OMNIPRESENCE OF PLASTICS: A REVIEW OF THE MICROPLASTIC

SOURCES AND DETECTION METHODS
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Summary: Plastic polymers are
present in all aspects of modern human
life, with their production increasing
significantly year by year.
Micsroplastics (MPs) are plastic units
with a size range of 1 ym to 5 mm,
omnipresent in nature. They have been
detected in water, soil, air, food, and
drinking water and thus represent a
severe threat to human health,
especially because they represent a
good adsorbent for hydrophobic toxic
chemicals, such as PAHs, pesticides,
and others. The analysis of MPs from
environmental samples requires
specific sample preparation
procedures. In order to detect, identify
and characterize MP particles, various
methods have been employed,
including: optical and scanning electron
microscopy; infra-red and Raman
spectroscopy; gas and liquid
chromatography; and tagging methods,
all of them with certain advantages and
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Pe3snme: [MnactuyHm nonumepun cy
NPUCYTHU y CBUM acnektnma
CaBpeMeHOr  JbyACKOr >XMBOTa, a
HbMXOBa MPOU3BOAHA Ce 3HayajHo
nosehaBa 13 rogvHe Yy TrOOWHY.
Mwukponnactuky (M) yuHe nnacTnyHe
jeovHuue BennunHe og 1 UM 8o 5 mm,
csenpucyTHe y npupoaun. OTKpmBeHa je
y BOOM, 3eMIbK1, Ba3gyxy, XpaHu n Boam
3a nuhe un cTora npeacraerba 036UIbLHY
npeThy MO JbYACKO 34paBrbe, NnocebHo
3aTto WTo je n pobap agcopbeHT 3a
xvopodobHe TokCMYHE MaTepuja, Kao
wrto cy [lAX-oBu, nectuvam w ap.
Ananmnsza MIT w3 ysopaka XUBOTHE
cpeavHe 3axTeBa crneundunyHe
nocTynke npunpeme ysopaka. la 6u ce
petektoBane, uaeHTudukosane wu
okapakTtepucane 4vectuue M, kopucte
ce pasHe MeToae, YKIbyuyjyhun: onTudky
" ckeHupajyhy €NeKTPOHCKY
MMWKpPOCKONMjy; MHbpaupBeHy U PamaH
CMEeKTPOCKONWjy;  racHy W TeYHy
Xpomarorpadujy, ca oapeheHum
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limitations. Recently, the MP issue has
been more acknowledged, but still,
many questions arise and wait to be
solved. Further studies are necessary
to improve existing analysis methods,
and more education is needed to raise
awareness amongst the general public
about the emerging problem of plastics
in nature.

Keywords: Microplastics; Environment;
Micropollutants; Sampling; Analysis;
Health risk.

1. INTRODUCTION

Widespread use of plastic polymers has
changed the way of our lives, and its
huge production has resulted in a
serious environmental threat [1], thus
becoming a significant cause of
concern among scientists, politicians,
and the general public [2]. Its price and
unigue set of properties make it
extremely popular for use in everyday
life [3]. The global production of plastic
is increasing with an annual rate of
8.7% [4]. In 2016, world production of
plastic surpassed 320 million tons, most
of which is intended for packaging, i.e.,
for immediate disposal [2]. Most of the
common plastics resin production is
used in packaging with a relatively short
lifetime and ends up routinely in litter as
well as in municipal solid waste.
Plastics account for 10-15% by weight
of municipal solid waste, depending on
the location [5]. The majority of plastics

include polyethylene (PE),
polypropylene (PP), polystyrene (PS),
polyvinylchloride (PVQC), and

polyethylene terephthalate (PET) [4].
When inappropriately dumped or
mismanaged, plastic waste can
accumulate in the environment and can
be subjected to degradation by several
agents or routes, such as solar
radiation, mechanical forces, and
microbial action. This leads to
fragmentation and breakdown of those

npegHocTMMa U orpaHunyerbuma. Mako
ce npobnemy MI1 noceehyje cee BuLle
naxte, UNak ocTaje MHOLITBO NUTaka
Koja 4dekajy ga Oyay peweHa. [arbe
cTyaonje cy HeonxogHe pda 6u ce
noborbLiane noctojehe meToae
aHanuse, a gogaTtHa egykauuja aa 6m
ce nosehana CBeCT LUMpe jaBHOCTW O
OBOM HOBOM Npobnemy y npupoau.

KrbyuHe peuu: MwukponnacTtuka;
>KvBoTHa cpeavHa; MwukpononyTaHTy,
Y3opkoBame; AHanusa; 34paBCTBEHU
PU3KK.

1. yBOA

Lnpoka ynotpeba NIacTUYHUX
nonvMepa NPOMEHWna je Ha4YvH Hawler
XMBOTa, a HMX0Ba orpomHa
nponseoar-a pesynTupana je
030MIBHOM  EKOSOLLIKOM MnpeTwom [1],
nocrajyhm Tako 3HayajaH pasnor 3a
3abpMHYTOCT HayyHuKa, nonuTuyapa u
wupe jaBHocTU [2]. HbuxoBa ueHa u
KapakTepucTvke 4YmHe WX Wn3y3eTHO
norogHMM 3a CBaKOOHEBHY YynoTpedy
[3]. TmobanHa npousBoaHa MnacTuke
ce nosehasa ca roguHO0M CTOMOM 0Of
8,7% [4]. Y 2016. roguMHu cBeTcKa
npou3sodra NnacTuke npemMawimvna je
320 munuoHa ToHa, of yera je BehuHa
HameleHa 3a nakoBawe, Tj. 3a
TPEHYTHO ofJiarakbe HaKoH kopuwhera
[2]. Lakne, BehuHa nponsBedeHe
nnacTuke Kopuctu ce y ambanaxHum
MaTepvjaniMma ca penaTMBHO KpaTKnM
XMBOTHMM BeKOM M Op30 3aBpliaBa y
cmehy 1 YBpCTOM KOMyHarHoM oTnagy.
Mnactuka ymHm 10-15 mac.% uyBpcTor
KomyHanHor otnaga [5]. [Mnactuka

