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Removal of diesel pollution by biochar — support in water remediation

Zorica Lopici¢t, Jelena Avdalovié?, Jelena Milojkovi¢!, Anja Antanaskovi¢', Marija Ljesevié?,
Nikoleta Lugonja? and Tatjana Sostari¢!

nstitute for Technology of Nuclear and Other Mineral Raw Materials, Belgrade, Serbia
2University of Belgrade-Institute of Chemistry, Technology and Metallurgy, Department of Chemistry, Belgrade, Serbia

Abstract

Water contaminated with diesel oil represents one of the greatest challenges in waste water ORIGINAL SCIENTIFIC PAPER

management. Water soluble fraction (WSF) is of particular interest because of its toxicity to
aquatic organisms and discharge regulations set by environmental authorities. Biochar
sorbents have attracted great attention, due to their low cost origin and advantageous
properties as well as high sorption capacities in sorption processes. In this study, we have
reported the synthesis and characteristics of novel biochar sorbent made from waste
lignocellulosic biomass (peach stones (PS)) and evaluated its possible application in removal
of diesel WSF from synthetic water. Physiochemical characteristics of the biochar sample
were analysed by scanning electron microscopy (SEM), Brunauer—-Emmett—Teller (BET)
method, and Fourier-transform infrared spectroscopy (FTIR), along with the elemental
analysis. Characterisation of PS biochar (PS-B) indicated high multi porous surface area
(159.1 m2 g'1) with the average pore diameter 2.7 nm. FTIR results indicated higher presence
of aromatic compounds in PS-B as compared to PS. The sorption experiments performed in
a batch system using PS-B resulted in more than 95 % removal of diesel WSF, reaching
equilibrium after 5 h. Equilibrium data were well fitted by Freundlich isotherm, while the
pseudo-second order equation fitted well the kinetic data, indicating chemisorption
involving valency forces through the sharing/exchange of electrons between the sorbent and
PS-B. Applications of ecotoxicology tests based on a microbial biosensor (Aliivibrio fischeri)
have shown a significant toxicity reduction of water sample after the treatment with biochar.
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Hem. Ind. 75 (6) 329-339 (2021)
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ecotoxicology.
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1. INTRODUCTION

Development of technology and industry, population growth, and urbanization had led to the inevitable generation
of waste which amounts have exceeded the self-purification capacity of ecosystems. Wastes that cannot be
decomposed by biological processes degrade the environment, with negative consequences for the ecosystem and
human health. Crude oil at its origin is not considered as a pollutant, but with further exploitation, processing, storage,
transport, it becomes a serious environmental issue. During the processing of crude oil into derivatives (gasoline, diesel
fuel, asphalt bases, heating oil, kerosene and liquefied petroleum gas), various pollutants are emitted into the
atmosphere, while harmful liquid and solid wastes are generated on a daily basis. Most of them are toxic, especially
polycyclic and aromatic hydrocarbons, which have been classified as carcinogenic.

According to reference [1], world oil consumption in the period from 1994 to 2019 had increased by approximately
0.9 million barrels per day (b/d), while the demand for all liquid fuels (including biofuels) increased by 1.1 million b/d
and reached, for the first time in 2019, value of 100 million b/d. In 2020, as a consequence of global lockdowns and

Corresponding author: Zorica Lopici¢, Institute for Technology of Nuclear and Other Mineral Raw Materials; Tel. +381641168232

E-mail: z.lopicic@itnms.ac.rs
Paper received: 14 May 2021; Paper accepted: 08 December 2021; Paper published: 21 December 2021.
https://doi.org/10.2298/HEMIND210514029L

329



http://www.ache.org.rs/HI/
mailto:z.lopicic@itnms.ac.rs
https://doi.org/10.2298/HEMIND210514029L

Hem. Ind. 75 (6) 329-339 (2021) Z. LOPICIC et al.: REMOVAL OF DIESEL POLLUTION

other coronavirus restrictions, world oil consumption as well as oil production, dropped for the first time since 2009 by
9.1 million b/d and 6.6 million b/d, respectively.

Petroleum and its derivatives consist of a mixture of hydrocarbons of diverse chemical configurations [2]. They are
one of the most common sources of environmental pollution and it is therefore necessary to take appropriate measures
to mitigate the negative effects they induce. It is very important to say that there are numerous techniques developed
for removal of insoluble (floating) diesel oil fractions, but the fraction that dissolves into water is the fraction that
intimately contacts aquatic organisms, posing serious environmental hazard. The term "water soluble fraction" (WSF) is
commonly used to describe the aqueous solution, which is formed when diesel oil and water are brought into contact,
containing several toxic constituents like hydrocarbons (polycyclic aromatic hydrocarbons (PAHs), mono aromatic
hydrocarbons as BTEX (benzene, toluene, ethylbenzene and xylenes), phenols and heterocyclic compounds, containing
nitrogen and sulphur) and heavy metals, among which copper and nickel are the most common [3]. The composition
and concentration of the WSF depends upon several factors such as: composition of the oil, properties of the water,
temperature and the method of preparation. Wastewaters loaded with WSF can neither be directly discharged into the
environment nor collected by the municipal system, imposing the urgent need for alternative treatment strategies. For
this purpose, different techniques are used, but sorption and biological remediation techniques are often considered as
the ones with the most ecological and economic benefits. Both techniques are inexpensive, relatively easy to perform,
having high removal efficiencies with minimal energy/chemical consumption and secondary contamination.

Recently, sorbents of biological origin (biosorbents) have been drawing a lot of attention, due to their low price and
advantageous physicochemical properties, which made these materials good hydrocarbons sorbents. By-products
and/or lignocellulosic biomass waste from the food industry or agriculture are of particular interest, because their
application leads to a decrease of waste generation onto landfills, reduces greenhouse gas emissions, and provides a
new value to the wasted products. Lignocellulosic biomasses are widespread, available, and cheap, with characteristics
suitable for sorbents development. Some of them have proven to be good sorbents for oil removal: walnut shell [4],
chipboard, rice husk and coconut shell [2], sugar cane processing waste [5], etc. Excellent physicochemical properties
and diversified functionalities of biochar provide the great potential in wastewater treatment fields [6]. Biochar (a
renewable material generated from waste) can be a cost-effective substitute for activated carbon (AC) in selected
pollutant adsorption processes because AC is commonly generated from non-renewable sources and requires energy-
intensive thermal activation to develop appropriate sorption properties [7]. Compared with the AC production price
(51,100- $1,700 per ton), production of biochar costs from 350 to 1,200 $ per ton, on a mass basis [7]. Biochar
production might have other important environmental benefits including energy coproduction, carbon sequestration,
and bio-waste valorisation. Implementation of the food industry waste biomass in this manner would help in minimizing
waste disposal and resource depletion at the same time [8]. Abdullah et al. [9] further pointed out that natural organic
sorbents are easier to dispose after use and can be co-applied with other techniques such as bioremediation.

To the best of our knowledge, purification of waste waters contaminated by diesel using biochar produced of peach
stones was not investigated yet. To produce a valuable low-cost adsorbent with excellent surface structure, and high
absorption performance of diesel pollution, we have chosen peach stones (waste from the fruit processing industry),
since most of the by-products from biomass in Serbia are still treated as waste. So, the new approach, described in this
paper will integrate the waste management and environment/economy principles in order to support waste utilization
in Serbia and possibly other countries. The obtained results might serve other researchers who are investigating similar
material types in attaining effective sorbents for water purification.

In this paper, the possibility of unmodified peach stone biochar prepared at suitable pyrolysis temperatures as a
novel sorbent in the removal of diesel WSF polluted wastewater was investigated. Specifically, physiochemical
characteristics of the samples were analysed by scanning electron microscopy (SEM), Brunauer—-Emmett—Teller (BET)
method, and Fourier-transform infrared spectroscopy (FTIR), along with elemental analysis. The sorption kinetics and
isotherms were studied as the assessment guides for removal of these organic pollutants from contaminated water.
After the sorption process was completed, ecotoxicology tests were conducted using initial and treated water samples,
in order to evaluate the effect of biochar on the toxicity of chemical compounds found in water samples.
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2. EXPERIMENTAL

2. 1. Materials

Peach stones (Prunus persica L.) were obtained from the Juice Factory Vino Zupa Aleksandrovac, Serbia. They were
washed with tap water in order to remove dirt from the surface, and dried at room temperature. Dried stones were
further grinded using the vibrating disk mill Siebtechnik — TS250 (Siebtechnik GmbH, Germany), and sieved into different
particle sizes. For the purposes of these investigations, the class between 0.1 to 0.5 mm was used. The ground peach
samples (PS) were further pyrolysed at 500 °C under oxygen-limited conditions in a Nabertherm 1300 muffle furnace
(Nabertherm, Germany) at the heating rate of 10 °C min™%, for 1 h. Finally, the obtained biochar (PS-B) was stored in
closed vials with polypropylene caps in the dark until the sorption experiments started.

Diesel oil used in sorption experiments was purchased from the local commercial gas station (NIS Petrol, Serbia).

Bacterial strain of Aliivibrio fischeri NRRL B-11177 (Macherey-Nagel GmbH & Co. KG, and Duren, Germany) was used
for the evaluation of acute eco-toxicity of water contaminated with diesel fuel before/after treatment with biochar.

2. 2. Sorbent characterisation

Vario-EL Ill; CHNS-O Elementar Analyzer (Hanau, Germany) has been used for elemental analysis (C, H, N and S).
Operating ranges varied between the elements: 0.03—20 mg for C; 0.03—-3.0 mg for H; 0.03—-2.0 mg for N and 0.03-6.0
mg for S. Oxygen content was obtained by subtracting the sum of the obtained elemental values from 100 %.

Contact pH, also known as the pH of the suspension (pHsus) was determined according to the procedure described
in the ASTM D6851-02 standard. The pH of the suspension solution was determined by suspending 0.2 g of sorbent
material in 30 cm?® of distilled water, left in a closed container and stirred occasionally for 72 h after which pH was
measured by using a pH meter SensION3 (Hach, USA).

Scanning Electron Microscopy- Energy Dispersive X-Ray Spectroscopy (SEM- EDX) analysis was performed on dried
samples under vacuum coated with thin layer of gold and observed using a JEOL JSM-6610 LV model (JEOL Ltd., Japan).

The specific surface area (SSA) and the porosity of the PS and PS-B were determined by nitrogen adsorption—
desorption isotherm at —195.8 °C on ASAP 2020 (Micromeritics Instrument Corporation, Norcross, GA, USA). The SSA
was calculated according to the Brunauer—-Emmett—Teller (BET) method [10].

Surface functional groups in samples were determined by Fourier Transform Infrared Spectroscopy (ATR mode) using
a Thermo Nicolet 6700 FTIR device (International Equipment Trading Ltd., USA). The spectra were recorded by averaging
32 scans from 4000 to 400 cm™.

2. 3. Batch sorption experiments

A saturated solution of diesel oil was prepared as follows: distilled water and diesel oil in excess were poured into a
glass separator funnel, mixed vigorously by shaking, and left 24 h for phases to settle down. The saturated solution of
WSFs was collected from the bottom of the bottle and used for further experiments. For kinetic experiments, initial
saturated diesel solutions at the concentration of 20 mg dm™3 were shaken for different time intervals (0.25, 0.5, 1, 2, 3,
4, 6, 12 and 24 h). Experiments were conducted by adding 0.15 g biochars to 100 cm? diesel solution in 250 cm?
Erlenmeyer flasks at 25 °C, and placed at orbital shaker (Heidolph Unimax 1010, USA) at the agitation speed of 200 rpm.
The pH value of the initial solutions was 6.

Adsorption isotherm experiments were conducted under a constant agitation rate (200 rpm), initial pH 6, and an
initial WSF concentration varying from 2 to 20 mg dm at equilibrium time of 24 h. The solid and liquid phases in all
experiments were separated in a centrifuge at 4000 rpm after a specific period. Finally, diesel concentration in the liquid
phase was detected according to SRPS EN method [11], by gas chromatographic analyses conducted on an Agilent 7890A
gas chromatograph (Agilent Technologies, USA) with a flame ionization detector (FID). The gas chromatograph was
equipped with a 30 m x 0.32 mm i.d. x 0.25 um film chromatographic column HP-5. The chromatographic conditions
were set as follows: injection at 60 °C oven temperature (injector temperature 250 °C, detector temperature 300 °C),
1 min hold, with the temperature increase programmed at 4 °C-min~1to 300 °C. Velocity of hydrogen, that was used as
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a gas carrier, was 30 cm-s™t. Data were processed using the ChemStation software from Agilent Technologies. All
experiments were carried out two times, and the average values are presented.
The sorption capacity g and the removal efficiency of diesel WSF were calculated according to the following equations:

ge = (Co-Ce) / mV (1)

R =(Co-Ce) / Co 100 (2)

where C. and G, are the equilibrium and the initial concentrations, respectively; V is the volume of the solution and m is the weight
of the sorbent.

2. 4. Eco-toxicity test

Bacterial strain Aliivibrio fischeri NRRL B-11177 (Macherey-Nagel GmbH & Co. KG, and Duren, Germany) was used for
evaluation of acute eco-toxicity of water contaminated with diesel fuel before/after treatment with biochar. The test was
performed according to [12], using freeze-dried bacteria and BioFix® Lumi-10 (Macherey-Nagel GmbH & Co. KG, Duren,
Germany). Tested samples were prepared so that the pH was between 6.5-7.5 and NaCl concentration was 20 g dm.
Freeze-dried bacteria were suspended in the reconstitution solution according to the manufacturer’s instructions. Bacteria
were incubated at 15 °C at several dilutions of the initial sample with 20 mg dm WSF (50, 25, 12.5, 6.25 and 3.125 %) for
15 min. The results were expressed as percent of inhibition and the effective concentrations causing 50 % luminescence
inhibition (ECso values) were calculated. All tests were performed in triplicates.

