MICROPLASTICS IN FRESHWATER: REVIEW OF SAMPLING
METHODS AND SUBSEQUENT ANALYSES
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Summary: Microplastics are present in
our environment (in freshwater and
marine water, in the air, in our food and
drinking water). They are considered an
important pollutant since they can take
up to thousands of years for these
particles to decompose. On the other
hand, they can have a negative effect
on the health of organisms exposed to
them. They can also be the carriers of
different sources of pollution through
the process of adsorption. Since most
of the implemented research on this
subject focuses on marine
environments, additional investigation
regarding freshwater pollution with
microplastics can be of interest. This
paper gives a brief overview and
analysis concerning the measurements
of  microplastics in  freshwater
environments.
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Pe3ume: Mukponnactvka je npucyTHa
CBYrAe y HalleMm OKpyXewy (Y crnaTkmm
BogamMa, Yy MOpCKMM Bogama, Y
Ba3gyxy, Y xpaHu u y nujahoj Boam).
OHa ce cmaTpa 3a 3HauyajHO 3arafemse,
jep je notpebHo 1 go xurbagy roguHa
na 6u ce ose yecTuue pasrpagune. Ca
Apyre cTpaHe, MuKpornacuka uma
HeratMBaH  yTvuaj Ha  3ApaBibe
opraHusamMa Koju Cy joj W3NOXeHW.
Yectunue MuKponnactuke MOry HOCUTW
ca cobom u pgpyre BpcTe 3arafena
nytem npoueca agcopbuuje. lMowrTo je
3HayvajHu neo crnpoBefeHor
UCTpaxkmBarsa y 0BOj obracTu BesaH 3a
MOpPCKYy BoAy, AofdaTHa pasMatpana
Koja y dokycy MMmajy cnatke Boge 6u
morna 6utn op wHTepeca. OBaj pag
[aje KpaTak npernea n aHanusy HaumHa
Mepera MUKPONMacTvke Yy Cratkum
BOoAama.

Kl'by‘IHe pe4dn: MuUKponmnacTtuka, peke,
jeaepa, Y30pKOBah-€, aHanm3a
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1. INTRODUCTION

Microplastics refer to small plastic
particles with a diameter ranging from
1um to 5Smm [1,2]. Depending on the
origin, microplastics are either primary,
originating from tiny particles developed
for commercial use (these include
microfibers, cosmetics, etc., and are
made from polyethylene,
polypropylene, and polystyrene) or
secondary. The latter are created from
larger plastic items that get fragmented
through physical, chemical, or biological
processes (as a result of UV radiation,
waves, etc.). One significant issue with
microplastic is that it does not break
down easily. It can take hundreds to
thousands of years for some particles
to decompose. At the same time, it is
an important environmental pollutant
[3].

Microplastic particles can be found all
around, in freshwater and marine water,
in the air, in our food and drinking water
[1]. According to Campanale et al. [1],
the increased deposition of plastics
started in 1945, whereas Akdogan and
Guven [2] reported that the mass
production of plastics began in the
1950s. According to Akdogan and
Guven [2], plastic production currently
exceeds 280 million tons globally.

The main concern regarding
microplastic pollution is its potential
negative effect on the health of
exposed organisms. The impact
microplastic can have on the
environment can be divided into a
chemical effect due to the hazardous
chemicals associated with it and a
physical effect due to its physical
characteristics (shape, size, etc.) [1].
When considering the chemical
characteristics of microplastics, it
should be noted that they can contain
two types of material. The first is
present due to the additives used
during their production to make them
more resistant or give them a specific
look. At the same time, other types of
chemicals can be present as a

