pxC

PHYSICAL CHEMISTRY 2021

15" International Conference
on Fundamental and Applied Aspects of
Physical Chemistry

Proceedings
Volume Il

The Conference is dedicated to the

30" Anniversary of the founding of the Society of Physical
Chemists of Serbia

and

100" Anniversary of Bray-Liebhafsky reaction

September 20-24, 2021
Belgrade, Serbia



Title: Physical Chemistry 2021 (Proceedings) ISBN 978-86-82475-40-8

Volume I1: ISBN 978-86-82475-39-2

Editors: Zeljko Cupié¢ and Slobodan Ani¢

Published by: Society of Physical Chemists of Serbia, Studentski Trg 12-16, 11158, Belgrade, Serbia
Publisher: Society of Physical Chemists of Serbia

For Publisher: S. Ani¢, President of Society of Physical Chemists of Serbia

Printed by: "Jovan”, <Printing and Publishing Company, 200 Copies

Number of pages: 6+388, Format A4, printing finished in December 2021

Text and Layout: "Jovan”

Neither this book nor any part may be reproduced or transmitted in any form or by any means, including
photocopying, or by any information storage and retrieval system, without permission in writing from the
publisher.

200 - Copy printing



CONTENT

Volume Il

Organizer

Comittes

Organic Physical Chemistry

Material Science

Macromolecular Physical Chemistry
Environmental Protection, Forensic
Radiochemistry, Nuclear Chemistry

Phase Boundaries, Colloids, Liquid Crystals, Surface-Active Substances

Complex Compounds
General Physical Chemistry

Pharmaceutical Physical Chemistry
Food Physical Chemistry

Physico-Chemical Analysis
Index

Sciences,

Geophysical ~ Chemistry,

v

345
367
487
519

633
643
655

669
679

703
725



czox-c

PHYSICAL CHEMISTRY 2021

15™ International Conference on
Fundamental and Applied Aspects of
Physical Chemistry

Organized by

The Society of Physical Chemists of
Serbia

in co-operation with
Institute of Catalysis Bulgarian Academy of Sciences

and

Boreskov Institute of Catalysis Siberian Branch of
Russian Academy of Sciences

and
University of Belgrade, Serbia:

Faculty of Physical Chemistry
Institute of Chemistry, Technology and Metallurgy
Vinéa Institute of Nuclear Sciences
Faculty of Pharmacy

and

Institute of General and Physical Chemistry, Belgrade, Serbia



International Organizing Committee

Chairman:
Vice-chairman:

Members:

S. Ani¢ (Serbia)

M. Gabrovska (Bulgaria)
A. A. Vedyagin (Russia)
S. N. Blagojevi¢ (Serbia)

N. Cyjeti¢anin (Serbia), S. M. Blagojevi¢ (Serbia), M. Dakovi¢ (Serbia), J. Dimitri¢
Markovi¢ (Serbia), T. Grozdi¢ (Serbia), L. Ignjatovi¢ (Serbia), D. Jovanovi¢ (Serbia),
M. Kuzmanovi¢ (Serbia), D. Markovi¢ (Serbia), B. Milosavljevi¢ (USA), M. Mojovié¢
(Serbia), N. Peji¢ (Serbia), M. Petkovi¢ (Serbia), A. Popovi¢-Bjeli¢ (Serbia), B.
Simonovié (Serbia), M.Stankovié¢ (Serbia), B. Sljuki¢ (Serbia), G. Tasi¢ (Serbia), S.
Velickovi¢ (Serbia), N. Vukeli¢ (Serbia)

International Scientific Committee

Chairman:
Vice-chairman:

Members:

7. Cupi¢ (Serbia)

V. Bukhtiyarov (Russia)
S. Todorova (Bulgaria)
B. Adnadevi¢ (Serbia)

S. Ani¢ (Serbia), A. Anti¢-Jovanovi¢ (Serbia), A. Azizoglu (Turky), R. Cervellati
(Italy), G. Ciri¢-Marjanovi¢ (Serbia), V. Dondur (Serbia), 1. I. Grinvald (Russia), R.
Jerala (Slovenia), M. Jeremi¢ (Serbia), G. N. Kaluderovi¢ (Germany), E. Ki§ (Serbia),
A.V. Knyazev (Russia), Lj. Kolar-Ani¢ (Serbia), U. Kortz (Germany), T. Kowalska
(Poljska), A. Lemarchand (France), G. Lente (Hungary), Z. Markovi¢ (Serbia), S.
Mentus (Serbia), K. Novakovi¢ (UK), N. Ostrovski (Serbia), V. Parmon (Russia), Z.
Petkova Cherkezova-Zheleva (Bulgary), M. Plavs§i¢ (Serbia), J. Savovi¢ (Serbia), G.
Schmitz (Belgium), I. Schreiber (Czech), L. Schreiberova (Czech), D. Stanisavljev
(Serbia), N. Stepanov (Russia), M. Stojanovi¢ (USA), E. Szabd (Slovakia), Zs.
Szakacs (Romania), Z. Saponji¢ (Serbia), A. Téth (Hungary), M. Trtica (Serbia), V.
Vasi¢ (Serbia), D. Veselinovi¢ (Serbia), V. Vukojevi¢ (Sweden)

Local Executive Committee

Chairman:
Vice-chairman:

Members:

S. N. Blagojevi¢
A. Ivanovi¢-Sasié
N. Jovi¢-Jovicié
A. Stanojevié¢

M. Ajdukovi¢, I. N. Bubanja, A. Dobrota, J. Dostani¢, D. Dimi¢, S. Jovanovi¢, Z.
Jovanovi¢, D. Loncarevi¢, M. Kragovi¢, J. Krsti¢, B. Markovi¢, S. Macesic, J.
Maksimovié, S. Marinovi¢, D. Milenkovi¢, T. Mudrini¢, M. Pagnacco, N.
Potkonjak, B. Stankovi¢, I. Stefanovié¢, G. Stevanovic¢, A. Stoiljkovi¢, M. Vasi¢



SPONSORS

Ministry of Education, Science and Technological Development of the
Republic Serbia
Institute of General and Physical Chemistry, Belgrade
Belgrade Analysis d.o.o.

\



PHYSICAL CHEMISTRY 2021 K-15-P

DOES EXPOSURE TO A SINGLE DOSE OF MICROPLASTIC
REPRESENTS A HEALTH RISK?

I. Gusevac Stojanovi¢!, D. Drakuli¢!, A. Todorovié!, N. Filipovi¢?, Z. Stojanovié?

L VINCA Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of
Belgrade, Mike Petrovi¢a Alasa 12-14, 11351 Belgrade, Republic of Serbia. (igusevac@vinca.rs)
2 Institute of Technical Sciences of SASA, Knez Mihailova Street 35/4, Belgrade, Republic of Serbia.

ABSTRACT

Worldwide pollution with plastic debris represents tremendous environmental issue. Small particles
originated from plastic bottles exert various effects in organisms when exposed chronically, while the
effects of a single exposure are completely unknown. Thus, to test their potential health impact, male
Wistar rats were exposed by oral gavage to a single dose of microplastic particles (MP) derived from
polyethylene terephthalate (PET) bottles (1.4, 35 or 125 mg/kg with median diameter of 85 pm). Food
and water intakes were monitored, and neurological and clinical tests were conducted. Obtained
results point to lower food and water intakes in groups that received two higher MP doses indicating
to interference with normal digestion. None of three used MP doses provoked neurological and
clinical impairments either due to short-term exposure and/or lack of MP cumulative effect. Overall,
presented results indicate that exposure to a single dose of MP can initiate health issues.

INTRODUCTION

Even though the environmental pollutants are recognized as a major threat to a human health, little is
achieved in global reduction of their omnipresence. One of these hazardous materials is biochemically
inert polyethylene terephthalate (PET), widely used due to its low-cost production and long durability.
Under certain conditions, PET can be fragmented into smaller pieces, including microplastic particles
(MP) that are smaller than 5 mm. It appears that particles less than 150 um in diameter could penetrate
tissues and accumulate in organs, including brain [1].