3. RESULTS AND DISCUSSION

3. 1. Sorbent characterisation

The results of PS-B characterisation along with characterisation of the initial material (PS) which was performed
previously [13] are presented in Table 1.

Table 1. Elemental compositions of the peach stone feedstock (PS) and derived biochar (PS-B)

N C H S O** H/C 0o/C

Content, %
pPS* 0.27 47.42 6.06 0.21 46.04 0.13 0.97
PS-B 0.30 69.37 2.74 <0.10 27.49 0.04 0.40

*data reported in [13]; **calculated as difference from 100 %

PS-B was prepared by pyrolysis, which has a great effect on the properties of biochar. Pyrolysis favours the removal of
H and O over C, because the volatile components, which form a significant fraction of the surface functional group
elements, are progressively lost during this process, thus leading to biochars with higher C concentration [14].

Ratios H/C and O/C are used to determine the degree of aromaticity and hydrophilicity in biochar [15]. The H/C ratios
of PS and PS-B are 0.13 and 0.04, respectively. Lower H/C ratio indicates the stronger aromatic and stable structure of
biochar. Also, the PS-B sample has a lower O/C ratio than PS, which is caused by the lower number of polar functional
groups on the surface of PS-B. Onorevoli et al. [16] also obtained lower H/C and O/C ratios for lignin biochar, compared
to the native sample.

The pHsus of biochar suspended in water was found to be 5.76, which is higher compared to the pHsus of the raw
material (4.10). This increase in pH might be a consequence of the increased concentration of inorganic elements, which
are not pyrolized, already present in the original feedstocks, such as alkali ions and carbonates formed by Na*, K*, Mg?*
and Ca%*ions [17].

The SEM micrograph (Fig. 1) showed that the pyrolysed sample mostly retains its original structure similar to the
raw PS biomass [8], presented in Figure D-1 (Supplementary material). As can be seen from Fig. 1a, the SEM micrograph
indicated that PS-B contains large (20-30 um) and small (1-3 um) diameter pores where the smaller ones are located
inside the larger pores. Amounts of detected elements are presented in Figure 1b. Gold was observed because of the
sample preparation. EDX analysis results are consistent with the elemental composition of the derived biochar (PS-B)
(Table 1).
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DX analysis of the biochar sample (PS-B): a) SEM micrograph; b) EDX analysis results

According to the BET analysis the specific surface area (SSA) increased from 0.545 m? g* (PS) to 159.1 m? g (PS-B)
after the thermal treatment, which is highly beneficial for sorption processes by biochar. The increase in SSA occurs due
to the destruction of organic groups and formation of micropores in biochar after high temperature treatment [15]. BET
analysis results also showed that the average pore diameter drastically decreased from 28.5 nm for PS to much lower
pore diameter for PS-B which is 2.7 nm, both falling in mesopores range (2-50 nm). It is evident that the obtained
material PS-B has highly developed micro- and meso- pore structures in comparison to PS. According to the literature
[18] biomass rich with lignin develops macro- porous biochar, while biomass rich in cellulose develops a predominantly
microporous biochar after pyrolysis. Since raw PS has 58.0 % cellulose and 16.5 % lignin, such structure can be expected
after the thermal treatment at 500 °C [19].

FTIR spectra (Fig. 2) of raw peach stones (PS) showed absorption bands at 3340, 2920, 1422 and 1230 cm™* which
disappeared after pyrolysis.
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Figure 2. FTIR spectra of the raw material (PS) and biochar (PS-B)

These peaks can be attributed to the hydroxyl (—OH) stretching, alkane —CH2 symmetric stretching, in-plane bending
of carbonyl (—COH) and alkane —CH2 symmetric stretching, respectively [20]. As a result of hemicellulose degradation
after pyrolysis the prominent peak at 1736 cm™ assigned to aromatic carbonyl or carboxyl C=0 stretching of carboxylic
acids or their esters has disappeared too [21, 22]. There are clear shifts which correspond to —COO- from 1592 to 1580
cmand asymmetric C-OC bridge stretching from 1156 cm™ in PS to 1166 cm™ for PS-B. Lessening of peaks in the
fingerprint region is the result of lignin depolymerisation. When the pyrolysis reaction temperature is within the range
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of 150-400 °C lignin depolymerisation starts with the cleavage of weak linkages (most of the ether linkages are destroyed
including B-0-4, which is one of the most abundant linkages within the lignin molecule [23]). Disappearance of the peak
at 1233 cm™ confirms this process because this peak is attributed to C-O-C stretching from aryl-alkyl ether linkage (i.e.
o and B-0-4 linkages) [24]. Peaks recognized in the region of 700 and 900 cm™ originated from aromatic compounds.
FTIR spectra presented in Figure 2 reveal the evolution of aromatic functional groups replacing aliphatic groups of raw
biomass; they show an increase in aromatic carbon in the biochar sample. At a temperature of 500 °C, aliphatic radicals
rich in oxygen from lignin and hemicellulose are nearly entirely volatilized; carbon chains that remain reorganized are
creating polycondensed aromatic structures [25].

3. 2. Sorption kinetics results

Adsorption kinetics profiles of diesel WSF to the biochar over time are shown in Figure 3. As it can be seen (Fig.3.a),
the sorption is initially fast, the WSF concentration dropping from the initial 20 mg dm™ down to 4.2 mg dm3 after only
30 min of contact time, where more than 79% of the initial pollution is removed. The WSF removal was initially fast and
then decreased towards accomplishing the equilibrium. The adsorption rate was higher during the first hour because of
the presence of active sites on the biochar surface. The equilibrium is attained after 5 h with the maximum removal
percentage of approximately 95 % at the investigated experimental conditions. Experimental kinetic data were further
modeled by using nonlinear forms, as recommended in [26], of the three most common models: pseudo-first order [27],
pseudo-second order [28] and Elovich [29], which is shown in Figure 3b.
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Figure 3. Sorption kinetics: a) experimentally determined diesel WSF concentration (C;) and removal percentage (R) over time;
b) sorbed WSF per mass of PS-B (q:) as a function of time: experimental data (symbols) and the best fit predictions of the pseudo-
first and pseudo second order kinetics and Elovich’s equation (lines)

As it can be seen, the best fit was obtained by using the pseudo second order kinetic model, with the correlation
coefficient (R?) equal to 0.989 and low chi-factor (x?) of 0.006, indicating the sorption mechanism that is limited by
bonding forces through electrons sharing between the sorbate (diesel WSF) and the sorbent (PS-B), and implying that
chemical process might be the limiting step in diesel sorption [30]. Application of the Elovich model does not fit any
experimental data, over-estimating the equilibrium stage at the same time.

Previous reports on sorption kinetics by biochars of other origins suggest that pseudo second order kinetics govern
most of the sorption processes in which the cellulose containing porous adsorbents are involved. For example, Cai et
al. [31] have investigated the potential of crab shell biochar in sorption of diesel oil and reported that the adsorption
process by the KOH modified biochar was well described by the pseudo-second-order model, indicating similar
mechanism as that in the present work. Barman et al. [32] have shown that pseudo second order kinetics best described
the PAH sorption process onto alkali modified biochar made from Indian almond nut shells, indicating that the limiting
factor is chemical interaction such as electron sharing or exchange amongst the adsorbate and adsorbent species. They
have also optimised sorption conditions based on the Derringer’s desirability factor and reported that the initial PAH
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concentration should be 5.43 mg dm™ for the highest removal efficiency at the experimental conditions applied. This
concentration falls in the range of investigated concentrations performed in the present study.

3. 3. Isotherm determination results

The relation between the equilibrium activity or concentration of the sorbent and the quantity of sorbate on its
surface (at the constant temperature) is usually employed to describe adsorption behaviour. According to literature
[33], there are five types of adsorption isotherms, each attained under unique conditions. The experimental adsorption
isotherm determination results were modeled by using different isotherm types, but the shape of the obtained data
(Fig. 4) indicated the Freundlich model as the only appropriate. This model is widely applied in heterogeneous systems
especially for adsorption of organic compounds or highly interactive species on activated carbon and molecular sieves.
The Freundlich isotherm equation [34] is given by:

Qe= Ks Cel/n (3)

where ge is the sorption capacity at equilibrium, K is the Freundlich constant, Ce is the equilibrium concentration of
the sorbate in the solution, and 1/n is the Freundlich heterogeneity factor.
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Figure 4. Experimental isotherm data and nonlinear Freundlich model fit of diesel WSF sorption onto PS-B

Sorption of diesel WSF onto PS-B follows the pattern of type Ill isotherm, which reflects no saturation limit, and
indicates a multi-layer formation after completion of the monolayer, where the adsorbate interaction with the adsorbed
layer is greater than the interaction with the adsorbent surface. Such behavior is most often found in sorbents with a
wide distribution of pore sizes, where after the first point of inflexion when a monolayer is completed, the subsequent
sorption process occurs in successive layers.

The isotherm shape shown at Figure 4, may also be referenced as the H-type (high-affinity) isotherm which is
indication of strong sorbate—sorbent interactions such as formation of inner-sphere complexes [35]. The value of 1/n,
the Freundlich heterogeneity factor, might range from 0 to 1, in the case of chemisorption [36], while the values higher
than 1 imply cooperative adsorption. In the case of diesel WSF sorption onto PS-B, the value of 1/n was determined as
0.705, which indicates the chemisorption nature of this sorption process. This may well be reasonable, since the thermal
conversion of biomass involves fracturing of most of the chemical bonds initially present in the biomass and many of
these bonds are left “dangling”, giving rise to chemisorption properties of the pyrolysed product [37].

The isotherm data were also fitted by the Langmuir isotherm model, which resulted in a lower coefficient of
determination, R?, and a higher y? value (Table D-1, Supplementary material, S.2), but the obtained maximal capacity,
gm, Was used to compare sorption performance of PS-B toward diesel oil fractions with other sorbents found in
literature. As it can be seen (Table D-2), the obtained maximum sorption capacity (gm= 64.97 mg g*) falls in the range
of published values, indicating that peach stone biochar can be efficiently used as a sorbent for diesel oil WSFs.
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3. 4. Eco-toxicity tests

The increased use of diesel fuel raises the likelihood of aquatic contamination due to accidents in the production
and transportation of these fuels [38]. It was shown that diesel fuel has a negative impact on living organisms [38,39],
which is why the biological monitoring is of particular interest when assessing the effectiveness of remediation methods.
Aliivibrio fischeri bioluminescence inhibition bioassay is a rapid, sensitive and cost effective method for the toxicity
monitoring [40].

Results of the acute ecotoxicity test on the bacteria Aliivibrio fischeri are shown in Figure 5. Untreated water
contaminated with diesel (control-C) causes 80 % of bioluminescence inhibition with the ECso value of 11.7 £ 1.5 %. The
inhibition level is concentration dependent, where higher concentrations cause higher inhibition. After the treatment
with biochar (BT), bioluminescence inhibition dropped to around 30-40 %, regardless of the concentration. These results
indicate a decrease in toxicity of diesel WSF on Aliivibrio fischeri after water treatment by biochar PS-B.
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Figure 5. Ecotoxicity of water contaminated with diesel WSF before (C) and after treatment with biochar (BT); results are expressed
as the percent of bioluminescence inhibition and are the average of n=3. Different bars represent different dilutions of the initial
sample with 20 mg dm-3 WSF

4. CONCLUSION

Environmental challenges have rapidly grown over the last decade. This is a clear indication that both scientists and
natural resource managers should put efforts to investigate the potential of renewable, waste materials, which should
be considered as valuable sources. Biochar and its proper applications have potentials in solving these pollution
problems. An especially attractive aspect of biochar application is its potential to reduce pollution caused by diesel oil,
facilitating efforts in achieving a more circular economy. In this concept, waste streams, such as peach stones, are
reutilized from landfills to produce efficient sorbents. In this paper, pyrolysed waste peach stone feedstock was
efficiently used as a sorbent for removal of WSF of diesel oil. This fraction most often represents a serious risk for aquatic
organisms and for human health as well. Results presented in this paper show that the pyrolysed sample contains a
large multi porous surface area, rich in surface functional groups, with increased aromaticity compared to the native
sample. Sorption kinetics followed the pseudo second order model, suggesting that chemisorption mechanism occurs;
this was also confirmed by isotherm studies, which indicated a high-affinity multilayer chemisorption process without
reaching the maximum sorption capacity. This study also demonstrates that the application of peach stones biochar
sorbent in contaminated water polluted by diesel WSF decreases its toxicity on Aliivibrio fischeri and opens the door for
further investigation of its potential application. The obtained results support the concept of using biochar to reduce
diesel oil pollution from contaminated water streams, which in the same time reduces the amount of landfill wastes
and decreases greenhouse gas emissions (by carbon sequestering).
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SAZETAK

Uklanjanje zagadenja dizela sorpcijom na biocadi — podrska remedijaciji kontaminiranih voda

Zorica Lopici¢?, Jelena Avdalovié?, Jelena Milojkovic¢l, Anja Antanaskovié!, Marija Lje3evi¢?, Nikoleta Lugonja? i

Tatjana Sostari¢!