1. yBOA

Mog TepMmMHOM MuKponnacTMka ce
nogpasymeBajy  yecTuue  nnactuke
npevHuka og 1uym go 5mm [1,2]. Y
3aBWCHOCTM Of HauMHa HacTaHka,
MUKpONacTvka Moxe 6uTu npumapHa,
HacTana on Manmx yecTuua
npoussedeHMx  3a KomepuwmjanHy
ynotpeby (MyKpoBnakHa, KO3MeTuKa,
uTa., 0o6u4HO HanpasrbeHa oa
nonueTuneHa,  nonuvnponuneHa u
NonucTMpeHa) unm cekyHaapHa.
CekyHOapHa MuKponnacTuka HacTaje
on Behmx komMaga nnacTuke Koja ce
hbparmeHTULLE ycren PU3NYKNX,
XEMUJCKMX WM BMOMOLIKMX npoueca
(YB 3pauetbe, Tanacu, uta.). JegaH og
3HayajHMx npobrnema Be3aH 3a
MUWKPOMMNacTUKy je YMHeHuLa aa ce He
pasrpaflyje nako. 3a Heke o4 OBUX
YyecTmua cy noTpebHe CTOTMHE wnu
Xurbge roguHa ga ce pasrpage, 3bor
yera Cce CMmaTpajy 3a 3HayajHu
3arafjuBay xunBoTHe cpeauHe [3].
YecTuue mukponnactuke ce mory Hahu
CBya OKO Hac, y CnaTkMum M MOPCKUM
BOAama, y Basayxy, y XpaHu v nujahoj
Boan [1]. [oeehaHo penoHoBake
nnactvke y Budy oTnaga je noyeno
1945. rogwHe [1], pok je mMacoBHa
npounsBoAHa NnacTvke novena TOKOM
1950.-mx [2]. TpeHyTtHO, rnobanHa
npou3sogra nnactvke npemawyje 280
MUITMOHa TOHa roauikse [2].

JegaH og  npumapHux npobnema
BE3aHMX 3a MWKPOUMMACTUKY je HeH
HeraTvBaH yTuuaj Ha opraHm3mMe Koju cy
joj  wmnsnoxenn. HauyenHo, yTuLaj
MWUKPOMNacTVKe Ha OKOMNWHY MOoXe BuTn
XemujcKor Kapaktepa (ycnep LUTETHUX
XemuKanuvja BesaHux 3a MnacTuky) umm
douanykor KapakTepa (obrnuk,
BenuuuHa, uta.) [1].

Kap ce pasmaTpajy xemujcke ocoGuHe
MWKpOMNacTvKe, OHe ce MOory cBpcTaTu
y ABe karteropuje. [lpBa kaTeropuja
obyxsata aguTVMBeE KOju ce Kopucte y
npouecy npou3BOAre, [AOK Apyra
KkaTeropuja obyxesata MaTepuje koje ce
agcopObyjy 3a YecTuLe MUKpOMMacTuKe.
[MocTtoje aguTuBM KOjU Ce KopucTe
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consequence of adsorption on the
particles during their exposure to the
environment. Materials used in plastic
as additives that are considered
hazardous are known to have harmful
effects on the organisms exposed to
them. According to Campanale et al.
[1], some of these materials are used
regularly during packaging or the
plastics manufacturing process. Some
examples of these include bisphenol A,
phthalates, brominated flame
retardants, and others.

Researchers have found microplastic
pollution in virtually all parts of our
surroundings, including marine
environments, estuaries, rivers, lakes,
soil, and the atmosphere [2]. Marine
pollution with microplastics is widely
studied since oceans are considered to
be significantly polluted. Hence,
numerous researchers conducted field
measurements to  determine the
characteristics of this pollution in
different parts of the marine
environment (sea surface, subsurface
waters, and the sediments) [2].
Conducted studies showed that
microplastics are present in marine
waters worldwide, such as the
Mediterranean sea, Pacific Ocean,
Arctic Polar waters, China Seas, etc.
[2]. The main concern regarding this
pollution is the uptake of microplastic
particles by microorganisms inhabiting
these waters. Namely, the small size of
these particles makes them
bioavailable to aquatic organisms [2].
Another location exposed to this type of
pollution are estuaries that are being
polluted via anthropogenic debris [2].
Research conducted regarding estuary
pollution showed that microplastics are
also present in the organisms living
there, including fish. Some of the
studies suggest that the increased
availability of microplastics may cause
reduced growth, reproductivity, and
increased  mortality of  exposed
organisms [2].

