorbenta, G, a biosorpcioni kapacitet, g (mg/g), izracunat je prema jednacini:

q = [(G-C)VI/S

Procenat uklanjanja ugljovodonika, kao veli¢ine koja opisuje efikasnost biosorpcije,
izraCunat je prema jednacini:

Procenat uklanjanja = 100[(G—C)/C]

V predstavlja zapreminu rastvora sorbata (L), S masu biosorbenta (g), a G i Ct koncentracije
sorbata na pocetku odnosno na kraju procesa biosorpcije (mg/L).

Rezultati i diskusija

Preliminarni rezultati ravnoteZznih podataka modelovani su primenom Langmuir-ove
adsorpcione izoterme, koji se zasniva na pretpostavci da se sam proces sorpcije odvija na
energetski homogenoj povrsini sorbenta (KB) pri ¢emu svaki sorpcioni centar moze da
primi samo jedan molekul sorbata (dizela). Moguénost vezivanja molekula dizela u ovom
slucaju zavisi od stepena pokrivenosti aktivne povrSine KB, a nakon uspostaljanja
ravnoteZe ne dolazi dalje do vezivanja sorbenta. lzvorno Langmuir-ova jednacina ima
sledeci oblik:

q.K.C,
q ="
1+K.C,

ge— ravnotezniadsorpcionikapacitet (mg/g)

gm— maksimalniadsorpcionikapacitet (mg/g)

Ce— ravnoteznakoncentracijaadsorbata u rastvoru (mg/L)

Ki— Langmuir-ova konstanta (L/mg)

Linearizaciju jednacine (1) moguce je uraditi na viSe razli¢itih nacina, mada se veliki broj
autora slaze sa Cinjenicom da je najbolje raditi modelovanjem primenom nelinearne forme
modela. U ovom radu primenjena je sledeca linearizacija Langmuirovog modela:
1.1, 1 o)
Qe qm CequL

Maksimalni sorpcioni kapacitet odreden je na osnovu odsecka, a Langmuirova konstanta
na osnovu nagiba prethodne prave. Afinitet izmedu adsorbenta i adsorbata moze se
predvideti koris¢enjem Langmuir-ovog parametra K. u bezdimenzionom separacionom
faktoru Ri, na osnovu koga je mogude govoriti o tome da li je proces sorpcije povoljan ili
ne, a koji se racuna na osnovu sledece jednacine:

1
1+K.C,

Preliminarni rezultati ispitivanja sorpcije dizela na nemodifikovanim koSticama breskve
prikazani su na Slikama 1i 2.

(1)

(3)

L
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Slika 1. Efikasnost uklanjanja dizela nemodifikovanim KB, M/V=10g/L, T=25 °C
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Slika 2. Rezultati linearnog fitovanja Langmuir-ovim modelom

Na osnovu Slike 1. moZe se uociti da se efikasnost sorpcije u posmatranm
koncentracionom opsegu, pri datom odnosu Cvrste i tecne faze, krece u intervalu od 91,0
do 82,1 %, sto ukazuje na visok stepen uklanjanja primenom ovog sorbenta. Takode se
moze uociti da sa porastom koncentracije ne dolazi do zna¢ajnog opadanja ovog procenta,
ukazujudi na to da je potrebno produziti vreme kontakta, obzirom da je doslo do zasi¢enja
poovrsine ovog sorbenta i da je difuzija u unutrasnjost usporena.

Proracun sorpcionog kapaciteta uraden je na osnovu parametara dobijenih modelovanjem
ravnoteznih podataka linearnom formom Langmuirovog modela, i on za ispitivani opseg
iznosi 20,05 mg/g, dok Langmuirova konstanta K; iznosi 0,029 L/mg. Takode, izraCunati
separacioni faktor R se u ispitivanom koncentracionom opsegu krece od 0,89 do 0,46, Sto
ukazuje na to da je proces sorpcije spontan i povoljan. Koeficijent korelacije R? (Slika 2.) je
blizak jedinici, Sto moze da navede na zaklju¢ak da ovaj model dobro opisuje sorpcioni
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proces. Medutim, primenom nelinearne regresije dobijena vrednost sorpcionog kapaciteta
u ovom koncentracionom opsegu iznosi 87,27 mg/g, a sam oblik krive ukazuje na ukazuje
na to da je proces daleko od ravnoteZe (grafik nije prikazan u ovom radu), te da je
potrebno sorpciju uraditi u Sirem koncentracionom opsegu i u duzem vremenskom
intervalu.

Na hromatogramima (Slika 3. i Slika 4.) je prikazan sadrzaj naftnih ugljovodonika u uzorku
vode u koncentaciji od 30 mg/dm? pre adsorpcije i nakon adsorpcije na otpadnu LC
biomasu.
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Slika 3. Hromatogram uzorka vode pre adsorpcije
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Slika 4. Hromatogram uzorka vode nakon adsorpcije
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Ovo su preliminarni rezultati koji pokazuju da je upotrebljena otpadna biomasa efikasna u
uklanjanju naftnih polutanata iz vodenog rastvora. Opisani eksperiment je izveden u
Sarznim uslovima, pri razli¢itim pocetnim koncentracijama naftnih ugljovodonika, ali pri
istoj koli¢ini biosorbenta. Dalja ispitivanjanja ¢e biti nastavljena, tako Sto ce se biosorpcioni
potencijal otpadne biomase kostica breskve proucavati u funkciji pH, kontaktnog vremena,
koli¢ine biosorbenta, kao i u proto¢nom sistemu.

Zakljucak

Navedena ispitivanja, koja se odnose na moguénost iskoris¢enja otpadne biomase, ukazuju
da kostice breskve imaju potencijal za uklanjanje naftnih polutanata iz vodenog rastvora.
Biosorpcija, kao nova i kompleksna tehnologija, omogucava upotrebu otpadne biomase, za
razvoj efikasnih, obnovljivih i ekonomski isplativih materijala za uklanjanje polutanata iz
otpadnih voda, a sve u cilju precis¢avanja kontaminirane vode.

Zahvalnica: Autori izraZavaju zahvalnost Ministarstvu prosvete, nauke | tehnoloskog razvoja
Republike Srbije, za finansiranje i podrZavanje nasih istraZivanja kroz projekte 11143004 i TR31003.
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Investigations of possibility for petroleum hydrocarbons removal from
aqueous solution by waste biomass

Adsorption is one the most commonly used technique for treatment of petroleum
contaminated water. The biosorption potential of waste biomass (peach shell, agro-
industrial waste) as a low-cost biosorbent for petroleum hydrocarbon from aqueous
solution was explored. Biosorption experiments were carried out using a shake-flask
technique with a constant amount of (bio) sorbent of 1 g mixed with 100 ml of water
contaminated with petroleum hydrocarbons at concentrations of 4 mg/L, 12 mg/L, 18
mg/L, 24 mg/L, 30 mg/L, 40 mg/L and 80 mg/L. The obtained results show that waste
biomass is efficient in the removal of petroleum pollutants from the water solution.
Biosorption is a potentially alternative technique for wastewater treatment. Their major
advantages are low cost, high efficiency, renewability.
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Ispitivanje zagadenosti podzemnih voda organskim zagadujuéim
supstancama

Mila Ili¢, Jelena Avdalovi¢, Srdan Mileti¢, Tatjana Solevié-Knudsen, Jelena Mili¢,
Nikoleta Lugonja, Miroslav M. Vrvi¢*
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*Brem group d.o.0., Ulica Oslobodenja 39b, 11090 Beograd - KneZevac

Uvod

Podzemne vode €ine 1 % ukupnih svetskih voda i javljaju se u svim delovima litosfere ali se
obi¢no zadrzavaju na dubinama manjim od 750 metara. Podzemne vode pripadaju grupi
osnovnih prirodnih resursa koji su neophodni za opstanak ekosistema. Koriste se za
vodosnabdevanje stanovnistva, industrije, navodnjavanje itd.!