Hajyewhe nogpasymesa cnepehe
nonvMmepe: nonmeTuneH (MNE),
nonvnponuneH (M),  nonucTupeH

(NC), nonusuuunxnopug (MBL) n
nonvetuneH TepedTanat (MET) [4].
Kapa ce HeagekBaTHO OANIOXU UK ce
tbMMe fole Yynpaerba, MMAacTUYHU
oTnag ce MOXe akymynupatm y
XKMBOTHOj cpeauHn uU BUTU NoABprHyT
pasrpaghu NoMohy CyHYeBoOr 3pavehsa,
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larger materials into microplastics -
MPs [2], which have already been
detected in water, air, sediment, and
even in several species of organisms
[6]. A recent definition of MPs follows
the logical differentiation along the
standard international unit
nomenclature (Sl units) of MPs =5 mm
— 1 um. Due to the evolving research
on plastic particles, nanoplastics are
also of particular concern because they
are expected to be as ubiquitous as
their bulk counterparts. Nanoplastic is
usually categorized as plastic particles
smaller than 1 um, which is also an
important  priority with regard to
enhancement of contaminant transport
in the environment and potential risks to
human health [7]. However, MPs are
the targeted plastic particles to review
in this study.

MPs can be characterized, detected
and quantified using a variety of
methods such as fourier-transform
infrared spectroscopy (FTIR), Raman
spectroscopy (RS), scanning electron
microscopy (SEM), high-performance
liquid chromatography (HPLC), and gas
chromatography (GC) [8].

This review study is aimed to evaluate
the current status of the occurrence of
MPs in nature and represent
contemporary sampling, detection, and
identification methods.

2. OCCURENCE IN NATURE

2.1. Water Sources

The presence of small fragments of
plastics in the oceans, estuaries, bodies
of freshwater, and even in the remote
arctic ice is now well established [5].
The observed differences between
types and amounts of MPs indicate that
import, export, and residence times of
MPs may vary depending on their
characteristics, mostly size and the
specific density of the polymers [9].
MPs are found in all parts of the water
column. Due to their structure,

MEXaHW4KNX cuna W OenoBakem
MukpoopraHuszama. To pgoBoauM Ao
dparmeHTauuje mMaTepuvjana Ha
yectuue T3B. Mukponnactuke - MI [2],
Koje cy Beh oOTKpuBeHe Yy BOAM,
Ba3ayxy, CeAMMEHTY, Nna YaK 1 y X1BUM
opraHuammma [6]. [OedwuHuumja MM
cnean HomeHknatypy mehyHapogHor
cuctema jeguHuua - CU cuctema MMM =
5 mm - 1 ym. HaHonnacTuka, Kojy YvHe
nracTuyHe vyectuue Mawe og 1 pm, je
Takohe nocebHo 3abpur-aBajyha, jep
ce ovekyje ga he OutnM jegHako
CBEMNpUCYTHa, jep je naka 3a TpaHCnopT
Yy  OKMBOTHO] CcpegvHM UK Tume
npeactaBrba  pPU3MK MO FbYACKO
3gpasrbe [71. MehyTum, 0Baj
npernegHn pag he ce dokycnpatn Ha
YyecTuue MmnKponnacTtuke.

YecTtuue MM mory ouTtn
oKapakTepucaHe, [leTekToBaHe 7
KBaHTU(MKOBaHe npUMeHOM

pasmuMunTUX TexXHUKa Kao LITO Cy:
WHdpaupBeHa  cnekTpockonuja  ca
dypujeosnm TpaHcdopmaLmjama
(FTIR), PamaHn cnektpockonuja (RS),
ckeHumpajyha enekTpoHcKa
Mukpockonuvja (SEM), Bucoko-nputucHa
TeuyHa xpomatorpadmja (HPLC) n racHa
xpomatorpadumja (GC) [8].

OBaj npernegHn pag vMa 3a uwb ga
npoueHn TpeHyTHM cTtatyc MIl vy
npupoaM W npeactaBM  CcaBpeMeHe
MeToAe H-eHOT y30pKOBaHa, AeTekuuje
W naeHTudmrkaumje.

2. NPUCYCTBO Y nNPurPOaU

2.1. Nseopu y 80du

MpucyctBo parmMeHata nnacTuke y
OKeaHuMa, CraTKkoBOAHMM cUCTEMMMA,
nMa Yak W y apkTuykoMm regy, caga je
nobpo ytepheHo [5].

Bpeme 6opaBka yectuua MI1 moxe ce
pasnukoBatM Yy  3aBMCHOCTM  Of
FUXOBUX KapakTepucTuka, YrnaBHOM
BEMMYMHE W cneundmnyHe rycTuHe
nonumepa [9].

Yectuue MI1 ce Hamase y cBuUM
nenosumMa BoaeHor ctyba. 36or cBoje
CTPYKTYype, nonvmMepu nmajy
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polymers have a specific density (0.9-
2.3 g cm®), which is lower than the
density of water (1.02 to 1.03 g cm?)
which leads to the floating of plastics
and MPs on the water surface [10].
Overgrowth by micro- and macro-
organisms causes an increase in
specific density and thus contributes to
a loss in buoyancy and sinking of MPs
[9]. MPs of low specific density spend a
long time at the sea surface (or in the
water column), where they can
potentially be transported over long
distances. However, MPs of high
specific density are negatively buoyant
and thus sink more rapidly to the
seafloor; consequently, they are
expected to accumulate in subtidal
sediments near their sources [9].
Fragmentation does not affect particle
density because it does not change the
chemical composition. Furthermore, the
concentration of MPs in the oceans
depends on the period in which it is
sampled - for example: if coastal winds
are low, the concentration is higher
[11]. Water that flows at a lower speed
has lower energy, and plastic denser
than its environment will deposit. In
areas of faster water flow, plastic is
easier to carry and resuspend.
Furthermore, areas of lower salinity
show an increase in plastic deposition
as a result of an increase in plastic
density [12]. Ultimately, the exact
distribution of MPs in the water column
is still unknown [13]. MPs from
cosmetics, cleaning products,
medicines, and mostly from washing
machines that release microfibers end
up in municipal wastewater [11].
Microfibers come from synthetic fabrics
from which much of the garment is
made [12]. Furthermore, due to
microscopic  sizes, particles pass
through filters on wastewater treatment
plants, and end up in rivers or soil by
directly discharged treated water or
using waste sludge [14, 15].