Iinstitut za tehnologiju nuklearnih i drugih mineralnih sirovina, Beograd, Srbija

2Universitet u Beogradu — Institut za hemiju, tehnologiju i metalurgiju, Centar za hemiju, Beograd, Srbija

(Naucni rad)

Precis¢avanje voda zagadenih dizelom predstavlja jedan od glavnih izazova u
tretmanu otpadnih voda. Frakcija rastvorna u vodi (engl. water soluble fraction,
WSF) je narocito vaZna, obzirom na njenu direktnu toksi¢nost po vodene organizme,
kao i na granicne vrednosti postavljene zakonskom regulativom. Sorbenti na bazi
bioc¢adi privlace znacajnu paznju istraZivaca, zbog na njihove ekonomske isplativosti
i svojstva koja doprinose velikim sorpcionim kapacitetima. U ovom radu prikazane
su sinteza i karakterizacija bio¢adi dobijene od otpadnog lignoceluloznoog
materijala kostice breskve, i ispitana je moguéa primena ovog materijala kao
sorbenta u uklanjanju rastvorne frakcije dizela iz kontaminiranih voda. Fizicko-
hemijske karakteristike bioc¢adi analizirane su primenom skenirajuce elektronske
mikroskopije (SEM) i infracrvene spektroskopije sa Furijeovom (Fourier)
transformacijom (FTIR) zajedno sa elementarnom organskom analizom dok je
specificna povrsina odredena primenom BET (Brunauer — Emmett — Teller) metode.
Karakterizacija biocadi kostice breskve pokazala je multiporoznu strukturu velike
specificne povrsine (159.1 m2g1) sa prosecnom veli¢inom pora 2.7 nm. Rezultati
FTIR analize su ukazali na vece prisustvo aromaticnih jedinjenja u bio¢adi u odnosu
na nativni uzorak. Sorpcioni eksperimenti izvedeni u SarZznom sistemu pokazali su da
je procenat uklanjanja rastvorene frakcije dizela vec¢i od 95 % pri inicijalnoj
koncentraciji od 20 mg dm-3 i sadrzaju bio¢adi od 1.5 g dm-3, uz postizanje ravnoteze
nakon 5 h. RavnoteZni podaci su najbolje opisani Frojndlihovom izotermom, dok je
jednacina kinetike pseudo-drugog reda najbolje opisala kineticke podatke, ukazujuci
na proces hemisorpcije koji ukljuCuje valentne sile kroz izmenu/delenje elektrona
izmedu sorbata i biocadi. Ekotoksikoloski testovi su pokazali smanjenje ekotok-
si¢nosti na Aliivibrio fischeri nakon tretmana voda uzorkom biocadi.

Kljucne reci: naftni ugljovodonici;
otpad iz prehrambene industrije; piroli-
zovana biomasa; sorpcija; ekotoksikologija
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Thermal conductivity analysis of Al,0s/water-ethylene glycol nanofluid
by using factorial design of experiments in a natural convection heat
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Abstract

Thermal conductivity of a heat transfer fluid plays a significant role in improving the heat ORIGINAL SCIENTIFIC PAPER
transfer performance of a heat exchanger. In this work, experiments were performed in a
natural convection heat transfer apparatus by mixing homogenized Al,03 nanoparticles in a
base fluid of water-ethylene glycol mixtures. The effects of heat input, nanoparticle volume
content in the base fluid, and ethylene-glycol volume content in the base fluid on thermal
conductivity of the nanofluid were analyzed. Based on results obtained by MINITAB® design Hem. Ind. 75 (6) 341-352 (2021)
software (factorial design matrix), 16 experimental runs were performed with the lower and
higher levels of input factors. The levels for heat input were 10 and 100 W; for nanoparticle
volume content in the base fluid 0.1 and 1 vol.% and for the base fluid composition 30 and
50 vol.% of ethylene glycol in water. From the obtained experimental results, a Pareto chart,
normal probability plot, contour plot and surface plot were drawn. Based on the results, a new
correlation was proposed, and predictions were compared with the experimental results. From
the study, the maximum thermal conductivity value 0.49 W m™ K1 was observed at a
nanoparticle volume content in the base fluid of 1.0 vol.%, ethylene glycol volume content in
the base fluid of 30 vol.% and heat input of 100 W.

UDC: 52-334.6:661.183.8+
661.725.822:519.242.7

Keywords: heat exchanger; base fluid; Minitab; nanoparticle; contour and surface plots.

Available on-line at the Journal web address: http://www.ache.org.rs/H,

1. INTRODUCTION

Transfer of heat to and from the process fluid is an essential part of most chemical processes [1]. The initial idea on
using solid nanosized particle suspensions in a liquid fluid for enhancing the thermo-physical properties of conventional
heat transfer fluid was coined by Choi et al. [2]. They proposed both metals and metal oxides nano-suspensions in their
invention. This idea gives a pathway to engineers to explore nanofluid applications in heat transfer processes. It was
shown in the literature [3,4] that Al203 nanoparticle addition provides suitable thermal conductivity enhancement of a
base fluid (water- ethylene glycol mixture) at minimal amounts of the nanoparticle additive. In another experimental
work [5] with synthesized Al.Os nanoparticles it was concluded that the nanoparticle material properties, nanoparticle
volume content in the base fluid, bulk temperature, and nanoparticle size, all played a significant role in the
improvement in thermal conductivity of base fluids. Also, in the experimental study in a horizontal tube with alumina
nanofluid [6] it was reported that the Nusselt number of the nanofluid under turbulent flow increased with the
nanoparticle concentration as well as the Reynolds number. Addition of nanoparticles was shown to enhance the overall
heat transfer (e.g. addition of Al203 nanoparticles (0.01 vol.%) to therminol 55 [7], addition of copper nanoparticles
(0.1 wt. %) to water [8] as well as the thermal conductivity of the base fluid (e.g. addition of graphene nanoparticles [9],
TiO2 and ZnO nanoparticles [10-12], Al20s, ZnO, and TiO2 nanoparticles in ethylene glycol-water mixtures as well as
addition of Al203,Cu0O to water [13,14]). Furthermore, it was reported that in order to increase the thermal conductivity
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particle size should be smaller [15]. Also, the overall heat transfer coefficient in a plate heat exchanger improved up to
30% at 6 vol.% Al.0s nanofluid [16]. Thermal conductivity was enhanced by addition of copper oxide nanoparticles to
water and ethylene glycol base fluids as compared to addition of microparticles [17], which was attributed to the smaller
particle size and uniform dispersion of nanoparticles in the base liquid.

Higher nanoparticle concentrations were reported to increase the heat transfer coefficient [18,19] as well as the
thermal conductivity [20] but decreases the specific heat capacity [21]. On the contrary, in the study by Pandey et al. [22]
of Al,Oz/water nanofluid in a plate heat exchanger, it was found that the heat transfer behaviour improved with a
decrease in the nanoparticle concentration. Heat transfer in experimental Al.Os nanoparticle-water systems was also
studied regarding determination of the Nusselt number [23,24]. The base fluid also has an influence on the overall heat
properties of a nanofluid [25]. Hence, it was shown that the heat transfer enhancement was higher for Al,Oz/ethylene
glycol nanofluid compared with Al2Os/water nanofluid [26]. Factorial design is a useful tool for studying the effects of
several individual independent variables simultaneously and it was used to analyse a TiO2-ZnO hybrid nanofluid and the
effects of nanoparticle content, operating temperature, and channel height on heat transfer performance in a micro
channel heat exchanger [27]. All the investigated input factors were found to significantly affect the thermo-physical
properties of the prepared nanofluid. The summary of literature review is presented in Table. 1

Table 1 Summary of selected literature review
Ref.  Nanofluid, base fluid and concentration  Equipment used Results of the study
Thermal conductivity ratios increase almost
linearly with the content tested up to 0.05
vol.%, but at different rates of increase for each
system

Al>O3, CuO/water, EG* and 1-5 vol.% of

CuO and Al;03 in water. Heat exchanger

(3]

Al203, ZnO, TiO2, CuO, Fe20 d CeO2/EG . .
203, 2n0, Ti0z, CuO, Fe20z, and CeOf Steady state  The highest thermal conductivity enhancement

[4] and 0.5, 1.5, 3.0 and 4.0 vol.% of 0
nanoparticles in the base fluid parallel plate at 4 % volume content
[27] Copper-water, 0.1 wt.% of copper Micro heat 42.1 % enhancement in the heat transfer
nanoparticle in water exchanger coefficient

A linear regression equation was proposed for
Heat exchanger estimation of the thermal conductivity ratio
based on temperature and volume content
Nusselt number of the nanofluid under
[6] Al,Oz/water Horizontal tube turbulent flow increased with nanoparticle
concentration
Heat transfer rate from the main vessel to the
Reactor safety vessel was increased significantly by the
addition of nanoparticles
Thermal conductivity and heat transfer

CuO/water, Al,0s/water and 2—10 vol.% of
Al>O3z in water

(5]

Al,03-Therminaol 55, 0.01 vol.% of Al>Osz in

7] the base fluid.

[9-11] graphene, TiO2 and ZnO / EG-water Plate heat coefficient were directly enhanced with
exchanger
addition of the prepared nanoparticles
. . Plate heat Linear equations were proposed to determine
1
[13] Alz20s (particle size 36 and 47 nm) exchanger the heat transfer coefficient
Plate heat Overall heat transfer coefficient
16 A0 ter 6 vol.% of Al2Os i t
[16] 20s/water 6 vol.% of Al20s in water exchanger improved up to 30%
[14] Copper/water Moving wedge Observed an improvement in thermal radiation
Increase in Reynolds number and nanoparticle
concentration, led to increase in the heat trans-
[18] Al,Oz/water Heat exchanger

fer coefficient particularly at the entrance
region

Natural convec-
[23] Al,Oz/water tion heat transfer
apparatus

Correlation was provided in order to determine
the Nusselt number
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Ref.  Nanofluid, base fluid and concentration ~ Equipment used Results of the study
Heat transfer coefficient enhanced significantly
with the nanoparticle addition
Observed significant improvement in heat

[19] y- Al203 in water Corrugated cavity

Sn0y, Al,03, Cu20, ZnO, Ti0, SiO,, CuO,

[25] Cu, Fe20s3, SiC, and MWCNT** Solar stills transfer performance of solar stills
Inside circular Heat transfer enhancement was higher for
[26] Al,O3 water, Al203 EG tubes Al,03/EG nanofluid compared to Al.Os/water
nanofluid
(2] ALOs/water Corrugated plate Heat transfer behaviour improved with a
heat exchanger decrease in the nanoparticle concentration
U-tube heat Maximum increment in the Nusselt number
[24] Al,O3/water exchanger occurs at the maximal Reynolds number and
nanoparticle volume content
At a constant Reynolds number, the heat
Plate heat

[13] Al,Oz/water transfer was better than that of the base fluid
exchanger . . .

due to the increase in the thermal conductivity
Thermal conductivity of nanofluids mainly
depended on the particle size, nanoparticle

Al>03, CuO, SiO2, ZnO/PG***, water and

[20] . Heat exchanger .
6 vol.% of nanoparticle in water volume content, temperature, and properties
of particles and the base fluid
. All input factors significantly affected the
. . . Micro channel . .
[27] TiO2-ZnO hybrid nanofluid water thermo- physical properties of the prepared

heat exch i
eat exchanger nanofluid

*EG — ethylene glycol; **MWCNT — Multi Walled Carbon NanoTube; ***PG — Propylene Glycol

From the introduction of the concept “nanofluid”, many research studies explored the unique properties and capa-
bilities exhibited by these new engineered fluids. Literature search shows that many studies concentrated on size reduction
of heat exchangers and utilization of lower volumes of heat transfer fluids based on beneficial heat transfer properties of
these energy efficient fluids. Although nanofluids exhibit many advantages, there are certain weaknesses found in
applications. Some of the common problems associated with the application of nanofluids in heat exchangers in real time
situations are fouling and surface erosion. The other weaknesses are high costs of energy and materials. From the literature
review, it was noted that miniature heat exchangers are more efficient with better performance of nanofluids.

Several studies in literature were conducted to determine the effects of nanoparticle addition on thermal
conductivity and heat transfer enhancement of the base fluid in different heat exchanger geometries. However,
application of full factorial designs to analyze the influence of various input factors on the thermal conductivity is not
often found in literature. In the present work, an experimental study was performed in a natural convection heat
transfer apparatus with Al.Os/water-ethylene glycol mixture. The effects of input factors such as heat input (Q),
nanoparticle volume content, and base fluid composition on the thermal conductivity as the output response were
analyzed by using a Pareto chart, normal probability plot, contour plot and a surface plot. The optimized results obtained
from the developed model are validated with the experimental results.

2. EXPERIMENTAL

2. 1. Nanofluid and base fluid preparation

Al>03/water-ethylene glycol nanofluid used in the present study was prepared by using a two step method. Distilled
water was used while EG was of technical grade and purchased from Global Scientific Company (India) and the Al,03
nanoparticles (80 nm in size, 99 % purity) purchased from Sigma Aldrich (India) were suspended in two EG-water
mixtures with different volumetric ratios of EG : water i.e. 30 : 70 and 50 : 50 %. The nanoparticles were added to the
base fluid (water-EG) mixture to yield two volume content (¢= 0.1 and 1 vol.%) that are calculated by the equation (1):
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_ (mlp)y,,
)0, +(m/P) e

where (m/p)aio0, represents the nanoparticle volume (i.e. ratio of the nanoparticle mass and density (3500 kg m?, [23])
while (m/p)w:s represents the base fluid volume (calculated as the ratio of the water-EG mixture mass and density
where density was determined using specific gravity bottle.

In order to prepare a stable nanofluid, in the second step a high-pressure homogenizer (VS-500 Ltrs, Vino Technical
Services, India) was used in our study for 180 min.

