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Kopsavilkums

Mikroplastmasas piesarnojums ir salidzinosi jauns un globala méroga
izaicinajums. Tas uzkrajas videé un parvietojas baribas k&de, radot potencialus
draudus ka ekosistemam, ta dzivo organismu, tai skaita cilvéku, veselibai.
Mikroplastmasas izplatibai nav robezu, un pe&dgjo gadu laika §1 piesarnotaja
petnieciba ir kluvusi 1pasi nozimiga, lai izprastu piesarnojuma avotus, apmeéru,
saistitos riskus un iesp&jamos risinajumus ta samazinasanai.

Tika veikts plass petijums, lai apzinatu mikroplastmasas piesarnojuma
apméru Latvijas teritorijas iek§zemes un jiiras Gidenos — jiras un ezeru Gdens
virskartd un nogulumos, upju tdens virskarta, ka arT tidens un sauszemes
mijiedarbibas zona — piekrastes pludmales smiltis. P&tfjuma kvalitates
nodro§inasanai tika izstradati ierosindjumi paraugu ievakSanas metodikas
uzlabosanai un veikts eksperimentals pétijums dalinu atgiistamibas
novertésanai paraugu apstrades laika.

P&tijuma rezultati liecina par mikroplastmasas sastopamibu visas
pétitajas vides matricas — gan virszemes tdenos un tdens kolonna, gan uz
gultnes un pickrastt kopa ar dabiskajiem nogulumiem. Identificéto
mikroplastmasas dalinu koncentracijas un ipaSibas dazadas matricas atskiras.
Vairums mikroplastmasas dalinu bija no polietilena vai polipropiléna poliméra
ar izplatitako formu — Skiedras un fragmenti. Tika novérots mikroplastmasas
piesarnojuma koncentraciju pieaugums lidz ar dalinu izm@ra samazina$anos.
Tika konstatéts, ka uzkrajoties tidenstilpju nogulumos, mikroplastmasas dalinas
laika gaita var migrét dzilak nogulumos.

legiitie dati var tikt izmantoti k& bazes informacija turpmakiem
pétijumiem un modelu simulacijam, mikroplastmasas piesarnojuma atskiribu
novért§jumam starp regioniem, paraugu nems$anas vietam un laiku,
mikroplastmasas piesarnojuma avotu un transporta celu identificéSanai, ka art
vides kvalitates standartu references vertibu defing$anai.
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Ievads

Plastmasas polim@ru ievieSana ir butiski mainTjusi cilvéku dzivi, un
pieprasijums pé&c tiem eksponenciali aug jau kop$ plastmasas masveida
razoSanas aizsakuma 1950. gados. Lidz ar pieprasijumu péc plastmasas
izstradajumiem ir palielindjies arT nepienacigi apsaimniekoto plastmasas
atkritumu daudzums, kas, pieméram, jiiras vidé veido lidz 85% no kopgja jiiras
atkritumu daudzuma. Viens no vidé sastopamas plastmasas veidiem ir
mikroplastmasa, plastmasas dalinas izméra no 1 um Iidz 5 mm. Mikroplastmasas
piesarnojums ir globala probléma — maza izméra dél tas var tikt transportts
tukstosiem kilometru attaluma uz vietam talu no antropogénas darbibas centriem.
Tam ir tendence uzkraties sauszemes un tdens ekosistémas, tomér esosas
zinasanas par piesarnojuma izplatibu, apjomu un potencialajiem draudiem ir
limit&tas un neviennozimigas.

Gan starptautiska, gan nacionala méroga tiek pienemti normativie akti
saistiba ar mikroplastmasas piesarnojuma apmeéra apzinasanu un samazinasanu.
Sis ir salidzino$i jauns un neizprasts piesarnojuma veids, kura raksturo$anai nav
izveidota vienota metode, ka rezultata dazados pétijumos giitie dati var nebit
savstarpgji salidzinami. Turklat nav definétas mikroplastmasas piesarnojuma
robezvertibas zinatnisko datu trikuma dg]. Latvijai saistoSie normativie akti
rosina veikt mikroplastmasas piesarnojuma pétijumus tidens vidé. Upju baseinu
apsaimnieko$anas planos izvirzits aicinajums realiz€t mikroplastmasas
piesarnojuma pétijumus un monitoringu saldiidenos, lai noteiktu ta ietekmi uz
organismiem un tdenu ekologisko kvalitati; turpretim Latvijas Vides politikas
pamatnostadnés 2021.-2027. gadam icklauta Vides monitoringa programma
2021.-2026. gadam, kura ir defin€ti uzdevumi jiiras atkritumu samazinasanai
(Ministru kabinets, 2022). Programma paredz apzinat no sauszemes un upém
nesto cieto atkritumu (tai skaita mikroplastmasas) slodzes un Tstenot jiiru
piesarnojoso atkritumu monitoringu jiras ideni, nogulumos un piekraste. Tapat,
lidz 2029. gadam nepiecieSams nodroSinat informaciju par iesp&jamo
apdraudéjumu, kuru dzerama tidens avotiem rada mikroplastmasa (Official Journal
of the European Union, 2020).

Mikroplastmasas monitoringa programmas nav izstradatas zinatniskas
informacijas trikuma dgl, tapec prieksizpetes veida ir nepiecieSams iegit datus par
mikroplastmasas piesarnojuma apjomu, izplatibu, raksturojumu, avotiem, ka ari
ietekmi uz sugam, biotopiem un ekosistému. Latvijas Hidroekologijas instittta tiek
veidota zinatnisko datu baze, lai apzinatu jiras (Gidens virskartas, piekrastes)
un saldiidens (Gidens virskarta, nogulumi) mikroplastmasas piesarnojuma
sakotngjo apmeru.



Izpratne par mikroplastmasas transporta Ipatnibam, fragmentaciju un
uzkraganos vidé ir nepilniga. Sis ir pirmais pétijums, kas sniedz informaciju par
mikroplastmasas piesarnojuma apméru un 1pasSibam Latvijas @idens biotopos
(ezeri, upes, jira, piekraste), priekslikumus paraugu ievaksanas un apstrades
kvalitates paaugstinasanai un mikroplastmasas monitoringam tdens biotopos.
Iegtitie dati var kalpot ka pamata informacija Latvijas Gdenu mikroplastmasas
monitoringa programmas izstradei un robezlielumu defingSanai.

Darba merkis

Raksturot mikroplastmasas piesarnojumu Latvijas @idens biotopos (jura,
piekrasté, ezeros, upés) un pilnveidot ta pé&tniecibas metodes (paraugu
ievakSana, apstrade), lai nodroSinatu datus ka pamatu mikroplastmasas
monitoringa programmas izstradei un piesarnojuma robezlielumu priekslikumu
formul&sanai.

Darba uzdevumi

1. Pilnveidot mikroplastmasas paraugu ievakSanas un apstrades metodes;

2 Raksturot mikroplastmasas piesarnojumu Latvijas ezeros — tidens virskarta
un nogulumos;

3. Raksturot Latvijas liclako Rigas Iict iepliistoSo upju fidens virskartas
mikroplastmasas piesarnojumu;

4. Raksturot mikroplastmasas piesarnojumu Latvijas jurisdikcija esoSos

juras Gdenos — Gdens virskarta un piekrastes nogulumos.
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1. Metodes

1.1. Pétijjuma vietas apraksts
Paraugu ievakSanas metodes uzlaboSana (II)

Paraugi tika ievakti divas Islandes tdenstilpes — Medhalfellsvatn ezera
un Fossvogur fjorda (1.1. attels). Medhalfellsvatn ir 200 ha liels saldiidens
caurteces ezers ar maksimalo dzilumu 19m (Hjaltason, 2004;
Sveinbjornsdottir, 2008). Fossvogur fjords ir sekls (maksimalais dzilums 6 m)
atzars no Skerjafjoredhur fjordu sist€mas ar vienu ieteku (Geirsdottir and
Eiriksson, 1994). P&tfjuma vieta tika izvéleta ka reprezentativa tidenstilpgém ar
zemu mikroplastmasas piesarnojumu, lai izteiktak akcent€tu pétjjuma
problemu.

21.85W 21.6°W
) i+ Medhalfellsvatn *
Islande g 4T 643N
-64.2°N

X 64.2°N-

Fossvogur

-64.1°N
64.1°N
2 km

EPSG:3057

22.0°W 21.6°W Data: O5M

1.1. attels. Petljuma vietas atrasanas Islandg, Reikjavikas tuvuma
(pielagots attels no II).
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Mikroplastmasa ezeru nogulumos (IV)

Lai novertétu mikroplastmasas piesarnojuma uzkrasanos Latvijas ezeru
nogulumu arhivos, tika izveleti tris ezeri (1.2. att€ls) atSkirigos attalumos no
pilsétvides teritorijam un dazada limena aizsardzibas statusu, kas saistits ar
ezera atraSanos pasi aizsargdjama dabas teritorija (Pinku un Usmas ezers) vai
ta atrasanos tidensapgades sistéma (Seksu ezers).

Pinku ezers ir oligotrofs/mezotrofs ezers ar augstu tdens kvalitati. Ta
platiba ir 29 ha, vidgjais un lielakais dzilums 4,3 un 20 m. Pinku ezers barojas
no netalu esosa Salotes dika un pazemes Gideniem, un ta Gideni pa novadgravi
ietek Kaulinas upe. Kops 2004. gada Pinku ezers un tam piegulosas teritorijas ir
dala no dabas parka, nodrosinot tam Tpasu aizsardzibas statusu. Ezera piekrasté
intensiva saimnieciska darbiba netiek veikta. Pinku ezers ir iecienita atpiitas
vieta vasaras sezona; ta piekrasté ir labiekartotas peldvietas (Kuldigas rajona
Edoles pagasta padome, 2004).

Usmas ezers ir mezotrofs/eitrofs ezers ar virsmas laukumu 3469,2 ha,
vidgjo un lielako dzilumu 5,4 un 27 m. Ezera ir vairak ka 10 ietekas (upes,
gravju, strautu); no ta iztek viena upe — Engure. Dala Usmas ezera (arpus
paraugu ievakSanas vietas) ieklauta dabas rezervata un stingra rezima dabas
rezervata teritorija. Rezervata teritorija nav apdzivota, bet ezers ir publiski
pieejams atpiitas aktivitatem. Ezera tiek novaditi attiriti notekideni. Pasreizgja
antropogéna slodze teritorija veért€jama ka minimala (Latvijas Dabas
fonds, 2009).

Seksu ezers ir eitrofs beznoteces ezers ar virsmas laukumu 7,9 ha, vidgjo
un lielako dzilumu 2,5 un 6 m. Tas ir dala no dzerama tidens apgades sisteémas
un ietilpst ,,Rigas Udens” idensgiitnu aizsargdjamaja teritorija, Baltezera fidens
nemsanas aizsargjoslu zona, bagatinot pazemes tidenus Baltezera stiknu stacijas
tuvuma. SekSu ezers atrodas stingra aizsardzibas reZima zona, Iidz ar to
piekluve tam ir ierobezota un ezers nav paklauts tieSai antropogenai ietekmei
(Zarina, 2014).
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1.2. attéls. Petljuma vietas atrasanas Latvija, ziemelaustrumu Eiropa; 1 — Pinku
ezers, 2 — Usmas ezers, 3 — SeksSu ezers. Karte sagatavota, izmantojot ArcMap
10.6.1 (IV).

Mikroplastmasa ezera tideni un nogulumos (I1I)

Velnezers ir eitrofs beznoteces ezers Riga, Juglas apkaimé, dzivojamo
maju ieloka (1.3. att€ls). Ta virsmas laukums ir 3,5 ha, vidgjais un lielakais
dzilums 4,0 un 7,4 m. Ezers barojas galvenokart ar pazemes tideniem (Pujate,
2015). Vesturiski ezera apkartne bijusi plasi izmantota dazadu raZoSanas
uzn@mumu vajadzibam; ezera apkartnes zemes lietojumveida maina sakas
1950. gados, un 1960. gados notika intensiva teritorijas apbiive ar daudzstavu
dzivoklu €kam, sasniedzot miisdienas esoso apbiives ITmeni. Velnezera ir tikusi
novaditi notekiideni, lidz ar to paaugstinatas biogénu koncentracijas veicina
ezera aizaugSanu (Lanka et al., 2024).
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1.3. attéls. Petljuma vietas atrasanas vieta Ziemeleiropa (A), centralaja Latvija
(B) Velnezera (C). Sarkanais punkts apzime ezera dzilako vietu un zila
partraukta linija ezera krasta robezu (pielagots attéls no III).

Mikroplastmasa upju iidens virskarta (I)

Lai novertétu upju nesto mikroplastmasas piesarnojumu, tika ievakti
paraugi Cetru lielako Rigas lici iepliistoSo Latvijas upju tdens virskarta —
Daugava, Lielupg, Gauja un Salaca (1.4. attls).

Daugava ir lielaka Latvijas upe, tas sateces baseins atrodas tris valstu
(Baltkrievijas, Krievijas un Latvijas) teritorija; no ta Latvijas teritorija ir 24,7
tiikst. km? jeb 38% no kopgjas sateces baseina platibas (87,9 tiikst. km?). Upes
dzilums ir Iidz 30 m, vidgjais kritums 22 ¢cm/km un vidgja notece 20,5 km3.
Daugava tiek izmantota ka tdensgiitne dzerama tidens sagatavosanai. Uz upes
izvietota hidroelektrostaciju kaskade. Pastiprinoties ZR v&jiem, juras [i¢a tideni
tiek sadziti Daugavas griva, izraisot fidens Iimena paaugstinasanos un zemaku
vietu appliiSanu. Sateces baseina lielako dalu aiznem mezi (50%) un
lauksaimniecibas zemes (20%) (Apsite, 2018; LVGMC, 2024a).

Lielupe ir otra lielaka Latvijas upe ar garumu 119 km. Tas sateces
baseina kopgja platiba ir 17,6 tikst. km? un aptuveni puse (8,8 tikst. km?)
atrodas Latvijas teritorija. Upes dzilums ir Iidz 20 m, kritums 9 cm/km un gada
vidéja notece ir 3,6 km?. Lielupes gultne atrodas zemak neka vidgjais Baltijas
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juras Itmenis, ka rezultata rodas atpakal tec€jums augsta jiiras Gidens Iimena
gadfjuma. Sateces baseina lielako dalu aiznem lauksaimniecibas (52%) un
meza teritorijas (44%) (Apsite, 2018; LVGMC, 2023b).

Gauja ir garaka Latvijas upe (452 km) ar sateces baseina platibu 9,1
tikst. km?, no kuriem Latvijas teritorija ir 7,9 tikst. km? Upes gada vidgja
notece ir 2,2 km?, dzilums 1idz 9 m un kritums Iidz 70 cm/km. Sateces baseina
lielako dalu aiznem mezi (59%), lauksaimniecibas zemes (30%) un purvi (5%).
Gaujai raksturiga izteikti sp&cigaka straume ka citam Latvijas upe€m (Apsite,
2018; LVGMC, 2023a).