MPs have also been detected in the
Adriatic Sea. According to the amount
and presence of plastic waste, the

cneumdmuny ryctury (0,9-2,3 glem’®),
HWXKY of TryctuHe Boge (1,02-1,03
g/lcm®), wTo [AoBOAM [0 NNyTaka
nnactmke n Ml Ha noBpwyHU BoAa
[10]. TlMpekomepHn pacT MUKpO- W
MakpoopraHvsama Ha nospwmHn M1
y3pokyje  nosehawe  cneuuduyHe
rYCTUHE W Ha Taj HayMH [OoMpUHOCU
Tokery MIT Ha gHo [9]. YecTtnue MM
mMane cneuuguyHe ryctuHe nposoge
MHOrO BpemMeHa Ha MOBPLUMHW (MnK Y
BOAEHOM CTynuy), ofakne ce Mory
TpaHcnopToBaTtu Ha Benvke
yaarbeHoctn. Mehytum, MI1 Bucoke
cneumdnyHe ryctuHe Opxxe TOHe Ha
MOPCKO AHO; CXOAQHO TOME, Ouyekyje ce
Ja ce akymynupa y ceguMeHTMMa Yy
6nmanHmn CBOjUX n3sopa [9].
®parmeHTauuja He yTu4e Ha ryCTUHY
yecTvua, jep He MeHa XEMUjCKU
cactaB. [larbe, koHueHTpauuja M1 y
OoKeaHMMa 3aBuUCW Of nepuoga y Kome
Cce Y30pKyje - Ha npumep: ako cy
obanHu BETPOBM cnabwm,
KoHueHTpauuja je Beha [11]. Boga koja
Teye criopuje uma mawy eHeprujy, a
nnactvka rywha of HeHOr OKpyXeha
he ce Tanoxutn. Y nogpyyjuma Gpxer
npoToka BOAE, MMacTUKy ce nakwe
Hocu 1 pecycnenayje. darbe, nogpyyja
ca MarMM CanuHMTETOM  MOoKasyjy
nopacT HaHoca nnacTuke kao pesynrar
nosehawa teHe ryctnHe [12]. TayHa
pacnogena M1 y BogeHom cTynuy jow
yBeK Huje nosHata [13]. MI1 wu3
KO3MeTuKe, npomssoda 3a unwheme,
nekoBa, 1 MallMHa 3a Npame BeLua Koje
ocrnobahajy MvKpoBnakaHa 3aBpLuaBa y
KOMyHanHuMm otnagHum Bogama [11].
MukpoBnakHa noTWYy Of CUMHTETUYKMX
TKaHWHa of, KOjuX je HanpaBrbeH Behu
neo opehe [12]. [Oarbe, 30or
MWKPOCKOMCKNX ~ BEenuunHa, Yectuue
nponase Kpos3 duntepe Ha
noctpojewsuma 3a  npednwhaBake
oTnagHuX BOAa v 3aBpLuaBajy y pekama
unm 3eMIbULLITY AVPEKTHUM
ucnywrarkem npedvwheHe Boge wunu
npeko oTnagHor myrea [14, 15].

Yectuue MI1 cy oTkpuBeHe w©n y
JagpaHckom Mopy. [pema KonuumHU
nnactuyHor otnaga, JagpaHcko Mope
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Adriatic Sea is the most polluted in
Europe after the northeastern part of
the Mediterranean and Celtic Seas.
Research has shown that in the
northern  Adriatic extremely high
concentrations of MPs were detected,
with an average value of about 406,000
particles / km2, which is among the
highest recorded concentrations in the
Mediterranean Sea so far [16].

Generally, MPs have become one of
the emerging contaminants in the
aquatic environment, including rivers,
lakes, water treatment plants, and
drinking water. However, there is still a
lack of sufficient knowledge about MPs
in freshwaters, such as their health
effects and fast monitoring [15].

2.2. Presence in Soil

MPs can reach the beach by wind,
direct disposal of plastic waste, and
discharge from wastewater treatment
plants [11, 12, 15]. The next source of
soil MPs is agriculture; MPs can be
discharged due to degradation directly
from greenhouse materials and foils
and waste sludge, irrigation water, and
biosolids [17, 18]. Plastic that
accidentally ends up in municipal waste
intended for composting is sometimes
not noticed and removed, so such
compost contains large pieces of plastic
and fragmented MPs. If such compost
is used as a fertilizer, large amounts of
MPs are introduced into the soil and
further infiltrated through the soil [12].
MPs in soils may be transported
horizontally by wind and water and
transported vertically by water or soil
biota; and can even be gradually
degraded by microbiology or
physicochemical drivers [4].

In general, there is little information
about the source and fate of MPs in
terrestrial  ecosystems. In  future
research, it is urgent to address the
distribution, transport, and degradation
of MPs in terrestrial environments in
order to reveal environmental behaviors
and effects [4].

je HajsaraheHunje y EBponu HakoH
ceBepovcToyHor gena CpeposemHor
mopa n Kentckor mopa. Mctpaxusaha
Cy nokasanma fa Cy Ha CeBepHOM
JagpaHy OTKpuBEHe W3y3eTHO BUCOKE
KoHueHTpauuje M1, og oko 406 000
yecTuLa/km?, WTO je meny Hajsehum go
caga 3abenexeHnMm KoHLUEHTpauujama
y CpenosemHom mopy [16].

