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Uvod

V Cechach skodolibé fikame, Ze kazdy dobry skutek musi byt po zasluze potrestan. Toto davné réeni velmi dob-
fe vystihuje osud jednoho z produktd, ktery provazi moderniho ¢lovéka jiz témér dvé stoleti — plasty. Zpocatku
se jednalo o neocenitelného pomocnika, ze kterého se v posledni dobé ale stal nepfijemny vSudypfitomny
problém.

Pravé tato skutecnost stala u zrodu mezinarodniho projektu MicroDrink (https://www.interreg-danube.eu/pro-
jects/MicroDrink), ktery je financovan v ramci programu INTERREG a probiha v priibéhu let 2024 az 2026 za
Gcasti osmi statli (Rakousko, Bosna a Hercegovina Chorvatsko, Madarsko, Némecko, Slovinsko, Srbsko a Ceské
republika). Jeho hlavnim cilem je ziskat poznatky o chovani mikroplastl ve vodach v povodi podunajského

regionu a koordinovat odbornou i administrativni ¢innost v této problematice na Uzemi tc¢astnickych statd.

kontextu.




Introduction

In Bohemia we say that every good deed must be punished as it deserves. This ancient saying very well ac-
companies the fate of one of the products that has been with modern man for almost two centuries — plastics.
Initially, it was an invaluable helper, but recently it has become an unpleasant ubiquitous problem.

This fact was the basis for the birth of the international MicroDrink project (https://www.interreg-danube.eu/
projects/MicroDrink), which is financed under the INTERREG program and is taking place from 2024 to 2026
with the participation of eight countries (Austria, Bosnia and Herzegovina, Hungary, Germany, Slovenia, Serbia
and the Czech Republic). Its main objective is to gain knowledge about the behavior of microplastics in the
waters of the Danube River Basin and to coordinate professional and administrative activities on this issue in
the territory of the participating states.

The aim of this publication is to familiarize the general public with the issues of microplastics and to place
them in the widest possible context.




Historie plasti

Mame-li ukdzat prstem na néjakou osobnost, ktera byla na pocatku zavadéni plastli do praktického Zivota,
pak je to jednoznacné americky chemik samouk Charles Goodyear, ktery jako prvni na svété vyvinul vulkani-
zovanou gumu. Za tento objev obdrZel 15. ervna 1844 od Patentového Gfadu Spojenych statil patent Cislo
3633. Goodyearovi se tak pfipisuje vynalez chemického procesu pro vytvoreni a vyrobu poddajné, vodotésné
a tvarovatelné gumy.

Charles Goodyear nemohl mit v poloviné 19. stoleti sebemensi tuseni, jaky problém pfeda svym potomkdm.
V roce 1898, tedy aZ 38 let po vynalezcové smrti zaloZil Frank Seiberling dodnes funguijici tovarnu na vyrobu
pneumatik, jednu z nejvétsich a nejslavnéjSich na svété. Pojmenoval ji po Goodyearovi. Dnes se otér z auto-
mobilovych pneumatik stal jednim z nejvétsich zdrojli zhouby dnesniho svéta, mikroplastt, které se uvolriuji
do Zivotniho prostredi.

Vyvoj chemického priimyslu nepokracoval zpocatku nijak zavratnym tempem. Jednotlivé vynalezy délily od
jejich vzniku, ale hlavné po uvedeni do praxe ¢asto dlouhé roky.

V Sedesatych letech 19. stoleti byl vyvinut prvni termoplast — celuloid, ktery vznikl pfidanim kafru do nitroce-
lul6zy. Od roku 1869 se o rozsifeni celuloidu zaslouZil dalsi Ameri¢an John Wesley Hyatt. Pouzival ho napfiklad
na vyrobu kulecnikovych kouli, kdy nahradil drahou rohovinu, pravitek nebo ping-pongovych mickd. Hlavnim
odbératelem se ale na pocatku dvacatého stoleti stal filmovy priimysl.




History of Plastics

If we are to point the finger at a personality who was at the beginning of the introduction of plastics into prac-
tical life, then it is clearly the self-taught American chemist Charles Goodyear, who was the first in the world to
develop vulcanized rubber. For this discovery, he received patent number 3633 from the United States Patent
Office on June 15, 1844. Goodyear is thus credited with inventing a chemical process for creating and produc-
ing pliable, waterproof and moldable rubber. In the mid-19™ century, Charles Goodyear could not have had the
slightest idea what problem he would pass on to his descendants. In 1898, 38 years after the inventor's death,
Frank Seiberling founded a tire factory that is still operating today, one of the largest and most famous in the
world. He named it after Goodyear. Today, abrasion from car tires has become
one of the biggest sources of destruction in today's world, microplastics that
are released into the environment.

The development of the chemical industry did not proceed at a dizzying pace
at first. Individual inventions were often separated from their creation, but
especially from their implementation in practice by many years.

In the 1860s, the first thermoplastic was developed — celluloid, which was cre-
ated by adding camphor to nitrocellulose. From 1869, another American, John
Wesley Hyatt, was responsible for the spread of celluloid. He used it, for ex-
ample, to produce billiard balls, replacing expensive horn, rulers or ping-pong
balls. However, the film industry became the main customer at the beginning
of the twentieth century.




Promitaci ovsem tento plast doslova nenavidéli. Kromé mnoha vynikajicich vlastnosti jako je pruznost, pri-
hlednost, moznost nanaseni fotocitlivé vrstvy ma totiz celuloid jednu vlastnost, ktera zplsobovala mnohé
katastrofalni poZary. Celuloid totiz vyborné hofi a to i bez pfistupu vzduchu. Pfesto vsak byl tento material ve
filmovém odvétvi pouzivan aZ do roku 1950, nez byl nahrazen nehoflavym materialem.

Dalsi plast, PVC, byl objeven sice uz v roce 1835 francouzskym chemikem a fyzikem Henri Victorem Regnaul-
tem (1810-1878), avsak jeho komercni vyroba nastala az témér o sto let pozdéji — roku 1935 v Némecku, kde
byl vyrabén pod obchodnim nazvem Igelit. Slovo igelit bylo plivodné obchodni znackou mékéeného polyvinyl-
chloridu, ktery vyrabél némecky koncern |G Farben. A opét jsme u onoho pfislovi, zminéném v Gvodu. Igelitové
sacky a tasky v dobé svého vzniku byly takika zazracnym vynalezem, nyni ale predstavuji nocni méru celého
svéta. | kdyz je i nadale nazyvame ,igelitkami” ve své podstaté se jiz vyrabéji z jiného materidlu. Roku 1953

Karl Ziegler z Institutu cisafe Wilhelma, dnesniho Institutu Maxe Plancka, vynalezl extra hustou verzi polyety-
lenu a za svij objev pozdéji, v roce 1963 obdrZel Nobelovu cenu. Pravé tento plast se dnes pouZiva na vyrobu
onéch tolik proklinanych tasek a sackd.

Kazdou minutou se na svété pouzije jeden

milion ,igelitovych” tasek. Jejich pfiroze-

ny rozklad pfitom trva az 1000 let.

S revolu¢nim vynalezem pfisel v roce 1839
némecky lékarnik Johann Eduard Simon.
Na rozdil od svych koleg(, ktefi stravili de-
sitky let svého Zivota v laboratofich,




However, projectors literally hated this plastic. In addition to many excellent properties such as flexibility,
transparency, and the possibility of applying a photosensitive layer, celluloid has one property that caused
many catastrophic fires. Celluloid burns very well, even without access to air. Nevertheless, this material was
used in the film industry until 1950, before it was replaced by a non-flammable material.

Another plastic, PVC, was discovered in 1835 by the French chemist and physicist Henri Victor Regnault (1810
—1878), but its commercial production did not begin until almost a hundred years later — in 1935 in Germany,
where it was manufactured under the trade name Igelit. The word Igelit was originally a trade name for plas-
ticized polyvinyl chloride, which was produced by the German concern IG Farben. And we are back to that
proverb mentioned in the introduction. Plastic bags and sacks were almost a miraculous invention at the time
of their creation, but now they represent a nightmare for the whole world. Even though we continue to call
them “plastic bags”, they are actually made from a different material. In 1953, Karl Ziegler from the Kaiser
Wilhelm Institute, today the Max Planck Institute, invented an extra-dense version of polyethylene and later, in
1963, received the Nobel Prize for his discovery. This plastic is now used to make those much-maligned bags
and pouches. Every minute, one million “plastic” bags are used in the world. Their natural decomposition takes
up to 1.000 years.

The German pharmacist Johann Eduard Simon came up with a revolutionary invention in 1839. Unlike his col-
leagues, who spent decades of their lives in laboratories, Simon discovered polystyrene quite by accident. One
day, he distilled an oily substance from storax, the resin of the amber tree, which he named “styrene”.




Simon objevil polystyren zcela nahodou. Jednoho dne destiloval olejovitou latku ze storaxu, pryskyfice stromu
ambry, kterou pojmenoval ,styrol”. O nékolik dni pozdéji zjistil, Ze styrol zhoustl, pravdépodobné v disledku
polymerace, na plastovou Zelatinu. Polystyrenové hmoty dnes patfi mezi nejpouzivané;jsi plasty na svété, jejich
rocni vyroba se blizi 30 miliontim tun. V celosvétovém méfitku tvorfi tento objem cca 9-10 % vsech plastd.
Diivodem popularity polystyrend se stala nizka cena i hmotnost a snadna tvarovatelnost.

Prvni synteticky polymer, ktery byl komer¢né vyrabén a pouZivan, byla roku 1907 fenolformaldehydova prys-
kyfice, ktera se ziskala polykondenzaci fenolu s formaldehydem. Na trh byl tento plast uvadén podle jména
svého objevitele, belgického chemika Leo Hendrika Baekelanda (1863—1944). Jako nehoflavy material a dobry
izolant se bakelit nejprve pouZival na izolatory v elektrotechnice. Pozdéji se ale bakelit stal nejpopularnéjsim
plastem prvni poloviny dvacatého stoleti, byl totiz odolny a levny. Jesté v Sedesatych letech se z néj vyrabély

prakticky vSechny pfedméty denni potieby, od lampicek, radia, telefonnich pfistrojd az po vypinace a elektrické
zasuvky.