This prepared nanofluid was found to be stable in the operating temperature range (45 to 60 °C), evident from visual
observation in the range of concentrations, as particle settling was not observed. It was also noted that the particles
were homogeneously dispersed throughout the base fluid in an acceptable manner and ensured a good nanofluid
suspension because of the use of the high-pressure homogenizer.

(1)

2. 2. Experimental procedure

The mechanism involved in natural convection heat transfer is the motion of fluid caused only due to a density
difference resulting from temperature gradients without the use of external agents. The experimental set up of natural
convection heat transfer apparatus is shown in Figure 1. The experimental setup consisted of a vertical stainless-steel tube
of diameter (d) 45 mm and length (L) 500 mm with an electrical heater coil along the axis of the tube enclosed in a duct.
Temperature was measured along the length of the plate by thermocouples embedded beneath the heated surface.
Control panel instrumentation consisted of a multi channel digital display with a temperature indicator displaying surface
temperatures T1 to 77 and ambient temperature Ts and a digital ammeter and voltmeter (Legion, India). Heat input is
provided by an electrical heating element. For measuring the surface temperature along the tube, thermocouples were
inserted at different heights. In order to minimize radiation loss, the tube surface was polished. Temperature and voltage
measurements associated with the electrical voltage and current supplied for heating were recorded. By increasing the
power level, the system was allowed to stabilize, and temperature was recorded. The experiment was performed at various
combinations of input parameters determined by the MINITAB factorial design of experiments. Thermal conductivity of
the nanofluid was measured with the use of a thermal conductivity meter (Scientico, India).

Diaofthetube -0.045m
Length of the tube - 0.5m

HEAT TRANSFER IN NATURAL CONVECTION

Vertical Stainless Steel Tabe

4 N
Heat Input

Temperature Selector Switch

Figure 1. Experimental natural convection heat transfer apparatus
2. 3. Factorial design and analysis

2. 3. 1. Input parameters and their levels

Each experimental operating condition is a “Run", the output response is an “Observation” and the entire set of runs
is the "Design" [28,29]. Two-level full factorial design was employed with two replications, which provides 16 experi-
mental combinations. The response factor “thermal conductivity” is measured at all combinations of the experimental

344 @




P. M. SRINIVASAN et al.: THERMAL CONDUCTIVITY OF AL,O3/WATER-ETHYLENE GLYCOL NANOFLUID

Hem. Ind. 75 (6) 341-352 (2021)

factor levels as provided by the design software. Table 2 shows the design summary and factors and levels for the full

factorial design applied in the present study.

Table 2. Design summary and factors and levels for the full factorial design

Factors 3
Base design 3,8
Number of experimental runs 16
Replicates 2
Blocks 2

Level
Input factors Code Low High
Heat input, W A 10 100
Nanoparticle content in the base fluid, vol.% B 0.1 1.0
EG content in the base fluid, vol.% C 30 50

Statistical analysis is used to investigate the significance of the input factors (A, B, C) and their interactions on the

output response (thermal conductivity - Kn).

3. RESULTS AND DISCUSSION

In order to measure nanoparticle size, size distribution and its morphology, Transmission Electron Microscopy (TEM)

technique was used. Table 3 provides the experimental results of the full factorial design for 16 experiments with 3

input factors (A: heat input, B: nanoparticle volume content in the base fluid, C: EG volume content in the base fluid)

and one output variable (thermal conductivity of the nanofluid) at the approximate temperature of 50 °C.

Table 3. Experimental results of the full factorial design

Factorial input variable

B
Nanoparticle C Response
Standard A contentinthe EG contentin the variable,
order Run order Q/WwW base fluid, vol. % base fluid, vol.% Knf / W mK? Tavg / °C

4 10 0.1 30 0.4850 49.2
2 1 100 0.1 30 0.4890 52.9
3 3 10 1.0 30 0.4750 49.4
4 5 100 1.0 30 0.4930 52.6
5 7 10 0.1 50 0.4390 51.2
6 6 100 0.1 50 0.4450 53.2
7 8 10 1.0 50 0.4660 51.4
8 2 100 1.0 50 0.4780 524
9 15 10 0.1 30 0.4860 51.6
10 14 100 0.1 30 0.4895 54.1
11 12 10 1.0 30 0.4760 49.5
12 9 100 1.0 30 0.4935 52.0
13 11 10 0.1 50 0.4395 49.7
14 10 100 0.1 50 0.4455 53.9
15 16 10 1.0 50 0.4670 49.6
16 13 100 1.0 50 0.4788 49.3
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The measured thermal conductivity for 30 % EG : 70 % water is 0.45 W m1 K and for 50 % EG : 50 % water is
0.4295 W m1 K. The thermal conductivity obtained for the 0.1 vol.% of nanoparticle volume content in the base fluid,
10 W heat input and 30 % EG : 70 % water is 0.439 W m1 K%, whereas the value is 0.493 W m™ K for 30 % EG and 70 %
water with 1 vol.% of nanoparticle volume content in the base fluid and 100 W heat input. Knf of pure water is 0.598 W m-
1Kt and for Ethylene Glycol is 0.258 W m K. Hence it was noted from the study that 9.55 % improvement in the
thermal conductivity of 30 % EG : 70 % water base fluid, by the addition of nanoparticle content of 1.0 vol.%. The
observed thermal conductivities of Al203 nanofluids were analysed by using the factorial fit and ANOVA results for
thermal conductivity values versus input variables A, B, and C as shown in Table 3. The ANOVA analysis is used to test
the significance of main effects and interaction effects on the output response (thermal conductivity, Knr).

A second order polynomial equation was derived from the observed data by MINITAB® statistical software (Minitab
lic, US), by using a multiple regression analysis. The objective of the equation is to articulate the relationship between
factors and the response. The second order polynomial equation in its coded form is:

Knf = 0.00981A + 0.013568B - 0.02856C + 0.00494AB - 0.00094AC + 0.01656BC - 0.0021ABC (2)

The maximum thermal conductivity of 0.493 W m2 K was observed at the operating conditions (30 % EG : 70 % water,
1 vol.% of nanoparticle volume content in the base fluid and 100 W heat input) and it is consistent with the thermal
conductivity determined by the Eq.(2).

3. 1. Pareto chart for thermal conductivity of Al.Os/water-EG nanofluid

A Pareto chart is drawn for identifying the significant input factors and differentiating these factors from the
insignificant ones in experiments performed. Figure. 2 shows the Pareto chart drawn for thermal conductivity as the
output response for three input factors A, B and C. Pareto charts show the absolute values of the standardized effects.
The standardized effects are t-statistics that test the null hypothesis that the effect is 0. If the error term has one or
more degrees of freedom, the red line on the Pareto chart is drawn at t, where t is the (1 — a/ 2) quantile of a t-
distribution with degrees of freedom equal to the degrees of freedom for the error term. Minitab labels this graph
Pareto Chart of the Standardized Effects. Minitab identifies important effects using Lenth's pseudo standard error (PSE).
The red line of the Pareto chart is drawn at the margin of error (ME =t PSE). In Minitab Pareto chart, the factors crossing
the margin of error (reference line) indicates significant factor. Hence it is revealed from the chart that the bars
representing all the factors and their interactions cross the reference line (i.e., 2.4) indicating these factors as significant
with respect to thermal conductivity. These factors show statistical significance of the present model at the 0.05 level
of significance.

2,4

I

BC 1

AB 4

ABC 4

AC 1

0 20 4 60 80 100 12 140 160 180
Standardized effect of thermal conductivity, a.u.
Figure 2. Pareto Chart for thermal conductivity of Al,Os/water-EG nanofluid at the significance level of 0.05
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3. 2. Normal probability plot for thermal conductivity of Al.O3/water-EG nanofluid

A normal probability plot indicates the relationship among the input-output variables involved in an experiment.
Figure 3 shows the normal probability plot of the standardized effects for the thermal conductivity as the response. In
normal probability plot, the factors far from 0 (red line) are statistically significant. Positive effects increase the output
response (thermal conductivity), whereas negative effects decrease the response when the settings change from the
low-level value of the input factor to the high-level value.

Hence the factors A, B, AB and BC have a positive standardized effect and factor C has negative standardized effect
on the response. According to the Figure 3, the factors AC and ABC are slightly significant.

100
%0 BC
80
70

&0 A

50 AB

Percentage
of variance, (%)

40
AC

30

ABC
20

10

0

-200 -150 -100 -50 0 50 100
Standardized effect of thermal conductivity, a.u.
Figure 3. Normal probability plot of the standardized effect for thermal conductivity of Al,Os/water-EG nanofluid

3. 3. Main effect, interaction and cube plots for thermal conductivity of Al.O3/water-EG nanofluid

Main and interaction effects of various input factors are analysed by corresponding plots as shown in Figure 4.

The main effect is obtained when the mean response changes across the levels of an input factor. Interaction and
cube plots are used to compare the relative strength of each effect across factors. Figure 4(a) shows the difference
between the level means for the factors A, B and C. Based on the results it can be deduced that the order of significant
factors are B, C and A. Figure 4(b) shows the interaction effects of Al.03 nanoparticle addition on thermal conductivity
of water-EG base fluids. It can be observed that factor B (nanoparticle volume content in the base fluid) shows a
significant effect on thermal conductivity. A similar trend was observed in the cube plot for thermal conductivity of the
nanofluid as shown in Figure 4(c). This positive effect is due to the fact that solids have higher thermal conductivities
than liquids, hence the thermal conductivity of a base fluid increased significantly.

3. 5. Contour and surface plots for thermal conductivity of Al.03/water-EG nanofluid

Figure 5 shows the two-dimensional contour plot with input variables heat input, nanoparticle volume content in
the base fluid and base fluid composition. For drawing the contour plot, significant factors identified from ANOVA results
were taken (i.e., factors B and A are significant). Thermal conductivity (output response) varied between 0.476 and
0.492 kW m™ K! based on variations of B (nanoparticle volume content in the base fluid) and A (heat input). With
increasing the nanoparticle concentration and heat input, thermal conductivity also gradually increased.

Figure 6 provides the surface plot for thermal conductivity with respect to input factors B and A. A similar pattern as
in the contour plot can be observed that is, thermal conductivity gradually increased with respect to both the
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nanoparticle volume content in the base fluid and heat input. The reason for the enhancement is due to the mixing of

high conductive solid nanoparticles with the liquid.
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Figure 4. Plots showing relationships between factors and the response (thermal conductivity of Al,Os/water-EG nanofluid):

a - main effects plot; b - interaction plots; c - cube plot
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Figure 5. Contour plots for thermal conductivity of
Al,0s/water-EG nanofluid: (a) function of nanoparticle volume
content in the base fluid and heat input; (b) function of
nanoparticle volume content in the base fluid and EG content
in the base fluid; (c) function of heat input and EG content in
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Figure 6. Surface plot for thermal conductivity of Al,Os/water-EG
nanofluid: a - function of nanoparticle volume content in the
base fluid and heat input; b - function of nanoparticle volume
content in the base fluid and EG content in the base fluid;

¢ - function of heat input and EG content in the base fluid
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4. CONCLUSION

Variations of thermal conductivity of nanofluids based on a suspension of Al.03 nanoparticles in mixtures of ethylene
glycol and water as a base fluid were analyzed by the application of a full factorial design of experiments (23 full factorial
design matrix), and the influences of heat input (A), nanoparticle volume content in the base fluid (B) and ethylene
glycol volume content in the base fluid (C) were studied in a natural convection heat transfer apparatus. The obtained
results were graphically presented and analysed by Pareto, normal probability, main effect, interaction, cube, contour,
and surface plots. Based on the plots, all the investigated factors and their interactions are significant factors with
respect to thermal conductivity enhancement. It may be concluded from the results of contour and surface plots that
by increasing the nanoparticle concentration and heat input, the thermal conductivity increases gradually as also
reported in literature [9,15,17]. A new correlation was proposed, and the predictions were compared with the results
obtained from the experimental study showing that the thermal conductivity prediction was consistent with the
experimental result. The maximal thermal conductivity value of 0.493 W m™ K'* was observed at the higher investigated
nanoparticle volume content in the base fluid of 1.0 vol.%, lower EG content in the base fluid of 30 vol.% and the higher
heat input of 100 W. Significance of this study lies in the possibility for scaling up the presented concept to utilize
potential benefits of the investigated nanofluid in industries handling heat exchangers.
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SAZETAK

Analiza toplotne provodljivosti nanofluida Al,0s/voda-etilen glikol koris$éenjem faktorskog dizajna

eksperimenata u aparatu za prenos toplote sa prirodnom konvekcijom

Periasamy Manikandan Srinivasan, Nesakumar Dharmakkan, Maha Devaa Sri Vishnu, Hari Prasath i Ramaraj Gogul

Department of Chemical Engineering, Kongu Engineering College, Erode-638060, Tamil Nadu, India

(Naucni rad)

Toplotna provodljivost fluida za prenos toplote ima znacajnu ulogu u poboljSanju performansi
razmenjivaca toplote. U ovom radu eksperimenti su izvedeni u aparatu za prenos toplote sa prirodnom
konvekcijom meSanjem homogenizovanih nanocestica Al20s u osnovnom fluidu koji predstavlja smesu
voda-etilenglikol. Analizirani su efekti unosa toplote, zapreminskog sadrzaja nanocestica u osnovnom
fluidu i zapreminskog udela etilenglikola u osnovnom fluidu na toplotnu provodljivost nanofluida. Na
osnovu rezultata dobijenih pomoéu programskog paketa MINITAB® (matrica faktorskog dizajna),
izvedeno je 16 eksperimentalnih ciklusa sa nizim | viSim nivoima ulaznih faktora. Nivoi za unos toplote
bili su 10 i 100 W; za zapreminski sadrzaj nanocestica u osnovnom fluidu 0,1 i 1,0 vol.% i za sastav
osnovnog fluida 30 i 50 vol.% etilenglikola u vodi. 1z dobijenih eksperimentalnih rezultata kostruisani su
Pareto dijagram, dijagram normalne verovatnode, konturni grafikon i povrsinski grafikon. Na osnovu
rezultata predloZena je nova korelacija, a predvidanja su uporedena sa eksperimentalnim rezultatima.
Iz studije je uotena maksimalna vrednost toplotne provodljivosti od 0,49 W m-K* pri zapreminskom
sadrZaju nanocestica u osnovnom fluidu i od 1,0 vol.%, zapreminskom udelu etilenglikola u osnovnom
fluidu od 30 vol.% i unosu toplote od 100 W.