[eHepanHo, yectuue MI1 cy nocrane
jenaH og HoBMX 3arafuBaya y BOOEHUM
cuctemmma, ykrbydyjyhim peke, jesepa,
nocTpojexa 3a npeuynwhasare
oTnagHe Boge M Bogy 3a nuhe.
MehyTum, jow yBek Hema [A0BOSbLHMX
uHdopmaumja o npucyctey MIT y
cnaTtkum Bogama, HeHUM eekTma Ha
3gpaeree rbyauM M Metogama 3a 6ps3
MOHUTOpPWHF [15].

2.2. [Mpucycmeo y 3emrbuwimy
Yectuue M mory gocnetn go obane
BETPOM, OVPEKTHUM oanaramkem
nnacTu4Hor otnaga n ucnylTawem u3
nocTpojexa 3a npevnwhaBame
otnagHux Boga [11, 12, 15]. Cnenehu
mzgop MI y  3semmbuwty je
norbonpuepeda, 36or  pasrpaghe
mMaTepwvjana u cponuja ctakneHe GawuTte,
oanarake OTnagHor myrba, Boda 3a
HaBoawasawe M hybpueo [17, 18].
lMnactuka Koja cnyyajHO 3aBpwm Yy
KOMyHanHoM oOTnagy HaMeheHOM 3a
KOMMOCTUpawe  MNOHeKad ce  He
NMPUMETM W He VYKMOHW, Ma Takas
KOMMOCT Cagpxu Benvke Komage
nnacTuke un ycuTieHe uyectuue MI.
AKO ce TakaB KOMMOCT KOPUCTU Kao
HybpuBo, Benuke konudmHe MI1 yHoce
ce y 3emsbuLTE M Aarbe MHOUITPMpajy
Kpo3 3emrbuite [12]. MM y 3emrbuwity
MOXE Ce XOPMW3OHTanHO MpPeHOCUTU
BETPOM ¥ BOAOM, @ BEPTUKANHO BOAOM
UMM XXMBMM OpPraHU3MUMa 3eMIbULLITa;
a npouecu perpagauvje Bplle ce
MUKPOBMOMNOLWIKMM ~ unn OU3UYKO-
XeMujckum nyTem [4].

YonwteHo pe4eHo, Marno je nogaTtaka o
u3BOpy M cyabuHm dectmua MI1 y
KoMHeHMM  ekocuctemmma.  byayha
uctpaxusarwa Tpebana ©Ou pa ce
dokycupajy Ha anctpubyumjy,
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2.3. Air Pollution

MPs are now also acknowledged as
atmospheric pollutants. Recent studies
have demonstrated the existence of
MPs in the area of urban, rural, and
remote atmosphere and atmospheric
deposition. There is significant potential
for long-range transport and therefore,
influence locations far from MP
pollution sources [7].

Some of the sources of air-circulating
MPs are: synthetic fabric (clothing, car
seats, etc.), tires, city dust, building
materials, industrial emissions, traffic,
and sludge left behind in wastewater
treatment plants [6, 15]. The
degradation of plastic textile fibers
produces fibrous MPs [19]. Fibers and
fragments are the most frequently
identified microplastic shapes in the
atmosphere [7]. Some fibrous MPs may
be inhaled. Most of them are likely to be
subjected to mucociliary clearance;
however, some may persist in the lung,
causing localized biological responses,
including inflammation [6, 19]. The
scattering of MPs in the air depends on:
the vertical gradient of the pollutant
concentration (higher concentrations
are at lower altitudes), wind speed
(higher wind speed causes better
scattering of MPs), wind direction,
precipitation, and temperature (lower
temperatures increase nucleation and
condensation) [6, 15].

Further studies are needed to estimate
atmospheric concentrations of these
emerging contaminants and to
understand better the interaction
between atmospheric MPs and other
chemicals, ecosystems, and human
exposure [6, 7].

2.4. Food and Beverage Contamination
As persistent contaminants, MPs can
be taken up by soil biota. Therefore, it

TpaHcnopT w Aerpagaunjyy MM vy
KOMHEHOM OKpYyXehy, Kkako Ou ce
N3Y4YUno HEHO NoHaLlakwe 1 eddekTn Ha
XVBOTHY cpeauHy [4].

2.3. Bazaher-e 8a3dyxa

YcTaHoBbeHo je ga cy 4ectuue MI1
npucytHe un y dopmmn 3arahusaya
aTmocdepe. HepasHe cTyavje
nokasane cy noctojase Ml y nogpyuyjy
ypbaHe v pypanHe atmocdepe, kao u y
aTMocdepckoMm Tanory. MocTojn
3Ha4yajaH noTeHuMWjan 3a TPaHCNOPT Ha
Benuke pgarbMHe, Tako Ada yTuhye Ha
3arafewe nokanuteTa yaarb€HuUX of
n3Bopa 3arahemna [7].

Hekn og wussopa MIT y Basgyxy cy:
CUHTETMYKa TKaHuHa (ogeha, ceguwTa
3a aytomobune wvtg.), ryme, rpaacka
npawwvHa, rpaheBuMHCKM MaTepujanu,
nHaycTpuja, caobpahaj n Myms u3
nocTpojexa 3a npevnwhaBame
oTnagHmx Bogda [6, 15]. Pasrpagha
NNacTM4HUX  TEKCTUMHUX  BrakaHa
cTBapa BnakHacte 4yectuue MI1 [19].
BnakHa cy Hajuewhe naeHTMdmKoBaHM
o6nuum Mukponnactuke y atmocdepu
[7]. Heke BnakHacTe yectuue Ml mory
ce yaaxHyTM u 3agpxatu y nnyhuma,
y3poKyjyhmn nokanusoBaHe OuonoLlike
peakuuje, ykrbydyjyhu ynane [6, 19].
PacnpwuBarwe M y Basgyxy 3aBucwu
on: BEpTMKanHor rpaguvjeHTa
KOHUeHTpauuje (Behe KoHUeHTpaumje
Cy Ha HWXMM HagMOPCKUM BUCHMHaMa),
6p3nHe BeTpa (Beha OpavHa BeTpa
uzasmBa 6Gorbe pacejaBarwe M),

cmepa BeTpa, nagaBuHa n
Temnepatype (Hwke TemnepaType
nosehaBajy HyKneauujy "

KoHaeH3auwjy) [6, 15].