Obdobi po druhé svétové valce je jiz plné v exponencidlnim rozmachu plastd, které se objevuji naprosto ve
vsech sférach naseho Zivota, jsou totiZ levné, trvanlivé a maji nepfebernou spoustu atraktivnich vlastnosti, diky
kterym vytlacuji tradi¢ni materialy, jako napfiklad dfevo nebo kov.

Celosvétova produkce plasti stoupla od roku 1950 z 1,5 milionu tun na 359 milionG tun v roce 2018 a v roce
2023 se zvysila na zhruba 413 milion( tun.




A few days later, he discovered that the styrene had thickened, probably as a result of polymerization, into
a plastic gelatin. Polystyrene materials are now among the most widely used plastics in the world, with an
annual production of nearly 30 million tons. Globally, this volume accounts for approximately 9-10 % of all
plastics. The reason for the popularity of polystyrenes was their low price, weight, and ease of shaping.

The first synthetic polymer to be commercially produced and used was phenol-formaldehyde resin, which

was obtained by polycondensation of phenol with formaldehyde, in 1907. This plastic was marketed after its

discoverer, the Belgian chemist Leo Hendrik Baekeland (1863—1944). As a non-flammable material and a good
insulator, Bakelite was first used for insulators in electrical engineer-
ing. Later, however, Bakelite became the most popular plastic of the
first half of the twentieth century, as it was durable and cheap. As late
as the 1960s, it was used to make practically all everyday items, from
lamps, radios, telephones to switches and electrical sockets.

The post-World War Il period is already in full swing of the exponential
growth of plastics, which appear in absolutely all spheres of our lives,
because they are cheap, durable and have a wealth of attractive prop-
erties, thanks to which they are displacing traditional materials, such as
wood or metal. Global production of plastics has increased since 1950
from 1.5 million tons to 359 million tons in 2018 and in 2023 it will
increase to around 413 million tons.




V clenskych statech EU se dnes odhadem 40 % vyrobenych plastli vyuZije na obaly, 20 % ve stavebnictvi, 10
% v automobilovém priimyslu, 6 % na elektricka a elektronicka zafizeni, 4 % v domacnostech, na volny cas
a sport, 3 % v zemédélstvi a 17 % na ostatni vyuziti. V Evropé z vyprodukovaného plastového odpadu ma 42,6
% energetické vyuziti ve spalovnach, 24,9 % se ulozi na skladkach a 32,5 % se recykluje. JenZe tak to zdaleka
neni v ostatnich ¢astech svéta. Plastovy odpad se stava jednim z nejvétich problém( dnesniho svéta.

Lidé si zacali uvédomovat, Ze mnoZstvi plastového odpadu neni néco, nad ¢im by se dalo mavnout rukou, pfi
zverejnéni informace o existenci tzv. Velkého pacifického odpadkového pésu, ktery se s trochou nadsazky pfi-
rovnava k novému kontinentu. Jedna se o gigantickou akumulaci plastovych ¢asti v severni ¢asti Tichého oce-
anu, jejiz celkova plocha je kolem 1,6

milionu ¢tverecnich km. Pro predsta-

vu, to je vice nez Ctyfnasobek rozlohy

Némecka. V roce 2015 se odhadoval

celkovy pocet jednotlivych kusd plas-

t0 mezi 1,1-3,6 miliard o vaze okolo

79000 tun. Zhruba polovinu z toho

tvori plasty pochazejici z rybarského

prdmyslu. Zajimavy je i plvod této

kontaminace. Dvé tfetiny odpadu jsou

¢inského a japonského plvodu, o zby-

tek se déli Jizni Korea, USA, Tchaj-wan,

Indonésie a Vietnam.




In the EU Member States, an estimated 40 % of the plastics produced are used for packaging, 20 % in con-
struction, 10 % in the automotive industry, 6 % in electrical and electronic equipment, 4 % in households,
leisure and sports, 3 % in agriculture and 17 % for other uses. In Europe, 42.6 % of the plastic waste produced
is incinerated for energy, 24.9 % is landfilled and 32.5 % is recycled. But this is far from the case in other parts
of the world. Plastic waste is becoming one of the biggest problems in the world today.

People began to realize that the amount of plastic waste is not something to be ignored when information was
published about the existence of the so-called Great Pacific Garbage Patch, which is compared to a new con-
tinent with some exaggeration. It is a gigantic accumulation of plastic parts in the northern part of the Pacific
Ocean, the total area of which is around 1.6 million square km. To put that in perspective, that is more than
four times the area of Germany. In 2015, the total number of individual pieces of plastic was estimated to be
between 1.1-3.6 billion, weighing around 79.000 tons. Around half of this is plastic from the fishing industry.

The origin of this contamination is also interesting. Two-thirds of the waste is of Chinese and Japanese origin,
with the rest shared by South Korea, the USA, Taiwan, Indonesia and Vietnam. Artificial substances enter the
food chain through animals that feed on plankton and are naturally unable to distinguish microplastics from
plankton particles when filtering water.




Umélé latky vstupuji do potravniho fetézce prostfednictvim Zivocichd, ktefi se Zivi planktonem a pfirozené
nedokazZi pfi filtraci vody odlisit mikroplasty od ¢astecek planktonu. Nasledné se tak plasty mohou dostavat
potravnim fetézcem do tkani vyssich Zivocichil véetné clovéka.

Tato masivni a koncentrovana kontaminace, akcelerovana morskymi proudy vsak je jen Spickou pomysiného
ledovce. Jsou to plasty, které vidime. JenZe se ukazuje, Ze neméné zavaznych problémem se stavaji plasty pou-
hym okem nespatfitelné, kterym fikame mikroplasty.

Co to jsou mikroplasty?

V predchazejicim textu jsme Casto pouzivali terminy plasty a mikroplasty. Nastal ¢as si je oba vysvétlit.

Zacnéme nejprve tim jednodussim terminem, plasty. Z historického Gvodu jiz o fadé z nich néco vime, jenze
v soucasné dobé se jedna o nepfeberné mnoZzstvi materialQ, které se lisi sloZenim i vlastnostmi. Uleh¢ime si
praci a ocitujeme definici, kterou uvadi Wikipedie. Zde se docteme Ze:

.Plastické hmoty nebo pod ne zcela pfesnym nazvem ,umélé hmoty”, oznacuji fadu syntetickych nebo po-
losyntetickych organickych sloucenin, polymernich materialii. Casto obsahuji dal3i latky ke zlep3eni uZitnych
vlastnosti, napf. odolnosti proti starnuti, zvySeni houzevnatosti, pruznosti apod. Jejich nazev je odvozen z fak-
tu, Ze mnohé jsou tvarovatelné — maji vlastnost zvanou plasticita. Plasty se vyznacuji velkou variabilitou
vlastnosti, jako je napf. tepelna odolnost, tvrdost, pruznost. Mezi jejich vyhody patfi nizka hustota, chemicka
odolnost, jednotnost sloZeni, struktury a dobra zpracovatelnost energeticky malo naro¢nymi technologiemi
vhodnymi pro masovou vyrobu (lisovani, vstfikovani, vyfukovani, liti apod.). Diky tomu nalezly pouZiti témér ve
vsech prlimyslovych odvétvich i v domacnostech.”




Subsequently, plastics can enter the food chain into the tissues of higher animals, including humans.

However, this massive and concentrated contamination, accelerated by sea currents, is only the tip of the
imaginary iceberg. These are the plastics that we see. But it turns out that plastics invisible to the naked eye,
which we call microplastics, are becoming no less serious problems.

What are microplastics?

In the previous text, we often used the terms plastics and microplastics. It is time to explain both of them.

Let's start with the simpler term, plastics. We already know something about many of them from the historical
introduction, but currently there are a huge number of materials that differ in composition and properties. We
will make our work easier and quote the definition provided by Wikipedia. Here we read that:

“Plastics or under the not entirely accurate name “artificial materials”, refer to a number of synthetic or semi-
synthetic organic compounds, polymer materials. They often contain other substances to improve their useful
properties, e.g. resistance to aging, increased toughness, flexibility, etc. Their name is derived from the fact that
many are moldable — they have a property called plasticity. Plastics are characterized by a great variability of
properties, such as heat resistance, hardness, flexibility. Their advantages include low density, chemical resist-
ance, uniformity of composition, structure and good processability with low-energy technologies suitable for
mass production (pressing, injection molding, blowing, casting, etc.). Thanks to this, they have found use in
almost all industries and in households.”




V nasledujici kapitole si tuto definici budeme demonstrovat na konkrétnich ukazkach. Ale co ony mikroplasty?
Z prvni Casti tohoto terminu je kazdému jasné, Ze se bude jednat o plastové ¢asti malych rozmérd. Obecné se
za odstartovani zajmu o mikroplasty povazuje ¢lanek ,Ztraceni v mofi: Kde je viechen plast?” od Richarda
Thompsona z University v Plymouth, ktery byl publikovany v Casopise Science v roce 2004. Do té doby se
védecky vyzkum i vefejnost zabyvala plastovym odpadem v Zivotnim prostfedi jen v obecné roviné, termin
.mikroplast” se poprvé objevil pravé az v této publikaci. Thompsondv tym ve svém textu upozornil na proces,
pii kterém dochazi k degradaci vétsich plastovych castic, tedy k procesu, ktery zpiisobuje nevratnou zménu
jejich chemické struktury a vlastnosti polymeru. Vétsinou se jedna o plsobeni tepelného zéreni, UV zafeni,
oxidacnich procest, ale i k bézné mechanické abrazi. Nasledkem pak mohou byt morfologické zmény povrchu,
které vedou k zmen3eni velikosti ¢astic.

Pomérné rychle se ujala horni hranice velikosti limitujici velikost mikroplastil a to 5 mm, plastové castice vétsi
neZ pét milimetrd a mensi nez 2,5 cm jsou oznacovany jako mezoplasty. Ty, co jsou vétsi nez 2,5 cm, jsou nazy-
vany makroplasty. Vedle pojmu mikroplastl se zacaly v nékterych studiich také samostatné vycleriovat ¢astice
mensi neZ 1 ym a jsou pak oznacovany jako nanoplasty.