Considering that most of the
implemented research focuses on

TOKOM NPOM3BOAH-E MIAacTuKe, a Koju ce
cMmaTpajy onacHMM No  34paBibe
opraHusamMa Koju Cy WM W3MOXEHW.
Hekn o oBMXx maTepwjana ce peaoBHO
KOpUCTe TOKOM NpoLieca nakoBaka unm
TOKOM MpoLeca Npon3BoaHEe MnacTuke
[1]. Y rpyny nsyseTHo WITETHMX aguTueBa
cnagajy ©OwucdeHon A, dranatu,
OpPOMUHMPaHK peTapaaHTu nnameHa, u
apyru.

Hay4yHuum cy noTBpaunu npucycTeo
MUKponnacTuke rOTOBO y CBUM
nenosvma Hawler OKpYyXeHba,
yKIbyyyjyhn mopa, pevHe gente, peke,
jesepa, Trno n atmocdpepy [2]. MowTo cy
Mopa u3y3eTHO 3arafeHa 4vecTuuama
MUKPOMMacTuKe, BEMMKU Opoj
UCTpaxuBaya je CrnpoBeO TepeHCcKa
Mepewa ca uwbem  yTBRMBama
WHTEH3UTETa  OBOr  3arahewa Yy
pasnuuMTUM AenoBvMma BofeHor cTyba
y MOopuma (NoBpLUMHA, NOANOBPLUMHCKA
BOAa, HaHoc) [2]. OBa ucTpaxusama cy
Takohe norepauna na ce
MUKponnactTuka Moxe Hahu y pasHum
MOpVMMa W OKeaHuMa, Kao LWTo je
MeawntepaHcko  mope,  [Maumdmykm
okeaH, Boae ApkTtuka, KnHecko mope,
uta. [2]. JepaH oa rmaBHMX Npobnema
Be3aHuX 3a oBaj Tun 3arafewa je aga
MUKPOOPraHu3mMmn Koju XuBe Yy OBUM
BOJamMa YHoce Yy CBOj oOpraHu3am
MUKpPOMMacTuKy, Koja noTtoM wuma
HeraTtuBaH edpekar Ha Hux [2].

PeuHe pente cy jow jegaH Tvn BOgHOr
Tena 3a4yajHo 3araheH uvecTuMuama

MUKpOMacTuke ycnes oTnaga
aHTponoreHor nopekna [2].
CnpoBeneHa UCTpaxuBama cy
noTepauna na cy yecTuue

MUKponnacTvke Takohe npucyTHe Yy
opraHvwaMmma Koju Ty Xuse,
yKIby4dyjyhu " pube. Hpyra
ucTpaxmearma TBpPAE Oa MW3MNOXEHOCT
XMBOr CBeTa OBOM Tuny 3arahewa
MOXe A0BECTU [0 CMEeTHM Yy pasBojy,
penpoaykumj M MOBULLEHOM CTeneHy
cMpTHOCTH [2].

Y3eBwn y o063vp pa ce BehuHa
uctpaxmearwa oKycupa Ha Mopa u
okeaHe [3], AogaTHe aHanu3e Be3aHe
3@ NpUCYCTBO  MMKponnactuke Yy
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marine environments [3], additional
investigation considering freshwater
pollution with microplastics (lakes and
rivers) is essential. The presented study
gives a brief overview and analysis of
microplastics measurements in
freshwater environments.

2. MEASURING MICROPLASTICS
IN FRESHWATER

2.1. Rivers

A paper published by Liedermann et al.
[4] describes a reasonable approach for
monitoring microplastics in rivers. The
authors focused their investigation on
developing a methodology capable of
providing detailed and representative
data regarding the pollution of medium
and large rivers with microplastics. With
that in mind, they created a net-based
device capable of sampling water at
three different depths simultaneously
and tested the approach on the Danube
River in Austria.

To get samples from different depths,
they installed a measuring device that
can gather debris at three different
locations: the water's surface, the
middle of the chosen water column, and
near the bottom. After experimenting
with altering mesh sizes, they found
that too small mesh sizes do not
perform well at velocities of 2-3m/s.