Salacas garums ir 96 km, sateces baseina platiba Latvija ir 3,2 tikst.
km?, upes gada notece 1,1 km?® un kritums 44 cm/km. Aptuveni 60% no baseina
platibas aiznem Burtnieku ezers ar pietekam. Sateces baseina lielako dalu
aiznem mezi (59%) un lauksaimniecibas zemes (34%) un purvi (4%) (Apsite,
2018; KokorTte and Kolcova, 2021; LVGMC, 2023a).

e : .f Salaca

Daugava

Lielupe

0.5 10 20 30 40
O — — <

1.4. attels. Pétjjuma vieta Baltijas jiiras regiona (A), un paraugu ievaksanas
vietas Latvijas lielako Rigas lict iepliistoSo upju — Lielupes, Daugavas, Gaujas,
Salacas — grivas (B). Sarkanie punkti apzZime paraugu ievaksanas vietas
(pielagots attéls no I).
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Mikroplastmasa juras aidens virskarta (VI, VIII)

Mikroplastmasas paraugi tika ievakti Latvijas jurisdikcija esosa juras
teritorija (1.5. att€ls), lai noverteétu jiras Gdens virskartas mikroplastmasas
piesarnojuma telpisko izplatibu un raksturojumu.

Baltijas jru ieskauj devinas valstis — Somija, Krievija, Igaunija, Latvija,
Lietuva, Polija, Vacija, Danija un Zviedrija. Taja iepliist tdeni no 1,6 miljonu
km? liela sateces baseina, un ta tiek intensivi izmantota gan ka transporta cel3,
gan komercialiem un apgades mérkiem, lidz ar to ir paklauta augstam
antropogenam spiedienam (HELCOM, 2018; Latvijas Republikas Zemkopibas
ministrija, 2020). Latvijas jurisdikcija esoSos juras @idenus var iedalit divos
apaksbaseinos — Baltijas jiiras Atstrumgotlandes baseina dala un Rigas Iicis.
Katrai no $im dalam piemit atSkirigas Tpasibas (Latvijas Republikas
Zemkopibas ministrija, 2020). Baltijas juras un Rigas lia geografiskas
Ipatnibas ierobezo Udens apmainas reZimu, kas ir atkarigs no dazadiem
hidrologiskiem  un  meteorologiskiem  parametriem, ka  rezultata
mikroplastmasas izkliede var bit apgritinata (Latvijas Hidroekologijas
institiits, 2012). Rigas Iicim raksturiga pozitiva Gidens aprites bilance saldiidens
pieteces dél. Udens apmaina starp Baltijas jiiru un Rigas Iici ir vidgji 150-250
km? gada jeb aptuveni 25% no kopgjas Rigas Ii¢a idens masas. Rigas Iicim ir
raksturiga cikloniska tipa cirkulacija idens virskarta (Leppéranta and Myrberg,
2009), ko izraisa galvenokart valdoSie v&ji un iepliistoSo upju tidens masas
(Lapinskis, 2022; Lips et al., 2016a).
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1.5. attels. Juras tdens virskartas mikroplastmasas paraugu ievaksanas vietas
Austrumgotlandes baseina un Rigas lict; bultinas norada paraugu vakSanas
transektes virzienu (pielagots attéls no VI, VIII).

Mikroplastmasa jiiras piekrastes pludmalés (V)

Mikroplastmasas paraugi tika ievakti Latvijas piekrastes pludmals
(1.6. attels); piekrastes garums ir 498 km, un ta robezojas ar Austrumgotlandes
baseinu Baltijas juras atklataja dala un dalgji noslégto Rigas lici. Vairums
pludmalu ir smilSainas, tomér atseviskas vietas pludmal@s noverojams grants,
olu un akmenu segums. Piekrastes zonu apdzivo aptuveni 40% valsts
iedzivotaju. Vasaras laika piekrastes apdzivotas vietas ievEérojami palielinas
iedzivotaju skaits un slodze uz vidi. Statistiskas analizes veikSanai Rigas lica
pludmales tika grup@tas péc to atraSanas vietas tiis apakSregionos — rietumu,
dienvidu un austrumu.
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1.6. attels. Mikro- un mezoplastmasas paraugu ievaksSanas vietas 24 pludmalgs
Latvijas piekraste (1 — Pape, 2 — Jarmalciems, 3 — Liepaja, 4 — Liepajas Karosta,
5 — Akmenrags, 6 — Pavilosta, 7 — Jurkalne, 8 — Ventspils, 9 — Irbes upes icteka,
10 — Kolka, 11 — Piirciems, 12 — Roja, 13 — M&rsrags, 14 — Abragciems, 15 —
Engure, 16 — Lapmezciems, 17 — Majori, 18 — Daugavgriva, 19 — Vecaki, 20 —
Lilaste, 21 — Saulkrasti, 22 — Lau¢u akmens, 23 — Tja, 24 — Salacgriva)
(pielagots attels no V).

1.2. Paraugu ievakS$ana

Paraugu ievakSanas metodes uzlabosana (II)

Paraugi tika ievakti izmantojot Manta tiklu (razotajs HydroBios,

atvéruma platums 30 cm, atvéruma augstums 15 cm, acs izmérs 300 pm,
materials neilons), kur§ tika traléts 20 miniites no laivas sana ar atrumu
aptuveni 1,2 mezgli. Izfiltréta tidens daudzuma (V, m?) aprékinasanai tika
izmantots mehaniskais plismas mertajs (razotajs HydroBios) un formula

V=023 xrxS§, kur
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0,3 ir plismas meéritaja lapstinu rotaciju perimetrs, » ir plismas meritaja
lapstinu rotaciju skaits, un S ir tikla atvéruma iegremdgtais laukums (0,021 m?).
Izfiltréta ddens tilpums paraugos varigja robezas 2,28-23,28 m3 (vidgji 12,70
m?). P&c parauga ievak3anas tikls no arpuses tika skalots ar ezera vai fjorda
tideni, lai sakoncentrétu ta iekSpusé esoso materialu tikla nonemamaja gala, kas
pec tam tika ieskalots tira metala bloda. Izmantojot pinceti no parauga tika
izlasitas lielakas organiskas izcelsmes dalinas (pieméram, makroalges, dzivie
organismi, spalvas un citas), noskalotas ar filtrétu @ideni, lai izvairTtos no
mikroplastmasas dalinu zuduma, un izmestas. Ta ka $aja soli paraugs tika
papildinats ar udeni, tas atkartoti tika sakoncentrts izmantojot nerfis€josa
terauda metala sietu (razotajs Retsch, sieta diametrs 10 cm, acs izmérs 200 um),
no kura tika parvietots stikla trauka un noslégts ar metala vaku Iidz apstradei.

Mikroplastmasa ezeru nogulumos (IV)

Nogulumu urbumi tika ievakti ezeru dzilakaja vieta izmantojot Kajaka
tipa gravitacijas urbi ar iek$€jo diametru 5,2 cm, kura caurule izgatavota no
PVC materiala. Pinku (56.9995 N°, 21.687422 E°) un Usmas (57.229256 N°,
22.174158 E°) ezeros tika ievakti 25 cm gari urbumi, bet SekSu ezera
(57.036208 N°, 24.351869 E°) ievakts 45 cm gar$ urbums. Ievaktie nogulumu
urbumi lauka apstaklos tika sadaliti 1 cm biezos slanos; dala katra 1 cm slana
tika novirzita nogulumu datéSanai, kimiskajam un fizikalajam analizeém.
AtlikusT dala, paredz&ta mikroplastmasas analizém, tika ievietota ieprieks
attiritos stikla traukos, nosegta ar aluminija foliju un metala vaku. Paraugi tika
uzglabati 2-6° C temperatiira.

Mikroplastmasa ezera tidenI un nogulumos (III)

Velnezera tidens virskartas paraugu ievaksana tika veikta septinas reizes
laika posma no 2019. gada aprila [idz 2020. gada janvarim izmantojot tadu pat
metodi ka aprakstits (II). Izfiltréta Gdens tilpums paraugos vari€ja robezas
24,23-29,33 m?® (vidgji 27,23 m®). Péc ievak3anas paraugi tika sasaldéti -4° C
temperatiira Iidz apstradei.

Nogulumu uztvergjs tika uzstadits 2019. gada februari ezera dzilakas
vietas tuvuma, atstats 6 méneSus un iztukSots 2019. gada augusta, iegiistot
paraugu, kas reprezenté pavasara/vasaras sezonu. Tas tika atkartoti ievietots
ezerd, atstats uz 5 ménesiem un iztukSots 2020. gada janvari, iegiistot paraugu,
kas reprezent€ rudens/ziemas sezonu.

Velnezera dzilakaja vieta (56.975949 N°, 24.247147 E°) tika ievakts 32
cm gar$ nogulumu urbums ka aprakstits (IV). Paraugu saglabasana tika veikta
ka aprakstits (IV).
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Mikroplastmasa upju uidens virskarta (I)

Lielupes, Daugavas, Gauja un Salacas tidens virskartas mikroplastmasas
paraugi tika ievakti I1dz 300 m attaluma no upju grivas augsteces virziena laika
perioda no 2022. gada aprila lidz 2023. gada jinijam ar divu ménesu intervalu.
Ziemas sezona paraugi netika ievakti Gauja un Salaca nepiemérotu laikapstaklu
de]. Paraugu ievaksanai tika izmantota lidziga metode ka aprakstits (II); tikla
acs izmers bija 100 pm un parauga ievaksanas ilgums bija 30 minttes. [zfiltréta
ddens daudzums varigja robezas 4,67-44,96 m® (vidgji 22,29 +1,35 m?).
Paraugu saglabasana tika veikta ka aprakstits (IT).

Mikroplastmasa juras oidens virskarta (VI, VIII)

Juras tidens virskartas mikroplastmasas paraugi tika ievakti laika perioda
no 2018. gada maija Iidz septembrim, izmantojot Matna tiklu (razotajs
HydroBios, tikla garums 3 m, atvéruma platums 70 cm, atvéruma augstums 40
cm, acs izmérs 300 pum). Tas tika piestiprinats kuga sana attaluma, kur tdens
virskartu neietekmé kuga radita tdens turbulence, un tdens slani netiek
sajaukti. Tikls tika traléts divas jiras judzes aptuveni stundu ar atrumu divi
mezgli. Tika registrétas katra parauga ievakSanas sakuma un beigu koordinatas,
lai giitu informaciju par tralétas transektes garumu, kas tika izmantota izfiltréta
ddens tilpuma (¥, m®) aprekinasanai péc formulas

V=L xS§,kur

L ir transektes garums (m) un S ir tikla atvéruma iegremdgtais laukums (0,175
m?). Izfiltréta tdens tilpums paraugos varigja robezas 35-1575 m? (vid&ji 639,1
+ 197,4 m®). Paraugu saglabasana tika veikta ka aprakstits (III).

Mikroplastmasa juras piekrastes pludmales (V)

Laika posma no 2021. gada jinija lidz augustam tika ievakti jiiras
piekrastes smilSu mikroplastmasas paraugi 24 Baltijas jiras un Rigas lica
Latvijas piekrastes pludmal@s. Detals apsekoto pludmalu raksturojums pieejams
(V) pielikuma. Katra pludmalé gar tidens Iinijas neapskaloto dalu tika novietota
100 m gara transekte, uz tas p&c nejausibas principa izvEléti tris paraugu
ievaksanas kvadranti (50x50 cm), no kuriem ar metala lapstinu tika ievakta
smilSu virsgja 5 cm karta (ievakta parauga tilpums 0,0125 m?). Paraugi tika
sijati caur nertisgjosa terauda sietu ar acs izméru 5 un 1 mm (raZotajs Retsch,
sieta diametrs 30 cm) kaskadi, lai nodroSinatu izméru frakcionéSanu. Katra
frakcija no sieta tika ieskalota stikla trauka izmantojot filtrétu tideni un nosegta
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ar metala vaku. Gadijumos, kad smilts granulometrijas Ipatnibas nepielava
parauga frakciongSanu péc izméra to ievaksanas laika, viss ievaktais paraugs
tika saglabats metala tvertné un nosegts ar metala vaku, lai veiktu
mikroplastmasas ekstrakciju laboratorija.

1.3. Paraugu apstrade

Tika ieve@roti piesardzibas pasakumi darbojoties ar paraugiem, lai
izvairTtos no parauga piesarnosanas vai dalinu zuduma (Kutralam-Muniasamy
et al., 2023; Prata et al., 2024). Visi skidumi, kas nonaca saskaré ar paraugu,
pirms lietoSanas tika filtréti caur stika Skiedras filtru ar poru izméru 1,2 pm.
Paraugu ievakSanas un sagatavoSanas laika tika izmantoti metala vai stikla
darba piederumi, kas pirms lietoSanas tris reizes tika skaloti ar ultratiru (MilliQ)
fideni vai karséti 500° C temperatiira divas stundas, p&c iesp€jas izvairoties no
paraugu saskares ar plastmasas objektiem. Gadijumos, kad izvairisanas no
plastmasas priekSmetu saskares ar paraugiem nebija iesp&ama (piem&ram,
nogulumu urbja caurule (PVC), Manta tikls (neilons), striiklenes (Teflons),
laboratorijas cimdi (nitrils)), tika noteikts to veidojosais polimérs, ta spektrs
saglabats un izslégts no turpmakas analizes. Paraugu apstrades un analizes laika
tika lietots lina vai kokvilnas laboratorijas halats. Paraugu apstrade tika veikta
velkmes vai laminaras plismas skapi. Laika, kad ar paraugu netika veiktas
darbibas, tas tika nosegts ar foliju, lai samazinatu piesarnos$anas risku. Katram
paraugam péc iesp&jas tika izmantota viena varglaze visa apstrades perioda, lai
novérstu dalinu zudumu. Paraugu netiSas piesarnoSanas novértéSanai tika
izveidoti tris negativie kontroles paraugi, kuri tika apstradati p&c garaka
iespgjama protokola un analizeti tapat ka Tstie paraugi. Neti$a dalinu zuduma
novert€Sanai tika izveidoti tris pozitivas kontroles paraugi, kas katrs saturgja
100 PS lodites (@ 100 pum, blivums 1,05 g/ml, Sigma-Aldrich produkts nr.
56969-10ML-F), filtrésanai izmantojot 50 um sietu (I, IL, IIL IV, VI, VIII), vai
100 PS granulas (@ 2,1 mm, blivums 1,05 g/ml), filtréSanai izmantojot 1 mm
sietu (V). Arl pozitivas kontroles paraugi tika apstradati pec garaka iesp&jama
protokola. Pozitivas kontroles paraugos eso$as lodites peéc apstrades tika
saskaititas zem binokulara.

Lai atbrivotos no paraugos esosa minerala un organiska piemaisijuma,
paraugi tika attiriti pielietojot Tpasi izveidotu paraugu sagatavoSanas protokolu
(1.1. tabula), kas tika pielagots atkariba no paraugu IpasSibam (mineralo un
organisko piemaistjumu daudzums, to veids). Paraugu liofiliz€Sanai tie tika
sasaldéti -20 °C temperatira un zaveéti vakuuma. P&c katra apstrades sola
paraugi tika filtr€ti caur neriisgjosa terauda sietu (acs izmérs 50 pm (I, VII),
100 pm (IV, V) vai 200 pm (11, III, VI, VIII)) vai vakuuma filtréSanas iekarta
iestiprinatu neriis€josa teérauda filtru (10 um (VII) vai 50 um (III)) un noskaloti
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ar tideni vismaz trTs reizes, lai atbrivotos no ieprieksgja apstrades soli izmantota
reagenta. Paraugi ar nakamajai reakcijai atbilstoso Skidumu tika no sieta vai
filtra ieskaloti tiem paredzetaja varglaze, skalojot sietu vai filtru vismaz trTs
reizes, lai nodrosinatu maksimalu dalinu atglstamibu. Paraugu izméru
frakcionésanai tika izmantots 500 pm nertisgjosa terauda siets.