Kljucne reci: izmenjivac toplo-
te; osnovni fluid; MINITAB; nano-
Cestica; konturni i povrsinski dija-
grami
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Abstract

In this study, a spray drying process of yarrow (Achillea millefolium L.) liquid extracts was ORIGINAL SCIENTIFIC PAPER
optimized by using the response surface methodology. The study aimed to determine the
influence of temperature (120-195 °C), liquid flow rate (3-16.5 cm3 min?) and dry matter
content in the liquid extract (0.3-1.5 %) on the yield of the drying process, the total polyphenols
content and the antioxidant activity of the dry powder. Under the tested conditions the yield Hem. Ind. 75 (6) 353-363 (2021)
varied dramatically and ranged from 8 to 75 %, while the effects on the polyphenol content
and antioxidant activity were lower. The optimized conditions for the maximum antioxidant
activity and maximal yield of the dried extract were as follows: temperature of 130 °C, liquid
flow rate of 7.5 cm3 min! and dry matter content of 1.2 %. Under the optimal conditions, the
yield was 66 %, while there was a slight decrease in the polyphenol content in the dried extract
as compared to that in the liquid extract (145 mg of gallic acid equivalents [GAE] per g of the
total dry matter vs. 152 mg GAE g%, respectively). Consequently, antioxidant activity of the dry
powder was only slightly reduced as compared to that of the liquid extract (DPPH neutralization
was 58 vs. 64 %, respectively). The dried yarrow powder preserved its antimicrobial activity
against pathogenic bacteria Staphylococcus aureus (MIC value of 10 mg cm-3) and Pseudo-
monas aeruginosa (MIC value of 20 mg cm-3).

UDC: 66.047.47 048.34: 633.88

Keywords: yarrow; polyphenols; antioxidant activity; antimicrobial activity.

Available on-line at the Journal web address: http://www.ache.org.rs/H|

1. INTRODUCTION

Medicinal plants are widely used in medicine, cosmetics and human nutrition. The World Health Organization (WHO)
estimates that 65 to 80 % of the world population uses medicinal plants as a primary form of health care [1]. The positive
effect of medicinal herbs is explained by the presence of bioactive compounds, secondary metabolites, which can exhibit
various biological activities, such as antimicrobial, antioxidant, anti-inflammatory, cytotoxic, diuretic, spasmolytic and
many other effects [2]. Plant organisms contain pharmacologically active compounds, while the efficacy of the produced
plant preparations depends on the preparation method, which can dramatically influence the quality of the final
product. It is well established that different extraction methods, different solvents and drying conditions are
investigated for maintaining the quality of herbal products [3-5].

Achillea millefolium L. (yarrow) is among the most widely used medicinal plants belonging to the family of
Asteraceae. Yarrow is commonly found in Europe, North Africa, North America, and Asia [6]. The plant is used in the folk
medicine to treat respiratory tract infections, diabetes, kidney disorders, to improve digestion and as an appetite-
enhancing drug [6,7]. Yarrow has proven antimicrobial, antitumor, antioxidant and anti-inflammatory properties due to
the presence of bioactive compounds that primarily belong to the group of polyphenols [8-10], which are mostly
phenolic acids and flavonoids [8,11].

Corresponding author: Andela Radisavljevi¢, Innovation Centre of the Faculty of Technology and Metallurgy, Belgrade, Karnegijeva 4, 11120 Belgrade,
Serbia, phone: +381 11 3303 617, fax: +381 11 3370 387

E-mail: aradisavljevic@tmf.bg.ac.rs

Paper received: 27 May 2021; Paper accepted: 21 December 2021; Paper published: 16 January 2022.

https://doi.org/10.2298/HEMIND210527030R

353



http://www.ache.org.rs/HI/
mailto:aradisavljevic@tmf.bg.ac.rs
https://doi.org/10.2298/HEMIND210527030R

Hem. Ind. 75 (6) 353-363 (2021) A. RADISAVLEVIC et al.: PRODUCTION OF ACHILLEA MILLEFOLIUM EXTRACT POWDER

In order to prepare herbal products, medicinal herbs are subjected to various processes including drying, mechanical
processing (grinding, sieving and separation), distillation and extraction in various solvents. Extraction of the
pharmacologically and biologically active ingredients from the plant material yields liquid extracts, which upon drying
produce semi-solid or solid-consistency preparations [5,12]. Dried plant extract powder is the most common and widely
used form of medicinal plant products because the solid form offers higher physicochemical and microbiological stability
than the corresponding liquid form, while transport and storage become easier [13-16]. Several techniques including
spray drying, freeze-drying, spouted bed and fluidized bed drying can be used to obtain powder extracts [17,18]. Spray
drying is a commonly used technique that may be employed to produce powders of fine particles with higher
concentrations and stability of active substances [19,20]. This technology offers high production rates and lower
operating costs in comparison to alternatives, and it is a single step drying process [21,22]. Spray drying consists of
atomization of feed, droplet-air contact, drying, and separation of the dried product from the gas phase [23]. The feed
solution is dispersed into droplets that are rapidly dried due to the high surface area and intimate contact with the
drying gas. The obtained dried powder is protected from overheating by rapid removal from the drying zone and the
final product can be removed from the gas stream by cyclones and/or filters [19].

In order to improve the spray drying process and avoid problems such as low yields, sticking and high moisture
content in the obtained particles, operating variables (inlet air temperature, the flow rate of the drying gas and liquid
feeds, and atomizing conditions) should be optimized [21,24,25]. In addition, during the drying process degradation of
bioactive compounds should be prevented by selecting appropriate conditions.

The aim of this study was to optimize spray drying conditions to produce A. millefolium L. dry extract with preserved
bioactive components belonging to the group of polyphenols. Influence of spray drying parameters (temperature, liquid
flow rate and dry matter content in the dried liquid extract) on the yield, polyphenol content and antioxidant activity of
the dry powder were modeled by using the response surface methodology (RSM). Upon optimization, antimicrobial
activity of the dry powder produced under optimal condition was tested against Staphylococcus aureus and Pseudo-
monas aeruginosa.

2. MATERIALS AND METHODS

2. 1. Materials

For this study, waste yarrow was used as a raw material, which was obtained from the Institute of Medicinal Plant
Research “Dr Josif Pancic¢”, Belgrade, Serbia. The experimental material was a dust waste discarded after production of
tea, for which yarrow was grind and fractionated and the plant material with particle sizes lower than 0.3 mm was
discarded as dust. The yarrow dust was stored in the dark, at room temperature in paper bags. Ethanol (96 %) supplied
by Zorka Pharma, Serbia was used as a solvent for the extraction process. Folin-Ciocalteu reagent, methanol, gallic acid
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Sigma Aldrich, while sodium carbonate was purchased
from Lach-Ner, Czech Republic. Resazurin was purchased from Acros Organics, Geel, Belgium. All chemicals were the
highest commercial grades and were used as received without any further purification.

2. 2. Microwave-assisted extraction (MAE) of waste yarrow

Liquid yarrow extracts were prepared by microwave-assisted extraction (MAE) at conditions previously optimized to
maximize the yield of total polyphenols and biological activity in a scaled-up process [11]. In short, the waste yarrow
was mixed with 70 % ethanol at a liquid/solid ratio of 40 cm® g* in total volume of 420 cm3. Extraction was performed
in a microwave oven (Samsung Electronics Euro QA Lab, United Kingdom) for 30 s at the microwave power of 600 W.
The obtained liquid extract was separated from solids by filtration by using a vacuum pump (V-700, Buchilabortechnik
AG, Fanil, Switzerland) and concentrated in a rotary evaporator (Buchilabortechnik AG, Fanil, Switzerland) at a vacuum
pressure of 150 mbar and temperature of 60 °C. After the evaporation process, dry matter content in the extracts was
determined by using a moisture analyser (Kern MLS-A, Balingen, Germany).
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2. 3. Experimental design of spray drying

In order to determine the optimal conditions for spray drying resulting in the maximum yield, total polyphenol content
and antioxidant activity, RSM and central composite design (CCD) were used. RSM is the most commonly used
mathematical and statistical method for modeling and analyzing a process (when the response of interest is affected by
various variables and the objective of the method is to optimize the response) [26]. According to the experimental design,
the effect of process factors was analyzed within following range: inlet air temperatures (95-195 °C), liquid flow rates
(3—21 cm® mint) and dry matter content in the liquid extracts (0.3 - 1.5 %). A statistical package, Design-Expert (Version
8, Stat-Ease, Inc., Minneapolis, United States) was used for experimental design and the experimental data analysis. Yarrow
liquid extracts (200 cm?®) were fed into a drying chamber by a peristaltic pump connected to a two-fluid atomizer linked to
an air compressor (Blichi Mini Spray Dryer B-290, Switzerland). The compressor forces air into the outer tube of the nozzle
which causes the liquid to emerge as a fine, atomized spray. The feed system of drying gas constituted of a blower and an
air filter. Dried product was collected in a cyclone. After performing 23 predicted experiments of spray drying, 8 series of
experiments yielded products of poor quality (insufficiently dried material was obtained). These experimental points were
eliminated from the calculations in the model, and the historical data design with 15 experimental runs was selected for
modeling and analysis of the relationships between the inlet parameters and the responses. As a result, the process
variables were reduced to the following ranges: temperature, 120-195 °C (A); liquid flow rate, 3-16.5 cm® min (B) and dry
matter content, 0.3-1.5 % (C). The influence of these variables on three system responses (yield (Y1), total polyphenol
content (Y2) and antioxidant activity of the dried extract powders (Y3)) was evaluated (Table 1). The experimental data were
fitted to a cubic polynomial model, and by applying the analysis of variance (ANOVA) adequacy and statistical significance
of the proposed mathematical models were assessed.

Table 1. Design matrix and corresponding responses (A is the temperature, B is the liquid flow rate, C is the dry matter content, Y1 is
the yield, Y is the total polyphenol content, Y3 is the antioxidant activity of the dried extract powders)

Run Independent variable Responses
A/°C B/ cm3 mint C/% Y1/ % Y2/ mgGAE g Y3/ %
1 120 7.5 0.6 62 145 41.5
2 120 7.5 1.2 65 137 53
3 145 3 0.9 41 148 47
4 145 3 0.9 27 141 54
5 145 12 0.3 20 140 61
6 145 12 0.3 25 137 59
7 145 12 0.9 38 155 57
8 145 12 0.9 40 157 58
9 145 12 0.9 37 149 59
10 145 12 1.5 8 131 47
11 145 12 1.5 11 137 49
12 170 7.5 0.6 39 145 64
13 170 7.5 1.2 75 135 41
14 170 16.5 0.6 45 141 42
15 195 12 0.9 65 154 62

By using backward elimination, terms in the models that had a non-significant effect on a response (p > 0.1) were
removed from the equations and the experimental data were refitted. The models were validated by performing additional
experiment using the optimal conditions predicted by the RSM. The fitted polynomial equations were presented as surface
plots in order to visualize the relationship between the independent variables and the response variables.

2.4.Yield

The drying yield was calculated as the ratio of the powder dry weight and the dry weight of the liquid extract and
expressed as %.
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2. 5. Determination of the total polyphenol content

The total polyphenol content was quantified colorimetrically by using a modified Folin-Ciocalteu method and gallic
acid (GAE) as a reference standard [27]. For determination of phenolic content, 0.1 cm? of the liquid yarrow extract or
dissolved dry extract at the final concentration of 10 mg cm™ was combined with 0.5 cm?® of the Folin-Ciocalteu reagent
and 6 cm? of distilled water. The mixture was shaken for 60 s and subsequently, 2 cm? of 15 % Na2COs3 was added, and
the mixture was additionally shaken for 30 s. Finally, distilled water was added to reach the final volume of 10 cm3. After
2 h of incubation in the dark at room temperature, the absorbance was read at 750 nm by using a UV/visible
spectrophotometer (Ultrospec 3300 pro, Amersham Bioscience, Sweden). The blank was prepared by using 70 % ethanol
instead of a sample. Results were reported as mass of GAE per mass of the total dry matter. Three series of experiments
were performed, and the results are presented as mean values.

2. 6. Determination of antioxidant activity

Antioxidant activity of the liquid and dried extracts was measured by using the DPPH radical-scavenging assay [28].
DPPH solution (0.2 mM) was prepared by dissolving the adequate amount of DPPH in methanol. To measure the DPPH
neutralization capacity the total of 0.05 cm? of the liquid yarrow extract or dissolved dry extract in 70 % ethanol, at the
final concentration of 1 mg cm3, was mixed with 3.95 cm™ of methanol and 1 cm™ of 0.2 mM DPPH methanol solution.
The obtained solutions were vigorously shaken and kept in the dark at room temperature for 30 min. The absorbance
was read against a blank (methanol) at 517 nm. A control sample was prepared by using 70 % ethanol solution instead
of an extract. Results were expressed as inhibition percentages of free DPPH radicals relative to the control sample and
calculated according to the equation:

I A —A
Inhibition=——-=100 (1)
AC
where Ac is the absorbance of the control and As is the absorbance of the sample. Three series of experiments were
performed, and the results are presented as mean values.