In the following chapter, we will demonstrate this definition with specific examples. But what about microplas-

tics? From the first part of this term, it is clear to everyone that these will be small plastic parts. The article “Lost

at Sea: Where is All the Plastic?” by Richard Thompson from the University of Plymouth, which was published

in the journal Science in 2004, is generally considered to be the start of interest in microplastics. Until then,

scientific research and the public had only dealt with plastic waste in the environment in general terms, and

the term “microplastic” first appeared in this publication. In their text, Thompson's team drew attention to the
process by which larger plastic particles degrade,
i.e. the process that causes an irreversible change
in their chemical structure and polymer properties.
This is usually due to the effects of thermal radia-
tion, UV radiation, oxidation processes, but also to
ordinary mechanical abrasion. The result can be
morphological changes to the surface, which lead
to a reduction in particle size.

The upper limit of size limiting the size of microplas-
tics was relatively quickly adopted, namely 5 mm;
plastic particles larger than five millimeters and
smaller than 2.5 cm are referred to as mesoplasts.
Those larger than 2.5 cm are called macroplastics.
In addition to the term microplastics, some studies
have also begun to separately distinguish particles




Jejich problémem je v3ak skutecnost, Ze jejich detekce je mimoradné narocna a chemicka ana-
lyza takto malych Castic je téméf nemoznd. Obecné se ale Zadny spodni limit velikosti mikro-
plastd nestanovil.

V soucasné dobé tedy miizeme hovofit jednak o tzv. primarnich mikroplastech, které se dosta-
vaji do Zivotniho prostiedi uz jako malé Castice — jsou tedy uz vyrabény v mikroskopické veli-
kosti, nejcastéji pochazi z produktl osobni hygieny (napfiklad peelingy, zubni pasty, makeup,
tfpytky), barev a lakd, uvolfiovanim vlaken z textilii, prdmyslovych plniv, nebo jako plastové
pelety pro nasledné zpracovani do plastovych produktl. Pokud mate pocit, Ze nad takovym
zdrojem mikroplastd, jako je kosmetika miZzeme mavnout rukou, pak vézte, Ze v roce 2012 bylo
v zemich EU pouZito 4360 tun mikrokulicek, v USA bylo mezi lety 1989 az 2009 prodano vice
jak 4500 tun tipytek.

Pak ale mame mikroplasty sekundarni, které vznikaji degradaci makroplastd, ale také dalsi
degradaci mikroplastt.

Mikroplasty se mohou délit jesté do dalSich skupin, napfiklad podle typu polymeru, kterym jsou
tvoreny, nebo podle tvaru — nejcastéji se jedna o vlakna, fragmenty, pelety, mikrokulicky, pény,
folie ¢i filmy.




smaller than 1 pm and are then referred to as nanoplastics. The problem, however, is that their
detection is extremely difficult and chemical analysis of such small particles isalmost impos-
sible. In general, however, no lower limit for the size of microplastics has been set.

Currently, we can talk about so-called primary microplastics, which enter the environment
as small particles — they are already produced in microscopic size, most often coming from
personal hygiene products (for example, scrubs, toothpastes, makeup, glitter), paints and var-
nishes, by releasing fibers from textiles, industrial fillers, or as plastic pellets for subsequent
processing into plastic products. If you feel that we can ignore such a source of microplastics
as cosmetics, then know that in 2012, 4.360 tons of microbeads were used in the EU countries,
and more than 4.500 tons of glitter were sold in the USA between 1989 and 2009.

But then we have secondary microplastics, which are created by the degradation of macro-
plastics, but also by further degradation of microplastics.

Microplastics can be divided into other groups, for example by the type of polymer they are
made of, or by shape — most often these are fibers, fragments, pellets, microspheres, foams,
foils or films.




Plasty vSude kolem nas

Vime jiZ tedy, co si mame pod pojmem mikroplasty predstavit. Nyni si ale ukazeme, z jakych jsou vyrobeny
materiald ty primarni, ze kterych postupné vznikaji ony miniaturni. Davno uz nepouzivame bakelit i celuloid
byste hledali s velkymi obtiZemi. Sife materiald, které m(izeme fadit mezi plasty je v sou¢asné dobé skute¢né
nesmirné Sirokd. Podivejte se na nasleduijici stru¢ny prehled, ktery vam umozni lepsi orientace ve svém okoli.
Uvidite, Ze kdyz se rozhlédnete, uvidite samé plasty:

Polypropylen (PP). Z toho materialu se vyrabéji napfiklad skfiné na naradi, féliové zavésy, nadoby na horkou
vodu, davkovace mydla, kelimky na piti a obaly na potraviny...

Polyethylen (PE) Z ného jsou napfiklad hracky, ale lékarské potieby, kanystry, popelnice, kufry, zahradni
posezeni, potrubi...

Polyvinylchlorid (PVC) — kreditni karty, automobilové opérky rukou a hlavy, plasténky, sprchové zavésy,
podrazky bot...

Polyethylentereftalat (PET) S timto materidlem primo do styku prichazite v kontaktu s PET lahvemi a pre-
devsim textilem, je vSak nenahraditelny pfi vyrobé loZisek, ozubenych kol nebo hfidel(.

Polyuretan (PUR) Kdo by neznal kolecka inline brusli, matrace ¢alounéni, tento plast ale najdete v izolaci
chladnicek.




Plastics all around us

So we already know what we mean by the term microplastics. Now we will show you what materials the pri-
mary ones are made of, from which the miniature ones are gradually created. We have not used Bakelite for a
long time and you would have great difficulty finding celluloid. The range of materials that can be classified as
plastics is currently extremely wide. Take a look at the following brief overview, which will allow you to better
orient yourself in your surroundings. You will see that if you look around, you will see only plastics:

Polypropylene (PP). This material is used to make, for example, tool cabinets, foil hangers, hot water con-
tainers, soap dispensers, drinking cups and food packaging...

Polyethylene (PE) It is used to make, for example, toys, but also medical supplies, canisters, trash cans, suit-
cases, garden seats, pipes...

Polyvinyl chloride (PVC) — credit cards, car armrests
and headrests, raincoats, shower curtains, shoe soles...

Polyethylene terephthalate (PET) You come into
direct contact with this material through PET bottles
and especially textiles, but it is irreplaceable in the pro-
duction of bearings, gears or shafts.

Polyurethane (PUR) Who wouldn't know inline skate
wheels, mattress upholstery, but you can find this plastic
in the insulation of refrigerators.




Polystyren (PS). Timto plastem jsme doslova zahlceni. Jsou z ného lahve, kvétinace, jednorazové nadobi,
jednorazové obaly na potraviny, v jeho pénové formé pak slouzi jako tepelny izolant.

Neni tedy Zadnym prekvapenim, Ze mikroplasty nalezneme ve vsech sférach biosféry, ve vodé, plidé, sedimen-
tech i ve vzduchu a nasledné tedy i v rostlinnych i Zivocisnych télech

Jaké jsou zdroje? Vedle primyslové vyroby jsou to hygienické a kosmetické pripravky, o nichz jsme se jiz zmi-
novali, nezanedbatelnym zdrojem je v3ak i vyroba a hlavné pouZivani textilu, syntetickych latek. Pfi prani 5 kg
polyesterovych tkanin se uvolni az 6000 000 mikrovlaken.

Jen se podivejte proti svétlu, kdyZ si nékdo pretahne pres hlavu svetr vyrobeny z tohoto materialu. Uvidite
miliony drobnych castecek, které se uvolni a nezanedbatelnou ¢ast ona osoby vdechne.

Snad vlibec nejvyznamnéjsim zdrojem mikroplastd, také jsme se o tom jiz letmo zminili pfi povidani o panu
Goodyerovi, je odér pneumatik — ten tvoii 42 % vsech mikroplastd, které se dostanou do oceanu. Ohromna
kvanta mikroplast(i najdeme v odpadni vodé, v kalu zlistava 80-90 % vstupnich mikroplastt. A konecné v mofi
se na nalezenych mikroplastech vyznamné podili lodni doprava a rybolov.




Polystyrene (PS). We are literally overwhelmed by this plastic. It is used to make bottles, flower pots, dispos-
able tableware, disposable food packaging, and in its foam form it serves as thermal insulation.

It is therefore no surprise that we find them in all spheres of the biosphere, in water, soil, sediments and in the
air and subsequently in plant and animal bodies

What are the sources? In addition to industrial production, these are hygiene and cosmetic products, which we
have already mentioned, but a significant source is also the production and especially the use of textiles and
synthetic materials. When washing 5 kg of polyester fabrics, up to 6.000.000 microfibers are released. Just look
against the light when someone pulls a sweater made of this material over their head. You will see millions of
tiny particles that are released and a significant part of them is inhaled by that person.

Perhaps the most significant source of microplastics, as we have already mentioned briefly when talking about
Mr. Goodyer, is tire abrasion — it makes up 42 % of all microplastics that reach the ocean. Huge quantities of
microplastics are found in wastewater, 80-90 % of the input microplastics remain in the sludge. Finally, ship-
ping and fishing contribute significantly to the microplastics found in the sea.




Jak se mikroplasty dostavaji do téla

Pocet mikroplastovych ¢astic, které se za rok mohou dostat ¢lovéku do téla, se pohybuji mezi 150000 az
200000. Z toho 40000 az 50000 ¢astic prijimame ve stravé a pitné vodé a 70000 az 120000 c¢astic vdechne-
me — v méstském prostiedi musime pocitat spiSe s vy3simi hodnotami.