Péc atsevisku reagentu pievienoSanas tika reguléta paraugu temperatiira —
pievienojot paraugiem fidenraza peroksidu (H>O»), natrija hidroksidu (NaOH),
natrija deodecil sulfatu (SDS) un enzimus (proteaze, amilaze, celulaze, viskozims),
tie tika inkubeti linearas kratiSanas vanna 50 °C temperatiira, bet pievienojot
enzimu hitinazi, tie tika inkubgéti 37 °C temperatiird. Pirms Fentona reakcijas
paraugs tika atSkaidits Iidz 200 ml ar destilétu tideni un atdzeséts Iidz 15-20 °C;
reakcijas laika parauga temperatiira tika uzturéta robezas 20-30 °C vismaz 4 h
izmantojot ledus vannu, tad tie tika atstati istabas temperatiira 24 h. Enzimatiskam
reakcijam tika izmantoti divi buferi ar atSkirigu pH — acetatbuferis (pH 4,8)
celulazei, viskozimam un hitinazei, TRIS buferis (pH 8,2) proteazei un
alkalazei.

Lai nodalitu mikroplastmasas dalinas no dabiskam neorganiskas
izcelsmes dalinam (pieme€ram, mineraliem), paraugs un paaugstinata blivuma
Skidums natrija politungstats (blivums 1,75 g/ml) tika ievietots Skirpiltuve,
manuali aeréts 5 miniites un nostadinats 24 stundas. Uz skiduma virsmas eso$as
mikroplastmasas un organikas dalinas tika izfiltrétas caur filtru vai sietu,
skalotas ar 500 ml siltu (50 °C) destiletu @ideni, 200 ml 50% etanola un
novirzitas turpmakai attiriSanai, kamér nogulsnétai frakcijai tika veikta
atkartota blivuma nodaliSana v&l divas reizes, lai samazinatu dalinu zudumu un
nodro$inatu péc iespgjas lielaku mikroplastmasas dalinu atguvi.

P&c apstrades paraugi tika filtréti uz stikla Skiedras filtriem vakuuma
filtrésanas iekarta un saglabati stikla traukos vizualai analizei (I, II, 111, V, VI,
VII, VIII), saglabati 50% etanola Iidz analizei (III, IV) analizém.
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1.1. tabula
Mikroplastmasas dalinu ekstrah&$anai pielietotie paraugu attirisanas protokoli
veiktajos pétijumos (I-VIII).

I II 1III vV VI vl VI

Liofilizeésana

|2

X
X

>~

30% H,0, X X X X
X

X
10% NaOH X X X X
Blivuma ekstrakcija [ X

Izmeéru frakcionés$ana

5% SDS

Enzimi TRIS bufer1

Enzimi acetatbuferi

Fentona oksidacija X

DR R R R R R
DR R R R R R
D PR R R R R R

Blivuma ekstrakcija 11

Dalinu atgiistamibas noveértéjums (VII)

Lai novertetu mikroplastmasas dalinu atglistamibu izmantojot dazadas
filtresanas metodes, apstrades protokolus un dazada tilpuma Skirpiltuves, tika
veikti tris eksperimenti.

Mikroplastmasas dalinu atgiistamiba izmantojot dazadas filtréSanas
metodes

Tika salidzinatas divas metodes paraugu atbrivo$anai no reagenta —
filtresana caur (A) nertisgjosa t€rauda filtru (diametrs 47 mm, acs izmérs 10
pm) vakuuma filtréSanas iekarta un (B) nerlis€josa t€rauda sietu (razZotajs
Retsch, diametrs 10 cm, acs izmérs 50 um). Tika sagatavoti seSi paraugi,
varglaze ievietojot 100 standartizétas sarkanas PS lodites un 100 ml filtréta
fidens, no kuriem tris tika apstradati atbilsto$i garakajam iesp&jamam devinu
solu paraugu attiriSanas protokolam (IV) izmantojot metodi A, un trTs
izmantojot metodi B.

(A) filtrésana izmantojot neriiséjosa térauda filtru vakuuma filtrésanas
iekarta — paraugi no varglazes tika ieskaloti filtréSanas iekarta uz
metala filtra, vairakas reizes ripigi izskalojot varglazi, lai péc
iespgjas izvairitos no dalinu zuduma (1.7. attéls). Filtrs ar loditem
tika saglabats Petri platg, un filtr€Sanas iekarta ievietots tirs filtrs, uz
kura tika noskalota ieprieks izmantota filtr€Sanas ickartas glaze, lai
nodros§inatu, ka uz tas savienojuma dalam pielipusas lodites netiek
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zaud@tas. Arl otrs filtrs tika ievietots Perti platé, un abi no tiem
analiz€ti zem binokulara, saskaitot uz tiem eso$as lodites. Péc tam
lodites no filtriem tika ieskalotas varglaze, un parauga filtréSana
caur filtru un lodisu skaitiSana tika atkartota vel astonas reizes, lai
simulétu paraugu apstrades procesu.

O...
[ J
Je
0.'.. 3
o q 0
A B C D E

1.7. attels. Eksperimenta dizains mikroplastmasas dalinu atgiistamibas
novertesanai, filtréSanai izmantojot neriis§josa térauda filtru vakuuma
filtrésanas iekarta. A —100 polistirola lodites varglaze ar 100 ml tidens; B —
parauga filtrésana caur 10 um neriis§josa terauda filtru; C — ieprieks izmantotas
filtresanas iekartas glazes noskaloSana uz tira 10 pm neriis€josa te€rauda filtra;
D — lodi8u skaitiSana zem binokulara; E —procesa atkartoSana vél 8 reizes
(pielagots attéls no VII).

(B) filtrésana izmantojot neriiséjosa térauda sietu — paraugi no
varglazes tika ieskaloti sietd, vairakas reizes riipigi izskalojot
varglazi, lai p&c iespgjas izvairitos no dalinu zuduma (1.8. attgls).
Lodites no sieta tika ieskalotas tira varglazé un saskaititas zem
binokulara. Parauga filtréSana caur sietu un lodiSu skaitiSana tika
atkartota vel astonas reizes, lai simul&tu paraugu apstrades procesu.
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50 um siets

A B C D E

1.8. attels. Eksperimenta dizains mikroplastmasas dalinu atgfistamibas
novertésanai, filtréSanai izmantojot nertis€josa terauda sietu. A —100 polistirola
lodites varglaze ar 100 ml tidens; B — parauga filtrésana caur 50 pm nertis€josa

terauda sietu; C — lodiSu ieskaloSana no sieta tira varglaze; D — lodiSu skaitiSana
zem binokulara; E — procesa atkartoS$ana veél 8 reizes (pielagots attéls no VII).

Mikroplastmasas dalinu atgiistamiba izmantojot daZada tilpuma
Skirpiltuves

Tika sagatavoti seSi parauga materiali, varglazé ievietojot 100
standartizétas sarkanas PS lodites un 50 ml jiras nogulumu ar vidgjo sauso
masu 8,65 +0,54 g. Tas tika ieskalots divas Skirpiltuves ar tilpumu 250 ml, 500
ml un 1000 ml, vismaz trTs reizes izskalojot izmantoto varglazi ar paaugstinata
blivuma (1,75 g/ml) $kidumu, lai péc iespgjas izvairitos no dalinu zuduma
(1.9. attels). Péc tam 2/3 skirpiltuves tilpuma tika piepilditas ar paaugstinata
blivuma $kidumu, noslégtas ar teflona korki, manuali aertas 5 miniites un
atstatas nostadinaties 24 h. Nogulsng&jusies parauga dala pa Skirpiltuves apaksu
tika nodalita un saglabata tira varglaze, vélak atkartojot blivuma ekstrakciju vél
divas reizes, kamér ta virspus€ esoSais Skidums filtréts vakuuma filtréSanas
iekarta caur 10 pum filtru, izskalojot Skirpiltuvi ar ideni vismaz tris reizes. Filtrs
ar loditem tika saglabats Petri plate, filtréSanas iekarta ievietots tirs filtrs, uz
kura tika noskalota ieprieks izmantota filtr€Sanas iekartas glaze, lai nodroSinatu,
ka uz tas savienojuma dalam pielipusas lodites netick zaud&tas. ArT otrs filtrs
tika ievietots Perti platé, un abi analizéti zem binokulara, saskaitot uz tiem
esosas lodites.
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1.9. attels. Eksperimenta dizains mikroplastmasas dalinu atgiistamibas
novertésanai izmantojot dazada tilpuma Skirpiltuves. A —100 polistirola lodites
varglaze€ ar 50 ml juras nogulumu; B — sagatavota parauga ievietoSana
Skirpiltuve ar paaugstinata blivuma Skidumu; C — parauga nostadinasana 24 h;
D — nogulsngjusas parauga dalas nodaliSana; E — parauga filtréSana caur 10 um
nertisgjosa terauda filtru; F — ieprieks izmantotas filtréSanas iekartas glazes
noskalosana uz tira 10 pm neriis€josa terauda filtra; G — lodiSu skaitiSana zem
binokulara (pielagots attels no VII).

Mikroplastmasas dalinu atgiistamiba izmantojot dazadus apstrades
protokolus

Dalinu atglistamibas novérteSanai atkartba no apstrades protokola
ietverto solu skaita un pielietotajam attiriSanas reakcijam tika sagatavoti 15
paraugi, varglaze ievietojot 100 standartizétas sarkanas PS lodites un 100 ml
filtreta tdens. Paraugi tika apstradati atbilstosi Cetriem eksist€joSiem
protokoliem (tris izveidotie paraugi katram protokolam), ko raksturo atSkirigs
pielietoto solu skaits un attiriSanas reakciju veids:

(a)  saldiidens nogulumu protokols nr. 1 ietver devinus secigus

attirisanas solus, kas atbilst (IV) aprakstitajam.

(b)  saldidens nogulumu protokols nr. 2 sastav no astoniem secigiem
attirisanas soliem un ir atvasinats no protokola (a) — pirmie divi
apstrades soli (H20 oksidacija un liofiliz€$ana) samainiti vietam,
blivuma ekstrakcija sastavéja no diviem ekstrakcijas
atkartojumiem, enzimatiskas reakcijas laika TRIS buferim
pievienots 0,5 ml alkalaze un proteaze, un paraugs netika fikséts

etanola.
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(¢)  juras nogulumu protokols sastav no pieciem secigiem attiriSanas
soliem un ir atvasinats no protokola (a) — tas ietver blivuma
ekstrakciju ar diviem atkartojumiem, H,O, oksidaciju,
enzimatisko apstradi izmantojot 0,5 ml proteazi TRIS buferT un
0,5 ml viskozimu un 0,1 ml hitinazi acetatbuferi, atkartotu
blivuma ekstrakciju ar diviem atkartojumiem.

(d)  juras udens virskartas protokols sastav no trIs secigiem
attiriSanas soliem, kas atbilst (VIII) aprakstitajam.

Lai izvertétu vai attiriSanas protokolos izmantotic reagenti ietekmé
dalinu atgiistamibu, paraugi tika apstradati atbilsto$i garakajai metodei (a),
neizmantojot reagentus. Lidz ar to, papildus dalinu atgiistamibai, tika novertcta
ar relativa atgiistamiba, ko aprékindja ka zuduSo dalinu daudzumu attieciba
pret iepriek$€ja apstrades sola rezultatu. PEc katra apstrades sola paraugi tika
filtréti vakuuma filtréSanas iekarta caur 10 um filtru vakuuma filtracijas iekarta,
lai atbrivotos no iepriek$&ja reakcija izmantota reagenta, uz filtra esosas dalinas
tika saskaititas zem mikroskopa un ieskalotas iepriek§ izmantotaja varglaze
turpmakai apstradei atbilstosi attiecigajam protokolam.

1.4. Paraugu analize

Mikroplastmasas dalinas >100 um (I, VII), >300 pm (11, III, VI, VIII)
un >1 mm (V) tika analiz€tas izmantojot stereomikroskopu ZEISS SteREO
Discovery V8 ar tam pielagoto kameru Axiocam 208 un datorprogrammu
Labscope v3.4 (I, IT) vai mikroskopu Leica DM400 B LED ar tam pielagoto
kameru DFC 295 un datorprogrammu Leica Application Suite V4.1 (I11, V, VI,
VII, VIII). Tika noteikta katras identificétas plastmasas dalinas krasa, forma
(fragments, skiedra, pléve, lodite, putuplasts, granula) un nomeérits katras
dalinas izmérs divas dimensijas — garaka ass un tai perpendikulari garaka.
Dalinas, kuru izmérs bija piem&rots manualai parvietoSanai, ar pinceti tika
izlasttas, un to polimérs noteikts izmantojot Pavajinatas pilnigas atstaroSanas
Furjé transformacijas infrasarkanas gaismas (ATR-FTIR) spektroskopijas
metodi (Nicolet iS20, Thermo Scientific) un OMNIC datorprogrammu, kas
satur 30 bibliotekas ar vairak ka 15000 sintStiskas un dabiskas izcelsmes
poliméru spektru. Automatiska spektru sakritibas robeza tika noteikta 70%,
tomer visas spektralas sakritibas tika manuali parbauditas un verificétas. Katra
mikroplastmasas dalina tika sken&ta 32 reizes sekundg ar spektralo izskirtspeju
4 cm™, vilna garuma diapazonu no 4000 Iidz 400 cm™ un datu izkliedi 0,482
cmL. Iegiitie rezultati tika atspoguloti ka absorbcija. Dalinu, kuru izmérs nebija
piemérots manualai parvietoSanai, sint€tiska izcelsme tika parbaudita piemérojot
karstas adatas metodi, kas nesniedz informaciju par dalinas kimisko sastavu, bet
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lauj noteikt vai ta ir dabiskas (karstuma ietekmé sadeg) vai sintétiskas (karstuma
ietekmé izkiist) izcelsmes (Cutroneo et al., 2020).