Numerous studies reported that fishes exposed to MP exert alterations in behaviour (such as
hypoactivity, erratic movements, seizures), body weight and length along with histological changes
of organs and tissues [2]. In contrast to the relatively abundant MP studies in aquatic organisms, only
few of them have been conducted to investigate the impact of these particles in mammals. They
revealed that exposure to MP results in their uptake and presence in the gut, liver and kidneys of the
mice [3] and could lead to decrease in body, liver, and body fat weights, disorders in energy
metabolism, inflammation and neurotoxicity [2].

Given that a behavioural disruptions (such as alterations regarding activity levels, potential
anxiogenic effects, depression-like behaviours and altered cognitive functions) can arise as a
consequence of organism’s chronic exposure to small sized particles [1], it is of great importance to
test whether a single ingested dose of MP, that correlates to daily ingested dose in humans [4], could
impact victuals consumption, sensory-motor functions and factors of acute toxicity in rats. The
parameters of interest were assessed 24 h after a single MP exposure to provide new insights of
potential health risks upon acute MP ingestion.

METHODS

Microplastic particles were produced by filing PET bottles of worldwide famous soft drink brand
which were thoroughly washed with distilled and Milli-Q water. Produced MP sawdust was sifted
through laboratory sieve with mesh size of 160 um and MP images were captured by optical
microscope B-500MET (Optika, Ponteranica, Italy). Furthermore, FTIR (ATR) measurements were
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performed on Nicolet Nexus spectrometer (Thermo Fisher Scientific, Waltham, USA) to identify
chemical composition of samples and Malvern Mastersizer laser diffraction particle size analyser
(Malvern, Worcestershire, UK) was used for additional characterisation of MP.

Research procedures conducted on animals were approved by the Ethical Committee for the Use
of Laboratory Animals of VINCA Institute of Nuclear Sciences - National Institute of the Republic
of Serbia, University of Belgrade, Republic of Serbia (protocol authorization number 323-07-
03460/2021-05) and were in accordance with European Communities Council Directive
(2010/63/EU).

Young adult male Wistar rats (300-350 g, n = 4 per group) were randomly divided in five groups:
intact animals, used as controls (I); rats that received 2,5 ml of Milli-Q (Q); rats that received MP in
dose 1.4 mg/kg (P1)/35 mg/kg (P2)/125 mg/kg (P3). Microplastic particles were dispersed in 2.5 ml
of Milli-Q and the dose was calculated by multiplying human dose to correction factor (Km, 6.2 for
rats) [3], [4]. All treatments were applied in a single dose by oral gavage. The food and water intakes
were measured 24 h following the treatments.

Serious of non-invasive neurological and clinical tests were conducted 24 h after the treatment to
evaluate potential sensory-motor deficits and possible signs of acute toxicity [5], [6]. The neurological
test included scoring of following sensory-motor parameters: consciousness (0—1 point), respiration
(0-1), spontaneous activity (0-3), forepaw outstretching (0-2), climbing (0-1), visual placing (0-1),
cage grasp (0-1), gait posture (0-2), geotaxis (0-1), hearing and pacing/circling (0-1). Total score of
neurological tests was expressed as the sum of average scores of all investigated parameters and
graded on the scale of 0 to 15. The clinical test assessed: agitation, convulsion, piloerection, sleepiness
and lethargy. Parameters were valued as — (no effect), + (mild effect), ++ (moderate effect) and +++
(major effect). In pre-treatment control testing, none of the animals exhibited any physiological
deficit. All assessments were performed by the researcher blinded to experimental setup.

Obtained data were analysed by One-way analysis of variance followed by Tukey’s posthoc test
using GraphPad Prism 6 Software (San Diego, USA). Results are presented as a percentage of the
mean of the values in | group £ SEM (standard error of the mean). p value of 0.05 is considered
significant.

RESULTS AND DISCUSSION

Beside magnitude of organism exposure to small size particles, a variety of factors could influence
their neurotoxicity and it appears that it may be also strongly affected by particle characteristics such
as size and shape.