The final configuration of the measuring
equipment consisted of three main
sections, the section for surface water
sampling, the section in the middle part
of the water column, and the sampling
of the near-bed material. The main
characteristics of the constructed
measuring device are given in Tab. 1,
while the measuring device can be
seen in Fig. 1.

It is interesting to note that the upmost
part of the measuring device had
buoyant bodies to ensure it will stay on
the water surface. In contrast, the
lowest part was designed similarly as a
sampling device for sediment bed-load
sampling. All the sampling points had
their ~ own mechanical  velocity

cnaTtkMMm Bogama (peka u jesepa) mory
OuTn of npecyaHor 3Hadaja. OBaj paa
Oaje KpaTak nperneg w - aHanusy
MeToda Koje ce MOry KOpWUCTUTW npu
oapefusary npucyctea
MUKPONIacTyKe y cnaTkum Bogama.

2. MEPEHE MUKPOINACTUKE Y
CITATKUM BOOAMA

2.1. Peke
Y pagy [4] ce npeanaxe jeaHa pasymHa
meTtogonoruvja 3a Mepere

MUKponnactuke y pekama. AyTtopu cy
noKyLlanu ga passujy nocTynak Koju je
NMoBOfbaH 3a CKynSbakbe MepoaaBHUX
nogataka o 3arahery MUKPOMIacTUKOM
y pekama cpefih-e€ U BEenvKe BENUUUHE.
MpengnoxeHn noctynak ce 3acHuWBa Ha
MepHOM ypehajy ca wMpexama 3a
y30pKOBake, Koje cy pacnopefieHe Ha
Tpu pasnuumTe aybuHe BogeHor cTyba.
Ypehaj je TectupaH Ha [yHaBy y
AycTtpuju.

Oa 6u ce cumyntaHo o6e3beamnu
y3opum ca Tpu pasnuuute aOybuHe,
KOHCTpyncaHun  ypehaj uvmMa  Tpwu
rniokauuvje y3opKkoBara: Ha MOBPLUMHU
BOAE, Ha cpeauHun BogeHor cTtyba u
6nm3y pgHa. HakoH  cnpoBegeHor
ucnnTUBaka Ca Mpexama pasnuuute
mHOhe, KOHCTATOBaHO je Aa Mpexe ca
Manum OTBOpUMAa HWUCY MOroHe 3a
Op3avHe cTpyjarba Boae 2-3m/cC.
KonauyHa KOHpurypaumja MepHor
ypehaja je nogpasymeBana Tpu Kiby4Ha
[ena, HamerseHa 3a Y30pKOBawe Ha
NOBPLUNHM BOAE, Ha MONOBUHU OyOuHE
[ y 6nm3avHn  pgHa. OcHoBHe
KapakTepuctuke MepHor ypehaja cy
pate y Tabenm 1, pok je cam ypehaj
npukasaH Ha Cnvum 1.

3aHuUMIBMBO je NpUMEeTUTU Ja [geo
npegsuheH  3a  y3opKoBawe  Ha
NOBPLUNHM MMa NOCyae ca Ba3ayxoM Aa
6u ce 06e36eamno nnytawe. Ca agpyre
cTpaHe, neo npensuheH 3a
Y30pKOBake MNpu OHY je KOHCTpyucaH
CIMMYHO  WHCTPYMEHTY 33 Mepere
By4YeHor HaHoca. CBa Tpu gena mepHor
ypehaja nmajy CBOj MexaHWyku mepad
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measuring  instruments  since the
velocity through the net is different from
the free-flowing water velocity. In order
to ensure that the nets are positioned
upright when the device is deployed,
inclination racks hat to be installed to
compensate for the force generated by
the flowing water (Fig. 1).

Op3vHe, jep je Gp3vHa cTpyjaka Kpo3
Mpexy pasnuuuta of HenopemeheHe
Op3vHe cTpyjaka Boge. [a Ou ce
obe3begnno ga otBopu Mpexa Oyay
NO3VLMOHMPAHN  BEPTUKANIHO  TOKOM
Meperba, NpeaBunNeHn cy U MexaHU4ku
OncTaHuepn ga 6u ce komneHsoBana
XvapoavHammuyka cuna toka (Cnvka 1).