Kvalitet podzemnih voda, posmatrano sa aspekta sadrzaja prirodnih organskih supstanci, je
neujednacen, pocev od vode visokog kvaliteta koje ne sadrze ili sadrze nisku koli¢inu prirodnih
oranskih supstanci do voda koje se moraju podvrgavati slozenim postupcima prerade, jer
sadrZe visoke koli¢ine prirodnih organskih supstanci. Zagadujuée supstance (polutanti), s druge
strane, su bilo koje fizi¢ke, hemijske, bioloske ili radioloske supstance u vodi.?

Zagadenje podzemnih voda progresivno raste u skladu sa porastom populacije.® Nafta i njeni
derivati su izvor zagadenja podzemnih voda. Naftne mrlje ne propustaju Suncevo zracenje i
usporavaju obnavljanje kiseonika u vodi. Kao rezultat toga prestaje razmnoZavanje
planktona, odrasle jedinke stradaju od zagadenja. Poslednjih decenija, upotreba podzemnih
rezervoara za skladistenje goriva postao je trend. Podzemni rezervoari su napravljeni od
nezasti¢enog Celika. Korozijom moze doci do curenja sadrzaja, Sto moze trajati i godinama.
Problem je Sto je detekcija mesta izliva i odrzavanje mnogo teze ukoliko su u pitanju
podzemni rezervoari.?*

Koliko ¢e se dugo nafta i njeni derivati zadrzati u vodi ili zemljistu zavisi od fizickih osobina
same nafte kao Sto su relativna gustina, uslovi frakcione destilacije, isparljivost (visoke
koncentracije asfaltena, voskova smanjuju isparljivost), viskoznost itd. Glavne komponente
nafte su ugljovodonici i razliCite organske i neorganske supstance. Velika koncentracija
policiklicnih aromaticnih ugljovodonika povecava toksi¢nost nafte. Godisnje se proizvede
3,91 milijardi tona sirove nafte (podatak iz 2010. godine), a procene su da od toga 0,1 %
dospeva u Zivotnu sredinu.’> Sudbina i transport zagadujucih supstanci zavisi od mnogih
faktora, prvenstveno od osobina podzemnih voda i karakteristika geoloskog medijuma u koji
se zagadujuce supstance oslobadaju. Osobine podzemnih voda su: gustina, viskoznost i
pritisak. Osobine zemljista koje utiCu na kretanje naftnih ugljovodonika su poroznost i per-
meabilnost. Ostale karakteristike od kojih zavisi transport supstanci kako kroz zemljiste tako i
kroz podzemne vode su: kapilarni pritisak, relativha permeabilnost, rastvorljivost, zatim,
dubina podzemnih voda, zapremina zagadujucih supstanci, i smer toka podzemnih voda.®

Cilj ovog rada bio je ispitivanje i pracenje stepena zagadenja podzemnih voda, na
termoenergetskogm objektu na teritoriji Beograda, i efikasnost mikrobioloskog i fizicko-
hemijskog tretmana, koji je koriséen za uklanjanje zagadujuéih supstanci.

Metode
Tokom redovne provere kvaliteta vode, na tremo energetskom objektu, ustanovljeno je da
je povecana koncentracija organskih zagadujuéih supstanci u podzemnim vodamakoji se
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nalaze u okolini reni bunara i obale reke Save. Mikrolokacije na kojima su uzorkovane
podzemne vode, u kojima je ispitivan sadrzaj zagadujucih supstanci, i koje su bile predmet
istrazivanja su: M1, M2, M3 i M4.

Procedura je radena po modifikovanom 1SO standardu: 9377-2:2000(E).” Gasna hromato-
grafija sa plamen jonizuju¢im detektorom je koris¢ena za kvalitativnu i kvantitativnu
analizu uzoraka. Merena oblast je, za sve ugljovodonike, bila je u opsegu Ci0-Cs0 (od n-
dekana do n-tetrakontana). Koncentracija minealnih ulja je kvantifikovana u odnosu na
eksterni standard koji sadrZi dva specificha mineralna ulja (dizel:mineralno ulje u
masenom odnosu 1:1). Za analizu uzoraka koriséen je gasni hromatograf Agilent 7890A, sa
plamen jonizujuéim, FID detektorom i kapilarnom kolonom TG-5MT (30mx0,25 mm
IDx0,25 um df). Temperatura injektora 250 °C, a detektora 320 °C. Temperaturni program:
Inicijalna temperatura zagrevanja: 40 °C tokom 1 min, zatim zagrevanje brzinom od 15
°C/min do 100 °C tokom 1 min, potom zagrevanje brzinom od 10 °C/min do 310°C tokom
15 min. Kao noseci gas koris¢en je vodonik sa brzinom protoka od 30 mL/min.

Rezultati i diskusija

U ovom radu je prikazan stepen efikasnosti mikrobioloskog i fizicko-hemijskog tretmana,
koji je koris¢en za uklanjanje zagadujuc¢ih supstanci iz podzemnih voda na
reprezentativnim mikrolokacijama M1, M2, M3 i M4.

Koncentracija ugljovodonika na mikrolokaciji M1

U inicijalnom uzorku M1 koncentracja ukupnih ugljovodonika nafte je iznosila 0,2448
mg/L. Na hromatogramu se uocava distribucija parnih i neparnih homologa u opsegu Cis-
Cs7, a obilnost n-alkana u opsegu Cis-C23 ukazuje na zagadenje skorijeg datuma. Nakon
mikrobioloskog i fizicko-hemijskog tretmana, potpuno su uklonjeni su svi homolozi do Czs,
sa izuzetkom Cis i izoprenoida fitana Czo, dok su homolozi C26-Cas koji poti¢u od mazuta,
drasti¢no smanjeni. Koncentracija ukupnih ugljovodonika nafte nakon tretmana iznosila je
0,01502 mg/L, ¢ime je postignut stepen degradacije od 93,86 %. (Slika 1.)
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Slika 1.
Koncentracija ugljovodonika na mikrolokaciji M2

U uzorku M2 koncentracija ukupnih ugljovodonika iznosila je 0,3704 mg/L. Na hroma-
togramu se moze uociti da je distribucija parnih i neparnih homologa od Cis-Cs7, te se
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pretpostavlja da zagadenje poti¢e od dizela i mazuta. lzgled pikova n-alkanske frakcije,
ukazuje na to da se zagadenje desilo odavno, jer su visine i intenziteti pikova manji. Shodno
tome, zakljucuje se da je prirodnom biodegracijom doslo do delimi¢ne razgradnje. UCM
(Unresolved complex mixtures) na hromatogramu ukazuje na povecani sadrzaj
ugljovodonika koji poti¢u iz mazuta, jer on sadrzi kompleksnije smese. Nakon tretmana,
uklonjeni su svi homolozi do izoprenoida fitana Czo sa izuzetkom Cis. Deo hromatograma od
izoprenoida fitana Ca0 do Css je i dalje uocljiv, ali u znacajno niZoj koncentraciji. Nakon
tretmana koncentracija ugljovodonika nafte iznosila je 0,03848 mg/L tj. dosSlo je do
degradacije od 89,62 %. (Slika 2.)
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Slika 2.