Mikroplasty se mohou do lidského téla dostat v podstaté tremi zplsoby:

Nejvétsi objemy vdechneme nejcastéji v dlisledku pouzivani syntetického textilu. Koncentrace mikroplastovych
Castic z tohoto zdroje se ale vyznamné liSi s ohledem na lokalitu. Vétsi koncentrace logicky registrujeme ve
vnitfnich prostorach, nizsi naopak venku. Odhaduije se, Ze zvySené noSeni rousek a respiratordl v souvislosti
s opatienimi béhem andemie COVID-19, vedlo k extrémnimu nariistu vdechovanych mikroplastd. Vyznamnym
zdrojem mikroplast(l jsou vsak i potraviny, v tomto pfipadé zavisi na tom, jak jsou zabaleny, zpracovavany
nebo servirovany. Zdrojem mikroplastd, které pozieme, jsou plastové obaly, ve kterych uchovavame potraviny
a napoje — jedna se predevsim o plastové krabicky, lahve, problematické jsou ale i kojenecké lahve nebo ¢ajové
sacky. Cely negativni proces uvolfiovani plastl vyrazné urychlujeme ohfivanim balenych potravin.

Problémem je, mikroplasty se nachazeji ¢asto i pfimo v potravinach. Enormnim zdrojem jsou vSechny morské
plody, protoZe tato kontaminace se prendsi potravnim fetézcem z mensich moiskych Zivocichl na vétsi.




How microplastics enter the body

The number of microplastic particles that can enter the human body per year ranges between 150.000 and
200.000. Of these, 40.000 to 50.000 particles are ingested in food and drinking water, and 70.000 to 120.000
particles are inhaled — in urban environments, we have to expect higher values.

Microplastics can enter the human body in three ways:

We inhale the largest volumes most often due to the use of synthetic textiles. However, the concentration of
microplastic particles from this source varies significantly depending on the location. Logically, higher con-
centrations are registered indoors, lower outdoors. It is estimated that the increased wearing of masks and
respirators in connection with measures during the COVID-19 pandemic has led to an extreme increase in
inhaled microplastics. However, food is also a significant source of microplastics, in this case it depends on
how it is packaged, processed or served. The source of the microplastics that we eat is the plastic packaging
in which we store food and drinks — these are mainly plastic boxes, bottles, but baby bottles or tea bags are
also problematic. We significantly accelerate the entire negative process
of releasing plastics by heating packaged food.

The problem is that microplastics are often found directly in food. All sea-
food is an enormous source, because this contamination is transferred
through the food chain from smaller marine animals to larger ones.




Mékkysi jako rizné druhy musli obsahuiji vice mikroplastli nez ryby, protoZe vétsinou filtruji vodu prevazné
u dna, kde jsou koncentrace Castic vyssi. Mezi dalsi zdroje mikroplastii akumulovanych v potravinach se uvadi
mofrska sul, cukr, med, alkohol nebo balena pitna voda.

Dalsim zplisobem, jak dostavame mikroplasty do téla, byt méné vyznamnym, prostrednictvim klze. Za riziko-
vé je povazované pouzivani kosmetickych produktd obsahujicich mikroplasty v podobé PE, noseni obleceni
ze syntetickych textilii, alei i ¢asty kontakt pokozky s plastovym krytem mobilniho telefonu. Vétsim rizikem
je vstfebavani uvolfiovanych aditiv z plastovych produkt(i — napfiklad se mize jednat o bisfenol A a ftalaty,
coz jsou latky, které jsou prokazatelnymi endokrinnimi disruptory. Mezi dalsi rizikova aditiva patfi napfiklad
bromované zpomalovace horeni, které jsou perzistentni a maji rovnéz negativni vliv na endokrinni, imunitni
a reprodukéni systém.

Toxicita mikroplastu

Toxicita mikroplasttl je jednou z hlavnich otazek negativniho plsobeni na Zivé organismy a lidské zdravi. Pres-
toZe vyzkum mikroplastl probiha jiz dvé desetileti, informace o jejich toxicité jsou stale nedostatecné. Je v3ak
jiz pomérné dobre prokazané uvolfiovani aditiv z plast(i, tedy pfedevsim stabilizatord tepla, retardéru horeni
a nékterych barviv. Dal3i hrozbu pfedstavuje schopnost polymernich ¢astic adsorbovat toxické latky z prostredi
a distribuovat je do tél organismd.




Mollusks such as various types of mussels contain more microplastics than fish, because they usually filter the
water mainly at the bottom, where particle concentrations are higher. Other sources of microplastics accumu-
lated in food include sea salt, sugar, honey, alcohol or packaged drinking water.

Another way in which we get microplastics into the body, albeit less significant, is through the skin. The use of
cosmetic products containing microplastics in the form of PE, wearing clothes made of synthetic fabrics, and
frequent skin contact with the plastic cover of a mobile phone are considered risky. The absorption of additives
released from plastic products is a greater risk — for example, it can be bisphenol A and phthalates, which are
substances that are proven endocrine disruptors. Other risky additives include brominated flame retardants,
which are persistent and also have a negative effect on the endocrine, immune and reproductive systems.

Toxicity of microplastics

The toxicity of microplastics is one of the main issues of negative impact on living organisms and human

health. Although research on microplastics has been ongoing for two decades, information on their toxic-
ity is still insufficient. However, the release of additives
from plastics, mainly heat stabilizers, flame retardants
and some dyes, has been relatively well proven. Another
threat is the ability of polymer particles to adsorb toxic
substances from the environment and distribute them
into the bodies of organisms.




Cinské studie uvadi tfi skupiny latek, které se na mikroplasty sorbuji — t&7ké kovy, persistentni organické latky
a antibiotika. Vyznamnou roli v toxicité mikroplastd hraji ftalaty — pouzivaji se jako zmékcovadlo do fady typl
plastd. Ftalaty jsou povaZovany za endokrinni disruptory, mohou byt mutagenni, teratogenni a karcinogenni.

Co se déje s mikroplasty v nasem téle, jsou nebezpecné?

Pomérné dlouhou dobu se odbornici domnivali, Ze v(ici mikroplastiim bude lidské télo pomérné velmi odolné.
Diky velké molekulové velikosti jsou totiz plasty povazovany za biochemicky inertni materialy. Problém v3ak
spociva v jedné jejich nepfijemné vlastnosti, mikroplasty adsorbuji na svém povrchu perzistentni organické
polutanty polychlorované bifenyly (PCBs), polycyklické aromatické uhlovodiky (PAHs), pesticidy a v obecné
roviné tedy maji potencial k transportu kontaminujicich latek.

Lékarsky vyzkum je sice jen v pocatcich, nicméné jiz dnes vime, Ze mikroplasty se vyskytuji prakticky ve viech
¢astech lidského téla — v lymfatickych uzlinach, v jatrech, sleziné, v krvi, v moci, matefském




A Chinese study lists three groups of substances that are sorbed onto microplastics — heavy metals, persistent
organic pollutants and antibiotics. Phthalates play a significant role in the toxicity of microplastics — they are
used as a plasticizer in many types of plastics. Phthalates are considered endocrine disruptors, they can be
mutagenic, teratogenic and carcinogenic.

What happens to microplastics in our bodies, are they dangerous?

For a long time, experts believed that the human body would be relatively resistant to microplastics. Due to
their large molecular size, plastics are considered biochemically inert materials. However, the problem lies in
one of their unpleasant properties: microplastics adsorb persistent organic pollutants polychlorinated biphe-
nyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), pesticides on their surface and, in general, have the
potential to transport contaminants.

Medical research is still in its infancy, but we already know that microplastics are found in practically all parts
of the human body — in the lymph nodes, liver, spleen, blood, urine, breast milk, amniotic fluid...




mléce, v plodové vodé...Do krevniho obéhu mohou pronikat mensi pozfené ¢astice, vétsinou o velikosti <1,09
um, které jsou schopny proniknout stfevni sténou. Vétsi ¢astice se posouvaji dale travicim traktem a vétsinou
jsou vylouceny z téla ven. Vdechnuté mikroplasty se mohou usazovat v plicich a pak pfechazet do krevniho
ob&hu v ramci okyslicovani krve a cisténi plic. Castice mensi nez 0,1 pm mohou ziistavat v krvi a potencialné
se hromadit v organech, jako jsou jatra a ledviny.

Rada studii naznacuje souvislost mezi pfitomnosti mikroplastti v téle
a zvysenym oxidacnim stresem, ten pak miize prispivat k tvorbé za-
nétl, chronickych onemocnéni ¢i imunitnich reakci. Také je vysoce
pravdépodobna pfima souvislost mezi pfitomnosti mikroplastd a za-
nétlivymi reakcemi, které mohou byt vyvolany jak fyzikalné chemic-

kymi vlastnostmi mikroplast(, tak i jejich zvySenou koncentraci. Je-
jich pfitomnost v organismu mlZe mechanicky poskodit burky, coz
aktivuje obranu imunitniho systému, ktery zacne produkovat zanét-
livé latky.




Smaller ingested particles, mostly <1.09 um in size, can enter the bloodstream and are able to penetrate the
intestinal wall. Larger particles move further through the digestive tract and are usually excreted from the
body. Inhaled microplastics can settle in the lungs and then pass into the bloodstream as part of blood oxy-
genation and lung cleansing. Particles smaller than 0.1 pm can remain in the blood and potentially accumulate
in organs such as the liver and kidneys.

A number of studies suggest a link between the presence of microplastics in the body and increased oxidative
stress, which can then contribute to the formation of inflammation, chronic diseases or immune reactions.
There is also a highly probable direct link between the presence of microplastics and inflammatory reactions,
which can be triggered both by the physicochemical properties of microplastics and their increased concentra-
tion. Their presence in the body can mechanically damage cells, which activates the immune system’s defenses,
which begin to produce inflammatory substances.




V travicim traktu mohou mikroplasty reagovat s fadou latek, jako napfiklad s tuky, cukry, bilkovinami, ionty
nebo vodou, coz bude mit vliv na jejich transport v téle; jejich pfitomnost ve stievé mlze narusit stfevni mik-
rofléru a potencialné tak vést az k chronickym zanétlim streva.

Pfitomnost mikroplasti byla zaznamenana v lidské krvi, kde byly nejcastéji detekovany castice PET (u 50 %
testovanych), PS (u 36 %), PE (u 23 %) a PMMA (u 5 %). Jednalo se o castice vétsi nez 700 nm. Klicovym
organem jsou jatra, nebot Cisti nasi krev od toxickych latek. Vyse zminény oxidacni stres mliZe narusit tvorbu
enzymd v jatrech, a dokonce vést a7 k jejich poskozeni.