Images obtained by the optical microscope revealed that MP are of irregular shape with higher
aspect ratios (whiskers, bundles of whiskers) (Figure 1A). Compared with data, FTIR spectra
confirmed that samples are PET MP and laser diffraction analysis showed that specimens are
composed of MP with median diameter of 85 pm (d10 = 35 um and d90 = 170 pm) (Figure 1B).

Chemically inert MP larger than 150 um, most likely, when ingested cannot be absorbed by
surrounding tissues. Before reaching the intestinal epithelium, MP pass through different
compartments of the gastrointestinal tract which might affect MP surface parameters and
physicochemical properties. However, the particles’ stability minimizes the possibilities of enzymatic
or chemical MP degradation and probably, no major MP decomposition occurs during ingestion.
Nonetheless, it is considered that particles less than 150 um in diameter could be uptaken by epithelial
lining of the gut by phagocytosis and further transported around the body by lymphatic and circulatory
systems possibly reaching, among other tissues, the brain [1].

According to the obtained results, no change in any investigated parameter was observed between
I and Q groups, indicating that oral gavage treatment per se does not affect investigated parameters.
Comparing to 1/Q groups, rats in P2 and P3 groups were consuming less food and water

573



PHYSICAL CHEMISTRY 2021 K-15-P

(p < 0.05 for P2 and p < 0.01 for P3, respectively) pointing out that MP treatment with higher doses
decreased consumption of victuals (Figure 2A and 2B). These findings might indicate that certain
amount of MP was retained in digestive tract and animals had a false sense of satiation. Food and
water intakes are usually positively correlated, and being highly controlled processes under the
influence of hormones, enzymes and various regulatory mechanisms, their reduction in this study

might point to health issues.
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Figure 1. Microplastic particles Figure 2. Food and water intake of rats 24 h
characterisation A) Specimens are of irregular after receiving single dose of microplastic
shape with higher aspect ratios (whiskers, A) Food intake B) Water intake. Data are
bundles of whiskers) B) Specimens are presented as % of control + SEM of n =4

composed of microplastic particles with median animals per group. Statistical analysis was

diameter of 85 pm (d10 =35 um and d90=170  performed using one-way ANOVA followed by
pum). Tukey’s post hoc test (*p < 0.05, **p < 0.01 P2/

P3vs | and #p < 0.05, #p < 0.01 P2/P3 vs Q).

Considering the size of particles used in this study, there might be a possibility that at least some
of the MP were uptaken and transported within the body, reaching various organs and tissues. Thus,
batteries of relevant neurological and clinical tests were used to examine whether an acute MP
exposure represents a health risk. Although results of neurological testing revealed subtle decrement
of sensory-motor functions in groups that received MP comparing to | and Q groups, these changes
were not sufficient to make statistical difference (Table 1). Moreover, no changes were detected
among these 5 groups regarding clinical scoring, either (Table 1) since rats were not anxious, sleepy,
lethargic nor displayed sudden, irregular movements. Observed lack of MP impact on neurological
and clinical scoring could be attributed to acute exposure of rats to MP and absence of cumulative
effect. However, taking all results into account, there is a possibility that proposed MP specimens
might be transported throughout the body inducing health issues. Thus, additional investigations are
needed to elucidate mechanism of MP acting in mammals with emphasis on clarification whether and

by what terms single dose of MP provokes health issues.
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Table 1. Results of neurological (assessed by alterations in sensory-motor functions) and clinical
tests scoring 24 h after treatments
Experimental I Q P1 P2 P3
group/test
Sensory- motor 100 = 100+ 0.25 98.31+£0.29 96.6+x048 9492+0.71
functions 0.25
Clinical signs - - - - -

CONCLUSION

Since MP have pervaded the ecosystems, exposure to these particles and their accumulation will
probably only increase with time. Although acute MP exposure had no effect on sensory-motor
functions and did not induced acute toxicity, due to reduced water and food intakes that are reported
in current study, it can be assumed that MP might lead to health issues. Further research regarding
pathologic mechanisms at cellular and tissue levels, as well as on the long-term effects of tissue
accumulation, are necessary.
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