Tabena 1 — KapaktepucTtuke mepHor ypehaja [4]
Table 1 - Microplastics measuring device characteristics [4]

Sampling depth Surface water Middle water Near bed

Net opening 500um, 250 um 500 ym, 250 ym 500 pym
Flowmeter mechanical mechanical mechanical
Additional Buoyant bodies to Heavy loads

requirements

on the surface.

keep the opening

the bottom

Water surface sampling

openings: 600x600 mm
nets: 500 pm, 250 pm
buoyant bodies

fins

inclination rack
mechanical flow meter

Middle of water column

openings: 600x600 mm
nets: 500 pm, 250 pm
optional 41 ym net

fins

inclination rack
mechanical flow meter

Near-bed samplin:

basket sampler

heavy loads

opening: 300x600 mm
net: 500 um

fins

mechanical flow meter

Cnuka 1 — MepHu ypehaj 3a meperbe MUKpOMacTUKe y pekama cpefhe 1 Benvke
BenuyunHe [4]
Figure 1 — Measuring device for sampling microplastics in medium and large rivers [4

Samples collected by the authors [4]

MpUKynNIbEHU y30pLU Cy NMOTOM CYLLEHU
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were wet sorted and dried at 50°C, after
which they were dry sorted. This
procedure was satisfactory to separate
plastic particles from organic matter.
Naturally, particles in the fraction <5mm
were considered microplastics.

146
Measuring bridge

Elevation [m a.s.l.]

2

“7“‘2

R G 7 7 g 25 G S T i

Ha 50 °C, HaKoH yera cy passpcTaBaHu.
OBa meTogornorvja je 6una goBosbHa
[a ce YecTuue MUKponnacTuke ofaBoje
o4 opraHcke Matepuje. HapaBHO, 3a
MUWKPOMMacTUKy Cy CMaTpaHe 4ecTuue
Mar€ 04 Smm.

25
Discharge: 3392 m*/s

Plastic concentration

209333 2 n t > 320 mg/1000m*
462703 270- 320
220-270

32&205

170 - 220
120- 170
| 70-120

20-70
<20

Width [m]

— Depth — Water surface @ Sampling point 500um A Sampling point 250um — Flow velocity

Cnvika 2 — Npumep pesyntaTa Mepera MukponnacTuke y [lyHasy y Ayctpuju [4]
Figure 2 — Example of measured microplastics concentration in the Danube River in
Austria [4]

Figure 2 depicts an example of the
measurement results reported by
Liedermann et al. [4]. It is evident that
the detected microplastic is not
restricted to the water surface. There
seems to be some accumulation close
to the banks. However, most
microplastic transport is through the
middle of the analyzed river cross-
section. The authors [4] also concluded
that the ratio of the water velocity
through  the  measuring  device
(measured by the mechanical velocity
meter) and the free-flowing water
velocity (measured by an ADCP) was
around 0.78 for the 500 um net and
0.52 for the 250 um net. This had an
interesting consequence on the amount
of microplastics captured by the two
nets. Namely, the 250 um net caught
fewer microplastics than the 500 um
net. Although this seems unusual, it can
be attributed to the fact that the 250 pm

Cnvka 2 npukasyje npvMep MepHUX
pesyntata o6jaBrbeHMX O0f CTpaHe

aytopa [4]. JepHo3Ha4yHO je pa
npucycTBo MUKponiacTuke Huje
OrpaHN4eHO Ha MOBpPLUMHY  BOJe.