V pripadé vyskytu mikroplast(i v mozku se zatim provadéji prevazné jen kvantitativni studie, obdobné tomu
je i u studii zamérenych na souvislost pritomnosti mikroplastl a vyvoj plodu béhem téhotenstvi. Odbornici
z Ostravské univerzity nalezli mikroplasty a jejich aditiva, nej¢astéji se jednalo o chlorovany polyethylen a sta-
bilizatory PVC, v plodové vodé a placenté v nékolika pfipadech predcasné narozenych déti.

Diskutovany je také pfipadny vliv mikroplastd na vznik ¢i priibéh rakoviny — jelikoZ mikroplasty by potencialné
mohly télem transportovat rakovinové burky, a tak urychlovat metastazi rakoviny.

Popsani vliv(i mikroplastl na lidské zdravi je jednim z nejkomplikovanéjsich tkoll vyzkumu chovani téchto
castic.




In the digestive tract, microplastics can react with a number of substances, such as fats, sugars, proteins, ions
or water, which will affect their transport in the body; their presence in the intestine can disrupt the intestinal
microflora and potentially lead to chronic intestinal inflammation.

The presence of microplastics has been recorded in human blood, where PET particles (in 50 % of those test-
ed), PS (in 36 %), PE (in 23 %) and PMMA (in 5 %) were most often detected. These were particles larger than
700 nm. The key organ is the liver, as it cleanses our blood of toxic substances and blood. The above-mentioned
oxidative stress can disrupt the production of enzymes in the liver and even lead to their damage.

In the case of the occurrence of microplastics in the brain, only quantitative studies have been conducted so
far, and the same is true for studies focusing on the connection between the presence of microplastics and
fetal development during pregnancy. Experts from the University of Ostrava found microplastics and their

additives, most often chlorinated polyethylene and PVC
stabilizers, in the amniotic fluid and placenta in several
cases of premature babies.

The possible influence of microplastics on the devel-
opment or course of cancer is also discussed — since
microplastics could potentially transport cancer cells
through the body, thus accelerating cancer metastasis.
Describing the effects of microplastics on human health
is one of the most complicated tasks in research into
the behavior of these particles.




Aktualni laboratorni zpiisoby detekce

Uz jsme si toho o mikroplastech fekli pomérné hodné, vime, jak vypadaji, jak vznikaji, kde se s nimi mézeme se-
tkat i jak nas ovliviiuji. Dosud jsme ale opominuli ukazat si, jak se vlastné o jejich pfitomnosti presvédcime. Je
to ve své podstaté klicovy krok, protoZe tyto latky jsou velmi malé a maji mimoradné rliznorodé sloZeni a tvary.
Problém spociva v tom, Ze dosud nejsou sjednoceny ani postupy odbéru vzorkd, jejich pfiprava ani labora-
torni postupy detekce a vyhodnocovani. Pfeddprava vzorkd, napfiklad dilkladnéjsi odstranéni anorganickych
a neplastovych organickych ¢astic mize vyraznym zpisobem ovlivnit u nékterych

analytickych postupil vysledek. V principu mGzeme fict, Ze pro stanoveni mnoZstvi

mikroplastl Ize pouzit dva postupy, mikroskopii a spektroskopii.

Mikroskopické metody jsou v analyze vzorkl vyuzivany predevsim pro vizualizaci
a kvantifikaci mikrocastic. Je mozné rozliSovat jejich tvary, pozname, zdali se jedna
o fragmenty, vlakna, fdlie nebo i expandovany polystyren.

Klasicka mikroskopicka technologie je opticka, ktera je nejrozsifenéjsi pro svou jed-
noduchost. Analyza probiha pomoci mikroskopii a nasviceni vzorku. Casto se po-
uZivaji stereomikroskopy, které maiji sice nizsi zvétseni, ale umoZiuiji trojrozmérné
zobrazeni vzork(. Nejcastéjsi limit pro morfologicky popis je 50 pm, analyzu ovsem
komplikuje organicky material a malé transparentni Castice a vlakna — bez dalSich
analytickych metod se téZko urcuje, zda je jejich charakter polymerni ¢i nikoli.




Current laboratory detection methods

We have already said quite a lot about microplastics, we know what they look like, how they are created,
where we can encounter them and how they affect us. However, we have so far neglected to show how we can
actually be sure of their presence. This is essentially a key step, because these substances are very small and
have an extremely diverse composition and shape. The problem is that neither the sampling procedures, their
preparation nor the laboratory procedures for detection and evaluation have yet been unified. Pretreatment of
samples, for example, more thorough removal of inorganic and non-plastic organic particles, can significantly
affect the result of some analytical procedures. In principle, we can say that two procedures can be used to
determine the amount of microplastics, microscopy and spectroscopy.

Microscopic methods are used in sample analysis mainly for the visualization and quantification of micropar-
ticles. It is possible to distinguish their shapes, we can tell whether they are fragments, fibers, foils or even
expanded polystyrene.

The classic microscopic technology is optical, which is the most widespread due to its simplicity. Analysis is
carried out using microscopes and sample illumination. Stereomicroscopes are often used, which have lower
magnification but allow for three-dimensional imaging of samples. The most common limit for morphological
description is 50 pm, but the analysis is complicated by organic material and small transparent particles and
fibers — without additional analytical methods, it is difficult to determine whether their character is polymeric
or not.




Specifickym druhem optické mikroskopie je fluorescencni mikroskopie, ktera vyuziva fluorescencnich barviv.
Na né se navazou urcité molekuly, nasledné se vzorky osvétli svétlem specifické vinové délky a mikroskopicky
se analyzuje. Analyza je pomérné jednoducha a rychld, ale ma nizsi rozliSovaci schopnost.

DalSi mozZnosti je vyuziti elektronové mikroskopie, ktera na rozdil od optické mikroskopie vyuZziva proud elektro-
ni misto svétla, coz umoZiuje ziskat vyssi rozliseni. Elektronova mikroskopie se déli na dvé rizné techniky, a to
na skenovaci (SEM) a transmisivni (TEM).

SEM pomoci elektronli skenuije Castice a poskytuje tak podrobné snimky morfologické struktury jejich povrchu.
RozliSovaci schopnost je okolo 0,5 nm a je tak také mozné rozlisit organické a anorganické prvky na povrchu
mikroplastd.

TEM poskytuje pohled na vnitini strukturu mikrocastic diky priichodu elektrond skrze vzorek. Rozliseni je az
0,1 nm, je tedy vhodny pro analyzu nanoplastl a obraz poskytuje i chemické informace diky obrazu na ato-
marni Urovni rozliseni.

Specifickou metodou je konfokalni laserova skenovaci mikroskopie, pfi které sledujeme reakci mikroplasti
s mikroorganismy (bakterie, mikrorasy). Rozliseni je do 200 az 100 nm.

Konecné posledni mikroskopickou technologii pouzivanou pfi stanovovani mikroplastl je mikroskopie ato-
marnich sil. Tato analyza popisuje povrchové vlastnosti ¢astic a poskytuje 3D obraz jejich povrchu ve vysokém
rozliseni (az 0,3 nm). Analyza nevyZaduije specialni prfedupravu vzorkd, vétsinou se kombinuje jesté s dalSimi
metodami, napriklad pro urceni typl polymeri ve vzorku.




A specific type of optical microscopy is fluorescence microscopy, which uses fluorescent dyes. Certain mol-
ecules are attached to them, then the samples are illuminated with light of a specific wavelength and analyzed
microscopically. The analysis is relatively simple and fast, but has a lower resolution.

Another option is to use electron microscopy, which, unlike optical microscopy, uses a stream of electrons in-
stead of light, which allows for higher resolution. Electron microscopy is divided into two different techniques,
namely scanning (SEM) and transmission (TEM).

SEM uses electrons to scan particles and thus provides detailed images of the morphological structure of their
surface. The resolution is around 0.5 nm and it is also possible to distinguish organic and inorganic elements
on the surface of microplastics.

TEM provides a view of the internal structure of microparticles thanks to the passage of electrons through
the sample. The resolution is up to 0.1 nm, so it is suitable for the analysis of nanoplastics and the image also
provides chemical information thanks to the image at the atomic level of resolution.

A specific method is confocal laser scanning microscopy, in which we
monitor the reaction of microplastics with microorganisms (bacteria,
microalgae). The resolution is up to 200 to 100 nm.

Finally, the last microscopic technology used in the determination of mi-
croplastics is atomic force microscopy. This analysis describes the surface
properties of particles and provides a 3D image of their surface in high
resolution (up to 0.3 nm). The analysis does not require special sample




Druhou skupinou metod pro stanovani mikroplast( je spektroskopie, metoda vyuZivajici interakci infracerve-
ného zareni a zkoumané latky ve vzorku.

Jednou z nejpouzivanéjSich metod pro analyzu mikroplastd je Fourierova transformacni infracervena spekt-
roskopie (FTIR). Pracuje na principu rozliSovani schopnosti pohlcovani infracervené ¢asti spektra jednotlivymi
molekulami ve vzorku. Pro zlepSeni Gcinnosti této metody se mohou uZivat riizné modifikace — napfiklad lase-
rova pfima infracervend FTIR, mikro-FTIR, FTIR s utlumenou dplnou reflexi (FTIR-IR ATR) nebo FTIR v kombinaci
s rastrovaci elektronovou mikroskopii (SEM). Velikosti méfitelnych castic se pohybuje od 5 mm az po 5 pm
a zahrnuji fadu typt polymerd: PE, PP, PVC, PA, polytetrafluorethylen (PTFE).

Ramanova spektroskopie funguje na principu
méfeni zmén vinové délky svétla rozptyleného
molekulami, které tak zplsobuiji vibrace che-
mickych vazeb. Ramanova spektroskopie je
hojné pouzivana pro jeji schopnost rozliSovat
Castice o velmi malych velikostech — pomoci
povrchové zesilené Ramanovy spektroskopie
byly detekovany ¢astice PS o velikosti 350 nm
a PE o velikostech 1-4 pm.




pretreatment and is usually combined with other methods, for example to determine the types of polymers in
the sample.

The second group of methods for detecting microplastics is spectroscopy, a method that uses the interaction
of infrared radiation and the substance being examined in the sample.