2. 7. Determination of the minimum inhibitory concentration

The microdilution method was used to determine the minimum inhibitory concentration (MIC) of A. millefolium L.
dry extract obtained under optimal drying conditions with resazurin as an indicator of cell growth. The dry yarrow
extract was dissolved at the final concentration of 40 mg cm™ in 20 % ethanol. Resazurin solution (6.75 g dm™) was
prepared by dissolving the appropriate amount in distilled water, vortexed and filter sterilized (0.45 um filter). The
Gram-positive bacterium Staphylococcus aureus ATCC 25923 and Gram-negative bacterium Pseudomonas aeruginosa
PAO1 were grown in Trypton soy broth (TSB, Torlak, Serbia). TSB was prepared by dissolving 30 g of the commercially
available TSB powder and 6 g of yeast extract in 1 dm? of distilled water. The medium was boiled for 15 min and then
sterilized in an autoclave for 30 min at 120 °C.

The nutrient medium (TSB 0.1 cm3) was poured into all wells of a 96 well microtiter plate, followed by addition of
0.1 cm?of yarrow extracts in the first column (therefore the concentration of the extract in the first column was 20 mg
of total dry matter per cm?3). A series of double dilutions was achieved by transferring 0.1 cm?of the mixture of medium
and yarrow extracts to the next column so that the final volume in each well was 0.1 cm3. Eight series of dilutions were
made so that the yarrow concentration varied in the range from 0.16 to 20 mg of the total dry matter per cm3. Next,
0.01 cm? of the resazurin solution and 0.01 cm? of bacterial suspension were added to each well so that the final
concentration was 5 x 108 CFU cm™3. Controls were prepared in parallel with the samples. The positive control contained
0.1 cm?of TSB medium, 0.01 cm?3 of resazurin and 0.01 cm? of bacterial suspension, and the negative control contained
0.05 cm?of TSB medium, 0.05 cm? of yarrow extract and 0.01 cm? of resazurin. Microtiter plates were incubated for 24 h
at 37 °C. After the incubation, the minimum inhibitory concentration was determined visually based on the colour. Any
change in colour from purple to pink or colourless was considered as positive (indicative of microbial growth). The lowest
concentration at which colour change not was observed was adopted as the MIC value [29]. The tests for both strains
were performed twice, and the results are presented as mean values.
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3. RESULTS AND DISCUSSION

3. 1. Model determination

Multiple regression analysis was applied to the experimental data resulting in correlations between the spray drying
parameters (temperature, liquid flow rate and dry matter content) and the yield, polyphenol content and antioxidant
activity of the powders. By application of the analysis of variance (ANOVA) the adequacy and statistical significance of
all models was assessed. Two measured responses, i.e. the yield and the antioxidant activity of the dry powders fitted
the third order polynomial equation. The total polyphenol content in dry powders was not significantly influenced by
the drying conditions, and only a mean value for this response was obtained.

Values of the coefficient of determination for the yield and antioxidant activity between the response function and
the experimentally obtained results were high amounting to 0.98 and 0.90, respectively. “Adequate Precision” measures
the signal to noise ratio, and a ratio greater than 4 is desirable. The ratio of 16.4 and 12.2 for the yield and antioxidant
activity, respectively, indicated an adequate signal. The lack of fit of both models was not significant, and after removing
the effect of non-significant factors by using backward reduction, the relationship between the two responses and
tested variables could be explained by the following equations:

Y1=22.75-24.50A — 38.42B — 28.83C — 128.25AB — 67.00AC —113.17BC + 66.75A%-22.33C?>-183.50ABC (2)
Y3=56.54 + 4.38A + 6.37B + 18.72AC + 30.20BC + 90.64ABC (3)
where Y1 (the yield) and Y3 (the antioxidant activity) are the responses, and the independent variables are A (tempe-

rature), B (liquid flow rate) and C (dry matter content).

3. 2. Influence of drying parameters on the dried extract yield

High yield is one of the objectives of spray drying processes. Under the tested drying conditions, the yield varied
from 8 to 75 % (Table 1). The highest product yield was 75 % at an inlet air temperature of 170 °C, liquid flow rate of
7.5 cm® min! and dry matter content of 1.2 % (run 13). According to the analysis of the experimental data three linear
terms (A, B and C), three interaction parameters (AB, AC and BC), two quadratic terms (A% and C?) and one cubic
interaction parameter (ABC) had significant effects on the dried extract yield. Positive sign of the quadratic term of
temperature (Eq (2) A?) indicated presence of a function minimum, while the negative sign of the quadratic term in
relation to dry matter content (C?) indicated existence of a function maximum. Interactions between the temperature
and the liquid flow rate, between the temperature and the dry matter content, and between the liquid flow rate and
the dry matter content had an antagonistic effect on the dried extract yield. In order to visualize influence of the
interacting variables (AB, AC and BC) on the dried extract yield, response surface plots were created (Fig. 1).

The dried extract yield increased when the dry matter content was in the range 0.9-1.2 % and achieved the highest
value at 1.2 % of dry matter content (Table 1, run 13). It is well documented in the literature that when feed
concentration increases, the amount of moisture is decreasing together with the energy needed to evaporate water
[30]. With the higher feed concentration, more complete drying prevents sticking of the product resulting in better
separation [31,32]. Furthermore, more concentrated solutions provide larger particles with better cyclone separation
[33,34]. However, further increase in the feed concentration (in this study up to 1.5 % of the dry matter content) can
produce even larger particles, which are drying more slowly than the smaller ones, obtained at lower solid contents in
the final product. This phenomenon increases deposition in the drying chamber and hence reduces the yield [35].

The maximum dried extract yield was obtained at the liquid flow rate of 7.5 cm3 min (Table 1, run 13). Existence of
the function maximum could be explained by the liquid residence time. In specific, as the liquid flow rate is decreased,
the liquid residence time is increasing providing droplets the chance for drying. Correspondingly, as the flow rate is
increased, the residence time is decreased resulting in incomplete drying and poorer yield. The same trend as observed
in our study was reported by others [36,37]. Both research groups favored lower flow rates that allowed more complete
water evaporation and decreased the probability of dispersion and condensation on the chamber walls, which
consequently resulted in better process yields. Moreover, in another study it was concluded that the pump rotation
speed could induce a negative effect on the yield since higher flow rates can cause clogging of the atomization nozzle,
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resulting in lower drying mass yields [38]. Negative influence of higher flow rates on the yield, could be also explained
by reduction of the outlet air temperature, and consequent lower thermal energy supply that was probably insufficient
for complete drying. In this case, sticking occurred in the drying chamber, lowering the yield and increasing the moisture
content, in line with previous reports [39].

Temperature had a different influence on the drying yield within the tested temperature range (up to 170 °C). Figure
1 shows that high yields are obtained in the drying process under two scenarios: 1) at low temperature, lower liquid
flow rate and high dry matter content, or 2) at high temperature, low liquid flow rate and high dry matter content. In
general, at a temperature of 170 °C the yield reached the maximum, while a slightly lower yield was observed at a
temperature of 120 °C with the same dry matter content in the liquid extract. In our study, at lower temperatures and
very high liquid flow rates, the particles were sticking together, which is in line with the observation of others [39,40].
When higher inlet air temperatures are used, heat and mass transfers are enhanced so that the probability of moist
particles to stick to the drying chamber wall is decreasing [41-45].

(b)  ves

Actua faclor
A=157.50

Yield, %

Yield, %
Yield, %

Ko ,

Figure 1. Surface plots of interactive effects on the dried extract yield of drying parameters: a) temperature and liquid flow rate (AB),
b) temperature and the dry matter content (AC) and c) liquid flow rate and the dry matter content (BC)

3. 3. Influence of drying parameters on the total polyphenol content

Total polyphenol contents in the dried extracts obtained under the tested spray drying conditions were in the range
of 131-157 mg GAE g dry matter, which was comparable to the total polyphenol content in the starting liquid extract
(feed) amounting to 152 mg GAE g dry matter. Although it is typical to observe a slight decrease in the polyphenol
content in the powder extracts as a result of the exposure to high temperatures [46,47], selection of relatively mild
drying conditions in this study apparently prevented significant polyphenol degradation.

3. 4. Influence of drying parameters on antioxidant activity

Antioxidant activity of dry extracts was significantly influenced by two linear (A, B), two interaction parameters (AC,
BC), and one cubic interaction parameter (ABC). The Eq. (3) shows that both linear parameters (temperature and liquid
flow rate) had positive effects on antioxidant capacity, indicating that the higher antioxidant activity of the dried extract
was achieved with the increase in these factors. Interactions between the temperature and the dry matter content,
between the liquid flow rate and the dry matter content, and between all tested parameters (ABC) had synergetic and
positive effects on the antioxidant activity. In order to visualize the influence of the interacting variables on the
antioxidant activity, response surface plot was created (Fig. 2).

Although there was significant influence of the drying parameters on the antioxidant activity of the dried extracts, it
should be stressed that compared to the antioxidant activity of the liquid extract (64 % DPPH scavenging activity), only
a slight change in the antioxidant activity after the drying process was observed.

Antioxidant activities of the obtained powders correlate with the total polyphenol content. Souza et al. reported
that high temperatures generate higher water evaporation; therefore, drying is more rapid, and the loss of labile
compounds is lower [48]. There are also examples of increased total polyphenol content after heat treatment of various
food products: green pepper, green beans, spinach [49], or onion powder [50]. This increase is attributed to the libera-
tion of phenolic compounds by the cleavage of esterified and glycosylated bonds [50]. While in this study negligible
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effects of the drying conditions on the total polyphenol content were observed, the observed relative decrease in the
DPPH scavenging activity could be attributed to some subtle changes in the chemical nature of the polyphenols. Similar
results of slight decrease of antioxidant activity upon drying were noted by others [51,52].
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Figure 2. Surface plot of interactive effects of temperature and
the dry matter content (AC) on the total antioxidant activity

3. 5. Validation of the models

The objective of this study was to optimize spray drying conditions for obtaining the maximal yield of yarrow powder
extracts with the maximal antioxidant activity. The optimal conditions were determined by using the desirability
function approach yielding: 130 °C; 7.5 cm® min™! the liquid flow rate and 1.2 % of dry matter content in the feed. Pre-
dicted values for the two outcomes were the following: the antioxidant activity of 57 %, and maximal yield of 61 %.
Measured values for dry extracts obtained under the optimal conditions fitted within the 95 % Pis for all parameters
and were close to the most probable predicated values: the antioxidant activity (58 %) and dried extract yield (66 %).
The DPPH radical scavenging activity of the dry extract obtained under the optimal conditions was 58 %, which marked
a slight decrease in the radical scavenging activity as compared to that of the liquid extract that valued 64 %. Compared
to the polyphenol content in the liquid extract (152 mg GAE g!), there was a slight decrease in the polyphenols content
after drying of extract (145 mg GAE g1). This result indicated a more significant reduction in antioxidant capacity then
that in the total polyphenol content. About 91 % of antioxidant capacity was retained after the drying process, while
95 % of total polyphenols were preserved in the dried extract.

3. 6. Antimicrobial activity of liquid and dried extracts

Antimicrobial activity of medicinal plants results from the combined effect of compounds, mostly polyphenols. In this
study we evaluated the antimicrobial activity of the dry powder obtained under optimal conditions against two pathogens.
The results showed that the antimicrobial activity of yarrow extract against S. aureus and P. aeruginosa was preserved
after the drying process. Sensitivity of P. aeruginosa was similar to the liquid and dry extracts (MIC value of 20 mg cm™3),
while, in line with the slight decrease in the antioxidant activity, the dry powder was slightly less potent when suppressing
the growth of S. aureus (MIC value of the liquid extract was 5 mg cm3, and 10 mg cm™ for the dry extract).

Itis well established that yarrow extracts exhibit antibacterial activity against Gram-positive bacterial species, while the
results against Gram-negative species are less evident, which is in line with our findings [53]. The resilience of Gram-
negative bacteria can be ascribed to the structure of their cell wall, which contains lipopolysaccharide, which is relatively
impermeable to polyphenols [54,55]. The observation that Gram-negative bacteria are less sensitive to the A. millefolium
antibacterial activity than Gram-positive was also shown by the research of Tajiket al. [56]. A. millefolium L. in addition to
flavonoids that are typical for the genus Achillea, contains sesquiterpene lactones as active compounds [57]. It is believed
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that the a-methylene lactone moiety of the molecule is responsible for the activity, because the activity disappears when
the double bond is reduced, as shown in the case of a-methyl lactones from Achillea atrata [58].