Koncentracija ugljovodonika na mikrolokaciji M3

U slucaju analita uzorkovanog sa mikrolokacije M3 distribucija parnih i neparnih homologa
je u opsegu od Cis do Cs7, a ukupna koncentracija iznosila je 0,2698 mg/L. Na osnovu
izgleda hromatograma, pretpostavka je da je zagadujuca supstanca smesa dizela i mazuta.
Visine pikova prikazanih homologa su manje u odnosu na ostale uzorke, shodno tome
pretpostavlja se da je zagadenje starijeg datuma. Nakon tretmana koncentracija ukupnih
ugljovodonika iznosila je 0,02599 mg/L. Tretmanom su uklonjeni svi homolozi do
izoprenoida fitana Czo. lako se homologi niz od pristana do Css i dalje detektuje, UCM je
zanemarljiv, a stepen degradacije je bio 91,37 %. (Slika 3.)
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Slika 3.
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Koncentracija ugljovodonika na mikrolokaciji M4

U uzorku M4 je, na osnovu hromatografske analize, utvrdeno prisustvo parnih i neparnih
homologa u opsegu Ci4-C37, zajedno se biomarkerima prikazanim na uvedanom delu
hromatograma, opet, zakljucak je da su izvori zagadenja naftnog porekla. UCM na
hromatogramu zauzima znacajnu povrsinu i indikator je kompleksne smese ugljovodonika.
Visina pika, proporcionalna koncentraciji ispitivane supstance, pokazuje da je zagadenje
starijeg datuma. Nakon mikrobioloskog i fizicko-hemijskog tretmana, potpuno su uklonjeni
su svi homolozi do Czo, ¢ak i biomakeri pristan i fitan. Deo hromatograma, od Ci2 do Czs,
karakterican za dizel gorivo, kao i deo u kome se detektuju homolozi koji su sastavni deo
mazuta C26-Css, je drasticno smanjen i vrlo slabo su uocljivi samo visi homolozi (C20-Ca24).
Nakon tretmana ove mikrolokacije koncentracija ugljovodonika smanjena je sa 0,7782
mg/L na 0,02948 mg/mL tako da je stepen pretiséenja iznosio ¢ak 96,22 %.%° (Slika 4.)

DM il

Slika 4.

U Tabeli 1. prikazana je razlika u koncentraciji ukupnih ugljovodonika nafte u uzorcima
voda sa mikrolokacija M1, M2, M3 i M4 pre i posle tretmana, a procenat degradacije se
krece od 89-96 %.

Tabela 1. Koncentracija ugljovodonika pre i posle tretmana

Koncentracija, mg/L

Mikrolikacije Degradacija, %
Pre tretmana Posle tretmana
M1 0,2448 0,01502 93,86
M2 0,3704 0,03848 89,62
M3 0,2698 0,02599 91,37
M4 0,7782 0,02948 96,22
Zakljucak

Primenom mikrobioloskog i fizicko-hemijskog tretmana ovi ugljovodonici su uklonjeni na
svim mikrolokacijama sa porcentom od 89-96 %., pa se samim tim osiguralo odrZivo
koriséenje voda u okviru reni bunara.

Zahvalnica: Ovaj rad je finansiran u okviru projekta 11143004 Ministarstva prosvete, nauke i
tehnoloskog razvoja.
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Investigation of groundwater polluted with organic pollutants

Groundwater is an important natural resource.The analysis of groundwater quality is
necessary to maintain and preserve the entire ecosystem.

On a thermal energy facility, during regular water quality control, an increased
concentration of organic pollutants has been observed. The aim was to analyze petroleum
hydrocarbons and their derivatives, before and after cleaning treatments. The application
of microbiological and physical-chemical treatments, organic pollutants were removed
from all microlocations, more than 96 %.
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Mikrobna gorivna celija — hemijska i mikrobioloska karakterizacija
sedimenta

Kristina Joksimovi¢, Ana Nikolov*, Aleksandra Zeradanin**, Nikoleta Lugonja**,
Danijela Randelovi¢**, Gordana Gojgi¢-Cvijovi¢**, Vladimir Beskoski*
Inovacioni centar Hemijskog fakulteta, Univerzitet u Beogradu,
*Hemijski fakultet, Univerzitet u Beogradu,mogu
**Institut za hemiju, tehnologiju i metalurgiju, Univerzitet u Beogradu

Uvod

Tokom poslednjih decenija potrosnja energije u svetu belezi veliki rast i u najveéoj meri to
obuhvata energiju dobijenu iz neobnovljivih izvora, pre svega nuklearnu i fosilnu energiju.
Konstantna potrosnja fosilnih goriva za posledicu ima energetsku krizu i zagadenje okoline.
Njihova preterana upotreba i potrosnja energije dovode do zagadenja Zivotne sredine, pojave
efekta staklene baste i klimatskih promena. Negativan uticaj fosilnih goriva na prirodu je
neminovan usled velike emisije ugljen-dioksida i doprinosa globalnom zagrevanju i opstem
zagadenju atmosfere!. Da bi se obezbedila dovoljna koli¢ine energije i smanjio efekat staklene
baste, kao i emisija Stetnih gasova, razvijaju se procesi za dobijanje energije koji su prihvatljivi
sa ekonomskih i ekoloskih aspekata i koji podrazumevaju upotrebu obnovljivih izvora energije.
Potraga za boljim resSenjima energetske krize dovela je do okretanja ka obnovljivim izvorima
poput sunceve energije i energije dobijene radom vetra i vode. Ubrzo se kao jedan od
alternativnih izvora energije pojavljuju gorivne Celije kojima se generiSe energija koris¢enjem
metala kao katalizatora, a koje pruzaju mnogo prednosti od kojih su znacajni izostanak emisije
Stetnih gasova (poput SOx, NOy, CO2i CO) i veca efikasnost. Za razliku od toga, visoka cena i
Cinjenica da se generiSe velika koli¢ina bakterijske mase su jedine mane ovih novih izvora
energije?. Produkciju elektriéne energije od strane bakterija je prvi put primetio Potter 19113,
godine i to proucavanjem soja Escherichia coli upotrebom platinske elektrode. Iskoris¢avanjem
ove osobine napravljen je tip gorivnih Celija koje su probudile interesovanje svojim velikim
potencijalom, a nazivaju se mikrobne gorivne celije (microbial fuel cells — MFC). lako je koncept
MFC poznat viSe od jednog veka, jos uvek je u fazi istraZivanja i oznacava se kao tehnologija u
nastajanju3. MFC su vrsta bioloskih gorivnih éelija, sistema koji konvertuju hemijsku energiju u
elektricnu pomoc¢u mikroorganizama. Postoji vise nacina konstrukcije i medu njima se nalaze
jednokomorne, dvokomorne i slozene MFC3. Takode, mikroorganizmi i supstrati koji se koriste
u MFC, koje ti mikroorganizmi obraduju u hemijskim procesima, mogu da budu razli¢itog
porekla i da imaju razliCite karakteristike. MFC su dobri alternativni izvori energije koji svoju
potencijalnu primenu nalaze u industriji biosenzora, sistemima za proizvodnju vodonika ili
elektricne energije i postrojenjima za precis¢avanje otpadnih voda. U ovom radu dat je opis
sedimenta koris¢enog u sistemu jednokomorne MFC. Upotrebljeni sediment iz prirode je
predstavljao izvor mikroorganizama i supstrata za njihov rast>.