One of the most widely used methods for analyzing microplastics is Fourier transform infrared spectroscopy
(FTIR). It works on the principle of distinguishing the ability to absorb the infrared part of the spectrum by
individual molecules in the sample. To improve the efficiency of this method, various modifications can be used
— for example, laser direct infrared FTIR, micro-FTIR, FTIR with attenuated total reflection (FTIR-IR ATR) or FTIR
in combination with scanning electron microscopy (SEM). The sizes of measurable particles range from 5 mm
to 5 pm and include a number of types of polymers: PE, PP, PVC, PA, polytetrafluoroethylene (PTFE).

Raman spectroscopy works on the principle of measuring changes in the wavelength of light scattered by
molecules, which causes vibrations of chemical bonds. Raman spectroscopy is widely used for its ability to
distinguish particles of very small sizes — using surface-enhanced Raman spectroscopy, PS particles of 350 nm
and PE particles of 1-4 ym were detected.




Ze spektrometrickych metod mdzZeme dale jmenovat Impedancni spektroskopii, ktera méfi zavislost impedan-
ce vzorku na frekvenci, diky cemuz se daji urcit nékteré elektrické vlastnosti zkoumanych materialli — vétsinou
kapacita, resistence, indukcnost. Schopnost detekce je pro mikroplasty o velikostech zhruba 1000-300 pm
a schopnost obnovy je az 90 %.

Vyhodou spektroskopickych metod, zejména ve spojeni s mikroskopii (tedy mikro-FTIR a mikro-Raman) je
mozZnost tvorby tzv. ,chemickych map”, tedy zjednodusené mikroobrazil analyzovaného vzorku, kdy pro kazdy
pixel obrazu mame k dispozici spektralni data a tedy i informaci o chemickém sloZeni. Spojenim téchto pixeld
pak mizeme vytvorit celkovy chemicky obraz vzorku, ze kterého Ize vycist nejen pocet a velikost castic ve
vzorku, ale i jejich chemické sloZeni.

Dalsimi metodami jsou Ultrafialovo-viditelna spektroskopie, Rentgenova fotoelektronova spektroskopie, velice
presnd, ale nakladna metoda Hmotnostni spektrometrie s indukéné vazanym plazmatem, nebo konecné Spek-
troskopie nuklearni magnetické rezonance.

Z uvedeného stru¢ného prehledu vyplyva, Ze pro stanoveni mikroplast v rdznych slozkach Zivotniho prostredi
mame k dispozici velké mnoZstvi analytickych metod. Kazda z nich disponuje specifickymi vlastnostmi, ma
své vyhody, ale i nedostatky. Zasadnim problémem problematiky mikroplastd je fakt, Ze neexistuje jednotna
metodika jejich stanoveni. Publikované vysledky, uvadéjici konkrétni isla, je proto nutno brat velmi opatrné,
protoZe jejich vzajemna srovnatelnost mlize byt sporna.




Among the spectrometric methods, we can also mention Impedance Spectroscopy, which measures the de-
pendence of the sample impedance on frequency, thanks to which some electrical properties of the materials
under investigation can be determined — mostly capacitance, resistance, inductance. The detection capability is
for microplastics of sizes of approximately 1000-300 pm and the recovery capability is up to 90%.

The advantage of spectroscopic methods, especially in combination with microscopy (i.e. micro-FTIR and mi-
cro-Raman), is the possibility of creating so-called “chemical maps”, i.e. simply micro-images of the analyzed
sample, where for each pixel of the image we have spectral data available and therefore information about
the chemical composition. By combining these pixels, we can then create an overall chemical image of the
sample, from which we can deduce not only the number and size of particles in the sample, but also their
chemical composition.

Other methods are Ultraviolet-visible spectroscopy, X-ray photoelectron spectroscopy, a very accurate but ex-
pensive method Mass spectrometry with inductively coupled plasma, or finally Nuclear Magnetic Resonance
Spectroscopy.

From the above brief overview, it follows that we have a large number of analytical methods available for the
determination of microplastics in various components of the environment. Each of them has specific proper-
ties, has its advantages, but also disadvantages. The fundamental problem with the issue of microplastics is the
fact that there is no uniform methodology for their determination. Published results, stating specific numbers,
must therefore be taken very carefully, because their mutual comparability may be questionable.




Aktualni stav evropskeé legislativy

Uvodem této kapitoly je tfeba zdiraznit, Ze v sou¢asné dobé ligislativa EU se mikroplasty zabyva jen ve velmi
omezené mife. V nasledujicim stru¢ném prehledu se pokusime zmapovat dosavadni aktivitu EU na tomto
poli.

O problematiku mikroplast(i se Evropska komise zacala zajimat v lednu roku 2018, kdy pozadala Evropskou
agenturu pro chemické latky (ECHA), aby pfipravila navrhy na omezeni mikroplastl v Zivotnim prostredi.
ECHA shromazdila podklady pro omezeni umysIného pouzivani mikroplastovych ¢astic ve vyrobcich jakéhokoli
druhu.

V roce 2019 byla pfijata Smérnice o omezeni dopadu nékterych plastovych vyrobk( na Zivotni prostiedi (Di-
rective (EU) 2019/904). Cilem této smérnice je pfedchazet dopadu nékterych plastovych vyrobkl na Zivotni
prostredi, zejména na vodni prostfedi a na lidské zdravi a snizovat jej, jakoZ i podporovat prechod k obého-
vému hospodarstvi pomoci inovativnich a udrZitelnych obchodnich modeld, vyrobki a materiall, a tim téz
pfispivat k G¢innému fungovani vnitfniho trhu. Tato smérnice se zabyva predevsim redukci plastového odpadu
a omezuje tak znecisténi mikroplasty. Jejim primarnim cilem tedy nejsou mikroplasty, ale smérnice vyznamné
omezuje pouzivani rozloZitelnych plast, které se nedaji recyklovat spolu s ostatnimi plasty a ¢asto konci na
skladkach nebo se dostavaiji do Zivotniho prostfedi. Zde svou degradaci znacné pfispivaji ke znecisténi sekun-
darnimi mikroplasty.




Current status of European legislation

As an introduction to this chapter, it should be emphasized that currently EU legislation deals with microplas-
tics only to a very limited extent. In the following brief overview, we will attempt to map the EU’s activity in
this field to date.

The European Commission became interested in the issue of microplastics in January 2018, when it asked the
European Chemicals Agency (ECHA) to prepare proposals to limit microplastics in the environment. ECHA has
collected evidence to limit the intentional use of microplastic particles in products of any kind.

In 2019, the Directive on the reduction of the impact of certain plastic products on the environment (Directive

(EU) 2019/904) was adopted. The aim of this Directive is to prevent and reduce the impact of certain plastic

products on the environment, in particular on the aquatic environment and on human health, and to support
the transition to a circular economy through innovative and sustainable business
models, products and materials, thereby also contributing to the effective function-
ing of the internal market. This directive is mainly concerned with reducing plastic
waste and thus limiting microplastic pollution. Its primary target is therefore not
microplastics, but the directive significantly limits the use of biodegradable plas-
tics, which cannot be recycled with other plastics and often end up in landfills or
in the environment. Here, their degradation significantly contributes to secondary
microplastic pollution.




Smérnice uklada clenskym statiim EU, aby zakazaly na svém trhu plastové vyrobky na jedno poutZiti, jako napfi-
klad vatové tycinky, pfibory, talife, nadoby na jidlo i piti atd. Dale uvadi poZadavky na vyrobky, jako tfeba po-
vinnost pfipevnéni plastovych vicek a uzavérli nebo naleZité oznacovani plastovych vyrobkl na jedno pouziti.

V roce 2020 prijal Vybor pro socioekonomickou analyzu (SEAC) navrh na omezeni mikroplastl pfidavanych do
kosmetickych produktti, detergentd, hnojiv atp.

V roce 2020 vysla v platnost Smérnice Evropského parlamentu a Rady (EU) 2020/2184 o jakosti vody urcené
k lidské spotiebé. Tento dokument nahrazuje plivodni smérnici o pitné vodé z roku 1998. Hlavnim cilem je
zajisténi vysoké trovné ochrany verejného zdravi, zarucit obanim pfistup k informacim o kvalité vody, kterou
spotfebovavaji a také podpofit udrZitelné vyuzivani vodnich zdroja.

Smérnice vyZaduje pravidelny monitoring kvality vody — poZadavky na kvalitu jsou dany seznamem parame-
trQ, ty musi byt sledovany a jejich namérené hodnoty nesmi prekrocit stanovené limity. Nicméné dosud jesté
nema zakomponovanou problematiku mik-

roplast(. To se ma v této smérnici objevit az

v roce 2029 Evropska komise predloZi zpra-

vu o tom, jak mikroplasty, zbytky léciv a dal3i

nové Skodlivé latky mohou ohroZovat pitnou

vodu. Tyto zpravy budou obsahovat informa-

ce o potencialnich zdravotnich rizicich spo-

jenych s témito kontaminanty (Smérnice EU

2020/2184, ¢lanek 19, odstavec 3).




The directive requires EU Member States to ban single-use plastic products such as cotton buds, cutlery, plates,
food and drink containers, etc. from their markets. It also sets out product requirements, such as the obligation
to attach plastic caps and closures or to properly label single-use plastic products.

In 2020, the Committee for Socio-Economic Analysis (SEAC) adopted a proposal to restrict microplastics added
to cosmetic products, detergents, fertilisers, etc.

In 2020, Directive (EU) 2020/2184 of the European Parliament and of the Council on the quality of water
intended for human consumption entered into force. This document replaces the original Drinking Water Di-
rective from 1998. The main objective is to ensure a high level of public health protection, guarantee citizens
access to information on the quality of the water they consume, and also promote the sustainable use of water
resources.

The directive requires regular monitoring of water quality — the quality requirements are given by a list of pa-
rameters, which must be monitored and their measured values must not exceed the specified limits. However,
it does not yet address the issue of microplastics. This is not expected to appear in this directive until 2029.
The European Commission will submit a report on how microplastics, pharmaceutical residues and other new
harmful substances can endanger drinking water. These reports will contain information on the potential
health risks associated with these contaminants (EU Directive 2020/2184, Article 19, paragraph 3).