4. CONCLUSION

The results reported in this study indicate the significant impact of spray drying conditions on properties of the
obtained Achillea millefolium L. dry extract. RSM was successfully applied to model the effects of temperature, liquid
flow rate and the dry matter content in the feed on the yield and antioxidant activity of the dry yarrow extract. The
obtained mathematical models were applied to optimize drying conditions, which yielded production of a dry extract in
which 91 % of the antioxidant potential was preserved. In addition to these properties, powder obtained under the
optimal drying conditions, showed a preserved antimicrobial activity against S. aureus and P. aeruginosa. Therefore, it
can be concluded that drying conditions predominantly influence the yield of the product with a moderate effect on the
biological activity of the dry extract, under tested conditions. The obtained spray dried yarrow powder was green/brown
in color with evident bioactive properties suitable for various medical or pharmaceutical applications. This research is
useful as it identifies the most appropriate operating conditions for spray drying of liquid yarrow extracts, and it can be
used as a reference for further research.
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SAZETAK

Optimizacija uslova susenja rasprsivanjem za proizvodnju praha ekstrakta Achillea millefolium

Andela Radisavljevié¢!, Milica Milutinovi¢?, Suzana Dimitrijevi¢ Brankovié?, Petar Uskokovié? i Mirjana Rajilié-Stojanovié?
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(Naucni rad)

U radu je optimizovan postupak susenja rasprsivanjem tecnog ekstrakta hajducke trave (Achillea mille-
folium L.) primenom metode odzivnih povrsina. Ispitan je uticaj temperature (120-195 °C), protoka tecnosti
(3-16,5 cm® min) i sadrZaja suve materije u te¢nom ekstraktu (0,3-1,5 %) na prinos susenja, sadrzaj
polifenola i antioksidativnu aktivnost suvog ekstrakta. Pod ispitivanim uslovima prinos je drasti¢no varirao
(od 8 do 75%), dok je uticaj susenja na sadrzaj polifenola i antioksidativnu aktivnost dobijenog praha bio
manji. Optimizovani uslovi za maksimalnu antioksidativnu aktivnost i maksimalan prinos suvog ekstrakta
bili su slededi:130 °C pri protoku od 7,5 cm? min™ te¢nog ekstrakta sa 1,2 % suve materije. Pri optimalnim
uslovima prinos susenja je iznosio 66 %, dok je zabeleZzen blagi pad sadrzaja polifenola u suvom ekstraktu u
poredenju sa tecnim ekstraktom (145 mg ekvivalenta galne kiseline [GAE] po g suve materije naspram 152
mg GAE g, redom). Antioksidativna aktivnost suvog praha neznatno je smanjena u poredenju sa te¢nim
ekstraktom (neutralizacija DPPH (di(fenil)-(2,4,6-trinitrofenil)iminoazanijum) je bila 58 % naspram 64 %). U
osusenom prahu hajducke trave ocuvana je antimikrobna aktivnost prema patogenim bakterijama
Staphylococcus aureus (vrednost minimalne inhibitorne koncentracije (MIK) je bila 10 mg cm?) i Pseudo-
monas aeruginosa (MIK vrednost je bila 20 mg cm).

Kljucne reci:hajducka
trava;polifenoli;antioksidativna
aktivnost;antimikrobna aktivnost
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Abstract
Living organisms and biological methods are widely used in recycling urban waste and LETTER TO THE EDITOR
improving the quality of the urban environment. Urban biology is a branch of biology that
studies organisms living in cities. We propose using the new term "urban biotechnology".
Urban biotechnology is the use of biotechnological methods to protect the urban environment
and in urban energy. Urban biotechnology in the future may be included in the curriculum of Hem. Ind. 75 (6) 365-368 (2021)
the Master's degree programs "Biotechnology", "Ecology " (profile "Applied Ecology"),
"Chemistry" (profile " Chemistry of the urban environment "), and Chemical Engineering
(profile "Chemical and Biochemical Engineering "). We consider it important to train specialists
in the fields of urban biology and urban biotechnology. We hope that urban biotechnology and
urban biology will become independent disciplines in the future.

UDC: 606:502:628.4

Keywords: urban biotechnology; urban biology; ecology; chemical and biochemical
engineering; de-icing agents.

Available on-line at the Journal web address: http://www.ache.org.rs/H|

Biological sciences are important in the study and solution of urban environmental problems. New directions of
urban environmental sciences are of great importance - such as urban biology and urban biotechnology.

Urban biology

The term "urban biology" is rarely used [1,2]. Urban biology is a branch of biology that studies organisms living in
cities. We suggest considering urban biology as an academic discipline.

Urban biotechnology

Applied biotechnology includes environmental biotechnology, medical biotechnology, industrial biotechnology,
agricultural biotechnology, food biotechnology, bioenergy, and other directions. We propose using the new term "urban
biotechnology", which is a recent direction in biotechnology and bioengineering. Urban biotechnology is the use of
biotechnological methods to protect the urban environment and in urban energy. Energy urban biotechnology (urban
bioenergy) could be an important area in the future. Establishing the microbial fuel technology as an alternative source for
the generation of renewable energy sources can be a state of art technology owing to its high efficiency, cleanliness [3].

Living organisms and biological methods are widely used in recycling urban waste and improving the quality of the
urban environment.

Biotechnological methods can increase the resilience of plants to urban environments. As an example, consider
plants and de-icing agents. De-icing agents are a major cause of soil salinisation in urban ecosystems. The application of
de-icing salts maintenance is recognized as a major environmental factor to the decline of urban plants [4,5]. Sodium
chloride (NaCl) is one of the most used de-icing agents [6,7].

Corresponding authors: ‘Evgeny Aleksandrovich Gladkov, K.A. Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, IPP RAS, 35
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How can you reduce the negative effects of de-icing agents on plants?

We suggest using urban biotechnology in greening. We have obtained plants that are resistant to de-icing agents
[8,9,10]. We used cell selection to obtain salt-tolerant plants. This biotechnology has been used to obtain lawn grasses
that are resistant to de-icing agents.

Urban biology studies aspects of life of organisms living in cities. Urban biotechnology uses biotechnological methods
to protect the urban environment.

We consider it important to train specialists in the fields of urban biology and urban biotechnology.

Urban biotechnology in the future may be included in the curriculum of the Master's degree programs
"Biotechnology", "Ecology " (profile "Applied Ecology"), "Chemistry" (profile "Chemistry of the urban environment"),
and Chemical Engineering (profile "Chemical and Biochemical Engineering ").

Education bachelor's degree program "Urban Biological and Environmental Sciences"

We propose the creation of an educational programme in the future on "Urban Biological and Environmental
Sciences".

We offer an education bachelor's degree program "Urban Biological and Environmental Sciences", direction "Urban
Sciences" (Table 1).

Table 1. Disciplines in the education bachelor's degree program "Urban Biological and Environmental Sciences" (direction "Urban
Sciences")

Academic discipline
(specialist discipline)

Urban biotechnology

Urban ecology

Urban biology

Urban botany and
phytotechnology

Basics of biotechnology,
bioenergy, and bioengineering

Ecology

Chemistry of the
urban environment

Protection of the
urban environment

Academic disciplines " Ecology" and "Biology" provide fundamental biological and ecological training of students.
The main specialist disciplines are Urban Biology, Urban ecology, Urban biotechnology, Chemistry of the urban
environment, and Urban botany and phytotechnology.

We hope that urban biological sciences will become independent scientific disciplines in the future.

Acknowledgements: Part of research was carried out within the state assignment of Ministry of Science
and Higher Education of the Russian Federation (theme 121050500047-5).
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SAZETAK
Novi pravci biologije i biotehnologije u naukama o zastiti urbane zivotne sredine
Evgeny Aleksandrovich Gladkov?! i Olga Victorovna Gladkova?

Iinstitut za fiziologiju biljaka "K. A. Timirjazev", Ruska akademija nauka, IPP RAS, 35 Botanicheskaya St., Moskva, 127276; Rusija
2Nezavisna naucnica, Moskva, Rusija

(Pismo uredniku)

Zivi organizmi i bioloske metode imaju Siroku primenu u reciklaZi gradskog otpada i pobolj$anju kvaliteta Klju¢ne reci: urbana biotehnolo-
urbane sredine. Urbana biologija je grana biologije koja proucava organizme koji Zive u gradovima. gija; urbana biologija; zastita Zivotne
Predlazemo koriS¢enje novog termina ,urbana biotehnologija“. Urbana biotehnologija je upotreba sredine; hemijsko i biohemijsko inZe-
biotehnoloskih metoda za zastitu urbane Zivotne sredine i za primenu u urbanoj energiji. Urbana njerstvo; agensi za odmrzavanje

biotehnologija u buducnosti moZe biti ukljuéena u nastavne planove i programe studijskih programa
"Biotehnologija", "Ekologija" (profil "Primenjena ekologija"), "Hemija" (profil "Hemija urbane sredine"),
i Hemijsko inZenjerstvo (profil "Hemijsko i biohemijsko inZenjerstvo”). Smatramo da je vaino
osposobljavanje stru¢njaka u oblastima urbane biologije i urbane biotehnologije i nadamo se da ¢e
urbana biotehnologija i urbana biologija u buduénosti postati samostalne discipline.
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Abstract
Three Horizon 2020 projects: “PANBioRA: Personalised and generalised integrated biomaterial BOOK AND EVENT REVIEW
risk assessment”, MSCA ITN project “PREMUROSA - Precision medicine for musculoskeletal
regeneration, prosthetics, and active ageing”, and “ExcellMater: Twinning to excel materials
engineering for medical devices” jointly organised a very successful session entitled: “Strategies
to enhance musculoskeletal regeneration: from bench to bedside” at the 6t world congress of Hem. Ind. 75 (6) 369-372 (2021)
the Tissue Engineering and Regenerative Medicine International Society (TERMIS2021). The
session provided a comprehensive insight into the strategies for musculoskeletal regeneration,
and it was a source of information on the latest achievements in the area thanks to the
renowned speakers. Besides participants in the projects organising the session, many other
researchers were attracted to the session, which is a key benchmark that the topic was
interesting and relevant. In general, this session was a successful outcome of the collaboration
among Horizon 2020 projects and at the same time, encouragement for similar activities to be
organised in the future. Here, a short overview of the session is presented.

UDC: 005.745:62:616-003.93

Keywords: Horizon 2020 projects collaboration; session review; tissue engineering;
regenerative medicine; musculoskeletal regeneration.

Available on-line at the Journal web address: http://www.ache.org.rs/H|,

Three Horizon 2020 projects: “PANBioRA: Personalised and generalised integrated biomaterial risk assessment”,
MSCA ITN project “PREMUROSA - Precision medicine for musculoskeletal regeneration, prosthetics, and active ageing”,
and “ExcellMater: Twinning to excel materials engineering for medical devices” jointly organised a very successful
session entitled: “Strategies to enhance musculoskeletal regeneration: from bench to bedside” on the last day of the 6"
world congress of the Tissue Engineering and Regenerative Medicine International Society (TERMIS2021), prior to the
closing ceremony. TERMIS 2021 conference with the overarching topic “Biologically inspired technology driven
regenerative medicine” was held online November 15-19, 2021. It comprised 9 parallel thematic sessions that tackled
tissue engineering and regenerative medicine of the whole tissue palette, as well as a number of special sessions,
including national societies sessions, Student and Young Investigator Section (SYIS) sessions, industrial sessions, clinical
sessions, European Project sessions, lunch workshops, and business plan competition. The Congress gathered numerous
scientists, researchers, industry representatives, and students. Even though the conference was forced to be held
remotely due to the COVID-19 pandemic, the physical distance of the attendees did not jeopardize the main objective
of this world event: communicating science and generating knowledge. On the contrary, the virtual event platform was
a lively venue that allowed an intensive flow of scientific thoughts, exchange of ideas, and staying on track with ever-
faster advances in the fields.

The session “Strategies to enhance musculoskeletal regeneration: from bench to bedside” offered a thorough insight
into musculoskeletal tissue regeneration: answers were given to the questions concerning what has been done so far,
current efforts, and future perspectives in the field. Besides participants in the projects organising the session, many other
researchers were attracted to the session, which is a key benchmark that the topic was interesting and relevant. Thus, the

Corresponding author: Lia Rimondini, Department of Health Sciences, Center for Translational Research on Autoimmune and Allergic Diseases—CAAD,
Universita del Piemonte Orientale UPO, 28100 Novara, Italy; Tel.: +39-0321-660-673
E-mail lia.rimondini@med.uniupo.it
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session was a source of information on the latest achievements in the area thanks to the renowned speakers presenting
ongoing studies that are breaking the boundaries between state-of-the-art science and issues yet to be resolved.

15-19 NOVEMBER 2 0 21 ® =

»
TERMIS vensoss ¥ i

5™ WORLD CONGRESS T

‘ h
MAASTRICHT PANBIORA B
THE NETHERLANDS

-“7-7

#TERMIS2021 Session RE4
Strategies to enhance musculoskeletal
regeneration: from bench to bedside

Session Chairs

Prof. Dr. Lia Rimondini  Prof. Dr. Michael Gasik

Keynote speakers

Organ culture and bioreactors for
assessing biomaterials for tissue
regeneration

Novel liposomal drug delivery and
targeting approaches for tissue
regeneration

Prof. Sophia Antimisiaris

Figure 1. Overview of the session “Strategies to enhance musculoskeletal regeneration: from bench to bedside” at the TERMIS2021
World Congress organised by Horizon 2020 projects PREMUROSA, PANBioRA and ExcellMater

Chairs of the session — Prof. Lia Rimondini from the University of Eastern Piedmont, Italy, and Prof. Michael Gasik
from the Aalto University Foundation, Finland, welcomed session attendees and introduced two keynote speakers: Prof.
Mauro Alini from the AO Research Institute, Switzerland, and Prof. Sophia Antimisiaris, from the University of Patras,
Greece. Prof. Alini presented the talk “Organ culture and bioreactors for assessing biomaterials (and more) for tissue
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regeneration” in which he stressed the necessity for development and utilization of in vitro models for biomaterials
evaluation and presented bioreactors for engineering of intervertebral discs created in his laboratory as well as cultured
tissue models. The 3rd generation of intervertebral disc bioreactors with a uniaxial loading device and an advanced
model with added hexapod for 6 degrees of freedom aim to recapitulate complex motions existing in vivo to a greater
extent. In his opinion, in vitro models for biomaterial testing would significantly increase the prospects for clinical
translation, while advancements in design and utilization of bioreactors will allow the 3R principle (replacement,
reduction, refinement) in animal experimentation to come into force. Prof. Antimisiaris, the second keynote speaker,
gave a different perspective on musculoskeletal tissue regeneration in her talk: “Novel liposomal drug delivery and
targeting approaches for tissue regeneration”. She introduced challenges in tissue regeneration and provided an
overview of current knowledge and the future potential of delivery of growth factors to the site of regeneration. Prof.
Antimisiaris pointed out that issues in drug administration such as low stability and inadequate physicochemical drug
properties can be overcome by utilization of liposomal nanomedicines.