[area vcTpaxuBawa cy notpebHa aa
01 ce npoueHune KoHLEHTpauuje oBMX
3arafjuBada y atmocdepu u ga 6u ce
borbe pasymena uHTepakumja mamehy
aTtMocgepcke MM Z Aapyrmnx
XemuKanuvja, ekocuctemMa W JbyAcKor
3gpaerba [6, 7].

2.4. KohmamuHayuja xpaHe u nuha
Kao Nep3nUCTEHTHU 3arahusauu,
yectuue MI1 Mory ga ce akymynupajy y
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is important to investigate the potential
toxicity of MPs on soil organisms. In
this way, MPs can be transferred
through the food chain and thus pose a
potential risk to human health [4].
Seabirds feed on plastics from the sea
surface [9]. Significant amounts of MPs
are found in aquatic species intended
for human consumption [20]. Around
1000 particles of MPs per person are
introduced through sea salt. According
to research on tap water samples
around the world, a large proportion of
drinking water is contaminated with
MPs. Microplastic particles were also
found in bottled drinking wate [12, 21],
beer, honey, and sugar [20].

3. ANALYSIS METHODS

Due to the different shapes, size
distribution, and other properties such
as transparency, translucency, and
surface roughness, the detection of
these smaller plastics becomes
challenging in practical field conditions.
After appropriate sampling procedures,
to address the problematic issue of
microplastic detection, several methods
based on visual inspection, chemical,
and optical techniques have been
suggested [22].

3.1. Sampling

Sampling and analysis of microplastic
particles pose a problem due to
different sizes, shapes, color, chemical
composition, and adsorption/desorption
of toxic substances [11, 13]. The
analysis of MPs begins with proper
sampling methods, depending on the
medium for investigation.

A Manta sampling trawl net and a
Neuston catamaran for horizontal
sampling are usually used in surface
waters. Manta trawl works on the
principle of traction and on each side
has wing-like structures, while the

OMIBHOM U XMBOTMHCKOM CBeTy. 360r
TOra je Ba)HO UCMUTaTK NoTeHLUuMjanHy
ToKCcMyHOoCcT MI1 Ha XuBe opraHusme
Tna. Ha oBaj HauuH, 4ectuue MI1 ce
MOTy MPEHETN KPO3 JlaHal, MUCXpaHe U
Tako npeactaB/batv  MOTeHUMjanHu
pu3KnK No rbyacko 3apasrbe [4]. Mopcke
nTyue ce xpaHe 4vectmuama MI1 ca
nospwuHe  Boge  [9]. 3HauajHe
konvdvHe MI1 Hanase ce y BOAEHUM
XVBOTUHCKMM  BpCTama, HaMeHEeHUM
3a byacky ucxpany [20]. MNMpeko mopcke
conu yHocu ce oko 1000 yectrua M
no ocobu. MWcnutneawem ysopaka
nujahe Boae WMpom ceeta, yTBphHeHo je
0a je Benuku npoueHaT Boge 3a nuhe
3arafeH Yectnuama M1, koje cy Takohe
[EeTeKToBaHe 1 y doralmpaHoj Boaun 3a
nuhe [12, 21], nuBy, megy n wehepy
[20].

3. METOQOE AHANW3E
36or pasnuuntux ob6nuka, pacnogene

BENMYMHE 1 OpYyrmx CBojcTaBa Kao LWTO
CY NPO3VPHOCT ¥ XpanaBoCT NOBPLUMHE,

aHanm3a Ml nocTtaje wns3asoB Yy
NPaKTU4HUM  TEPEHCKMM  yCroBUMA.
HakoH  opgroeapajyhmx  noctynaka

y30pKOBaka, 3a getekuunjy Ml nocroju
HEKONMMKO MeToAa  3acHOBaHMX Ha
BM3YENHOM Mperneny, Xemujckum u
ONTUYKNM TEXHUKaMa [22].

3.1. Memode y3opkosar-a

Kao wro je pedveHo, y3opkoBawe U
aHanm3a 4ectmua MI1 npencraerbajy
BENMVMKM npobnem 3060r pasnuunTmx
BenuuuHa, obnuka, 6oje, xemwujckor
cactaBsa yectuuya MM [
apcopnuuje/aecopnuuje TOKCUYHMX
CYMCTaHUM Ha HWXOBY MOBPLUMHY [11,
13]. AHanusa 3anountse npaBUITHUM
MeTofama y30pKOoBakba, Koje 3aBuce of
MaTpuKca 3a UCMUTUBAHE.

ByyHa MaHTta wMpexa u HeyctoH
KaTamapaH 3a XOPWU30HTarHo
y30pKOBake OOMYHO ce Kopucte y
NOBPLUMHCKMM Bogama. MaHTa Mpexa
pagu Ha npuHUMNY ByyYe M ca obe
CTpaHe uma CTPYKType Hamnuk Kpunvima,
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Neuston catamaran has guides on each
side of the net, which allow them to be
stable and float on the surface of the
water. The mesh sizes used for
microplastic sampling range from 53
pm to 3 mm. This sampling principle is
most commonly used due to the
assumption that 95% of the MPs are
located 15 cm below the water surface
[2, 10, 15].