Mikroplastmasas dalinas >50 um (III) un >100 um (IV) tika analiz&tas
izmantojot mikro-Furjé transformacijas infrasarkanas gaismas (uFTIR)
spektroskopijas metodi (Perkin Elmer Spotlight 400). No 5 ml parauga tika
panemts vismaz 0,5 ml apaksSparauga, ko izfiltréja uz 11x11 mm silicija filtra
un zavgja vismaz 12 h istabas temperatiira. Analizes tika veiktas transmisijas
reZima spektralaja intervala 4000-750 cm™ ar izSkirtsp&ju 8 cm!, skengjot visu
filtra virsmu. Analiz€to dalinu poliméru veids tika salidzinats ar spektru
biblioteku, kas satur dazadu sintetisko poliméru, dabisko organisko un
neorganisko materialu spektrus. Automatiska spektru sakritibas robeza tika
noteikta 70%, tomér visas spektralas sakritibas tika manuali parbauditas un
verificStas. Plastmasas dalinas tika identific€tas un kategoriz&tas péc to garakas
dimensijas grupas 51-100 pm, 101-150 pm uw.t.t. Iidz 501-550 pm. Viens
izm&ru grupu solis (50 pm) zem un virs apstrades laika noteiktiem frakciju
izmériem tika izvEl&ts, lai nodrosinatu péc iespg&jas lieclaku dalinu atglistamibu.
Lai raksturotu mikroplastmasas dalinu formu, tika aprékinata katras dalinas
1sakas un garakas dimensijas attieciba (AR), iedalot tas viena no cetram
definétajam grupam: AR<0,25, 0,25-0,50, 0,50-0,75, 0,75-1.
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2. Rezultati
2.1. Paraugu ievakSanas metodes uzlabo$ana (II)
Paraugu ievaksanas metodes noveértéjums

Mikroplastmasas dalinu skaits vari€ja robezas 1-24 (vid&ji 6,4 dalinas)
ievaktajos ezera paraugos un 2-13 (vidgji 6,4 dalinas) Fossvogur fjorda.
Mikroplastmasas koncentracija bija 0,06-1,51 dalinas/m® (vid&ji 0,56 +0,11
dalinas/m?) ezera un 0,20-3,10 dalinas/m? (vidgji 0,46 +0,12 dalinas/m?) fjorda.
Ievacot vairakus secigus paraugu atkartojumus, vidgjas mikroplastmasas
koncentracijas (2.1. A attéls) un standartklidas (2.1. B att€ls) variacija
samazinas.
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2.1. attels. (A) Vidgjas mikroplastmasas (MP) koncentracijas Medhalfellsvatn
ezera (a) un Fossvogur fjorda (b). Sarkanie punkti apzimé aprékinatas
mikroplastmasas koncentracijas, kas iegtitas Montekarlo simulacijas. (B)
Montekarlo simulacijas iegiitas vid€jas standartklidas Medhalfellsvatn ezera
(a) un Fossvogur fjorda (b), salidzinajuma ar (Tanaka et al., 2022) aprekiniem.
Punkti apzime standartklfidu vertibas un ton&tie laukumi 95% parliecibas
intervalu (pielagots att€ls no II).

Atkartojamibas robezas aprekini no viena lidz 12 atkartojumiem liecina

par samazinajumu lidz ar pieaugo$u atkartojumu skaitu (2.2. attéls) — no 1,2
1idz 0,19 dalinam m3 Medhalfellsvatn ezeram un no 1,33 Iidz 0,12 dalinam m/?
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Fossvogur fjordam ar 95% parliecibas intervalu. Izteiktakais atkartojamibas
robezas kritums noverojams no pirma lidz treSajam un tresa Iidz piektajam
atkartojumam.

| I I | I | I I I | | |
1.4 1 u
-o— Medhalfellsvatn ezers |
© 1.2 —e— Fossvoogur fjords ]
N
o 1.0 1
ea
w £ 0.8
m —
o v
= & 06+
8T
S 04
@
=z 0.2
0.0 -
I I I I I I I I I I I I
1 2 3 4 5 6 7 8 9 10 11 12
Atkartojumu skaits

2.2. attels. Mikroplastmasas koncentraciju atkartojamibas robeza, izmantojot
mainigu paraugu atkartojumu skaitu (pielagots attéls no II).

Kvalitates kontroles rezultati

Paraugu apstrades negativas kontroles liecindja par iespjamu netiSu
paraugu piesarnosanu vidgji 3,1 +1,4% apmera. Pozitivas kontroles liecinaja
par 89,0 +£7,8% dalinu atgistamibu. Rezultati netika koriggti pamatojoties uz
negativas un pozitivas kontroles rezultatiem.

2.2. Dalinu atgiistamibas novertejums (VII)

Mikroplastmasas dalinu atgiistamiba izmantojot dazadas filtréSanas
metodes

Salidzinot divu apskatito filtré€Sanas metozu — vakuuma filtréSanas un
sietu — efektivitati, novérojamas bitiskas atskiribas dalinu atglistamibas zina.
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Vakuuma filtréSanas metode uzradija zemaku dalinu atgiistamibu (2.3. attéls).
Dalinu atglistamiba p&c pirmas, piektas un devitas filtréSanas caur vakuuma
iekartu un sietu ir attiecigi 91,3% un 94,4%, 64,5% un 88,0%, 37,7% un 81,6%.
Pirmas tris filtréSanas reizés nav novérojama statistiski nozimiga atSkiriba
dalinu atgiistam1ba; ta butiski palielinas p&c ceturtas filtréSanas reizes.
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2.3. attels. Polistirola lodiSu atgiistamiba (%) atkariba no izmatotas filtr&Sanas
metodes (filtréSana vakuuma filtréSanas iekarta vai caur sietu) pielietojot
devinu secigu apstrades solu protokolu (pielagots att€ls no VII). Apstrades soli:
1 — oksid&Sana ar 30% H,O,. 2 — liofilizé€sana, 3 — blivuma ekstrakcija, 4 —
attiriSana ar virsmaktivo vielu, 5 un 6 — enzimatiskas reakcijas, 7 —oksidéSana
ar Fentona reagentu, 8 — otra blivuma ekstrakcija, 9 — saglabasana etanola.
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Mikroplastmasas dalinu atgiistamiba izmantojot dazada tilpuma
Skirpiltuves

Veicot mikroplastmasas lodisu ekstrakciju no vienada tilpuma noguluma
paraugiem dazada tilpuma (250, 500 un 1000 ml) Skirpiltuves, p&c tris blivuma
ekstrakciju atkartojumiem tika noverota augstaka dalinu atg@istamiba
izmantojot 500 un 1000 ml skirpiltuves (vidgji attiecigi 87 £6% un 82 +7%)
neka 250 ml Skirpiltuves (vidgji 69 +19%). Izmantojot lielaka tilpuma
Skirpiltuvi, iesp&ams atglit vairak dalinu jau pirmaja blivuma ekstrakcijas
reizé — 97 £3% atglistamiba izmantojot 1000 ml, 77 £15% 500 ml un 34 +0,4%
izmantojot 250 ml skirpiltuvi.

Mikroplastmasas dalinu atgiistamiba izmantojot dazadus apstrades
protokolus

Visos izmantotajos apstrades protokolos novérojama tendence
samazinaties dalinu atgiistamibai 11dz ar pieaugosu apstrades solu skaitu (2.4. A
attels); $1 tendence sakrit ar eksperimenta par mikroplastmasas dalinu
atgiistamibu izmantojot vakuuma filtréSanas iekartu rezultatiem (2.4. B attgls).
Kimisko reagentu ietekme dalinu atglistamibai ir minimala, lai gan relativa
dalinu atglistamiba izc€la apstrades solus, kas rada vairak ka 10% dalinu
zudumu — SDS reakcija, Fentona oksidacija, otra brivuma separacija un
parauga fiksésana etanola (2.C. B attgls).
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2.4. attels. (A) Polistirola lodisu atglistamibas (%) regresijas liknes atkariba no
pielietota apstrades protokola solu skaita (saldiidens nogulumu protokols ar
deviniem (a) un astoniem (b) apstrades soliem, jliras nogulumu protokols ar

pieciem apstrades soliem (c) un juras @idens virskartas protokols ar tris
apstrades soliem (d)). Polistirola lodisu atglistamiba (%) izmantojot saldiidenu
nogulumu attiri$anas protokolu (a) — (B) dalinu atgiistamiba salidzinot ar
sakotngjo dalinu skaitu, (C) — relativa dalinu atgiistamiba salidzinot ar dalinu
skaitu ieprieksgja apstrades solt. Melnie punkti un linija apzZime dalinu
atglistamibu neizmantojot kimiskos reagentus; melna partraukta linija apzime
robezu, kad zaudgtas vairak ka 10% no ieprieks&ja apstrades solt
identificétajam dalinam (pielagots att€ls no VII). Apstrades soli: 1 — oksidéSana
ar 30% H»0,. 2 — liofiliz&Sana, 3 — blivuma ekstrakcija, 4 — attiriSana ar
virsmaktivo vielu, 5 un 6 — enzimatiskas reakcijas, 7 — oksidésana ar Fentona
reagentu, 8 — otra blivuma ekstrakcija, 9 — saglabasana etanola.

2.3. Mikroplastmasa ezeru nogulumos (IV)
Mikroplastmasas piesarnojuma raksturojums

Mikroplastmasas piesarnojums tika atrasts visos paraugos, arT nogulumu
slanos, kas reprezente laiku pirms plastmasas masveida razo$anas sakuma (2.5.
att€ls). Usmas ezera mikroplastmasas koncentracijas vari€ja robezas 1,07-4,11
dalinas/g sausu nogulumu (vidgji 2,47 +1,25 dalinas/g), Pinku ezera 0,80-10,63
dalinas/g (vidgji 4,12 +4,18 dalinas/g) un Seksu ezera 2,25-100,09 dalinas/g
(vidgji 33,9 +40,76 dalinas/g). Visos ezeros augstakds mikroplastmasas
koncentracijas bija noverojamas nogulumu urbuma aug$€jos slanos un
samazinajas lidz ar pieaugosu dzilumu.
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2.5. attels. Seksu, Pinku un Usmas ezeru nogulumu slanu hronologija un
mikroplastmasas (MP) piesarnojums. Melna Iinija norada vidgjas svértas
nogulumu slanu vecuma veértibas, tonétais laukums norada rekonstruéto 95%
parliecibas intervalu. Svina izotopa 2!°Pb un sferiska oglekla dalinu modela
datgjumu nenoteiktibas robezvertibas ir attélotas ka gaisi zili ramji. Sarkana
Itnija norada 1950. gadu (pielagots attéls no IV).
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Pinku ezera tika identificéti 10 poliméru veidi, Usmas ezera 13 veidi un
Seksu ezeral4 veidi. Biezak sastopamaie polim@ri visos nogulumu urbumu
slanos bija PA, PE, PUR, PVA. Tadi poliméri ka PES, PP, PS un dazadas
gumijas tika atrasti dzilakajos un seklakajos nogulumu slanos. Atseviskos
paraugos tika noteiktas arl biodegradgjamas plastmasas — polilaktikskabe
(PLA) un polihidroksibutirats (PHB) — dalinas. Seksu ezera virsgja 15 cm slant
(reprezente gadus 2019-1997) biezak identificétie polimeri bija PE un PUR,
veidojot 26,6%, turpretim Pinku ezera virsg€ja 5 cm slant (2019-2002) 78,9%
veidoja PUR un gumijas dalinas. Gumijas dalinas veidoja lielako polimé&ru
Ipatsvaru (46,2%) ar1 Usmas ezera nogulumu virsgja 5 cm slant (2019-1997).
Usmas ezera 5-10 cm nogulumu slanis tika bojats apstrades laika, lidz ar to
izslégts no datu kopas.

Seksu ezers

100%

75%

50%

25% l
0%

10-15 15-20 20-25 25-30 30-35 35-40 40-45

Malu attieciba

Nogulumu slana dzilums (cm) W <025
B 0.25-050
Pinku ezers Usmas ezers M 050-0.75
100% 100% 0.75-1.00
75% 75%
50% 50%
25% 25% .
0% 0%
510 10-15 1520 20-25 10415 1520  20-25
Nogulumu slana dzilums (cm) Nogulumu slana dzilums (cm)

2.6. attels. Mikroplastmasas dalinu Tsakas un garakas dimensijas attiectba
Seksu, Pinku un Usmas ezeru nogulumu urbumos (pielagots attéls no IV).
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Mikroplastmasas dalinu formas at$kiras visos dzilumos, tomér dalinam
ar lielaku Tsakas un garakas dimensijas attiecibu (apalakam dalinam) tika
novérota tendence atrasties dzilakos nogulumu slanos (2.6. attéls). Turklat, to
forma bija vienigais parametrs, kas noradija saistibu ar mikroplastmasas dalinu
vertikalu transportu uz dzilakiem nogulumu slaniem.

Kvalitates kontroles rezultati

Paraugu apstrades negativas kontroles liecinaja par iesp&jamu minimalu
paraugu netiSu piesarnojumu; tajos identificetas galvenokart viskozes dalinas
(65,7-100%), tap&c paraugos atrastas viskozes dalinas netika nemtas véra. Cita
veida poliméri tika identificéti nenozimiga daudzuma. Pozitivas kontroles
liecindja par 32,6% dalinu atglistamibu.

2.4. Mikroplastmasa ezera uideni un nogulumos (III)
Mikroplastmasa Velnezera iidens virskarta

Mikroplastmasas dalinas izmé&ra >300 pum tika atrastas visos paraugos,
ar vidéjo koncentraciju 3,35 dalinas/m3. Augstaka piesarnojuma koncentracija
noverojama vasaras sakuma, kas pakapeniski samazinajas tuvojoties ziemai
(2.7. A attéls). Skiedras bija domingjosa dalinu forma, bet fragmenti veidoja
salidzino$i mazu ipatsvaru (2.7. B att€ls). Vairums dalinu bija izm&ru grupas
1000-4999 pum un 500-999 pm; retak tika identificétas dalinas izmé&ra 300-499
pm un >5000 pm (2.7. C attéls). Izplatitaka dalinu krasa bija zila, melna, roza
un sarkana; citas krasas bija mazak parstavétas (2.7. D att€ls). Polimérs tika
noteikts tikai 3,06% no visam identificétajam dalinam. PP veidoja 59,89%, PE
17,79%, PES un PS katrs 5,26%. Karstas adatas metode tika pielietota 11,65%
no 96,94% spektroskopiski neanalizetajam dalinam, atklajot, ka 57,14% no tam
bija sintétiskas izcelsmes, bet 42,86% dabiskas izcelsmes dalinas.
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2.7. attels. Velnezera iidens virskartas mikroplastmasas (MP) piesarnojuma
raksturlielumi: (A) piesarnojuma koncentracijas sezonala mainiba, (B) dalinu
formu procentualais sadalijums, (C) dalinu izm&ru grupu procentualais
sadalijums, (D) dalinu krasu procentualais sadalijums (pielagots attéls no III).

Mikroplastmasas uzkrasanas Velnezera nogulumos

Pétitaja viena gada perioda mikroplastmasas uzkrasanas Velnezera
nogulumos bija 9,47 dalinas/cm*/gada jeb 4,31 pg/cm?/gada. Rudens/ziemas
sezona piesarnojuma akumulacija bija lielaka (16,52 dalinas/cm?/gada jeb 7,43
pg/cm?/gada) neka pavasara/vasaras sezona (3.98 dalinas/cm?/gada jeb 1.88
pg/cm?/gada). Domingjosa dalinu forma bija fragmenti (99,54%); Skiedras tika
identificetas vienigi pavasara/vasaras paraugd. Tomer paraugos lielaku
ipatsvaru veidoja garenas formas — AR 0<0,25 un 0,25<AR<0,5 — dalinas,
veidojot attiecigi 16,65% un 47,06% pavasara/vasaras parauga un 5,54% un
56,36% rudens/ziemas parauga, neka apalas formas (0,5<AR<0,75 un
0,75<AR<1) dalinas. Vairums identificto dalinu péc garakas dimensijas pieder
100-199 um (53,24%), 50-99 pm (21,30%) un 200-299 pum (14,81%) izméru
grupam. Galvenie dalinas veidojosie poliméri bija PE (57,87%), PP (25,00%),
PS (15,28%) un PS (1,85%). Rudens/ziemas parauga domingja PE dalinas, bet
pavasara/vasaras parauga — PP.