Metode

Materijal od koga je konstruisan jednokomorni sistem MFC se sastojao od bioloskih i
mehanickih delova. Izvor mikroorganizama i supstrata predstavljao je sediment koji je
uzorkovan na uséu reke Save u Dunav. Elektrode izmedu kojih se nalazio sediment
izradene su od mreZastog inoksa sa kontaktima od inoks folije koja je izolovana
oblaganjem termoskupljajué¢im buzirom, slika 1.

Nis, Srbija, 7-8. juni 2019. 109



HZS P 8 TR 56. savetovanje SHD / 56t SCS Meeting

Slika 1. Izgled formirane MFC, sediment izmedu dve inoks elektrode.

Uzorak sedimenta je okarakterisan mikrobioloskim metodama, odreden je broj razlicitih
grupa mikroorganizama i to: hemoorganoheterotrofnih aerobnih i fakultativho anaerobnih
bakterija (HA) na hranljivom agaru (pepton 1,15 g; mesni ekstrakt, 3,0 g; natrijum hlorid,
5,0 g; dikalijum hidrogenfosfat, 0,3 g; agar, 18,0 g; destilovana voda, 1 L)%; kvasaca i spora
plesni (KIP) na sladnom agaru (pepton, 5,0 g; sladni ekstrakt, 30,0 g; agar, 15,0 g i destilovana
voda, 1L)% ukupnih anaerobnih mezofilnih hemoorganoheterotrofnih bakterija (ANA)
(hranljivi agar sa dodatkom 0,5 % glukoze)’; mikroorganizama koji imaju sposobnost da kao
izvor ugljenika koriste dizel (UG)(amonijum nitrat, 1,0 g; dikalijum fosfat, 0,25 g; ekstrakt
zemlje, 50,0 mL; agar, 16,0 g; destilovana voda, 1 L) sa dodatkom 2 g/L dizela kao izvorom
ugljovodonika)?; sulfato-redukuju¢ih termofilnih anaerobnih bakterija (SRB) - sulfitni agar
(kazein hidrolizat, 10,0 g; natrijum-sulfit, 0,5 g; gvozdje(lll)-citrat, 0,5 g; agar, 15,0 g i
destilovana voda, 1 L)°. Pre zasejavanja na sulfitni agar, uzorak sedimenta je inkubiran na
80 °C, 15 minuta.

Pored mikrobioloskih parametara odredene su i sledec¢e hemijske karakteristike: sadrzaj
vlage na 105°C do konstantne mase, sadrzaj pepela suvim spaljivanjem na 550°C i 800°C.
Sadrzaj organske supstance je odreden na automatskom analizatoru (Vario EL lll, CHNS/O,
Elementar, Hanau, Germany). Sadrzaj karbonata je odredivan volumetrijski.

Rezultati i diskusija

Nakon inkubacije od 24 h (bakterija) i 48 h (kvasci i spore plesni) odreden je broj
mikroorganizama i prikazan u tabeli 1.

Iz dobijenih rezultata moze se zakljuciti da u uzorku sedimenta ima najvise hemoorganohe-
terotrofnih aerobnih i fakultativno anaerobnih bakterija, dok najmanje ima kvasaca i plesni.
Interesantno je i prisustvo mikroorganizama koji razgraduju ugljovodonike. Mikroorganizmi
koji rastu na sulfitnom agaru su od posebnog znacaja. Oni su zastupljeni u anodnom delu, a
upravo u tom segmentu dolazi do transfera elektrona na anodu, Sto obezbeduje stvaranje
razlike potencijala izmedu anodnog i katodnog dela i generisanja struje’®.

Rezultati hemijskih analiza su prikazani u tabeli 2. Procenat vlage u sedimentu (33,5 %) je
optimalan za rast i razvoj mikroorganizama. Istovremeno je prisutna organska supstanca
(oko 8 %) koja je neophodna kao izvor nutrijenata za prisutne mikroorganizme?®.

Sadrzaj karbonata i organske supstance obezbeduje bolju teksturu i permeabilnost
zemljidta, $to olak3ava kretanje protona kroz sediment!?. Za isti uzorak odreden je
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elementarni sastav. Ukupnog organskog ugljenika u uzorku sedimenta ima 2,98 %, posto
0,6 % potice od prethodno odredenog neorganskog izvora ugljenika.

Tabela 1. Mikrobioloske karakteristike sedimenta mikrobne gorivne Celije.

. . Broj mikroorganizama,
Grupa mikroorganizama

CFU*/g
Hemoorganoheterotrofne aerobne i fakultativno anaerobne bakterije 2,40x10°
Kvasci i spore plesni 7,90x103
Ukupne anaerobne mezofilne hemoorganoheterotrofne bakterije 2,40x10%
Mikroorganizama koji imaju sposobnost da kao izvor ugljenika koriste dizel 7,10x10*
Sulfato-redukujuce termofilne anaerobne bakterije 6,47x10*

*CFU-colony forming units

Tabela 2. Hemijske karakteristike sedimenta mikrobne gorivne celije.

SadrZaj suve supstance, % . o Sadriaj . 0
(na 105°C) Sadrzaj pepela, % karbonata, % Sastav sedimenta, %
na 550°C na 800°C C N H S
66,5 93,7 92,1 4,99 3,58 0,12 0,445 0,1
Zakljucak

Sediment koris¢en za formiranje mikrobne gorivne ¢elije je okarakterisan pomocu
mikrobioloskih, hemijskih i analitickih parametara. Mikrobioloske analize sedimenta
ukazuju na prisustvo razli¢itih grupa, od kojih su najznacajniji anaerobni mikroorganizmi,
prisutni u hranljivom agaru sa glukozom, kao i na sulfithom agaru. Prisustvo ovih bakterija
ukazuje da u anodnom delu moZe dodi do transfera elektrona, koji su aktivni tokom
procesa anaerobne respiracije, Sto doprinosi radu MFC sistema. Hemijski parametri
ukazuju da je prisutna organska supstanca u sedimentu, Sto predstavlja izvor dostupne
hrane za mikroorganizme.

Zahvalnica: Ovaj rad je finansiran u okviru projekata Ill 43004 i TR 32008, koje finansira Ministarstvo
prosvete, nauke i tehnoloskog razvoja.

Testing microbiological and chemical parametars of the sediment of
microbial fuel cell

Over the past decades, energy consumption in the world has been rapidly growing and, to a
large extent, encompassing energy derived from non-renewable sources, primarily nuclear
and fossil energy. The negative impact of fossil fuels on nature is inevitable due to the large
emissions of carbon dioxide and the contribution to global pollution and general pollution.
The search for better solutions to energy crises has led to a reverse to renewable sources
such as solar, wind and water energy. Recently, fuel cells which generate energy by using
metals as catalysts were proposed as one of the alternative sources of energy. They offer
many advantages, significant absence of harmful emissions (such as SOx, NOy, CO2 and CO)
and higher efficiency. On the other hand, the high price and the fact that a large amount of
bacterial mass is generated are the only drawbacks of these new energy sources. The
production of electricity by bacteria was first noticed by Potter in 1911 in a study of
Escherichia coli strain using a platinum electrode. By using this feature, a novel type of fuel
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cell, the microbial fuel cell (MFC), was created which awakened interest, with great potential.
Although the concept of MFC has been known for more than a century, it is still in the early
stage of research and is driven as an emerging technology. MFC is a type of biological fuel
cell, a system that converts chemical energy into electrical power by microorganisms. These
systems can be constructed in many ways so that there are one-chamber, two-chamber and
complex MFCs. MFCs are good alternative sources of energy offering possibility of
application that can be found in the biosensor industry, hydrogen or electricity production
systems and wastewater treatment plants. In this paper, characterization of the sediment
used in a single chamber MFC is presented.