Takohe ce moxe npumetuTn nosehaHa
KOHUeHTpaumnja y OGnusmHm obana.
MehyTum, Hajsehun TpaHcnopT
MUKpOMNMacTvke ce jaBrba Yy CpeavHu
aHanusupaHor nonpeyHor npeceka. Y
pagy [4] je Takohe KoHcTaToOBaHO Aa je
ogHoc Op3vHe cTpyjakba BOOE Kpo3
Mpexy MepHor ypehaja "
HernopemeheHe Ops3uHe cTpyjaka OKO
0.78 3a wmpexy otBopa 500 pum,
ogHocHo oko 0.52 3a mpexy oTtBopa
250 pm. OBO je umano 3aHUMIbUBY
nocreavuy |y normedy  KONu4uHe
MUKpoOnnacTuke Koja je ocTtana Yy
Mpexu. Hanve, mpexa otsopa 250 um
je y3opkoBana Maky  KOMWUYUHY
MWUKPOMNMacTvke Yy OOHOCY Ha Mpexy
otBopa 500 um. WMako oBO Ha npswu
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generates a considerable backwater
effect that forces the microplastic
particles to alter their trajectory and
avoid the net entirely. Therefore, a
more delicate net will not always
capture more particles due to this
hydrodynamical effect.

2.2. Lakes

When processing samples taken from
lakes, there is a problem regarding the
abundance of organic matter. The nets
for sampling microplastics are more
than likely to gather an extensive
guantity of organic matter. On the other
hand, lakes are prone to eutrophication.
Hence, plastic particles can have
organic matter on them due to
adsorption (algae, other organisms
growing on it, etc.). Therefore, it is
imperative to properly eliminate the
organic matter and expose all the
microplastic particles.

Masura et al. [5] devised a method for
analyzing microplastics in the marine
environment that can be fully utilized for
samples gathered from lakes that have
a considerable amount of organic
matter in them.

The samples are poured through a
5.6mm and 0.3mm sieve. The material
left on the 5.6mm sieve is either
discarded or archived, while the
material on the 0.3mm sieve is put in a
drying oven for 24h at a temperature of
90°C. Atfter this, the sample undergoes
a Wet Peroxide Oxidation (WPQ). This
procedure starts by adding 20 mL of
aqueous 0.05 M Fe(ll) solution to the
beaker where the sample is stored.
After this, 20 mL of 30% hydrogen
peroxide is added. The beaker is then
heated to 75°C on a hotplate. When the
desired temperature is reached, the
sample should be removed from the
hotplate until the boiling subsides. After
keeping the mixture at a temperature of
75°C for 30 minutes, it should be
inspected for the presence of organic
matter. If there is still organic matter in
the sample, the procedure is repeated.
When no organic matter can be visually

norneg MoXe 3ByvaTW  HEMOrnyHo,
pasnor ce Kpuje y YikbeHnum ga mpexa
ca Mawum oTBOpMMa reHepuile Behu
oTnop Teyewy na dnyngHu Jenvhn
BUWE Texe pAa 3aobufly npenpeky.
[akne, Hyje 3a oyekuBaT da duHWja
Mpexa y30pKyje BULLe MUKpOnnacTuke
y CBMM OKONTHOCTUMA.

2.2. Jesepa

"naBHK npobnem npu aHanu3un ysopaka
U3 jesepa je MNpuUCYCTBO Bernuke
KOnunuymHe opraHcke matepuje. Ca jegHe
CcTpaHe, cama Mpexa he 3axBaTutu
HeKy KonuuuHy opraHcke martepuje. Ca
gpyre cTpaHe, jesepa Cy MOANOXHa
eyTpodmkaumju. OBO 3Haum pda je
BEeoMa BepoBaTHO aa he ce Ha yecTuue
MWKPOMNSacTVKe HaxBaTaTu opraHcka
MaTtepvja pasnuuuTor Tuna (anre u
opyrv opraHmamn). Jakne, ga 6u ce
Jowno Ao MepodaBHMX —noparaka,
KIbY4HO je enMMUHUCATU  OpraHcKy
mMaTepwjy u3 ysopka.

Y pagy [5] je npukasaHa meTogonoruja
3a aHanusy npucyctea MUKpoMnacTuke
y MOpuMa, Koja ce MOXe NPUMEHUTU n
Ha y30pke 13 jesepa.