MPs can be sampled horizontally and
vertically through the entire water
column. The Bongo plankton nets, with
a mesh diameter of about 500 ym are
used for horizontal sampling. This mesh
type consists of a pair of circular
aluminum frames connected to a center
shaft to which a flow meter and nylon
plankton nets are attached. The net is
lowered to a selected depth that is often
just above the bottom and is pulled at
that depth at a given speed over a
period of time. On the other hand, for
the purpose of vertical sampling, the
mesh is lowered to a certain depth and
pulled towards the surface [2, 10].
Depending on the sediment type,
samples from the seabed are collected
using: box corer, Ekman, and Van Veen
grabs. Sampling with grabs causes
sample disturbances. Therefore, they
are most suitable for surface or group
sampling. In contrast, the box corer
collects smaller amounts of sample and
allows the investigation of microplastic
deposition over time. Furthermore, the
box corer is used for sampling a
relatively small sampling area of around
25 cm?[2, 10].

Land surface samples are collected
using iron spoons or non-plastic
shovels to a depth of 5 cm. After
sampling, the MPs need to be
separated from the sediment, and this
is based on the difference in density
using a high-density solution of NaCl
(1.2 g/lcm®), ZnCl, (1.5-1.7 glcm®),
CaCl, (1.5 g/cm®), or Nal (1.6-1.8
glem?) [23].

OOK HeycToH KaTamapaH uma
Bogunuue ca obe ctpaHe mpexe, Koje
My Adajy cTtabunHoct u owmoryhaBajy
nnyTakbe Ha NOBpWUWHM Bode. 3a
Y30pKOBak€ MUKPOMMacTUke KopucTe
ce oTBOpW BenuuuHe og 53 um go 3
mm. OBaj npuHUMN  y30pKOBaha
Hajyewhe ce KopucTu 360r
npetnoctaeske Aa ce 95% MI Hanasu
Ha 15 cm mcnog nosplimHe Boge [2, 10,

15].

MI1 ce MoXe y3opkoBaTtu
XOPU3OHTAaNHO W BepTUKariHO KpPO3
yuTaB BOAEHMN cTy6. BoHro

NIaHKTOHCKE Mpexe, NnpeyHuka nopa
oko 500 pupm, «kopucte ce 3a
XOPU30HTanHo ysopkoBake. OBa BpcTa
MpexuLEe cacToju ce of napa OKpyrimx
anyMWHWjyMCKUX OKBMpa MOBE3aHuX ca
CPEOMULLHKOM OCOBMHOM Ha  KOjy Cy
npuvyspwheHn Mepad npotoka wu
HajNoHCKe NNaHKToH-Mpexe. Mpexa ce
cnywTta Ha opabpaHy aybuHy Kkoja je
YecTO Mano M3Hag JHa W nosnavu ce
Ha Toj AybuHun, npu ogpefheHoj Bp3nHW,
TOKOM oapeheHor BPEMEHCKOT
nepvoga. C pgpyre crpaHe, y CBpXy
BEpPTUKarHOr Yy30pKOBaka, Mpexa ce
cnywrta Ha ogpeheHy aybuHy n
noenavv npema nospLunHm [2, 10].

Y 3aBWCHOCTM ©Of TUNa CeguMeHTa,
y30pLM Ca MOPCKOr OHa Cakynsbajy ce
nomohy KyTujacTor jearpa, EkmaH 1 BaH
BeeH XBaTarbku. Y30pkoBam-e
KyTWjacTUM je3rpom je HajnorogHuje 3a
MOBPLUMHCKO MNN TPYNHO Y30pKOBah-E,
3a y30pKOBare penatmBHO  Manux
NnoBpLUMHA 0, OKO 25 cm? [2, 10].
Y30pumn KOMHEHe NOBPLUMHE y3UMajy ce
rBO3AEHUM Kalumkama unm
HemnacTuyHuM nonatama go AybuHe
oa 5 cm. HakoH y3aumarsa y3opaka, Ml
ce ofBaja o4 CeAMMEHTA, Ha MPUHLMMNY
pasnuke Yy  TrycTMHama  nomohy
pasnuunUTUX pacTBopa BENUKE ryCTUHE:
NaCl (1,2 g/cm®), ZnCl, (1,5-1,7 g/cm?),
caCl, (1,5 glem®), wnm Nal (1,6-1,8
glcm?) [23]
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Sample collection container
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'Ewlng /
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b)

Net aperture Towing eye

Sample collection container.

Carbon-fibre-reinforced polymer
wings for stability in open waters

Sample collection
C Catamaran for improved container.

) stability in rough waters
Net
Support

Net aperture

Tow wire
connection

Sample

Cnuka 1 — Onpema 3a y30pkoBaH€e MVUKPONMacTuke y NOBPLUMHCKMM AenoBmMa: a)
HOJCTOH Mpexe; 6) MaHTa MpeXa; L) KaTamapaH; 1 cpegHwum genosuma mopa: 60Hro
mpexe [2, 10].
Figure 1 — Types of equipment for sampling MPs in surface seawater: a) neuston net; b)
manta trawl; and, ¢) catamaran, as well as in mid-water level: d) bongo nets [2, 10].

3.2. Detection and Identification

In order to separate the microplastic
particles from the water sample,
filtration or sieving can be performed.
Filtration is performed using a filter
paper with pore sizes of 1-2 ym. Sieves
of various mesh size separate
microplastic particles depending on the
particle size, with the help of motor
vibrations. It is also possible to use an
elutriation process in which the particles
are separated based on size, shape,
and density by a gas or liquid flowing in
the opposite direction to the direction of
sedimentation  [10, 15].  Further
identification of MPs itself can be
difficult due to the possibility of
confusing it with organic matter. In
order to prevent this, it is necessary to
degrade  organic = matter  using
enzymatic catalytic reactions with:
hydrogen peroxide, a hydrogen
peroxide and sulfuric acid solution or
hydrogen peroxide in the presence of
iron (Il) ions (Fenton's reagent) [14]. An
example of the MPs analysis procedure
in water samples as described by
Masura et al. [24] is given in Figure 2.