37



Mikroplastmasa Velnezera nogulumu urbuma

Mikroplastmasa tika atrasta visa nogulumu urbuma ar vidgjo
koncentraciju 43,96 £34,69 dalinas/g sauso nogulumu jeb 20,99 +17,90 ug/g,
kas vari€ja no 5,20 dalinam/g jeb 4,43 pg/g dzilakajos slanos (30-32cm,
reprezent€ gadus pirms 1890) Iidz 129,00 dalinam/g jeb 71,79 ug/g virsgjos
slanos (2-4 cm, reprezente gadus 2018-2016) (2.8. A att€ls). Tika noverota
negativa korelacija starp nogulumu dzilumu un mikroplastmasas koncentraciju,
noradot uz tendenci piesarnojumam samazinaties lidz ar pieaugosu nogulumu
dzilumu (pétijuma III pielikuma 2A attels). Biezak identificéta dalinu forma
bija fragmenti (2.8. B att€ls), turklat paraugos lielaku Ipatsvaru veidoja garenas
formas (0,25<AR<0,5 un 0<AR<0,25) neka apalas formas (0,5<AR<0,75 un
0,75<AR<1) dalinas (2.8. C atteéls). Netika noveérota korelacija starp
mikroplastmasas dalinu formu un nogulumu slana dzilumu (pétjjuma III
pielikuma 2A att€ls). Attieciba uz dalinu garako dimensiju, biezak bija
sastopamas dalinas izméru grupa 100-199 um, 200-299 um un 50-99 um (2.8.
D). Domingjosie poliméri bija PS, PE un PP (2.8. E). Tadu poliméru ka PA,
ABS un PU 1patsvars bija mazaks; PU tika atrasts vienigi slanos 6-8 cm (2013-
2009) un 14-16 cm (1991-1985).
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2.8. attéls. Velnezera nogulumu urbuma mikroplastmasas (MP) piesarnojuma
raksturlielumi: (A) piesarnojuma koncentracijas mainiba nogulumu slanos, (B)
dalinu formu procentualais sadalfjums, (C) dalinu platuma un garuma attiecibas

(AR) procentualais sadaltjums, (D) dalinu izméru grupu procentualais
sadalijums, (E) dalinu polim&ru procentualais sadalijums; PS — polistirols, PE —
polietiléns, PP — polipropiléns, PA — poliakrilats, ABS — Akrilnitrila butadiéna

stirols, PUR — poliuretans (III).

Kvalitates kontroles rezultati

Udens virskartas paraugu apstrades negativas kontroles liecina par
iesp&jamu netiSu paraugu piesarnoSanu apmeéra lidz 1,13%. Pozitivas kontroles
liecinaja par 93,3 £1,8% dalinu atgiistamibu. Nogulumu paraugu apstrades
negativas kontrol€s liecina par iesp&jamu netiSu paraugu piesarnosanu apmera
lidz 1,39% nogulumu uztvérgja paraugiem un 0,33% nogulumu urbja
paraugiem. Sakara ar augsto PET piesarnojumu (91,55%) un PMMA saturosu
priekSmetu izmantoSanu paraugu ievakSanas un apstrades laika, Sie divi
poliméri tika iznemti no paraugu datu rindam. Pozitivas kontroles liecinaja par
91,7 £0,7% dalinu atgtistamibu nogulumu uztvérgja paraugiem un 78,95 £3,9%
nogulumu urbuma paraugiem. P&tjjuma rezultati netika korigéti pamatojoties uz
negativas un pozitivas kontroles rezultatiem, iznemot PET un PMMA dalinu
izslégSanu no nogulumu paraugu datu rindam.
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2.5. Mikroplastmasa upju tidens virskarta (I)
Mikroplastmasas piesarnojuma raksturojums

Mikroplastmasa tika konstatéta visos paraugos (2.9. attéls),
koncentracijam svarstoties robezas 0,63-132,88 dalinam/m?, ar vidgjo vértibu
8,18 £1,94 dalinas/m? visiem paraugu atkartojumiem. Zemaka mikroplastmasas
koncentracija tika konstateéta Lielupg. Mérens mikroplastmasas piesarnojums
tika noverots Gauja un Daugava. Augstaka vidgja mikroplastmasas
koncentracija tika noverota Salacas upes griva, kas bija butiski augstaka neka
Lielup€ un Daugava.
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2.9. attéls. Lielupes, Daugavas, Gaujas un Salacas Gidens virskartas
mikroplastmasas (MP) piesarnojuma koncentracijas petitajas sezonas un vidgjas
koncentracijas (pielagots attéls no I).

Lielupgé mikroplastmasas koncentracijas bija salidzinosi zemas, noradot
uz mérenu un stabilu piesarnojuma Iimeni bez bitiskam atSkirtbam starp
meéneSiem, tomér tika nove€rots pakapenisks piesarnojuma koncentracijas
picaugums noverojumu perioda — zemaka koncentracija noteikta 2022. gada
aprili, bet augstaka 2023. gada aprili. Daugava novérojams meérens
mikroplastmasas piesarnojums, ar zemako vértibu rudeni, 2022. gada oktobrT,
savukart ievérojami augstaka koncentracija konstatéta nakama gada vasaras
sakuma. Mikroplastmasas koncentracija Gauja bija salidzino$i zema, tacu
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vasaras sakuma novérojams pieaugums, kam sekoja samazinajums nakamajos
méneSos. Zemakais piesarnojuma ltmenis konstatets 2022. gada aprili, kam
sekoja bitisks koncentracijas pieaugums nakamaja paraugu nemsanas reizé
2022. gada junija. Salaca tika konstat&tas krasas mikroplastmasas koncentraciju
svarstibas, ar augstakajam veértibam pavasari, kam sekoja ievErojams
piesarnojuma samazinajums vasaras sakuma un meérens pieaugums vasaras
beigas un rudeni.

Visas upés Skiedras un fragmenti bija biezak sastopama dalinu forma.
Lielupg skiedras veidoja lielako dalinu formu ipatsvaru (68,2%), turpretim
Salaca domingja fragmenti (86,22%). Daugava un Gauja Skiedru un fragmentu
daudzums bija Iidzigs (Daugava attiecigi 43,58 un 52,99%, Gauja 45,08 un
47,34%). Tadas dalinu formas ka pléves un putuplasts bija noverojamas retak
visas upcs; lodites tika atrastas tikai Lielup€ 2022. gada oktobr.

Visas piecas izdalitajas izméru klas€s visbiezak bija sastopamas dalinas
300-999 um diapazona, kam sekoja 1000-4999 pm izméru grupa (2.10. att€ls).
Vismazak parstavéta izméru grupa ir dalinas >5 mm. Netika novérotas
nozimigas sezonalas dalinu izméru sadalfjuma izmainas, tomér Lielupg 2022.
gada junija un Salaca 2023. gada aprilt bija lielaks 100-199 pm izméra
dalinu Tpatsvars.
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2.10. attels. Upju @idens virskartas mikroplastmasas (MP) dalinu izm&ru
procentualais sadalijums (A) Lielupg, (B) Daugava, (C) Gauja, (D) Salaca
(pielagots attels no I).
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Vairums mikroplastmasas dalinu bija melnas, caurspidigas un zilas.
Krasas, kas veidoja mazak par 3% no kopgja krasu ipatsvara, tika klasificétas
ka “citas” (violeta, oranza, briina).

Biezak identificetie poliméri bija PE, PP un etilénpropiléndiena
monomérs (EPDM) (2.11. attéls). EPDM veidoja ievérojamu dalinu Ipatsvaru
Salacas up€ visos gadalaikos un Daugavas up& 2022. gada augusta. Citi
poliméri ka PES, PS, neilons un PVC bija sastopami mainigos daudzumos,
dazos meéneSos uzradot ieverojamu pieaugumu. Netika noverotas bitiskas
tendences temporalaja poliméru sadalfjuma Lielupé. PE uzradija merenu
pozitivu tendenci, turpretim PES negativu, nebttisku tendenci. Ari pargjo
poliméru (PP, PS, neilons, EPDM, PVC, citi) tendences ir nenozimigas.
Daugava netika novérotas biitiskas temporala poliméru sadalijuma tendences.
Gauja PE uzradija sariikoSu, bet nebitisku temporalo izmainu tendenci,
savukart bija noverojams bitisks PP dalinu Tpatsvara pieaugums. PS, neilons,
EPDM, PVC un citi poliméri neuzradija bitiskas tendences. Salaca izteikti
domingja EPDM gumijas dalinas, tomé&r, neskatoties un lielo ipatsvaru, tam,
tapat ka PE, PP, PS, PVC un neilonam, netika novérota temporalo
izmainu tendence.
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2.11. attels. Upju Gdens virskartas mikroplastmasas (MP) dalinu poliméru
procentualais sadalijums (A) Lielupg, (B) Daugava, (C) Gauja, (D) Salaca.
PE — polietiléns, PP — polipropiléns, PES — poliesters, PS — polistirols, Ny —
neilons, EPDM - etilénpropiléndiena monomeérs, PVC — polivinil hlorids
(pielagots attels no I).
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Kvalitates kontroles rezultati

Tika izveidoti un analiz&ti 21 negativas kontroles paraugi, kuros bija
vidgji 6,76 +0,73 skiedras. P&c karstas adatas metodes tika konstatets, ka 10%
no kontrol@s atrastajam Skiedram bija sintetiskas izcelsmes, bet 90% dabiskas.
Paraugu apstrades negativas kontroles liecinaja par iesp&jamu nejausu paraugu
piesarnosanu vidgji 3,23% apméra, ja tick nemtas vera tikai sintetiskas skiedras,
vai 9,66% apméra, ja véra nem gan sintétiskas, gan dabiskas izcelsmes
Skiedras. Paraugu apstrades pozitivas kontroles liecinaja par dalinu atgiistamibu
92 +1,53% apméra. Rezultati netika korigéti pamatojoties uz negativas un
pozitivas kontroles rezultatiem.

2.6. Juras iidens mikroplastmasa (VIIIL, VI)
Mikroplastmasas piesarnojuma raksturojums

Juras tdens virskartas paraugos tik atrastas 16315 mikroplastmasas
dalinas (vidgji 370,8 £515,2 dalinas parauga), koncentracijam varigjot no 0,09
lidz 4,43 dalipam/m’ (pétfjuma VIII 1. pielikums). Vidgjas mikroplastmasas
koncentracijas bija 1,0 +1,3 dalinas/m*® Rigas Iia rietumu dala, 0,8 +0,7
dalinas/m® dienvidu dala, 0,6 +0,5 dalinas/m® austrumu dala un 0,4 +0,1
dalinas/m® centralaja dala. Austrumgotlandes baseina pickrastes dala tas bija
0,5 +0,3 dalinas/m®> un 0,4 +0,3 dalipas/m> atklataja dala. Piesarnojuma
koncentracija Rigas licT bija ievérojami augstaka neka Austrumgotlandes
baseina dala. Tapat, piesarnojuma koncentracija bija augstaka piekrastes neka
atklato idenu dalas.

Domingjosas dalinu krasas bija balta (30,1%), melna (24,6%) un zila
(20,5%). Citas krasas dalinas ka roza (5,6%), zala (4,4%), peleka (2,5%),
violeta (2,4%), caurspidiga (1,8%), dzeltena (1,4%), oranza (1,2%) un brina
(0,6%) veidoja salidzinosi mazaku Ipatsvaru. Jaizcel, ka domingjosa Skiedru
krasa bija melna un zila, bet citas formas dalinam — balta.

Skiedras bija domingjosa dalinu forma, turpretim fragmenti bija
satopami retak (2.12. attels). Pleves, lodites un putuplasta formas dalinas tika
noverotas salidzino$i mazaka daudzuma. Rigas Iica rietumu un austrumu
piekrastes dala skiedras tika nov@rotas salidzino$i vairak neka Rigas lica
dienvidu un Austrumgotlandes baseina piekrastes dala.
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2.12. attels. Mikroplastmasas dalinu formu procentualais sadalijums paraugu
nemsanas regionos: (A) un (G) Austrumgotlandes baseina pickrastes dala, (B)
un (H) Austrumgotlandes baseina atklata dala, (C) un (I) Rigas Ii¢a rietumu
dala, (D) un (J) Rigas Ii¢a dienvidu dala, (E) un (K) Rigas Ii¢a austrumu dala,
(F) un (L) Rigas Iica centrala dala. 1-46 — paraugu ievaksanas vietas (pielagots
attels no VIII, VI).
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2.13. att€ls. Mikroplastmasas dalinu poliméru procentualais sadalijums paraugu
nemsanas regionos: (A) un (G) Austrumgotlandes baseina pickrastes dala, (B)

un (H) Austrumgotlandes baseina atklata dala, (C) un (I) Rigas Iica rietumu

dala, (D) un (J) Rigas Iica dienvidu dala, (E) un (K) Rigas lica austrumu dala,
(F) un (L) Rigas Iica centrala dala. PE — polietiléns, PP — polipropiléns, PS —

polistirols, PES — poliesters, Ny — neilons (pielagots att€ls no VIII, VI).
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Dalinas izméru grupa 0,3-1 mm bija biezak sastopamas (74% Skiedru,
53,2% visas formas dalinu), kam sekoja izméru klase 1-5 mm (24,7% Skiedru,
43,4% visas formas dalinu). Vismazak parstavéta izméru grupa bija dalinas ar
garako dimensiju >20 mm. Austrumgotlandes baseina dala bija novérojams
augstaks dalinu 1patsvars ar lielaku garako dimensiju.

Polimérs tika noteikts 5285 jeb 74,45% dalinu, neskaitot Skiedras.
Domingjosie poliméri bija PE un PP. Citi poliméri ka PS, PES, neilons tika
sastopami retak. Atseviskas paraugu vaksSanas vietas, IpasSi Rigas Ii¢a rietumu
dala, bija noverojams salidzinosi lielaks citu polimeru — akrilati, acetati, PET,
gumija, PVC, poliamids — ipatsvars. Dalinu polim@ru ipatsvars ieveérojami
atSkiras paraugu starpa (2.13. attéls), piem@ram, paraugd nr. 24 netika
identificéta neviena PE dalina, turpretim parauga nr. 8 PE bija vienigais
identificétais polimérs.

Tika novérota tendence PE ipatsvaram paliclinaties un PP ipatsvaram
samazinaties I1idz ar dalinu izm@ra samazinaSanos, tomeér tendences izne@mums
bija izméru grupa >20 mm, kura ietverto dalinu skaits bija salidzino$i mazs,
lidz ar to nebija iesp&jams novertét vai tendence saglabatos ari pie lielakas datu
kopas. Polimeérs PS tika novertos izméru grupas 0,3-1 mm, 1-5 mm un 10-20
mm, bet neilons — 1-5 mm un 50-10 mm; abi mingtie polimeri izradija lidzigu
tendenci ka PP. PES dalinas tika identific€tas vienigi izm&ru grupa >20 mm.