Y3o0pak ce nponywTa Kpo3 ABa cuTa
oTtBopa 5.6mm 1 0.3mm. Matepujan koju
ocTaje Ha cuTy oOTBOpa 5.6MM ce
oafiaxe v apxusmpa, AoK ce matepuvjan
3agpxkaH Ha cuty oteopa 0.3mm
CTaBrba y CyLHWLY Ha TemnepaTtypy Of
90°C y Tpajamy on 24 carta. HakoH
OBOra, ysopak ce nojBpraBa MOKPO)
oKkcuaauuju BogoHuk-nepokeugom. OBaj
npouec nouynke popasawem 20 MJl
0.05 M pactBopa reoxhe cyndgata y
y3opak. lNMocne oBora ce goaaje 20 mJ1
30% BoOoOHMK-NepoKcMaa. Y3opak ce
noTom 3arpeBa [0 Temnepatype Of
75°C. Kag ce [OCTUrHE >erbeHa
TemnepaTtypa, y3opak je notpebHo
CKUHYTM ca rpejada OOK Kribydare He
nocyctaHe. HakoH oBora ce y3opak
oapxasa Ha TemnepaTtypu og 75°C y
Tpajawy op 30 wmwuHyTa. AkOo ce
BM3YyErIHOM MHCNEKUMOM KOHCTaTyje aa
jowl yBeKk uma opraHcke Mmatepuje y
y30pKy, npoueaypa ce noHaerea. Kag je
CBa OpraHcka maTtepuja envMMuMHUcaHa,
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detected in the sample, 6 g of salt
(NaCl) is added per 20 mL of sample to
increase the density of the solution.
This enables a density separation
procedure where the microplastic
particles will float to the sample's
surface and can be removed. Finally,
the removed material from the
solution's surface is put under a 40X
magnification microscope to determine
(and  separate) the microplastic
particles from the sample.

The described procedure for processing
samples gathered from lakes to
determine the amount of microplastics
can also be employed for samples from
rivers when there is a considerable
amount of organic matter.

nogaaje ce 6 r conu (NaCl) Ha cBakux 20
mJ1 pactBopa ga 6w ce nosehana
ryctiHa TedHoctu. OBo omoryhaBa
cnpoBohewe  cenapaumje  yectuua
MUKponnacTvke jep he oHe ucnnueaTu
Ha noepwuHy. [akne, maTepujan Koju
ce Hafe Ha MNOBpLIMHM Ce YyKnawa.
[MoTom cnegn Bu3yenHa WHNeKUmWja
kopuctehn Mukpockon ca yBehawem
40X, Koja 3a uwb wuMma ofBajare
YyecTuLa MUKPOMIACTMKE U3 YKIMOHEHOT
maTtepuvjana.

OnuncaHu nocTynak 3a aHanuay ysopaka
y3eTUX M3 je3epa Ce HayerHo Moxe
NPUMEHUTU W Ha Y30pKe U3 peKa ako y
buMa nma Behe KonuuMHe opraHcke
maTtepuije.

Water sample

(1)

|

Wet sieve
(1.2)

/

=0.3 mm
fraction

Mass of total
solids
(1.3-1.4)

Y

WFO
(1.5)

y
Density separation
(1.6)

v

Microscope exam

(1.7)

Cnuka 3 — AnropuTtam 3a oapehBarkbe KONMMYMHE MUKPOMITAcTUKe Y y30pKY [5]
Figure 3 — Algorithm for determining the microplastic content in samples [5]
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2.3. Sediments

Although this article deals with the
sampling methods and subsequent
analysis for quantifying microplastics in
freshwater, the problem concerning
microplastics in sediments should also
be addressed. It is evident that
microplastics can be found in any part
of the water column [4]. Hence, it is
reasonable to assume that they can be
deposited on the river or lake bed.

In rivers, microplastics in the bed
material can be released in cases of
high floods, when the river bed is
eroded, and the trapped microplastic
ends up back in the water. On the other
hand, plastic particles can be deposited
when the flow velocity is low enough,
especially if there is organic (or other)
matter adsorbed on them. Therefore, in
rivers, plastic particles can be
deposited or entrained depending on
the hydraulic conditions.