3.2. lemekyuja u udeHmucbukayuja

Oa 6un ce yectuue MI1 ogsojune u3
y30pKa BoAde, MOXe Ce W3BpLIMTU
dunTpauvja unu npocejaBamse.
duntpauuja ce Bpwm nomohy cwuntep
nanvpa ca BenuvyuHama nopa og 1-2
um. Cuta pasnuumre BenuynHe oTBopa
pasgBajajy vectuue MI y 3aBucHOCTM
o4 BenuuyuHe, nomohy  MOTOPHUX
Bubpaumja. Takohe je  moryhe
KOpUCTUTU MOCTynak enytpuvauuje y
KOMe ce YecTuue oABajajy Ha OCHOBY
BENMYMHe, obnvka W TyCTMHE racom
UnNM TeyHowhny Koju TeKy Yy CYnpOTHOM
cmepy of cmepa cegummeHTtauuje [10,
15]. Oarba ngeHtndukaumja moxe o6utn
Tewka 36or moryhHocTn agcopGoBara
opraHcke Matepuje. a ©u ce oBoO
Crpeynsno, HEOMXOOHO je pasrpaguTu
OpraHcky maTtepujy kopuctehm
E€H3MMCKEe KaTanuTuike peakuumje ca:
BOZOHWK-NEPOKCUAOM, BOOOHMK-
NEepoKCMAOM M pPacTBOPOM CyMIMOpPHE
KNCENUHE UNN BOOOHMWK-NEPOKCUAOM Y
npucyctey  depo-joHa  (PeHTOHOB
peareHc) [14]. T[llpumep nocTtynka
aHanu3e Ml y y3opumma Boge Kako cy
onucanu Macypa n cap. [24] gaT je Ha
cnium 2.
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Analysis of microplasticsin wa@ I
L ]

Collection by a surface net to 15 minutes Method applicable to
¢ determine plastics
including
PE, PP, PVC, and PS

Filtration of solids in a 0.335 mm surface sampling net

v

The sieved material is dried to determine the solids mass in the sample

v

The solids are subjected to wet peroxide oxidation (30% H,0,) in the presence of 0.05 M Fe (I1)
solution as catalyst to digest labile organic matter

Resulting mixture is subjected to density flotation
(5M NaCl, d=1.15 g mL or ~5.4M lithium metatungstate, d=1.62 g mL) to isolate plastic debris

v

Floating plastic debris are collected in the density separator (custom 0.3 mm filter) and air-dried

v

Plastic material is removed and weighted to determine the microplastics concentration

Cnvika 2 — CekBeHuumjanHu kopauu y aHanuan Ml y BogeHum y3opuuma. PE:
nonuetuneH; PP: nonunponuneH, PVC: nonusmHun xnopug; PS: nonuctupex [24].

Figure 2 — Sequential steps for the analysis of MPs in water samples. PE: polyethylene;
PP: polypropylene, PVC: polyvinyl chloride; PS: polystyrene [24].

Microplastic detection is based on Oetekumja MIT 3acHuBa ce Ha

physical characteristics such as size,
shape, texture, and color. A naked-eye
visual inspection can be performed,
where particles with a size of 5-1 mm
are observed, or using an optical
microscope, which can detect particles
with a size of 1 mm - 1 um. Further
identification is  performed using
spectroscopic techniques such as FT-
IR (Fourier-transform infrared
spectroscopy), Raman spectroscopy,
and pyrolytic Gas chromatography with
Mass spectrometry (Py-GC-MS), which
allow determining the type of plastic. In
addition to the optical microscope, it is
possible to use a scanning electron
microscope (SEM) to analyze the
physical properties of MPs, particle
sizes, and surface
features/morphology, but also to
distinguish plastic from non-plastic

PU3NYKUM KapaKTepucTukama Kao LUTO
Cy BenuuuHa, obnuk, TekcTypa u 6oja.
Moxe ce u3BpLUMTK BU3yenHW nperneq
ronmMm OKOM, [Ae ce nocmaTpajy
YyecTvue BenuumHe 5-1 mm, wnm
nomohy OMTWYKOr  MWKpOCKOMa, 3a
BenmmumHe 1 mm - 1 um. [amba
uwaeHTdukaumja ce BpwM  nomohy
WHdpaLpBeHe  cnekTpockonuje  ca
dypujeoBnm TpaHcdopMaumjama,
PamaH cnekTtpockonuje 1 NponmTuyke
racHe xpomatorpacduvje ca MaceHOM
crnekTpoMeTpujoM, Koje omoryhasajy
ogpehmBawe BpcTe nnactuke. lopen
ONTUYKOr  MUKpockona, Moryhe je
KOPWUCTUTU U CKeHMpajyhn enekTpoHCKu
Mukpockon  (SEM) 3a  ananusy
du3nukmnx csojctaBa MI1, BenuuuHe
YyecTuua " MOBPLUMHCKMX
KapakTepuctuka - mopdornoruvje, anu u
32 pasnuKkoBake NNacTUyHUX  of
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materials. However, the method is
costly and time-consuming [10]. An
overview of commonly used analytical
techniques in microplastic detection
and identification is given in Table 1.

HennacTuyHux martepujana. MehyTtum,
MeToga je ckyna wu pgyrotpajHa [10].
Mperneq Hajyewwnhe KopuwheHux
aHanUTUYKMX TEXHUKa Yy OeTekuunjn n
naeHTudukauunjn MM gat je y Tabenu
1.

Tabena 1 — MNperneg yobuyajeHo kopuheHUX aHanMTUYKNX TexHUKa y aHanmaun MIT [15].
Table 1 — Summary of commonly used analytical techniques for analysis of MPs [15].