No 9216 vizuali identificEtajam Skiedram tikai 182 jeb 1,98% tika
noteikts polimérs. Lielaka dala polim&ru bija PP (48,3%), PE (21,68%) un PET
(6,1%). Citi poliméri ka neilons (3,9%), PES (3,3%), PS (1,1%) un PVA
(1,1%) bija sastopami retak. Dala analizéto Skiedru (6,1%) bija dabiskas
izcelsmes. Lidzigi ka pargjas formas dalinam, PE ipatsvars palielinajas un PP
Ipatsvars samazinajas lidz ar dalinu izm&ra samazinaSanos. Citu poliméru —
PET, neilona, PES, PS, PVA u.c. — Tpatsvars bija mainigs izdalitajas
izméru grupas.

Kvalitates kontroles rezultati
Paraugu apstrades negativas kontroles liecindja par iespgamu nejausu
paraugu piesarnosanu vidgji 6,8% apmera. Pozitivas kontroles liecindja par

92,5 +2,5% dalinu atgistamibu. Rezultati netika korigéti pamatojoties uz
negativas un pozitivas kontroles rezultatiem.
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2.7. Juras piekrastes mikroplastmasa (V)
Mikro- un mezoplastmasas piesarnojuma raksturojums

Mezoplastmasa (>5 mm) tika atrasta 22 no 24 pétitajam pludmalém
(2.14. A attels). Tas koncentracija bija robezas no 0,01 dalinam viena kg sausu
smilSu Iidz 0,69 dalinam/kg (petjuma V pielikuma S2. att€ls, S5 tabula).
Vidgja mezoplastmasas koncentracija atvertas Baltijas jiiras piekrastes dala bija
0,16 dalinas/kg, un 0,10 dalinas/kg Rigas lica piekrastes pludmal@s.

Mikroplastmasa (1-5 mm) tika identificéta visos paraugos, ar
koncentracijam no 0,31 dalinam/kg Iidz 11,17 dalinam/kg (petijjuma V
pielikuma S2. attéls, S4 tabula) (2.14. A attéls). Vid¢ja mikroplastmasas
koncentracija atklatas Baltijas jiiras piekrastes dala bija 3,93 dalinas/kg, un 2,44
dalinas/kg Rigas Ii¢a piekrastes pludmal@s.

Dalinas tika iedalitas izm&ru grupas ar 1 mm intervalu. Dalinas ar
garako dimensiju 1-2 mm tika novérotas biezak neka dalinas ar garako
dimensiju >5 mm (2.14. B attéls).
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2.14. attels. Mikro- un mezoplastmasas (MP) piesarnojums pétitajas pludmal@s
Latvijas piekraste (1-24 — paraugu vaksanas vietas, atsifréjums 1.6. attela): (A)
piesarnojuma koncentracija, (B) procentualais dalinu izméru sadalijums
(pielagots attéls no V).

No mezoplastmasas dalinam vairak ka 60% bija Skiedras un aptuveni
31% fragmenti. Pléves formas dalinas bija sastopamas retak. Atseviskas
pludmalés — Akmenraga, Ventspilt un Majoros — izteikti domingja fragmenti.
Aptuveni 70% no mikroplastmasas dalinam bija Skiedras, 30% bija fragmenti,
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kas noverojami izteikti lielaka daudzuma Akmenraga, Ventspils un Abragciema
pludmal@s (2.15. attéls).
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2.15. attéls. Procentualais dalinu formu sadalijums (pludmalu kodu atSifr&jums
2.6. attela). M apzimé& mikroplastmasas dalinas, L apzim& mezoplastmasas
dalinas. (pielagots attéls no V).

Biezakas mikro- un mezoplastmasas dalinu krasas bija melna (attiecigi
28 un 29%), balta (27 un 15%), zila (11 un 25%) un caurspidiga (10 un 9%).
Citas identificétas dalinu krasas — sarkana, roza, violeta, zala, peleka, oranza,
dzeltena, briina un daudzkrasaina — neparsniedza 9% Ipatsvaru.

Mezoplastmasas izmeéru grupa kimiskais sastavs tika noteikts 76
dalinam jeb 35,8% no visam paraugos identificétajam dalinam. No tam 57,9%
bija PE, 26,3% PP, 1,3% PS. Citi poliméru veidi ka PES, akrils, poliuretans
(PUR) u.c. veidoja Iidz 13,2%. Mikroplastmasas izméru grupa kimiskais
sastavs tika noteikts 988 dalinam jeb 28,6% no visam paraugos identificetajam
dalinam. No tam 70,3% bija PE, 21,5% PP, 3,8% PS. Citi polim&ru veidi ka
PES, akrils, etilenvinilacetats (EVA), polietiléntereftalats (PET) un PLA
veidoja lidz 1,6%.



Piesarnojuma izplatibas raksturojums

Salidzinot Baltijas juras atklatas dalas pludmales ar Rigas Ii¢a rietumu,
dienvidu un austrumu dalas pludmalém, netika novérotas bitiskas atskiribas
piesarnojuma koncentracija. Rigas Iica austrumu piekrasté tika noverots
augstaks mikroplastmasas piesarnojums neka rietumu piekraste. Pludmales
piemerotiba rekreacijas aktivitattm nekorelgja ar mikro- un mezoplastmasas
piesarnojuma apmeéru, tomér fragmentu un pléves formas dalinu koncentracija
uzradija cie$aku saikni ar pludmales piem@rotibu atpiitas aktivitatém neka tadas
Skiedras formas dalinam.

Tika nove@rota sakariba starp mikroplastmasas dalinu koncentraciju,
Skiedras forma dalinu koncentraciju un smilSu granulometrisko sastavu —
augstakas dalinu, Tpasi Skiedru, koncentracijas, tika noverotas rupjaka izméra
smiltis (petjjuma V pielikuma S3. attels). Mezoplastmasas izméru grupa netika
novérota korelacija starp dalinu izm&ru un smilSu granulometrisko sastavu
(peétijuma V piclikuma S4. attéls, S4 tabula). Baltijas jiiras atklatas un Rigas
lica austrumu dalas pludmalés identificéto mikroplastmasas dalinu un smilsu
granulometriskas IpasSibas bija Iidzigakas neka citiem izdalitajiem pludmalu
regioniem.

Kvalitates kontroles rezultati
Visos negativas kontroles paraugos kopa tika atrastas 5 Skiedras izméra

>1 mm. Pozitivas kontroles liecindja par 99% dalinu atgiistamibu. Rezultati
netika koriggti pamatojoties uz negativas un pozitivas kontroles rezultatiem.
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3. Diskusija

Promocijas darba meérkis ir pilnveidot mikroplastmasas paraugu
ievakSanas (II) un apstrades (VII) metodes un raksturot mikroplastmasas
piesarnojumu Latvijas tidens biotopos — ezeros (III, IV), upés (I), jura (VI,
VIII), jiras piekraste (V). Veiktais petijums prezent€ sakotngjos datus Latvijas
idens biotopu mikroplastmasas piesarnojuma novert€sanai, kuri var tikt
izmantoti ka bazes veértiba monitoringa datu kopai, robezlielumu noteiksanai un
sakumpunkts  zinatniskas izpratnes veidoSana par mikroplastmasas
piesarnojuma izplatibu Latvijas Gidens ekosisteémas.

3.1. Metodologijas noveértéjums
Paraugu ievakSanas metodes uzlabos$ana (II)

Pétijuma (II) rezultati atklaja mikroplastmasas klatbiitni visos paraugos,
tau piesarnojuma koncentracija starp atkartojumiem médza atSkirties pat
desmitkartigi. Viena parauga ievakSana, nenemot ve€ra mikroplastmasas
piesarnojuma telpisko un temporalo mainibu (Courtene-Jones et al., 2022;
Syberg et al., 2020), var radit nereprezentativus datus, Ipasi regionos ar zemu
piesarnojumu. Lai iegiitu precizakus datus, nepiecieSams palielinat parauga
apjomu vai ievakt vairakus atkartojumus (Pasquier et al., 2022), tomér lielaki
paraugi var radit tehniskas problémas, pieméram, tikla aizséréSanu (Lusher et
al., 2014). Pétijums (II) paradija, ka tris lidz pieci atkartojumi batiski samazina
standartklidu un lauj ieglt patiesaku informaciju par piesarnojuma
koncentraciju (Bruge et al., 2020). Augstaks atkartojumu skaits nodroSina
lielaku precizitati, tacu jaizverte ieguldito resursu un laika izmaksas. Vadoties
pec pétijuma rezultatiem, ieteicams mikroplastmasas paraugus ievakt ar vismaz
tris atkartojumiem, lai nodroSinatu reprezentativus un resursefektivus datus.

Udens virskartas mikroplastmasas piesarnojuma koncentracija ir
dinamiska un atkariga no meteorologiskiem un hidrologiskiem apstakliem
(Fischer et al., 2016), poliméru blivuma (Atugoda et al., 2020; Kumar et al.,
2021). Visbiezak paraugu ievakSanai izmanto Manta tiklu ar 300 pm acs
izmeru, kas nodrosina efektivu lielu @idens apjomu filtréSanu un ir piem&rotaks
regularam monitoringam (Galgani et al., 2024; Hengstmann et al., 2018;
Pasquier et al.,, 2022). Alternativas metodes, pieme&ram, pumpji ar filtru
kaskadém, lauj ievakt mazaka izmera dalinas, tacu to izmantoSana ir
laikietilpigaka un izfiltréta tdens apjoms — mazaks. Filtri ar mazaku acs izméru
sniedz pilnigaku informaciju par piesarnojumu un ta raditajiem draudiem
(Thornton Hampton et al., 2022), toméer tie atrak aizseré suspendéta materiala
del, ka arT prasa vairak resursu paraugu apstradei un analizei. PEtjjuma dizaina
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janem veéra resursu pieejamiba un minimalais mikroplastmasas izmeérs, kas
atbilst petfjuma merkiem.

Dalinu atgaistamibas novertejums (VII)

Mikroplastmasas koncentracija ir biitisks piesarnojumu raksturojoss
elements, kuru var ietekm@ paraugu sagatavoSana, netiSa piesarnoSana vai
dalinu zudumi, tadgjadi radot parvert€tus vai nepilnigi novertétus rezultatus
(Kutralam-Muniasamy et al., 2023; Way et al., 2022; Weber et al., 2021).
Dalinu atgiistamibas testi liecina, ka mikroplastmasas daudzums var tikt
novertéts pat 14% par zemu (Way et al, 2022), tapéc pozitivo kontroles
paraugu ievieSana ir butiska pétijumu kvalitates cel$anai. Pétijums (VII)
atklaja, ka dalgji noslégtas vakuuma filtréSanas iekartas izmantoSana veicina
dalipu zudumu, savukart sieti nodroSina augstaku dalinu atglistamibu
(Nakajima et al., 2019). Tomé&r sieti nav pieméroti, ja analiz€jamas
mikroplastmasas dalinas ir mazakas par 50 pm, kas saistits ar apgriitinatu
$kiduma pliisanu caur sietu virsmas spraiguma del.

Petijums (VII) paradija, ka vairak paraugu apstrades solu noved pie
zemakas dalinu atglistamibas, kamé&r Tsaki protokoli nodroSina augstaku
atglistamibu. Pieméram, Olesen et al. (2019) secindja, ka 96% PS lodisu tika
atgiitas ar 1sako apstrades protokolu, bet tikai 64% ar visgarako. Lai izvairitos
no netiSa dalipu zuduma, 1pasi, ja ievaktaja parauga sagaidams zems
mikroplastmasas piesarnojums, ieteicams samazinat apstrades solu skaitu
(Enders et al., 2020; Nakajima et al., 2019) un izmantot pret mikroplastmasas
dalinam saudzigas apstrades metodes (Karami et al., 2017; Pfeiffer and
Fischer, 2020).

Petijums (VII) pieradija, ka lielaka tilpuma Skirpiltuve uzlabo dalinu
atglistamibu blivuma ekstrakcija, bet liela apjoma paraugus ieteicams dalit
mazakas dalas. Atgiistamibu ietekm@ ne tikai Skirpiltuves tilpums, bet art
nogulumu 1pasibas, mikroplastmasu raksturojosie parametri (forma, izmérs,
blivums) un izmantota Skiduma blivums (Crutchett and Bornt, 2024; Enders et
al., 2020; Hengstmann et al., 2018; Quinn et al., 2017). Hurley et al. (2018)
noveroja 100% atgtstamibu lielaka izméra mikroplastmasas loditém, bet 82%
atglistamibu maza izmé&ra Skiedram. Augstaka blivuma S$kidumi uzlabo
atgiistamibu, bet ir dargi un potenciali toksiski (Katsumi et al., 2022).

Svarigi noveérteét dalinu atglistamibu visa paraugu apstrades procesa
(Enders et al., 2020), lai izvairitos no maldinosi pozitiviem secinajumiem par
petijuma kvalitati (Hengstmann et al., 2018; Imhof et al., 2012). Pettjuma (VII)
izmantotas 100 pm lodites neatspogulo visu dalinu formu, pieméram, Skiedru
vai fragmentu, atgiistamibu (Hengstmann et al., 2018; Olesen et al., 2019).
Petjjumu iespgjams uzlabot, kontroles paraugos ieklaujot dazadas formas un
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izméra dalinas, lai precizak atspogulotu vides paraugos esosas mikroplastmasas
atglistamibu.

3.2. Rezultatu interpretacija un salidzinajums ar iepriekséjiem pétijumiem
Ezeri

Ezeram apkart esosas teritorijas urbanizacijas un industrializacijas
Itmenis var biit piesarnojuma apmeru nosakosais iemesls (Nava et al., 2023) —
Velnezera apkartne ir tikusi ieverojami mainita p&dgja gadsimta laika.
Velnezera T1idens virskartas mikroplastmasas piesarnojums (0,75-5,71
dalinas/m?) ir lidzigs citu ezeru piesarnojumam ka Winnipeg ezera Kanada
(0,58-8,31 dalinas/m®) (Anderson et al., 2017) un Cusi un Bolséna ezeros Italija
(0,82-4,41 dalinas/m®) (Fischer et al., 2016) un ir vértéjams ka mérens vai
salidzino$i zems. Velnezera biezak konstatgtas Skiedras formas dalinas, kas ir
raksturigi tdenstilpgm apdzivotu vietu tuvuma (Kumar et al., 2021; Uurasjéarvi
et al., 2020). Izplatitakie dalinu veidojoSie poliméri pétijuma (III) un citos
(Malla-Pradhan et al., 2023; Sighicelli et al., 2018; Uurasjérvi et al., 2020) bija
PP un PE. No identificétajam Skiedram 42,86% bija dabiskas izcelsmes, I1dzigi
ka citas udenstilpes (Stanton et al., 2019; Suaria et al., 2020). ST iemesla del
precizai mikroplastmasas izcelsmes noteik$anai ieteicams izmantot analitiskas
kimijas metodes, lai izvairitos no koncentraciju parvertésanas.

Mikroplastmasas daudzums Velnezera tdens virskarta bija augstaks
pavasara beigas un vasaras sakuma, kas saistits ar palielinatu mikroplastmasas
dalinu saistiSanos suspend@taja organiskaja materiala (Atugoda et al., 2020; Li et
al., 2023). Rudent mikroplastmasas koncentracija samazinajas organiska materiala
grimSanas dél (III), un nogulumos rudeni/ziema tika novérots lielaks
piesarnojums neka pavasara/vasaras perioda, kas saistits ar mikroplastmasas
vertikalo transportu gultnes virziena.