Other speakers who equally contributed to the high-quality program of the session were:

e  Prof. Alicia El Haj, Healthcare Technology Institute; University of Birmingham, UK — “Engineering orthopaedic
cell therapies: translation to the clinic”

e  Dr Anh Vu Truong, Department of Chemical Engineering, National Tsinghua University, China - “Crispr-mediated
epigenetic modification rescues osteoporotic ASC chondrogenic deficiency and promotes calvarial bone healing
in osteoporotic rat”

e Dr Jonathan Dawson, University of Southampton, UK - “Regenerative nanoclays - translating a novel
biomaterial”

e Prof. Michael Gasik, Aalto University Foundation, Finland —“Model-free assessment of biomechanical properties
for personalized medical devices”

e Dr Michael Pujari Palmer, Department of Materials Science and Engineering, Uppsala University, Sweden —
“Development, and preclinical evaluation, of a novel, bioinspired biomaterial, for use as a calcified tissue
adhesive “

In conclusion, this session originated as the result of the fruitful collaboration of PANBioRA, PREMUROSA, and
ExcellMater projects, which are funded within the European Union’s Horizon 2020 research and innovation programme.
This event was a proper opportunity to increase the participants’ awareness of common aspirations of the projects
reflected in the session theme. Generally, the session accomplished its goal by providing a comprehensive understanding
of the strategies for musculoskeletal regeneration as well as addressing the challenges to be overcome in the future.
According to the questions speakers received from the audience, the presentations were thought-provoking, to the mutual
pleasure of both organisers and the audience. This session was a successful outcome of the collaboration among these
projects and at the same time, encouragement for similar activities to be organised in the future.

Acknowledgements: The authors acknowledge European Union’s Horizon 2020 research and innovation programme under
the following grant agreements: No 860462, MSCA ITN project PREMUROSA; No 760921, project PANBioRA; and No 952033,
project ExcellMater.
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Horizon 2020 projekti PREMUROSA, PANBioRA i ExcellMater uspesno su organizovali sesiju na Svetskom kongresu
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(Prikaz knjiga i dogadaja)

Tri Horizont 2020 projekta: “PANBioRA: Personalised and generalised integrated biomaterial risk
assessment”, MSCA ITN projekat “PREMUROSA - Precision medicine for musculoskeletal regeneration,
prosthetics, and active ageing”, i “ExcellMater: Twinning to excel materials engineering for medical
devices” su zajedno organizovali veoma uspjesnu sesiju pod nazivom: “Strategije za unapredenje
midi¢no-skeletne regeneracije: od klupe do kreveta” na Sestom svjetskom kongresu Medunarodnog
drustva za inZenjerstvo tkiva i regenerativnu medicinu (TERMIS2021). Sesija je pruzila opsiran uvid u
strategije regeneracije misi¢no-skeletnog tkiva i bila je izvor informacija o najnovijim dostignu¢ima u
ovoj oblasti zahvaljujuci renomiranim predavacima. Pored ucesnika projekata koji su organizovali sesiju,
ovaj dogadaj je privukao mnoge druge istraZivace, sto je klju¢ni pokazatelj da je tema bila zanimljiva i
interesantna. Uglavnom, ova sesija je ishod uspjesne saradnje Horizont 2020 projekata i istovremeno je
ohrabrenje za organizovanje sli¢nih aktivnosti u buduénosti. Ovaj rad predstavlja kratak pregled sesije.

Klju¢ne reci: Saradnja Horizont
2020 projekata; pregled sesije; inZe-
njerstvo tkiva; regenerativnha medici-
na; regeneracija misi¢éno-skeletnog
tkiva
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Abstract

From the idea of a pharmaceutical product, through the development of materials and BOOK AND EVENT REVIEW
technologies for their production, analysis, and control, application in different patient

populations, to the proper disposal and destroying of pharmaceutical waste, everything is UDC: 005.745:615.1:502.12
connected and has an impact on the soil, water, and air, as well as to all living beings on this

planet. Intending to invite the colleagues to consider how their pharmacy practice, science, and Hem. Ind. 75 (6) 373-377 (2021)

education can impact nature and global environmental trends, Pharmaceutical Association of
Serbia has organized the 2" SFUS scientific symposium, entitled Pharmacy and the Nature -
Complex Relations and Mutual Impacts on 28t October 2021, in the conference center of the
Science and Technology Park Belgrade, with the presence of more than 60 participants. Within
the Symposium, the introductory lecture was held by Prof. Dr. Nada Kovacevi¢, along with eight
invited lectures, three oral presentations, and thirty-two poster presentations.

Keywords: sustainable pharmacy practice and research; green pharmacy; environmental
protection.

Available on-line at the Journal web address: http://www.ache.org.rs/H|

Nature represents the unity of the earth, water, air, and all living beings. Mankind affects life on our planet
differently, often through gross violations of natural laws and delicate, subtle connections and mutual influences
between the environment and different sorts and forms of the living world. Numerous initiatives over the last decades
indicate that every human activity and "world of people" should be observed and evaluated from the aspect of
environmental impact. The development of the economy and society must be based on technologies in harmony with
nature. The use of natural resources has to be organized and controlled without the devastation of natural habitats,
violation of natural laws, and environmental disasters.

The International Pharmaceutical Federation (FIP) [1] has been involved in these kinds of initiatives by publishing
appropriate strategic documents and policies on environmentally sustainable pharmacy practice. This indicates that
pharmacists in various fields of pharmaceutical activities must take responsibility for reducing the environmental
consequences of drug production, distribution, and usage (FIP Green pharmacy practice: Taking responsibility for the
environmental impact of medicines [2]).

In the field of health, preservation, and improvement of the health of individuals and society, nature is essential not
only as a source of pharmaceutically active and auxiliary substances but also as a source of ideas, different problems,
and solutions which are hidden somewhere, and are usually simple, but should be discovered and well understood.
From the idea of a pharmaceutical product, through the development of materials and technologies for their
production, analysis, and control, application in different patient populations, to the proper disposal and destroying of
pharmaceutical waste, everything is connected and has an impact on the soil, water, and air, as well as to all living beings
on this planet.

Intending to invite the colleagues to consider how their pharmacy practice, science and education can impact nature
and global environmental trends, Pharmaceutical Association of Serbia has organized the 2" SFUS scientific symposium
with international participation, entitled Pharmacy and the Nature - Complex Relations and Mutual Impacts in October
2021. This event was an opportunity to share the results, thoughts, and experiences and consider how scientific
discoveries and solutions affect the world we live in.

Corresponding author: Jelena Parojci¢, University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia
E-mail jelena.parojcic@pharmacy.bg.ac.rs
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The introductory lecture held by Prof. Dr. Nada Kovacevic at the 2" SFUS scientific symposium Pharmacy and the Nature - Complex
Relations and Mutual Impacts

The second scientific symposium of the Pharmaceutical Association of Serbia was held on October 28, 2021 in the
conference center of the Science and Technology Park Belgrade, with the presence of more than 60 participants. Within
the Symposium, the introductory lecture Pharmacy and nature - plenty of diversity was held by Prof. Dr. Nada
Kovacevié, along with eight invited lectures, three oral presentations and thirty-two poster presentations. Invited
speakers who equally contributed to the high-quality program of the Symposium were:

e  Christophe Mar¢i¢, Faculté de Pharmacie, Université de Strasbourg, France: Natural deep eutectic solvent —a green
alternative for extraction and separation science.

e Ivana Aleksi¢, University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia: Green pharmaceutical manufacturing:
approaches and perspectives.

e Nikola Stefanovi¢, University of Nis-Faculty of Medicine, Nis, Serbia: Significance of pharmacogenetics in modern
medicine and pharmacy.

e Aleksandra Buha Dordevi¢, University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia: Endocrine-disrupting
pharmaceuticals in the environment-threat to the health and safety of humans and aquatic species?

e Marina Odalovi¢, University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia: Green pharmacy - recomendations
for pharmacy practice improvement

e  Bojana Obradovi¢, University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia: Multifunctional
composites based on alginate hydrogels for potential use in wound dressings

e Biljana Otasevi¢, University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia: New strategies in the development
of ecologically friendly RP-HPLC methods based on the charged aerosol detector.

e Dragana Vasiljevi¢, University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia: Organic and natural cosmetic
products - who benefits the most?

Abstracts were published in the Supplement edition of the Archives of Pharmacy Vol. 5, 2021 [3].
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Poster session at the 2" SFUS scientific simposium Pharmacy and the Nature - Complex Relations and Mutual Impacts

Awards for the best poster presentations were given to: Nevena Daji¢, University of Belgrade, Faculty of Pharmacy
(PP30 Poster entitled: Chemometrically supported UHPLC method development: a strategy for achieving eco-
friendliness), Ana Gledovi¢, University of Belgrade, Faculty of Pharmacy (PP19 Poster entitled: Low energy
nanoemulsions as potential carriers for essential oils in formulations for antioxidant skin protection) and Darija
Sazdani¢, University of Novi Sad, Faculty of Medicine (PP10 Poster entitled Daily intake of anthocyanins and
polyphenols provided by the consumption of bilberry-based juices).

Best poster awards announcement at the 2" SFUS scientific simposium Pharmacy and the Nature - Complex Relations and Mutual
Impacts
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—_—

Closing ceremony and the group photo of the 2" SFUS scientific symposium Pharmacy and the Nature - Complex Relations and
Mutual Impacts

Through gathering academics and professionals from the different fields of pharmaceutical sciences at this meeting,
we aimed to raise the awareness about different aspects of environmental preservation and protection. Even more
importantly, we hope that such events would initiate that each participant start to contemplate his/her own research
work and its impact on the nature, to think about our everyday life, work, and behavior and the ways we can contribute
to protecting the environment and save our planet.

Acknowledgements: The authors would like to acknowledge support received from AbelaPharm, DSP Chromatogra-
phy/Agilent, Novos and Pharmaceutics - an open access journal by MDPI.

REFERENCES

[1] FIP - International Pharmaceutical Federation Home , https://www.fip.org/about, Accessed December 30t" 2021

[2] International Pharmaceutical Federation (FIP). Green pharmacy practice: Taking ersponsability for the
environmental impact of medicines. The Hague: International Pharmaceutical Federation; 2015
https://www.fip.org/files/fip/publications/2015-12-Green-Pharmacy-Practice.pdf, Accessed December 29t" 2021

[3] Archives of Pharmacy - 2nd SFUS scientific symposium , Vol. 71 No. Suppl. 5 (2021),
https://aseestant.ceon.rs/index.php/arhfarm/issue/view/1306, Accessed 29t 2021

@loLcie

376

Y NG _ND


https://www.fip.org/about
https://www.fip.org/files/fip/publications/2015-12-Green-Pharmacy-Practice.pdf
https://aseestant.ceon.rs/index.php/arhfarm/issue/view/1306

SAZETAK

Drugi naucni simpozijum Saveza farmaceutskih udruzenja Srbije: Farmacija i priroda - kompleksne relacije i

medusobni uticaji
Nada Kovacevi¢', Branislava Miljkovié'? i Jelena Paroj¢i¢'?

1Univerzitet u Beogradu, Farmaceutski fakultet, Beograd, Srbija
2Savez farmaceutskih udruZenja Srbije

(Prikaz knjiga i dogadaja)

Od ideje za farmaceutski proizvod, preko razvoja materijala i tehnologija za njihovu proizvodnju, analizu
i kontrolu, primene kod razlicitih populacija pacijenata, do pravilnog odlaganja i unistavanja iskoris¢enog
i neiskoris¢enog materijala i proizvoda, sve je povezano i ima uticaj na zemlju, vodu i vazduh, kao i na
sva Ziva bic¢a na ovoj planeti. Sa ciljem da se bolje razmotri na koji nacin aktivnosti u okviru farmaceutske
struke, nauke i obrazovanja mogu da uticu na prirodu i glabalna ekoloska kretanja, odrzan je 2. naucni
simpozijum pod naslovom Farmacija i priroda — kompleksne relacije i medusobni uticaji. Simpozijum
je organizovao Savez farmaceutskih udruZenja Srbije i odrian je 28. oktobra 2021. godine u
konferencijskom centru Nauc¢no-tehnoloskog parka Beograd, uz prisutvo vise od 60 ucesnika. U okviru
Simpozijuma je odrzano jedno uvodno predavanje, osam predavanja po pozivu, tri usmena saopstenja i
prikazane su trideset i dve poster prezentacije.

Kljucne reci: odrziva farmaceutska
praksa i istraZivanja, zelena farmacija,

zastita Zivotne sredine

377






CORRIGENDUM

IN THE ARTICLE

Extraction of ammonium nickel sulfate hexahydrate by
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