Particle

Methodology Size

Advantages Limitations

Visual Methods

Microscopic Counting

Samples are pretreated.
Particles  identified and
counted by using an optical
microscope.

pm range

The nature of the
samples  cannot
Samples with a | be determined
high amount of | and it is
large MPs. necessary to
Short time and couple with
low cost. identification
methods listed
below.

Spectroscopic Methods

Fourier-transform Infrared Spectroscopy (FTIR)

Samples are subjected to > 500 pm

; e . Smaller

infrared radiation with icl

defined parcie

range. Plastic ?nwn t0 20

polymers have highly g

specific IR myicrosco

spectra with distinct band led Py
atterns couple

P FTIR.

Samples must be
IR active.
Nontransparent
particles are
difficult to be
analyzed.
Expensive and
require
experienced
personals.

The sample must
be pretreated to
eliminate IR active
water.

The detection is
affected by the
environmental

Nondestructive,
well established,
fast and quite
reliable.

matrix (e.g.,
biofilm formation
on polymer),

which creates
difficulty in the
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data
interpretation.

Raman Spectroscopy (RS)

The interaction of the
irradiated laser light with the
molecules and atoms of the
sample results in differences
in the frequency of the back-
scattered light when
compared to the irradiating
laser. The Raman shift can
be detected, leading to
substance-specific  Raman
spectra.

Microscopy
coupled
RS method
is suitable
for
particles
size>1
pm.

Small particles 1 -
20 pm, high
spatial resolution
and relatively low
sensitivity.

For
nontransparent
and dark particles.
Fast chemical
mapping.

Fast and
automatic data
collection/processi

ng.

Interferences  of
fluorescence from
biological, organic

and inorganic
impurities,
hampering the

identification of
MPs.

Sample requires
purification before
analysis.
Appropriate
Raman acquisition
parameters  are
important.

RS is

timeconsuming.

Scanning Electron Spectroscopy

The sample images are Provides a high- | High vacuum.
produced by the interaction | resolution image | No detailed
of an electron beam with the | MM S¢&'€ of identification
sample. the samples. information.
Chromatographic Methods
Pyrolysis GC/MS
Samples are thermally
treated under  ambient Only one particle
conditions and the released with certain
gaseous compounds are weight can be
trapped, and subsequently Sensitive and assessed per run.
transferred to a GC column, | 500 liabl The pyrolysis
pm reliable. )

coupled to a quadrupole - database is only
MS. The spectra of pyrolysis available for
products are then compared selected
to a database of common polymers.
plastic types.
Liquid Chromatography

. Sample Inabilit to
Samples  are d'SSON.Ed by sizep of determ)i/ne the
selected solvents. Different several hvsical
molar mass distribution is milliarams High recoveries of Ehgracteristics
measured by size exclusion | . gran d selected .
chromatography and :%r {ﬁguwe polymers. gs:qzle). I
quantification is based on ; y sma
HPLC analysis. chemlqal amount of

extraction. samples can be
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assessed per run.
Only specific
polymers

can be analyzed.

Other Methods

Tagging Method

Hydrophobic dye adsorbs
onto

surfaces of MPs and renders
them fluorescent when they
irradiated with blue light

um range

Other
particles
might be stained
(overestimation).

organic
Straightforward,
fast, low cost.

4. CONCLUSIONS

Microplastics are particles made of
different polymeric materials with
various shapes, and sizes below 5 mm.
They have been detected in water, air,
sediment, and even in several species
of organisms, so their accumulation in
nature poses a significant threat to both
flora and fauna. Lately, the microplastic
issue has been more acknowledged,
but still, many questions arise and wait
to be solved. Due to the toxic effects, it
is necessary to reduce the disposal of
plastics in the environment, to develop
new or improve existing methods of
assessment, and to implement
legislation that would reduce and
control the release of MPs into the
environment. We also have a duty to
evaluate our personal relationship with
plastic and educate young and old
about a problem that will not be easily
solved. To this end, a collaboration
between environmental,
epidemiological, and water, soil, air,
and food quality communities is
required to set up relevant research
programms, which will include specific
monitoring strategies.

4. 3AKIbYYUM

Mukponnactuky YnHe yecTtuue
pasnuMuMTUX NONUMEPHUX MaTepwujana,
pasnnMunTnx O6J‘II/IKa, a Benn4nHa ncnopn
5 mm. OTkpuBeHe cy y BoAW, Ba3gyxy,
CeIMMEHTY, Na YaKk 1 y HEeKONuKo BpcTa
XMBUX  OpraHuM3ama, nmna HMumxoBa
akymynauuja y npupoau npeacTasrba
3HayvajHy npeThy, Kako 3a dnopy, Tako
n 3a dayHy. Mako ce npobnemy
MUKponnacTvke y nocneawe Bpeme
npvaaje cee BULLE 3HAYaja, unak octaje

MHOLUTBO MuTaka Koja 4ekajy Ha
ogroBop. 36or wWTETHMX edekaTa,
HEeOMNxodHO je CMawWTVM OAanarawe

NnacTvike Y XWBOTHY CPeaunHy, passuTu
HoBe wunu nobGorewaTtn nocrtojehe
MeTode  Mepewa M NPUMEHUTK
3aKOHOJAaBCTBO, Kojum oun ce
KOHTponucano wucnywtawe MMy
XMBOTHY cpeauHy. OyxHn cmo un fa
NMPOMEHVMO CBOj JIMMHM OOHOC ca
nnacTvkoMm, Kao 1 Aa efykyjemo mnage
u ctape o npobrnemy Koju Huje rako
pewutn. Y TOM uUurby notpebHa je
capagta uv3vehly yapyxewa 3a
3aWTUTY  XWBOTHE  CpeavHe U
30paBCTBEHUX " npexpambeHmnx
WMHCTUTYUMja, kako 6u ce kpeupanu
peneBaHTHN UCTPaxXvBaydkv nporpamu,
Koju he ykrbyumBatTu cneuunduyHe
cTpaTervje MOHUTOPUHra.
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