Nogulumu uztvergji mikroplastmasas pétnieciba ir jauna metode, kas
parada piesarnojuma uzkrasanas atrumu neatkarigi no nogulumu uzkrasanas
intensitates (Saarni et al., 2023, 2021), ilglaicigai metodes pielietoSanai ir
potencials aizstat nogulumu urbuma metodi vesturiska piesarnojuma analizei.
Velnezera mikroplastmasas akumulacija (22,20 dalinas/cm?/gada) bija septinas
reizes augstaka neka Haukivesi (Saarni et al., 2021) un 300 reizes augstaka
neka Kallavesi ezeros Somija (Saarni et al., 2023). Léna tidens apmaina mazos
beznoteces ezeros ka Velnezers, veicina mikroplastmasas vertikalo transportu
un uzkrasanos (Lambert and Wagner, 2018). Nogulumos biezi tiek atrasts
lielaks fragmentu Ipatsvars, bet @idens virskarta — Skiedru (Saarni et al., 2023,
2021). Tas, iespgjams, izriet no Skiedru fragment€Sanas procesa, kad tas laika
gaita iegiist fragmentu dimensijas.
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Visu pétito ezeru nogulumos tika atrasts mikroplastmasas piesarnojums,
pat ezeros (Usma, Pinku, Seksu) ar Tpasu aizsardzibas statusu. Seksu ezers, kas
ir dala no dzerama udens sistémas, uzradija augstakas piesarnojuma
koncentracijas salidzinot ar pargjiem aizsargajamiem ezeriem. Tas norada, ka
piekluves ierobezojumi negaranté aizsardzibu pret dazadu avotu, pieméram,
atmosferas parnese (Evangeliou et al., 2020; Huang et al., 2021) un virszemes
notece (Werbowski et al., 2021), izraisttu mikroplastmasas piesarnojumu.

Pedgjo gadu pétijumi par mikroplastmasas izmanto$anu ka antropocéna
sakuma indikatoru ir apgazusi pien€émumu, ka mikroplastmasas dalinas nav
sastopamas nogulumu slanos pirms plastmasas masveida razosanas sakuma (20.
gs. 50. gadi). Petjumos (III, IV) mikroplastmasas dalinas tika atrastas ari
vecakos nogulumu slanos; dalinu vertikalo transportu veicina to morfologija.
Citi pétijumi liecinajusi ar par tadiem migraciju veicino$iem faktoriem ka
nogulumu ipasibas, bioturbacija, portidens kustiba un citi faktori (Nakki et al.,
2017). Tas norada, ka mikroplastmasas uzkrasanas ir dinamiska un var ietekm&t
arT lidz Sim neskartas vides, pieméram, pazemes tdenskratuves (Xu et al.,
2024). Petijumos (II1, IV) izstradatie negativas kontroles paraugi izslédz dalinu
nonaksanu $ajos slanos netiSas paraugu piesarnosanas del.

Upes

Upju grivas ir parejas zonas starp saldiidens un saliidens ekosistémam ar
raksturigu dinamisku @idens pliismu, piesarnotdju resuspensiju un transportu
(Waldschlager et al., 2020). P&dgjos gados arvien vairak tiek pétits
mikroplastmasas piesarnojums up€s, tomér sezonalitates aspekts nav izprasts
(Huang et al., 2023). Vairums p&tjjumu veikti regionos ar izteiktam nokrisnu
svarstibam, bet regionos ar temperatiiras sezondlajam izmainam pétijumu ir
maz (Atugoda et al., 2020; Huang et al., 2023; Waldschldger et al., 2020;
Werbowski et al., 2021). Piem&ram, nokriSni ka sniegs var transportét
mikroplastmasu no atmosferas, un péc ta kuSanas piesarnojums tiek parvietots
ar virszemes noteci (Bergmann et al., 2019; Evangeliou et al., 2020;
Werbowski et al., 2021). Péfjjuma Kanada tika noverota mikroplastmasas
koncentraciju palielinasanas pavasari, sniega kuSanas laika pat 114 reizes
(Forrest et al., 2022), kas liecina par temperatliras izraisitu nokriSnu nozimi
upju mikroplastmasas piesarnojuma izprasana.

Mikroplastmasas sezonalais novertejums atskiras starp regioniem.
Pieméram, Houjin upé Taivana piesarnojums bija augstaks sausaja (183,33
+£128,95 dalinas/m®) neka lietus sezona (102,08 +£45,80 dalinas/m®) (Huang et
al., 2023), savukart Jangtze upé Kina — pretgji, lietus sezona noverota augstaka
koncentracija (1,32 +1,09 dalinas/m®) neka sausaja sezona (0,70 0,28
dalinas/m?) (Wu et al., 2024). Latvijas upem nav raksturigas izteiktas atSkiribas

53



tdens caurpliduma sezonu ietvaros, tomér udens apjoma palielinaSanas
vérojama pavasarl un rudeni (LVGMC, 2024b). Petjjuma netika konstatéta
korelacija starp gadalaikiem un mikroplastmasas piesarnojumu, iesp&jams
neizteiksmigo tidens limena svarstibu dél (I).

Neskatoties uz sezonalitates aspektu, Houjin up€ mikroplastmasas
piesarnojuma Iimenis bija iev@rojami augstaks neka Latvijas up€s, jo ta plast
caur blivi apdzivotu un industrializeétu pils€tu, sanemot majsaimniecibu un
razo$anas notekiidenus (Huang et al.,, 2023; Vermeiren et al., 2021).
Salidzinajumam, Kanadas Otavas up€ mikroplastmasas koncentracija bija
zemaka (vidgji 1,35 dalinas/m?) neka Latvijas up€s. Min&tajos péttjumos lielaka
dala mikroplastmasas dalinu bija Skiedras formas, kas 1pasi domin&ja arl
Lielupg (68,02%).

FiltréSanas iekartas acs izmérs ietekmé ievakto mikroplastmasas dalinu
daudzumu parauga. Song et al. (2014) pétijuma ar 50 um tiklu tika ievakta
augstaka mikroplastmasas koncentracija (1143 £3353 dalinas/ m?) neka ar 330
pum tiklu (47 £192 dalinas/m®), savacot tikai 4% no potenciali vidé eso3ajam
dalinam. Turklat 50% dalinu bija mazakas par 100 pm, uzsverot, ka lielaka acs
izmera filtri var nepietiekosi novertet faktisko piesarnojumu. Lai gan parasti
mazaku dalinu daudzums ir lielaks (Huang et al., 2023; Waldschlédger et al.,
2020), petijuma (I) domingja lielakas dalinas (300-999 pm).

Jura

Mikroplastmasas piesarnojums vairuma tdensobjektu tiek uzskatits par
zemu, ja tas neparsniedz 10 dalinas/m® (Waldschléger et al., 2020). Baltijas
juras Gidens virskarta tas biezi neparsniedz So robezu: Stokholmas arhipelaga
0,19-7,73 dalinas/m® (Gewert et al., 2017), Gullmar fjorda 0,18-0,92 dalinas/m?
(Karlsson et al., 2020), Somu lici 0-0,8 dalinas/m’® (Setild et al., 2016);
atbilstigi rezultati iegtti arT petijumos (VI, VIII) Latvijas juras tidenos — 0,09-
4,43 dalinas/m>. Lidzigi ka saldiidens ekosistemas (I, III), arT jara (VI, VII)
domingja Skiedras, jo to lielaks virsmas laukums lauj ilgak palikt suspendé&ta
stavokll un transportétam talak (Atugoda et al.,, 2020; Kaiser et al., 2017;
Kumar et al.,, 2021). Tomer citos pétijumos Skiedru Ipatsvars bija mazs,
pieméram, 3% Bohai jira Kina (Zhang et al., 2017) vai 10% Gullar fjorda
Zviedrija (Karlsson et al, 2020). Skiedru izslégiana vai kimiska
sastava neparbaudiSana var izraisit piesarnojuma neprecizu novertgjumu
(Rebelein et al., 2021).

Pludmales veido jliras un sauszemes mijiedarbibas zonu, kura tick gan
uzkrata, gan izplatita mikroplastmasa, tomér piesarnojuma transportu veicinosie
faktori ir maz pétiti (Rohais et al., 2024). Latvijas rietumu piekrastes
mikroplastmasas piesarnojums bija lielaks neka Rigas lici, jo atklatas juras
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pludmal@s ir rupjaka smilts granulometrija un augstaka vilpu energija (V).
Rigas li¢a pludmalés smalkaka smilts un zemaka vilpu energija veicinaja
mazaku piesarnojumu. Pret&ji $im, citos pétljumos augstaks mikroplastmasas
piesarnojums novérots pludmalés ar smalkaku smilts granulometriju, jo $ads
materials ilgak paliek suspendéta stavokli un tiek transportéts lielakos
attalumos (Harris, 2020; Mendes et al., 2021; Wilson et al., 2021). Rigas Iica
austrumu piekrastes pludmales pec dazadiem parametriem ir lidzigakas Baltijas
jiras piekrastei un uzradija augstaku piesarnojumu neka lica rietumu un
dienvidu piekraste. Tas skaidrojams ar anticiklonisko widens straumju
cirkulaciju, kas piesarnojumu no lica dienvidu dalas parvieto uz austrumu
piekrasti (Frishfelds et al., 2022; Lips et al., 2016b). P&tijuma (V) konstatgts, ka
mazakas dalinas veido lielaku piesarnojuma tpatsvaru, un domingjosie poliméri
visas izméru grupas (PE, PP, PS) potenciali norada uz plastmasas
fragmentaciju.

Noteikt mikroplastmasas piesarnojuma saistibu ar cilvéku darbibu ir
sarezgiti, un dazadu pétijumu secinjumi ir neviennozimigi. Apdzivotiba tiek
uzskatita par galveno faktoru, kas veicina mikroplastmasas piesarnojumu
(Corcoran et al., 2020; Van Cauwenberghe et al., 2015; Vermeiren et al., 2021),
bet to ietekm& ari tiirisms, upes un atmosfeéras parnese (Allen et al., 2020;
Vermeiren et al., 2021). Latvijas atklatas Baltijas juras piekrastes pludmales ir
ar zemaku apdzivotas blivumu un mazak izmantotas atplitai neka Rigas Iica
pludmales (Centrala statistikas parvalde, 2022; Ruskule et al., 2018). Tomeér,
tapat ka Latvijas pludmal@s (V), arT Belgijas pickrasté netika atrasta saistiba
starp piekrastes piemérotibu tirismam un mikroplastmasas koncentracijam
(Claessens et al., 2011).

3.3. Rekomendacijas monitoringa sistémas izstradei un turpmakai
pétniecibai

Jebkuras monitoringa programmas pamata ir datu baze un saskanoti
protokoli, kas nodroSina standartizEtu un reprezentativu rezultatu iegiiSanu
(Galgani et al., 2024; Official Journal of the European Union, 2017; Prata et al.,
2024). Pieméram, direktiva par dzerama udens kvalitati (2020/2184)
mikroplastmasa ir identificeta ka potencials veselibas apdraudgjums, tacu vides
kvalitates standartu izstradei nepiecieSama lielaka sakotn&jo datu kopa.
Virszemes tidenu kvalitates standartiem ir izveidots novérojamo vielu saraksts,
kura mikroplastmasa tiks ieklauta tiklidz tiks izstradatas tas monitoringa
metodes (European Commission, 2022; European Parlament, 2023). 2024. gada
tika izstradats pirmais mikroplastmasas monitoringa parskats, kas apraksta
metodes tas noteikSanai dzeramaja Gideni, tacu rekomendacijas vél nav pilnigas
un parbauditas (Belz et al.,, 2024). Lai nodroSinatu pétijjumu salidzinamibu
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starptautiska Itmeni, Helsinku Konvencija publicgjusi vadlinijas juras vides
mikroplastmasas paraugu ievaksSanai un analizei, tacu tas nav juridiski saistoSas
(HELCOM, 2022a, 2022b). Starptautiska standartizacijas organizacija
publicgjusi vairakus ar mikroplastmasu saistitus standartus, pieméram, ISO
24187:2023, kas nosaka minimalas prasibas mikroplastmasas noteiksanai (ISO,
2023). Saskana ar normativajiem aktiem Latvija ievie§ harmoniz€tas
mikroplastmasas piesarnojuma uzraudzibas programmas (Eiropas Parlaments,
2020, 2000; European Commission, 2022; LVGMC, 2024a, 2023b, 2023a;
Official Journal of the European Union, 2008). Petijumos I-VIII apkopoti
Latvijas tudenu sakotn&jie mikroplastmasas piesarnojuma dati, piedavati
uzlabojumi p&tniecibas metodes un sniegtas rekomendacijas ta uzraudzibai, kas
var kalpot par pamatu normativo aktu pilnveidoSanai un piesarnojuma
robezlielumu noteikSanai.

Principi mikroplastmasas monitoringa kvalitates nodroSinasanai

Mikroplastmasas piesarnojuma pétnieciba ietver paraugu ievaksSanu,
apstradi un analizi, nodrosinot kvalitati un salidzinamibu.

Mikroplastmasas monitoringa vajadzibam ieteicama divu metozu
kombinacija: idens virskartas filtréSana ar Manta tiklu vai pumpi un nogulumu
uztvéréju izmantosana (III). Sada pieeja lauj novértet dazadu blivumu
polim@rus un piesarnojumu galvenajas tGdenstilpes dalas (Choy et al., 2019;
Pabortsava and Lampitt, 2020; Sebille et al., 2020). Udens filtrésana ar Manta
tiklu lauj efektivi ievakt liela apjoma paraugus, bet metode nav piemeérota
dalinam mazakam par 100 pm; $adai izme@ru frakcijai atbilstoSaka metode biis
filtrésana ar pumpi (Galgani et al., 2024; Gao et al., 2023; Pasquier et al., 2022;
Prata et al., 2024; Zhang et al., 2023). Reprezentativu un ticamu datu iegtiSanai
javeic vismaz tris paraugu atkartojumu ievaksana (IT) (Karlsson et al., 2020;
Pasquier et al., 2022). Lai novertétu, kura sezona reprezentativak atspogulo
piesarnojuma stavokli, ieteicams veikt pilotp&tljumu vismaz divu gadu garuma
dazadas sezonas (III). Piem@ram, Latvijas apstaklos mikroplastmasas
monitorings ziemas ménesos ir apgritinats (I, III, V). Nogulumu urbumi nav
pieméroti mikroplastmasas monitoringam vertikalas migracijas del (II1, IV),
tomeér var tikt izmantoti, lai glitu sakotngjo iespaidu par wdenstilpes
piesarnojuma Iimeni (Osorio et al., 2021). Turpretim nogulumu uztvergju
metodes izmantoSana sniedz ieskatu piesarnojuma uzkraSanas atruma un
reallaika izmainu novertéjuma (III).