Dilezitym nafizenim v ramci ak¢niho planu pro obéhové hospodarstvi je nafizeni Evropského parlamentu
a rady o obalech a obalovych odpadech, o zméné nafizeni (EU) 2019/1020 a smérnice (EU) 2019/904 a o zru-
Seni smérnice 94/62/ES. Hlavnimi cili je redukce obalového odpadu a plastovych odpadd, podpora recyklace
a opakovaného pouzivani vyrobkd, zvyseni podill recyklatu v obalech atp. V3echna tato opatfeni by nepfimo
méla vést ke snizovani znecisténi mikroplasty.

Problematiky mikroplast(i se nepfimo tyka Nafizeni o registraci, hodnoceni, povolovani a omezovani chemic-
kych latek (REACH). Plvodni znéni nafizeni z roku 2006 jesté mikroplasty nezmiriovalo, aviak je upraveno
Nafizenim Komise (EU) 2023/2055 kterym se méni pfiloha XVII nafizeni Evropského parlamentu a Rady (ES) €.
1907/2006 o registraci, hodnoceni, povolovani a omezovani chemickych latek (REACH), pokud jde o syntetické
polymerni mikrocastice.

Toto nafizeni se zabyva mikroplasty zatim nejpodrobnéji. Klade si za cil minimalizovat uvolfiovani mikrocastic,
snizit zneCisténi a také chranit Zivotni prostiedi a lidské zdravi. Je zde uvedeno 62 diivodd, proc se toto nafizeni
zavadi. Hned prvnim diivodem je to, Ze hromadéni ve vodé nerozpustnych a v Zivotnim prostredi persistentnich
polymernich mikrocastic vyvolava obavy, nebot mohou mit negativni dopady na ekosystémy i na lidské zdravi
a uz byly nalezeny i v pitné vodé a potravinach. Jednim z dal3ich ddvodd je vysledek Setfeni Evropské agentury
pro chemické latky z roku 2019, ktery odhaduje rocni pfisun zamérné pritomnych mikroplast(i do Zivotniho
prostredi na 42 000 tun (Nafizeni Evropské komise, 2023).




An important regulation within the framework of the Circular Economy Action Plan is the Regulation of the
European Parliament and of the Council on packaging and packaging waste, amending Regulation (EU)
2019/1020 and Directive (EU) 2019/904 and repealing Directive 94/62/EC. The main objectives are to reduce
packaging waste and plastic waste, promote recycling and reuse of products, increase the share of recycled
content in packaging, etc. All these measures should indirectly lead to a reduction in microplastic pollution.

The issue of microplastics is indirectly covered by the Regulation on the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH). The original text of the regulation from 2006 did not yet mention mi-
croplastics, but it is regulated by Commission Regulation (EU) 2023/2055 amending Annex XVII to Regulation
(EC) No 1907/2006 of the European Parliament and of the Council concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH) as regards synthetic polymer microparticles.

This regulation deals with microplastics in the most detail yet. It aims to minimise the release of microparticles,

reduce pollution and also protect the environment and human health. It lists 62 reasons why this regulation is
being introduced. The first reason is that the accumulation of water-
insoluble and environmentally persistent polymeric microparticles
is a concern, as they can have negative impacts on ecosystems and
human health and have already been found in drinking water and
food. Another reason is the result of a 2019 study by the European
Chemicals Agency, which estimates the annual release of intention-
ally present microplastics into the environment at 42.000 tonnes
(European Commission Regulation, 2023).




Nafizeni zakazuje na trh uvadét polymerni mikrocastice at uz jako latky samotné nebo ve smésich (s koncent-
raci 0,01 % a vyssi). Dale dava Ihiity jednotlivym odvétvim hospodarské vyroby pro odstranéni mikroplasti ze
svych vyrobk( — napfiklad z kosmetiky a licidel do roku 2028, z Cisticich prostfedki do roku 2028, ze zahrad-
nickych produktli také do roku 2028 a ze sportovnich povrchii syntetického plivodu do roku 2031.

V prosinci roku 2023 pfisla ECHA s identifikaci rizik spojenych s aditivy v PVC a uvolfiovanim mikrocastic.
Zaméfila se na 63 rliznych aditiv (zmékcovadla, tepelné stabilizatory, zpomalovace hofeni atp.) — vysledkem
Setfeni byl komplexni rozbor rizik spojenych s PVC a jeho aditivy. Zaroven byla pfipravena studie zohledruijici
spolecenské dopady, které by mélo zavedeni opatfeni na fizeni rizik.

Z nafizeni, které se pfimo dotykaji MP mlZe zminit nafizeni (EU) 2023/2055 ze 17. 10. 2023, které omezuje
pouzivani primarnich mikroplastl, dale navrh nafizeni EP COM(2023)645 o predchazeni ztratdm plastovych

pelet za icelem snizeni znecisténi mikroplasty a konecné rozhodnuti komise 2024/1441 ze dne 11. 3. 2024
(doplnéni smérnice EU 2020/2184 — jakost vody urcené k lidské spotfebé) a pfiloha — metodika pro méreni
mikroplast(i ve vodé urcené k lidské spotfebé.




The Regulation prohibits the placing on the market of polymeric microparticles, either as substances or in
mixtures (with a concentration of 0.01% and above). It also gives deadlines to individual sectors of economic
production to remove microplastics from their products — for example, from cosmetics and make-up by 2028,
from cleaning products by 2028, from gardening products also by 2028 and from sports surfaces of synthetic
origin by 2031.

In December 2023, ECHA identified the risks associated with additives in PVC and the release of microparti-
cles. It focused on 63 different additives (plasticizers, heat stabilizers, flame retardants, etc.) — the result of the
investigation was a comprehensive analysis of the risks associated with PVC and its additives. At the same
time, a study was prepared taking into account the societal impacts that the introduction of risk management
measures would have.

Among the regulations that directly affect MP, we can mention Regulation (EU) 2023/2055 of 17.10.2023,
which restricts the use of primary microplastics, the proposal for a regulation of the EP COM(2023)645 on
the prevention of losses of plastic pellets in order to reduce microplastic pollution and finally Commission
Decision 2024/1441 of 11. 3. 2024 (supplementing Directive EU 2020/2184 — quality of water intended for
human consumption) and the annex — methodology for measuring microplastics in water intended for human
consumption.




Praktické ovéreni efektivity odstrafiovani mikroplasti
pfi vyrobé pitné vody

V rdmci mezinarodniho projektu MicroDrink financovaném z programu INTERREG Danube Region byl pro-
veden experiment, ktery mél za cil sledovat chovani mikroplastd pfi vyrobé pitné vody. Jinym slovy, vysledek
mél ukazat na zmény, ke kterym dochazi na cesté od zdroje vody, pres vodarenské technologie az po vystup
z vodarny. Vysledky tedy mély posoudit efektivitu ¢iSténi a ukazat kvalitu pitné vody, kterou dostava uzivatel
doma v kohoutku. Pro tyto ucely byla vybrana vodarna Ivancice na jizni Moravé.

Vodarna Ivancice predstavuje v ramci Ceské republiky unikatni lokalitu. Vodarna se nachazi na soutoku dvou
vodnich tokd, z nichz kazdy ma odlisné pfirodni podminky, odlisné vyuZiti pldy a hustotu osidleni a odvodiiuje
jinou oblast. Vodarna vyuziva k vyrobé pitné vody proces biehové infiltrace, ktery spociva v pfirozeném pred-
¢isténi povrchové vody obou vodnich tok(i.

Soutok fek Jihlavy a Rokytné pfedstavuje vyznamny
zdroj pomérné kvalitni pitné vody. V soucasné dobé
se primérné odbéry pohybuiji kolem 10 I/s, teoreticky
potencial vyuziti je vSak vyrazné vyssi. Dvé feky hraji
rozhodujici roli v ovliviiovani kvality surové vody pou-
Zivané k vyrobé pitné vody ve vodarné Ivancice.

Rokytna je pravostranny pfitok feky Jihlavy, jejiz délka
je 88 km a plocha povodi je 584 km?. Priimérny pritok




Practical verification of the effectiveness of microplastic removal
in drinking water production

As part of the international MicroDrink project funded by the INTERREG Danube Region program, an ex-
periment was conducted to monitor the behavior of microplastics during the production of drinking water. In
other words, the result was to show the changes that occur on the way from the water source, through water
treatment technologies to the outlet from the water treatment plant. The results were therefore to assess the
efficiency of treatment and show the quality of drinking water that the user receives at home from the tap. The
Ivancice water treatment plant in South Moravia was selected for these purposes.

The Ivancice water treatment plant represents a unique location within the Czech Republic. The water treat-
ment plant is located at the confluence of two watercourses, each of which has different natural conditions,
different land use and population density and drains a different area. The water treatment plant uses the
process of bank infiltration to produce drinking water, which consists of natural pre-treatment of the surface
water of both watercourses.

The confluence of the Jihlava and Rokytna rivers represents a significant source of relatively high-quality drink-
ing water. Currently, average withdrawals are around 10 I/s, but the theoretical potential for use is significantly
higher. Two rivers play a decisive role in influencing the quality of raw water used to produce drinking water
at the Ivancice waterworks.

The Rokytna is a right-hand tributary of the Jihlava River, which is 88 km long and has a catchment area of
584 km?. The average flow of the Rokytna before the confluence with the Jihlava is 1.38 m®/s. The catchment




Rokytné pred soutokem s Jihlavou je 1,38 m?/s. Povodi je potencialnim zdrojem mikroplastt, protoZe do toku
Usti Cistirny odpadnich vod z Rokytnice nad Rokytnou (830 obyvatel), Moravskych Budéjovic (7200 obyvatel)
a Moravského Krumlova (5700 obyvatel).