In order to start MFC-related measurements, it is necessary to characterize the sediment that
will be used for the construction of the cell and further work. This implies a certain microbio-
logical and analytical characterization of the sediment. The microbiology of particular sedi-
ment comprises of the determination of the number of different groups of microorganisms:
total chemoorganoheterotrophic aerobic and optional anaerobic bacteria, yeast and mold,
total anaerobic mesophilic chemoorganoheterotrophic bacteria, microorganisms having the
ability to use carbon and diesel as sources of carbon and sulphate-reducing thermophilic
anaerobic bacteria. In addition to microbiological methods, some of the basic chemical
parameters of the sediment are also determined: quantity of dry matter and percentage of
moisture, percentage of ash and organic matter. Also, an elemental organic microanalysis
was performed, as well as estimation of the percentage of carbonates in the sediment.

From the obtained results it can be concluded that the sediment sample contains mostly
chemoorganoheterotrophic aerobic and optional anaerobic bacteria, and only traces of yeast
and mold. Interestingly, the presence of microorganisms that break down hydrocarbons, has
been found. Microorganisms that grow on sulphite agar are of particular importance. They
are populated in the anodic region, and precisely there the transfer of electrons to the anode
occurs, which ensures the creation of a potential difference between the anode and the
cathode and the generation of current.

The obtained results for moisture, dry and organic substance in the sediment show that it is an
optimal environment for the growth and development of microorganisms. At the same time,
chemical parameters indicate that organic matter is present in the sediment, which is the
source of available food for the microorganisms.

The sediment used to form the microbial fuel cell was successfully characterized by micro-
biological and chemical-analytical parameters. Microbiological analyses of sediments indicate
the presence of all types of microorganisms, of which the most important are anaerobic micro-
organisms present in the nutrient agar with glucose, as well as on sulphite agar. The presence
of these bacteria indicates that in the anodic region electron transfer can be established within
their metabolic pathways, which is essential for the operation of the MFC system.
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Removal of hexavalent chromium from aqueous solutions by adsorption
on biopolymer chitosan
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Introduction

Hexavalent chromium, Cr(VI), is an extremely toxic pollutant that often exists in
wastewaters of the electroplating, leather tanning, mining and fertilizer industries. It has
high toxicity potential to cause carcinogenesis and mutation in all living beings including
human and animals.! According to the World Health Organization (WHO), the maximum
permissible levels of Cr(Vl) in potable water, inland surface water and industrial
wastewater are 0.05, 0.1 and 0.25 mg/L, respectively.? Therefore, the efficient removal of
Cr(VI) from industrial wastewater effluents as well as natural water streams is of great
importance in order to bring its level down to the permissible effluent standards.3

During the last few years, various physico-chemical treatment methods such as electro-
chemical precipitation, oxidation-reduction, adsorption, coagulation, ion exchange and
reverse osmosis have been explored for detoxification of Cr(VI) from aqueous systems.**
Among these treatment methods, adsorption has been recognized as one of the most
suitable and efficient method due to its great advantages such as easy operation, high
adsorption efficiency and low cost. Several adsorbents, like zeolites,'® carbon-based
materials,!**3 activated alumina'® etc., have been used for the removal of Cr(Vl) from
aqueous solutions. Recently, considerable attention for the removal of heavy metal ions
from aqueous solutions has been paid to natural biosorbents such as chitosan.

Chitosan, obtained by deacetylation of chitin, is a type of natural polyaminosaccharide.
After cellulose, it is the most abundant polysaccharide on the earth. Due to the presence
of amine (-NH2) and hydroxyl (-OH) surface functional groups, which can serve as the
active sites, chitosan currently represents an attractive biosorbent for heavy metals
removal. In the near neutral solutions chitosan is well known as an excellent biosorbent
for metal cations removal, while in the acidic media the protonation of amine groups leads
to the adsorption of anions by ion exchange because of its cationic behavior. Chitosan is
inexpensive, non-toxic, hydrophilic, biodegradable, biocompatible material and hence
represents one of the promising renewable polymeric materials for the application in
wastewater treatment.?>?’

The aim of this study was to investigate the removal of Cr(VI) ions from aqueous solutions
using biopolymer chitosan as an adsorbent. The effects of various experimental
parameters, such as contact time, solution pH and initial Cr(VI) concentration, were
studied with respect to the removal efficiency of Cr(VI). The parameters of kinetics and
isotherms for the Cr(VI) adsorption onto chitosan were determined.

Experimental

Biopolymer chitosan (molecular weight of 100 — 300 kDa) was purchased from Acros
Organics (Belgium) and used without any modification. Potasium dichromate, K.Cr.07, was
used as a source of Cr(VI) ions and it was purchased from Sigma Aldrich (USA). The stock
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standard solution of Cr(VI) (1000 mg/L) was prepared by dissoloving of an appropriate
amount of KaCr207 in deionized water. Working solutions of the desired concentrations
were prepared by appropriate dilution of the stock solution with deionized water. The
initial pH was adjusted either with 0.1 mol/L H2SO4 or 0.1 mol/L NaOH. All of the other
chemicals used in the study were of analytical reagent grade.

Batch adsorption experiments were carried out at room temperature by mixing 50 mg of
chitosan and 25 mL of 10 mg/L Cr(VI) solution at pH 2.5 in closed glass bottles. Reaction
mixtures were kept under continuous shaking at 150 rpm for 60 min. After that, the liquid
phases were separated from the solid phases by filtration through a 0.45 um microporous
membrane filter. The initial and residual concentrations of Cr(VI) ions in each aliquot were
determined with a 797 VA Computrace polarography system (Metrohm, Switzerland)
using the Metrohm's procedure for the voltammetric determination of Cr(VI) ions in water
samples (No. 116/3 e). The effects of different experimental parameters, such as solution
pH (2 — 8), contact time (0 — 240 min), and initial Cr(VI) concentration (10 — 500 mg/L),
were investigated with respect to the removal efficiency of Cr(VI). All experiments were
carried out in duplicate and the data obtained were used for analysis.

The equilibrium amount of Cr(VI) adsorbed per unit mass of chitosan, ge (mg g*), and the
removal efficiency of Cr(VI), E ( %), were evaluated using the equations:

qe:(ci‘cejv (1)

m

EzlooLCi_ctJ (2)
C

where G is the initial Cr(VI) concentration (mg/L), G is the Cr(VI) concentration at time t
(mg/L), Ce is the equilibrium concentration of Cr(VI) (mg/L), Vis the volume of the solution
(L), and m is the mass of adsorbent (g).

Results and discussion

FT-IR spectra of chitosan before and after adsorption of Cr(VI) ions are given in Fig. 1. The
spectra of chitosan after adsorption indicated a shift of the carbonyl, C=0-NHR band
(observed at 1665 cm™) and the amine, NH; band (at 1588 cm™). Also, the protonated
amine group NHs* appeared as a small shoulder at 1530 cm™, which was favorable for
anion adsorption.'® ' According to the obtained results, it can be assumed that
electrostatic interaction of Cr(VI) ions with the sorbent plays the crucial role in mechanism
of sorption.