In contrast, in lakes, the dominant
process is deposition. Therefore, it is
reasonable to assume that there is only
a slight chance that plastic particles
deposited on the lake bed can be ever
entrained. Hence, they will most
probably remain in the bed material.
Taking the aforementioned into
account, sediment samples that make
up the bed of freshwater bodies should
also be collected and analyzed for the
presence of microplastics. A
methodology for this was proposed by
Frias et al. [6].

3. CONCLUSIONS

Several researchers have concluded
that plastic particles are present in
freshwater (rivers, lakes, etc.).
Therefore the assessment of these
requires well thought through sampling
protocols as well as subsequent
laboratory analysis to determine the
amount of plastic particles in them.

Since microplastics can be found in
every part of the water column,
samples should be collected from the

2.3. HaHoc

Mako ce oBaj pag okycmpa Ha HauuHe
y3opkoBawa M npaTtehe aHanuse 3a
KBaHTU(MKaUMj)y  MuUKponnacTuke Yy
cnaTkoj Boau, npobnem MukponnacTmke
y HaHOCYy Ce HMKaKko He cMme
3aHemaputn. OuurnegHo je pa ce
YyecTuue MUKponnaTuke Mory Hahu vy
ouno kojem geny BogeHor ctyba [4].
[akne, pasymMHO je npeTtnocTtaBuTu Ada
MOXe Aohn OO0 HUXOBOr Tanoxewa Ha
[OHO peke nnu jesepa.

Y pekama, MuKponfactTMka Koja ce
Hanasn y wmaTtepuvjany pfgHa MoOXe
NMOHOBO AOCMEeTV Yy BO4Y Yy BpeMeHnma
BEMMKUX NpOTULAja Kag gornasv ao
eposuje peyvHor gHa. Ca gpyre cTpaHe,
Moxe gohum [o Tanoxewa Yectuua
MUKponnactMke  kag je  OpauHa
CcTpyjaa [OBOSfBbHO Mana, nocebHo y
cnydajy Kaga je Ha wux agcopboBaHa
opraHcka unu Heka apyra martepuja.

Y jesepuma je pomuHaHTaH npouec
genoHoBawa. NMpema ToMe, pasyMHo je
npeTnocTaBuTh Aa je BepoBaTHoha aa
he ce yecTnue MuKponnacTuke Koje cy
JenoHoBaHe Ha [HO jesepa MOHOBO
epofoBaTu, udyseTtHo Mana. Ysumajyhu
0BO y o63np, MUKpoOnnacTuka
JenoHoBaHa Ha JgHo jesepa he rotoso
CUrypHO  octatu  3apobrbeHa y
[EenoHOBaHOM marepwujany.

Ha ocHoBy rope HaBegeHor, HaHOC KOju
YMHM OHO peka W je3epa je Takohe
notpebHoO wucnuMTatM Ha MNpPUCYCTBO
MuKponnacTtuke. Metogonoruja 3a oBaj
nocrynak ce moxe Hahu y [6].

3. 3AKbY4YlUM

BpojHn uncTpaxumBaum cy yCTaHOBWUMU
[a cy 4YecTuue nnactuke npucyTHe y
cnatkum Bogama (peka, jesepa, wTa.).
36or oBora, HauuHW Yy30pKOBaka W
npatehe npouegype, Koje 3a uUUb
umajy oapehuBare KonuynHe
MUKponnacTtuke, Tpebajy 6utn gobpo
OCMMULLIbEHE.

MowTo MuKponnacTuka Moxe OuTK
npucyTHa y 6uno kojem geny BoAeHOr
ctyba, y3opke Tpeba y3aumatu ca
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surface, near the bottom as well as in
the middle of the water depth. The use
of sampling nets with appropriate
openings is also essential since finer
nets do not always capture more plastic
particles due to the flow pattern that
they generate.

The presence of organic matter in the
collected samples is also an issue that
has to be dealt with. If the samples are
abundant with organic matter, Wet
Peroxide Oxidation is recommended.
When the sample is free of organic
matter, plastic particles can be
collected by density separation. This is
usually achieved by adding salt (NaCl)
to increase the density of the sample
and thus, make the plastic particles
buoyant. The collected material should
be identified as plastic by examining it
through a 40X magnification
microscope.
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