Reka Jihlava méa délku toku od pramene k soutoku s Rokytnou 146 km a plochu povodi 2682 km?. Jihlava ma
v oblasti soutoku radové vyssi priitok nez Rokytna, primérny rocni pritok je 10,4 m3/s. Na fece Jihlavé se na-
chazeji prehrady DaleSice a Mohelno, kte-
ré mohou z hlediska Sifeni mikroplastické
kontaminace fungovat jako sedimentacni
nadrz. Povodi feky Jihlavy je vétSim po-
tencialnim zdrojem mikroplastd, protoze

do vodniho toku Usti Cistirny odpadnich
vod z vétsich sidel. Jedna se predevsim
o mésto Jihlava (aglomerace 94000 oby-
vatel) a Trebi¢ (35000 obyvatel).

V ramci pribéhu experimentu byly odebi-
rany vzorky na Sesti lokalitach. Prvni dvé
reprezentovaly kvalitu fi¢ni vody v obou
vodnich tocich, rekach Jihlavé (1) a Ro-
kytné (2). Tyto vysledky umoznily posou-
dit, jaké je mnoZstvi mikroplastl v surové
vodé, ze které se vyrabi pitna voda. Sou-




area is a potential source of microplastics, as wastewater treatment plants from Rokytnice nad Rokytnou (830
inhabitants), Moravské Budéjovice (7.200 inhabitants) and Moravsky Krumlov (5.700 inhabitants) flow into
the river.

The Jihlava River has a flow length from the source to the confluence with the Rokytna of 146 km and a
catchment area of 2.682 km?. The Jihlava River has an order of magnitude higher flow than the Rokytna in the
confluence area, with an average annual flow of 10.4 m3/s. The Dalesice and Mohelno dams are located on the
Jihlava River, which can act as a sedimentation reservoir in terms of the spread of microplastic contamination.
The Jihlava River basin is a larger potential source of microplastics, because wastewater treatment plants from
larger settlements flow into the watercourse. These are primarily the city of Jihlava (agglomeration of 94.000
inhabitants) and Trebic (35.000 inhabitants).

During the experiment, samples were taken at six locations. The first two represented the quality of river water
in both watercourses, the Jihlava (1) and Rokytna rivers (2). These results made it possible to assess the amount
of microplastics in the raw water from which drinking water is produced. At the same time, it was possible to
state how the use of the landscape in the relevant basin contributes to the amount of microplastics. The next
two analyses provided information on the filtration capacity of fluvial gravel deposits. This system of monitor-
ing points consisted of a well 110 m away from the bed of the Rokytna river (3) and a collection well for the
production of drinking water located approximately in the central part of the confluence area of both rivers
(4). The fifth analysis provided information on the efficiency of microplastic removal when using traditional
waterworks technologies supplemented in the final phase with an activated carbon filter (5). Finally, the last
sample was taken from the customer’s tap (6). From this analysis, we obtained information on the influence of
transport through plastic pipes on the final result.




¢asné bylo mozno konstatovat, jak se na mnozstvi mikroplastl podili vyuZiti krajiny na pfislusném povodi.
Dalsi dvé analyzy podaly informaci o filtracni schopnosti fluvialnich stérkovych naplavi. Tento systém moni-
torovacich bodl se skladal ze studny vzdalené 110 m od koryta feky Rokytné (3) a z jimaci studny pro vyrobu
pitné vody situované priblizné v centralni ¢asti soutokové oblasti obou fek (4). Pata analyza poskytla informaci
o efektivité odstraiovani mikroplastl pfi pouZiti tradi¢nich vodarenskych technologii doplnénych v kone¢né
fazi o filtr z aktivniho uhli (5). Kone¢né posledni vzorek byl odebran z kohoutku u zékaznika (6). Z této analyzy
jsme ziskali informace o vlivu dopravy plastovym potrubim na konecny vysledek.







Z monitoringu vyplynuly nasledujici vysledky:

Vyrazné vétsi mnozstvi MP bylo registrovano v jednotce objemu feky Rokytné nez v Jihlavé. V Rokytné bylo v 1
m? vody nalezeno 2100 ¢astic MP, zatimco v podstatné vodnatéjsim toku Jihlavy jen 360 castic. Pri pfepoctu
na celkovy pritok jsou vsak vysledky viceméné srovnatelné. Rokytnou protéka 2 898 castic, Jihlavou 3 740
Castic, coz se odrazi ve strukture prlimyslové vyroby. V povodi Rokytné najdeme strojni, potravinafskou a ze-
médélskou vyrobu, v povodi Jihlavy je rovnéz kovo obrabéjici priimysl, v mésté Trebici je ale i textilni vyroba
a probiha zde i primarni vyroba plastd.

Tyto skutecnosti se projevuiji i ve struktufe zastoupenych typtl primarnich plastd. V Jihlavé prevladaji pouze dva
typy plastd, polystyren a polyethylen. V Rokytné je dominantnim plastem polyethylen, déle jsou zastoupeny
polymethylmethakrylat, polypropylen a polyetylentereftalat pouzivané na obalové materialy.

Dalsi dva monitorovaci objekty (3. a 4.) prokazaly velmi dobrou efektivitu odstrariovani MP prichodem horni-
nového prostredi. Ve studni vzdalené jen 110 metrd od feky Rokytné byl registrovan fadovy pokles MP z 2 100
na 260 Castic. Ve svodné studni, zdroji surové vody pro vyrobu vody pitné, ktera predstavuje smés obou fek,
bylo zaznamenano jen 65 castic MP na m>,

K dalSimu poklesu kontaminace MP pfispély Cistirenské technologie. Na vystupu z vodarny bylo analyzovano
v 1 m? pitné vody jen 25 castic MP.

Nicméné k dalSimu obohaceni MP doslo pfi dopravé pitné vody k zakaznikovi v obci Oslavany, vzdalené cca
5 km. Dopravou v plastovém potrubi se mirné zvysilo mnoZstvi MP a to na hodnotu 45 ¢astic v 1 m? pitné
vody.




The monitoring yielded the following results:

A significantly larger amount of MP was registered per unit volume of the Rokytna River than in Jihlava. In
Rokytnd, 2.100 MP particles were found in 1 m? of water, while in the significantly more watery Jihlava flow
only 360 particles. However, when converted to the total flow, the results are more or less comparable. 2.898
particles flow through the Rokytn4, 3.740 particles through the Jihlava, which is reflected in the structure of
industrial production. In the Rokytna basin, we find mechanical, food and agricultural production, in the Jih-
lava basin there is also a metalworking industry, but in the city of Trebic there is also textile production and
primary plastics production.

These facts are also reflected in the structure of the types of primary plastics represented. In Jihlava, only two
types of plastics prevail, Polystyrene and Polyethylene. In Rokytn4, the dominant plastic is Polyethylene, fol-

lowed by Polymethyl methacrylate, Polymethyl methacrylate and Polyethylene terephthalate used for packag-
ing materials.

Two other monitoring objects (3. and 4.) demonstrated very good efficiency of MP removal through the pas-
sage of the rock environment. In a well located only 110 meters from the Rokytna River, an order of magnitude
decrease in MP from 2.100 to 260 particles was registered. In the aquifer well, the source of raw water for the
production of drinking water, which is a mixture of both rivers, only 65 MP particles were recorded.

Treatment technologies contributed to a further decrease in MP contamination. At the outlet of the water-
works, only 25 MP particles were analyzed in 1 m? of drinking water.




Uvedena cisla umozZiuiji objektivni popis kvantitativniho i kvalitativniho chovani MP na cesté od zdroje vyra-
béné pitné vody aZ k zakaznikovi. Podstatné problematictéjsi je vsak interpretace celkového pfijmu ¢astic MP
do lidského organismu. Pfi pfepoctu ziskanych vysledkl na 1 litr dostdvdme mimoradné nizké hodnoty, které
ve srovnani s publikovanymi Cisly vstupu predevsim inhalaci, mnozstvi ¢astic MP, které vdechujeme, jsou zane-
dbatelné. Vyrazné vyssi hodnoty jsou publikovany rovnéz pro balené pitné vody, které jsou obecné povazovany
za jeden z nejvyznamnéjsich zdrojt MP vstupuijiciho do lidského organismu.

Problémem dnesniho vyzkumu
vsak zlistava nesjednocend meto-
dika stanovovani MP nejen v rliz-
nych zdrojich, ale i ve vodach.
Zminéné trendy v chovani MP
ve vodnim prostredi na cesté od
zdroje pitné vody az k vodovod-
nimu kohoutku Ize povaZovat za
obecné platné, celkové mnoZstvi
¢astic MP v jednotlivych etapach
sledovani se v zavislosti na pouzi-
té metodice mtiZe lisit i fadové.




However, further enrichment of MP occurred during the transport of drinking water to the customer in the vil-
lage of Oslavany, approximately 5 km away.  Transport in plastic pipes slightly increased the amount of PM,
to a value of 45 particles in 1 m? of drinking water.

The figures given allow an objective description of the quantitative and qualitative behavior of MP on the way
from the source of produced drinking water to the customer. However, the interpretation of the total intake of
MP particles into the human body is significantly more problematic. When converting the obtained results to
1 liter, we get extremely low values, which are negligible compared to the published figures of entry, mainly
through inhalation, the amount of MP particles that we inhale. Significantly higher values are also published
for packaged drinking water, which is generally considered one of the most important sources of MP entering
the human body.

However, the problem of today’s research remains the ununified methodology for determining MP not only in
various sources, but also in waters. The mentioned trends in the behavior of MP in the aquatic environment
on the way from the source of drinking water to the tap can be considered generally valid, the total amount
of MP particles in the individual stages of monitoring can differ by an order of magnitude, depending on the
methodology used.




Vysvétleni pouzitych zkratek

ABS akrylonitrilbutadienstyren
EVAc ethylen-vinylacetat

PA polyamid, nilon

PBT polybutylentereftalat

PE polyethylen

PET polyetylentereftalat
PMMA polymethylmethakrylat
PP polymethylmethakrylat

PS polystyren

PU polyuretan

PVC polyvinylchlorid

Silicone




Explanation of abbreviations used

ABS acrylonitrile butadiene styrene
EVAc ethylene vinyl acetate

PA polyamide, nylon

PBT polybutylene terephthalate
PE polyethylene

PET polyethylene terephthalate
PMMA polymethyl methacrylate
PP polymethyl methacrylate

PS polystyrene

PU polyurethane

PVC polyvinyl chloride

Silicone