The pH value is one of the most important controlling parameters in the adsorption
process because it affects the adsorbent surface properties and ionic forms of metal ions
in the solution. The effect of pH on the adsorption behavior of Cr(VI) onto chitosan was
investigated in the range of 2.0 to 8.0, while the other parameters were kept constant. As
can be seen in Fig. 2, the removal of Cr(VI) by chitosan is highly dependent on the pH of
the solution and the optimum pH was found to be in the range 2.0 - 3.5, while beyond pH
7.0 no significant adsorption was observed. The obtained results can be explained by the
presence od different forms of Cr(VI) in the solution. Depending on the pH, hexavalent
chromium ions can exist as hydrogen chromate (HCrO4'), chromate (CrO4%) or dichromate
(Cr207%). The dominant forms of Cr(VI1) in acidic medium are HCrO4™ and Cr207%, while in
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basic solutions Cr(VI) exists in the form of CrO4%. Low pH values would favor protonation
of the amino sites on chitosan, resulting in electrostatic interactions between the
negatively charged Cr(VI) and positively charged amine groups of the adsorbent and hence
maximum removal of Cr(VI) occured at pH interval 2.0 — 3.5. At higher pH values, the
overall surface charge of chitosan decreased, which led to the decrease in the adsorption
of Cr(VI). Therefore, pH of 2.5 of the initial Cr(VI) solution was recognized as the optimal
value and was used in further experiments.

Reflectance, %

'
1530

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

A
Wavenumber, cm

Fig. 1. FT-IR spectra of chitosan (a) before and (b) after adsorption of Cr(VI) at pH 2.5

The effect of contact time on the removal efficiency of Cr(VI) ions was studied by varying
the contact time from 0 to 240 min, while keeping the concentration of Cr(VI) ions
(10 mg/L), adsorbent concentration (2 g/L) and pH 2.5 constant. The obtained results are
shown in Fig. 3. It is evident that adsorption occurred much faster at the beginning and
slowed down gradually over time until reaching equilibrium due to the effects of the
availability of the activated sites and the strength of the driving force. The equilibrium
adsorption was established after 60 min of contact and the maximum removal efficiency
of Cr(VI) reached 98 %. After equilibrium was reached, the contact time no longer had an
influence on the Cr(VI) adsorption and the removal efficiency remained constant over the
time period observed. In order to ensure the equilibrium, the adsorption time of 60 min
was used for the rest of the study.

The kinetics of Cr(VI) adsorption onto chitosan was analyzed using the two kinetic models,
namely the pseudo first-order and pseudo second-order kinetic models. The conformity bet-
ween experimental data and the model predicted values was expressed by the correlation
coefficients, r (r values close or equal to 1). A relatively high r value indicates that the model
successfully describes the kinetics of Cr(VI) adsorption. It was found that adsorption of Cr(VI)
onto chitosan followed pseudo second-order kinetics with a high correlation coefficient
(r>0.999). The rate constant of adsorption was found to be 1.2 g mg?* min. Furthermore,
the calculated ge value derived from the pseudo second-order kinetic model (3.9 mg/g) was
in close agreement with the experimental ge value (4.0 mg/g) ), which also suggested that
the adsorption data were well represented by the pseudo second-order kinetics.
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Fig. 2. Effect of pH on the removal efficiency of Cr(VI). Conditions: initial Cr(VI) concentration, 10
mg/L; contact time, 180 min; stirring speed, 150 rpm; adsorbent concentration: 2 g/L
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Fig. 3. Effect of contact time on the removal efficiency of Cr(VI). Conditions: initial Cr(VI)

concentration, 10 mg/L; pH, 2.5; stirring speed, 150 rpm; adsorbent concentration: 2 g/L

The effect of initial Cr(VI) concentration on the adsorption performance of chitosan was
studied by varying the concentration from 10 to 500 mg/L, while keeping all other
parameters constant. The removal efficiency of Cr(VI) decreased from 98 % to 52 % with
increasing initial Cr(VI) concentration in the aqueous solution, because of the saturation of
the available adsorption sites on the adsorbent. However, the equilibrium amount of
Cr(V1) adsorbed per unit mass of adsorbent, ge, increased from 4.0 to 85.2 mg/g with
increasing initial Cr(VI) concentration, because of the increase in the driving force of Cr(VI)
ions toward the active sites on the adsorbent.

To determine the surface properties and the affinity of the adsorbent, the experimental
data were analyzed using the Langmuir and Freundlich isotherm models. The obtained
results showed that the Langmuir plot has higher correlation coefficient than the
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Freundlich, suggesting that the Langmuir isotherm is a good model for the sorption of
Cr(VI) onto chitosan. It means that the uptake of Cr(VI) ions occurs on a homogeneous
surface by monolayer adsorption. The correlation coefficient (r), the Langmuir monolayer
adsorption capacitiy (gm) and the binding constant (Ki) of Cr(VI) onto chitosan were
estimated to be 0.999, 86.1 mg/g and 0.694 dm3/g, respectively.

Conclusion

Biopolymer chitosan is an effective adsorbent for the removal of toxic Cr(VI) ions from
aqueous solutions. The maximum removal efficiency was obtained at pH values between
2.0 and 3.5. Electrostatic attraction was the main driving force for Cr(VI) adsorption onto
chitosan. Analysis of kinetic parameters of Cr(VI) adsorption showed that pseudo-second
order model described well the kinetics for the investigated system. The equilibrium
adsorption data fit well the Langmuir isotherm model and the maximum monolayer
adsorption capacity was 86.1 mg/g. The study shows that the investigated biosorbent has
potential for application in the treatment of chromium contaminated waters. The use of
chitosan based ecological polymeric materials could potentially contribute to the
environmental friendly method for wastewater treatment.

Acknowledgement: We acknowledge the support to this work provided by the Ministry of Education,
Science and Technological Development of Serbia through the projects Ill 45006, 111 45012 and Il 43009.

Uklanjanje Sestovalentnog hroma iz vode primenom biosorpcije na
hitozanu

U ovom radu ispitivana je mogucnost primene biopolimera hitozana kao adsorbensa za
uklanjanje Setvovalentnog hroma iz vode. Adsorpcija je radena u SarZnom sistemu i ispitivan
je uticaj razlicitih parametara (pH, vreme kontakta, pocetna koncentracija Cr(VI)) na
efikasnost uklanjanja Cr(VI). Rezultati su pokazali da se ravnoteZa uspostavlja nakon 60 min,
a da je efikasnost uklanjanja najveca u intervalu pH vrednosti od 2.0 do 3.5. Analiza
kinetickih parametara adsorpcije Cr(VI) pokazala je da model pseudo-drugog reda reakcije
najbolje opisuje kinetiku adsorpcije za dati sistem. Dobijeni podaci su fitovani pomocu dva
ravnoteZna adsorpciona modela - Langmirovom i Frojndlihovom izotermom. Bolje slaganje je
postignuto primenom Langmirove izoterme i nadeno je da je adsorpcioni kapacitet hitozana
86.1 mg/qg. Na osnovu dobijenih rezultata moZe se zakljuciti da hitozan ima dobar potencijal
za primenu u precis¢avanju otpadnih voda zagadenih toksicnim metalom hromom.
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Uvod

Povedéana emisija zagadivaca u Zivotnu sredinu uti¢e na celokupan ekosistem i na kvalitet
zemljiSta, sedimenta i podzemnih voda. Kontaminiran sediment predstavlja potencijalni
dugotrajni izvor zagadenja koje negativno utiCe na Zivi svet i zdravlje ljudi. Mnogi
kontaminanti imaju tendenciju akumulacije i adsorpcije u sedimentu®?. Veoma znacajnu
ulogu u sorpciji i akumulaciji u sedimentu ima organska frakcija, koja obuhvata jedinjenja
ugljenika koja poti¢u od biljnih i Zivotinjskih ostataka3.

Nafta i naftni derivati kao Sto su benzin i mineralna ulja (dizel i mazut) mogu dospeti u
zemljiste, sediment i vodu i predstavljaju rizik za Zivotnu sredinu i ¢oveka®. Do zagadenja
moze do¢i tokom eksploatacije, transporta i skladistenja nafte, ali i pri akcidentalnim
izlivanjima. lzliveni u sediment imaju veoma toksi¢an efekat na organizme koji Zive u
njemu. Migracijom kroz sediment kontaminanti mogu dospeti do podzemnih voda i
postati izvor sekundarnog zagadenja?°.

Bioremedijacija je zelena tehnologija koju Cini skup postupaka, kojima se sanira zagadeno
podrucje u Zivotnoj sredini do prihvatljivih i zakonom propisanih koncentracija za dati
zagadivac. Bioremedijacija koristi prirodnu sposobnost mikroorganizama da rastu na
ugljovodoni¢nim supstratima. Bioloski tretmani su isplatljiviji i ,prijateljski za okolinu”, a
kao krajnji rezultat kontaminant se potpuno razgraduje ili se dobijaju jedinjenja sa
smanjenom toksi¢nosc¢u.

Zbog velikog biodiverziteta, visokog katabolickog potencijala i razvijene sposobnosti za
adaptaciju, mikroorganizmi mogu da koriste naftu i naftne derivate kao izvore ugljenika i
energije i metaboli¢ki ih uklone iz zagadene Zivotne sredine>®. Zemljidte i sediment pred-
stavljaju staniSte velikog broja raznovrsnih mikroorganizama, od jednostavnih
prokariotskih bakterija i cijanobakterija do kompleksnih eukariotskih organizama, gljiva i
protozoa. Znacaj ovih mikroorganizama je prepoznat poslednjih decenija i njihov poten-
cijal se koristi za degradaciju naftnih derivata (benzin, kerozin, dizel i sl.). Pre procesa
bioremedijacije potrebno je utvrditi broj autohtonih mikroorganizama u sedimentu, a
zatim ih okarakterisati biohemijskim testovima i molekularnim metodama. Zimogeni
mikroorganizmi su komponenta autohtonih mikroorganizama koji mogu da koriste
neuobicajene supstrate (kontaminante) kao izvor ugljenikovog atoma. Neki rodovi
bakterija, kao Sto su Pseudomonas, Nocardia, Rhodococcus, Achromobacter, Flavobac-
terium, Corynebacterium, gljiiva - Candida, Aureobasidium i Aspergillus sa visokom
efikasno3éu razlazu naftu i naftne derivate®>’.

U ovom radu pradene su promene u sadrzaju mineralnih ulja kao i aktivnost
mikroorganizama koji imaju sposobnost da ih razgraduju, tokom procesa remedijacije.
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Metode

Preliminarnim ispitivanjima lokaliteta koji se nalazi u blizini termoenergetskog objekta
utvrdeno je postojanje zagadenja mineralnim uljima kako u sedimentu tako i u
podzemnim vodama i postojanje potrebe za sanacijom i remedijacijom terena. Postupak
bioremedijacije obuhvatao je i podzemne vode i sediment, jer su obe sfere Zivotne sredine
u kontaktu i moraju se istovremeno tretirati.

Proces bioremedijacije sedimenta i podzemnih voda sastojao se iz tri faze 1. biostimulacije
- ubrizgavanje kiseonika i hranljivih supstanci; 2. bioaugmentacije - ubrizgavanje
zimogenog konzorcijuma mikroorganizama; 3. uspostavljanja recirkulacije u zatvorenom
bipolarnom sistemu. Recirkulacija je uspostavljena ispumpavanjem kontaminirane
podzemne vode kroz crpni bunar koji se nalazio nizvodno od injekcionog bunara. Voda je
zatim filtrirana prolaskom kroz adsorpcione kolone koje sadrie prirodne neorganske
hidrofobne adsorbente na kojima se stvara biofilm od mikroorganizama koji razgraduju
kontaminante. Nakon toga, voda se vraca kroz injekcioni bunar u podzemni rezervoar.
Neophodno je da prostor izmedu injekcionog i crpnog bunara obuhvata kontaminirani
prostor, vodeéi ratuna o toku podzemnih voda®®.

Za monitoring tokom procesa bioremedijacije odabrana je jedna mikrolokacija u
neposrednoj blizini uljne kanalizacije. Utvrdeno da je najveée zagadenje na datoj
mikrolokaciji na dubini 0-15 m. U bioremedijacionom postupku upotrebljen je konzorcijum
zimogenih mikroorganizama, koji je izolovan iz kontaminirane sredine sa mikrolokaliteta.
Konzorcijum je umnoZen u laboratorijskim uslovima, a zatim i u mobilnom bioreaktoru.
Pocetna inokulacija bunara koji ispiraju mikrolokaciju uradena je na pocetku procesa
bioremedijacije, sa 1,40x10° CFU (colony forming units)/mL UBA (ukupnih hemoor-
ganoheterotrofnih, aerobnih i fakultativnho anaerobnih, mezofilnih bakterija) i 1,05x108
CFU / mL DUV (bakterija koje degradiraju ugljovodonike). U toku perioda bioremedijacije od
novembra 2017. (To) do juna 2018. godine (T210) uzorkovanje je uradeno tri puta sa dubine O-
15 m, na pocetku prac¢enja u periodu To, nakon 90 dana (Teo) i 210 dana (T210). Kompozitni
uzorci sedimenta su uzimani u sterilne boce, transportovani i cuvani na 4 °C za dalje analize.
Metodom serijskog razblaZzenja je u kompozitnim uzorcima ispitivan broj mikroorganizama.

Odredivanje broja mikroorganizama u kompozitnim uzorcima sedimenta

U toku procesa bioremedijacije pracen je broj ukupnih hemoorganoheterotrofnih, aerobnih i
fakultativno anaerobnih, mezofilnih bakterija gajenjem na hranljivom agaru (pepton 1, 15 g;
mesni ekstrakt, 3 g; natrijum hlorid, 5 g; dikalijum hidrogenfosfat, 0,3 g; agar, 18 g;
destilovana voda, 1 L) i bakterija koje razgraduju ugljovodonike gajenjem na mineralnom
agaru (amonijum nitrat, 1 g; dikalijum fosfat, 0,25 g; ekstrakt zemlje, 50 mL; agar, 16 g;
destilovana voda, 1 L) sa dodatkom 2 g / L dizela kao izvorom ugljovodonika). Specifi¢ne
vrste bakterija roda Pseudomonas izolovane su na agaru za izolovanje Pseudomonas (pep-
ton, 20 g; magnezijum hlorid, 1,4; kalijum sulfat, 10 g; irgasan, 25 mg; agar, 13,6 g; glicerol,
20 mL)', a M3 (kalijum dihidrogenfosfat, 0,466 g; natrijum hidrogenfosfat, 0,732 g; kalijum
nitrat, 0,01 g; natrijum hlorid, 0,29 g; magnezijum sulfat, 0,1 g; kalcijum karbonat, 0,02 g;
ferosulfat heptahidrat, 200 ug; cink sulfat heptahidrat, 180 ug; mangan sulfat tetrahidrat, 20
ug; natrijum propionat, 0,2 g; agar, 18 g; destilovana voda, 1 L) podloga je koris¢ena za
bakterije rodova Nocardia i Rhodococcus*?. Odredivanje UBA i DUV je uradeno u triplikatu.
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Odredivanje ukupnih ugljovodonika mineralnih ulja u kompozitnim uzorcima sedimenta
Sadrzaj mineralnog ulja u kompozitnim uzorcima sedimenta praden je po metodi ISO
1670313, Uzorci su analizirani na gasnom hromatografu Agilent 7890A sa FID detektorom,
sa kolonom HP-5, 30 m duZine i dijametrom 0,32 mm. Debljina stacionarne faze je bila
0,25 um, a noseci gas vodonik sa brzinom protoka 2 mL / min. PoCetna temperatura je bila
40 °C, temperatura injektora 250 °C, a detektora 300 °C. Porast temperature je bio
4°C / min, a zadrZavanje na svakom temperaturnom nivou jedan minut. Obrada snimljenih
hromatograma uradena je u programu ChemStation, Agilent Technologies. Vrednosti su
izrazeni kao mg / kg suve supstance (mg / kg S.S.). Sva merenja su uradena u triplikatu.

Rezultati i diskusija

Proces bioremedijacije na zagadenoj lokaciji je trajao 210 dana. U ovom radu prikazana je
uspesnost bioremedijacije na mikrolokalitetu u neposrednoj blizini uljne kanalizacije,
pra¢enjem smanjenja koncentracije zagadivaca, tj. ukupnog sadrZaja mineralnih ulja u
kompozitnim uzorcima sedimenta i broja mikroorganizama.

Na zagadenoj mikrolokaciji nakon pocetne inokulacije, odreden je broj UBA i DUV
(Tabela 1.) u sedimentu na dubini 0-15 m, u periodu od 210 dana. Ukupan broj aerobnih
mezofilnih bakterija nakon 90 dana bioremedijacije je nizi u odnosu na pocetnu vrednost
kada je vrednost mineralnih ulja visoka. Nakon 210 dana se broj UVA i DUB smanjuje u
odnosu na pocetni broj. Ipak, udeo DUV u UBA u toku 90 dana znacajno raste, u nultom
danu je 0,14 %, a u 90. danu 10 %. U periodu do 210. dana njihov udeo ponovo opada, na
2,25 %. Dominantni rodovi su Pseudomonas (2,20x10% - 5,50x10* CFU / g), Nocardia i
Rhodococcus (2,30x103-3,60x10° CFU / g) $to je u skladu sa literaturom®.

Tabela 1. Broj ukupnih UBA i DUV, koli¢ina mineralnog ulja u tri vremenska perioda
bioremedijacije

Vreme trajanja bioremedijacije UBA(CFU/g) DUV (CFU/g) Mineralno ulje, mg / kg

S.S.
To 3,26 x 108 4,56 x 10° 3660
Too 1,00 x 10° 5,80 x 10* 2275
T210 5,55 x 104 1,25 x 103 1324

Sadrzaj mineralnih ulja u kompozitnim uzorcima sedimenta pracen je u toku procesa
bioremedijacije, na pocetku, nakon 90 i 210 dana. Koncentracije su iznosile na pocetku bio-
remedijacije 3660 mg / kg S.S., nakon 90 dana koncentracija je opala za 37,84 %, a 210. dana
je dalje smanjena za 63,82 % u onosu na pocetnu vrednost. Ovi rezultati ukazuju da su mi-
kroorganizmi koji razgraduju ugljovodonike sa visokom efikasnos$¢u razgradili mineralno ulje.
Stopa degradacije je iznosila 0-90 dana 15,39 mg / (kg dan), 90-210 dana 7,42 mg / (kg dan).
Iz koli¢ine mineralnog ulja, stope degradacije i udela DUV u UBA uocavamo da su se faze
prilagodavanja i adaptacije konzorcijuma i faza intenzivne razgradnje odvijale od 0-90 dana,
dok je u periodu 90-210. dana usledila faza usporene razgradnje®.

Na hromatogramima (Slika 1. A-C) se uocavaju signali u opsegu C10-C28. Na osnovu ovog
rezultata, utvrdeno je da je glavna vrsta kontaminanata prisutnih na mikrolokaciji
mineralno ulje, frakcija dizel. Njihova koli¢ina se sa duzinom bioremedijacije smanjuje.
Visoki signali koji poticu od izoprenoidnih ugljovodonika pristana (C19) i fitana (C20), sluze
kao biomarkeri nafte i njenih derivata, osim benzina®. Ovi biomarkeri se smanjuju na
hromatogramima B i C Sto dodatno potvrduje uspesnost bioremedijacije.
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Slika 1. Gasni hromatogrami kombozitnih uéoralga sa rmikroloka‘cije u toku perioda bioremedijacije
A—Tg B-Tog C- Tai0
Zakljucak
U radu je demostrirana uspesnost in situ bioremedijacije mikrolokaliteta u blizini
termoenergetskog izvora. Udeo mikroorganizama koji razgraduju mineralno ulje u
ukupnom broju mikroorganizama prvo raste pa opada, a koli¢ina mineralnog ulja u toku
210 dana bioremedijacije opada na ¢ak 36,18 % od pocetne vrednosti.

Zahvalnica: Ovaj rad je finansiran u okviru projekta 11143004 Ministarstva prosvete, nauke i
tehnoloskog razvoja.

In situ bioremediation of sediment contaminated with mineral oil

Introduction: Pollution with petroleum and its products, such as diesel and mineral oils, of
water, soil and sediment may occur during the exploitation, transport and storage. It poses
a high risk to the environment and human health. Bioremediation is a green technology
that removes the pollution from contaminated area in the environment using the catabolic
potential of microorganisms and their developed adaptation capabilities. Before the
bioremediation process, it is necessary to determine the type of pollution and the number
of autochthonous microorganisms. Preliminary research carried out at the contaminated
site confirmed the existence of petroleum pollution both in sediment and in groundwater.
Objectives: In this paper changes in the content of mineral oil and the activity of
microorganisms degraders during the remediation process were monitored.
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Methods: Composite samples were examined three times during 210 days the
bioremediation process, at the contaminated site. During the bioremediation process, the
number of microorganisms was monitored and microbes degraders of mineral oils were
selected. The content of mineral oils in the sediment was also monitored during the
bioremediation process, as a measure of the efficiency of the bioremediation process. The
changes during the bioremediation process were monitored at the beginning of the
process, after 90 and 210 days of bioremediation.

Results: Number of total and microorganisms degraders significantly decreased during the
bioremediation. The share of degraders in the total number of microorganisms first
increases and than decreases. The amount of mineral oils also decreased, for 63.82 % after
210 days of bioremediation process.

Conclusion: The results indicate that microorganisms degraders with high efficiency have
degraded mineral oil. From the amount of mineral oil, degradation rates and level
microbes degrades in the total number of microorganisms, we note that the stages of
adaptation of the consortium and intensive decomposition phases were in the range of O-
90 days, followed by a slow decomposition phase in the period of 90-210 days.
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