Mikroplastmasas paraugu apstradé janodroSina augsta kvalitate,
izvairoties no piesarnosanas, zudumiem un bojajumiem, ka ar1 ievieSot
pozitivas un negativas kontroles paraugus. Lai mazinatu piesarnojuma risku,
jaievero vairaki principi, pieméram, j3attira reagenti un inventars, darbi javeic
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laminaras plusmas skapi (Gao et al.,, 2023; Jones et al., 2024; Kutralam-
Muniasamy et al., 2023). Tapat, apstradei japieméro p&c iesp&jas 1saks
apstrades protokols (VII) un saudzigas metodes, kas nedegrade
mikroplastmasas dalinas (Osorio et al., 2021; Pfeiffer and Fischer, 2020; Prata
et al., 2024). Blivuma separacija ir efektivaka ar augsta blivuma skidumiem
(ZnClz, ZnBr2, Nal), bet biezi vien tie ir toksiski un dargi. Savukart zema
blivuma Skidumi (NaCl, CaClz) ir drosaki un 1&taki, bet mazak efektivi augsta
blivuma polimé&ru atgiisanai (Osorio et al., 2021; Prata et al., 2024; Thomas et
al., 2020). Neatkarigi no pielietotajam apstrades metodeém, nepiecieSams ieviesi
pozitivas un negativas kontroles paraugus, un tos zinot bez paraugu datu
korigéSanas. Saskanotai, salidzinamai un kvalitativai paraugu apstradei
nepiecieSams ieviest starptautiska limeni standartizétu protokolu (Gao et al.,
2023; Prata et al., 2024).

Mikroplastmasas analizei izmantojamas metodes ir daudzveidigas, un
tas apgriitina datu salidzinamibu. Vizuala analize ir vienkar$aka un 1&taka, tacu
subjektiva un ar augstu klidas iesp&jamibu, pieméram, parvertgjot
mikroplastmasas piesarnojuma koncentraciju lidz pat 30% (Prata et al., 2024).
Ieteicams kombinét vizualo analizi ar karstas adatas metodi vai izmantojot
ktmiskas analizes metodes (ATR-FTIR, Ramana spektroskopija, termala
analitika u.c.), kas sniedz informaciju par dalinu sintétisko izcelsmi un
poliméru. Liela dalinu skaita gadijuma biezi tiek analizéta tikai dala parauga,
tomer janodrosina tas reprezentativitate. leteicams p&c iesp€jas izvairities no
parauga daliSanas (Brandt et al., 2021).

Datu zinoSana ir svarigi ieveérot principus, kas nodroSina datu
salidzinamibu un atspogulo paraugu ievaksanas un analizes metodes. Ievacot
fidens mikroplastmasas paraugus ka tilpuma vienibu, arT ta koncentracija
jaizsaka ka dalinu skaits vai masa uz tilpuma vienibu (m3 vai L), bet nogulumu
paraugos — attieciba pret ievakta parauga sauso masu vai tilpumu (g, cm?® vai
kg) (Prata et al., 2024). Piesarnojuma koncentracijas izteikSana uz laukuma
vienibu (cm?, m?, km?) pielaujama gadijumos, ja novérojumi lauka apstaklos
veikti vizuali vai ar optisko iekartu palidzibu. Rezultatu ekstrapoléSana uz
lielakam mérvienibam nav ieteicama (Belz et al., 2024; Waldschlédger et al.,
2020). Izmantota analitiska metode nosaka rezultatu formu: mikroskopija
(vizuala analize, elektronmikroskopija u.c.) dati tiek izteikti ka dalinu skaits,
noradot izme&rus, bet termalaja analitika (pirolize vai gazu hromatografija
apvienojuma ar masas spektrometriju) — ka masa (ng, pg vai g) uz vienibu
(Belz et al., 2024).
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Turpmaka pétnieciba

NepiecieSsams plass papildus pétjumu spektrs, lai izprastu
mikroplastmasas piesarnojuma avotus, transporta celus, dinamiku ietekmgjoso
parametrus, uzkrasanas un izplatibas Ipatnibas, ietekmi uz ekosisttmam un
dzivajiem organismiem (Galgani et al., 2024). P&c plasakas mikroplastmasas
piesarnojuma datu bazes izveides augsta vertiba bitu modelu simulaciju
pielietoSanai, lai izprastu iesp&jamo piesarnojuma likteni videé un salidzinatu to
ar esoSo zinasanu bazi.
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Secinajumi

Mikroplastmasas piesarnojums (dalinas izméra no 50 pm (III), 100 pm
(I, TV, VII), 300 pm (II, III, VI, VIII) un 1000 um (V)) sastopams
visos pétitajos Gdens biotopos — ezeru, upju un jiras tdens virskarta,
ezeru nogulumos, jiras piekrastes smiltls. Biezak identificétas dalinu
formas bija Skiedras un fragmenti, bet polim&ri — polietiléns un
polipropiléns. Piesarnojuma Iimenis Latvijas tidensobjektos vertejams ka
mérens, tomer ieteicams ieviest uzraudzibas programmas izmainu
noveroSanai, kas pé&c iesp&jas saskanotas ar starptautiska limeni
pieejamam un atzitam.

Mikroplastmasas piesarnojuma monitoringam mazos beznoteces ezeros
piem@rotaka metode ir wdens virskartas mikroplastmasas paraugu
ievakSana izmantojot fidens filtréSanu apvienojuma ar mikroplastmasas
uzkrasanas novert€jumu izmantojot nogulumu uztvergjus (III).

Lai pec iespgjas izvairitos no gadijuma rakstura mikroplastmasas
piesarnojuma koncentraciju ieklauSanas datu kopa, paraugu ievaksSanas
laika ieteicams veikt vismaz tris secigus atkartojumus, kas péc iespéjas
precizi atspogulo faktisko mikroplastmasas piesarnojuma stavokli (I, II).
Kvalitates kontroles principu ievérosana paraugu apstrades laika nodroSina
ticamakus vides stavokli raksturojoSus rezultatus. Dalinu atglistamibu
iespgjams paaugstinat paraugu filtréSanai izvéloties slégtas filtréSanas
iekartas ka sietus un p&c iesp&jas samazinot apstrades solu skaitu (VII).
Mikroplastmasas piesarnojums Velnezera, Jugla, atklaja saistibu starp
piesarnojuma apméru iidens virskartd un ta sezonalajam akumulacijas
Ipatnibam. Augstakas f@idens virskartas mikroplastmasas piesarnojuma
koncentracijas noverojamas pavasara un vasaras sezonas. Secigi, aktivaka
piesarnojuma akumulacija nogulumos konstatéta rudens un ziemas
sezona (IIT).

Latvijas ezeru nogulumu arhivos atklats mikroplastmasas piesarnojums
slanos, kas reprezenteé laiku pirms globala plastmasas masveida
razoSanas sakuma, liecinot par piesarnojuma vertikalo transportu uz
dzilakiem nogulumu slaniem un tad&jadi noraidot Iidz §im valdoSo
pien@mumu, ka mikroplastmasas piesarnojums var tikt izmantots ka
viens no neoficiala geologiska laikmeta — antropocéna — defin&Sanas
indikatoriem (IV).

Ezeru aizsardzibas statuss un tam pakartotie aizsardzibas pasakumi
nenodrosina zemaku mikroplastmasas piesarnojuma apmeru (IV).
Augstakas nogulumu mikroplastmasas piesarnojuma koncentracijas
petitajos ezeros identificEtas Velnezera un SeksSu ezera (attiecigi vidgji
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43,96 £34,69 un 33,9 +£40,76 dalinas/g), bet Pinku un Usmas ezeros
noveérojamas zemaks piesarnojuma Iimenis (attiecigi vidgji 4,12 +4,18
un 2,47 £1,25 dalinas/g) (I11, IV).

Cetras lielakas Rigas Iic ieplistosas Latvijas upes sniedz ieguldfjumu
juras mikroplastmasas piesarnojuma papildinasana, ar virs€jiem udens
slaniem ienesot 1,17-49,75 +2,25 dalinu/m>® lielu mikroplastmasas
piesarnojumu. Augstakas piesarnojuma koncentracijas noverojamas
Salacas upé (20,27 +7,70 dalinas/m®), mérenas koncentracijas Gauja
(6,51 £2,67 dalinas/m®) un Daugava (5,20 +1,49 dalinas/m?®), bet
zemakas — Lielupg (2,23 +0,26 dalinas/m®). PavasarT un vasaras sakuma
upju nesta piesarnojuma limenis ir augstaks neka rudeni un ziema (I).
Juras tdens virskartas mikroplastmasas piesarnojums norada uz
augstakam piesarnojuma koncentracijam dalgji noslégtaja Rigas Iict
(0,75 dalinas/m®) neka Austrumgotlandes baseina Latvijas teritorija
(atklatas juras dala) (0,42 dalinas/m®). Tapat, lielaks piesarnojuma
limenis novérojams tuvak piekrastei neka atklatajos tidenos (VI, VIII).
Mikroplastmasas piesarnojuma IpaSibas bija atSkirigas Rigas lica un
Baltijas joras Latvijas dalas atklatas piekrastes pludmal@s. Augstaks
mikroplastmasas piesarnojums tika noverots pludmal@s ar rupjakam
smiltim. Pludmales apmeklétiba un piemérotiba atpitas aktivitateém
neuzradija saistibu ar piesarnojuma apmeéru (V).
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Annotation

Microplastic pollution is a relatively new global environmental issue. It
accumulates in the environment and moves through the food chain, creating
potential threats to the health of ecosystems and living organisms, including
humans. The transport of microplastics in the environment has no boundaries,
and in recent years research on this pollutant has grown increasingly to
understand the sources, extent, associated risks and possible solutions to
reduce it.

An extensive study was conducted to identify the extent of microplastic
pollution in the Latvian inland and marine ecosystems — lake and marine
surface water and sediments, surface water of four major rivers flowing in the
Gulf of Riga, as well as in the water and land interaction zone — sand of coastal
beaches. In order to ensure the quality of the research, proposals were
developed for improving the sample collection methodology, and an
experimental assessment of microplastic particle recoverability during sample
treatment was carried out.

The results of the study indicate the presence of microplastics in all
studied environmental matrices — in surface waters, sediments and marine coast
together with natural sediments. The concentrations and properties of the
identified microplastic particles varied in different matrices; most microplastic
particles were made of polyethylene or polypropylene polymer with the most
common shape being fibres and fragments. An increase in microplastic
contaminant concentrations was observed with decreasing particle size.
Microplastic particles proved to be susceptible to downward vertical transport
in lake sediments over time.

The obtained data can be used as baseline information for further studies
and model simulations, for the assessment of differences in microplastic
pollution between regions, sampling sites and time, to identify possible sources
and transport routes of microplastic pollution, as well as to determine a
reference value for the development of environmental quality standards.
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Introduction

The introduction of plastic polymers has significantly transformed
human life, with demand for these materials growing exponentially since the
beginning of mass production in the 1950s. However, the increasing demand
has been accompanied by a corresponding rise of improperly managed plastic
waste, which constitutes up to 85% of marine litter globally. Among the
various forms of plastic pollution are microplastics, defined as plastic particles
ranging from 1 um to 5 mm in size. Microplastic pollution is a pervasive global
issue; their minute size enables transport across vast distances, often reaching
places far from centres of anthropogenic activity. These particles tend to
accumulate in both terrestrial and aquatic ecosystems, yet current
understanding of their distribution, prevalence, and associated risks remains
limited and ambiguous.

International and national regulatory frameworks are being established
to address and mitigate microplastic pollution impact. Microplastics are a
relatively new and insufficiently understood environmental challenge, therefore
standardised methodology for its assessment has not yet been developed,
resulting in lack of comparability among different studies. Moreover, threshold
values for acceptable microplastic pollution levels remain undefined due to the
lack of scientific data. In Latvia, regulatory instruments emphasize the need for
research on microplastic pollution, particularly in aquatic environments. River
basin management plans call for the investigation and monitoring of
microplastic pollution in freshwater systems to evaluate its ecological impact
on water quality and organisms. Additionally, the Latvian Environmental
Policy Guidelines for 2021-2027 include the Environmental Monitoring
Programme for 2021-2026, which outlines specific actions to reduce marine
litter (Ministru kabinets, 2022). This programme focuses on quantifying
microlitter loads from terrestrial and fluvial sources, as well as monitoring
marine litter in seawater, sediments, and coastal zones. Furthermore, it is
requested to provide insights on the potential threat posed by microplastics to
drinking water by 2029 (Official Journal of the European Union, 2020).

The transport dynamics, fragmentation processes, and accumulation
patterns of microplastics in the environment are currently insufficiently
understood and microplastic monitoring programs have not been developed due
to the limited availability of scientific data. To address this gap, it is crucial to
conduct feasibility studies aimed at obtaining detailed information on the
extent, distribution, characteristics, and sources of microplastic pollution, as
well as its impacts on species and ecosystems. In this context, the Latvian
Institute of Aquatic Ecology is establishing a scientific database to assess the
baseline levels of microplastic pollution, focusing on marine and freshwater
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systems. This study presents the first comprehensive investigation of the extent
and characteristics of microplastic pollution in Latvian aquatic habitats (lakes,
rivers, marine environment and coastal areas). It also provides
recommendations for enhancing the quality of sample collection and
processing, as well as microplastic monitoring. The findings of this study serve
as a baseline information for the development of a microplastic monitoring
program for Latvian waters and aid in the establishment of threshold values for
pollution assessment.

Aim of the thesis

To characterise microplastic pollution in Latvian aquatic habitats
(marine, coast, lakes, rivers) and improve its research methods (sample
collection, treatment) to provide data as a base for developing a microplastic
monitoring program and proposing pollution threshold values.

Tasks of the thesis

1. To improve microplastic samples collection and treatment methods;

2. To characterise microplastic pollution in Latvian lakes (surface water
and sediments);

3. To characterise microplastic pollution in the largest Latvian rivers flowing
in the Gulf of Riga;

4. To characterise microplastic pollution in the marine surface waters of Latvia

and coastal beaches.
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1. Methods
1.1. Description of sampling sites
Sampling method improvement (II)

Samples were collected in two Icelandic waterbodies — Medhalfellsvatn
lake and Fossvogur fjord (Figure 1.1.). Medhalfellsvatn lake is a freshwater
run-off lake with maximum depth of 19 m and surface area of 200 ha
(Hjaltason, 2004; Sveinbjornsdottir, 2008). Fossvogur fjord is a shallow
(maximum depth 6 m) branch of the Skerjafjoredhur fjord system with a single
inlet (Geirsdottir and Eiriksson, 1994). The study sites were selected to
represent water bodies with low microplastic pollution to better highlight the
research question.
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Figure 1.1. Locations of the sampling areas (dark blue). The positions of the
transects are shown as red lines, and populated areas are delimited in orange

(In).
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Microplastics in lake sediments (IV)

To assess the accumulation of microplastic pollution in Latvian lake
sediment archives, three lakes with varying protection status and distance from
urban areas were selected (Figure 1.2.). These included Pinku and Usmas lakes,
located within specially protected nature areas, and Seksu Lake, which is part
of the drinking water supply system.

Pinku lake is an oligotrophic/mesotrophic lake with high water quality.
It has an area of 29 ha, average and a maximum depth of 4.3 and 20 m,
respectively. The lake receives inflow from the nearby Salote pond and
groundwater, with its waters draining in the Kaulina river. Since 2004, Pinku
lake and its surrounding area has been included in a nature park, granting it
special protection status. No intensive economic activities are allowed in the
nature park. Pinku lake is a popular recreational site, with well-maintained
swimming areas along its shores (Kuldigas rajona Edoles pagasta
padome, 2004).

Usma lake is a mesotrophic/eutrophic lake with surface area of 3469.2
ha, average and maximum depth of 5.4 and 27 m, accordingly. The lake has
over ten inlets, including rivers, ditches, and streams, and is drained by the
Engure river. A part of Usma lake, located outside the sampling area, is
included in a nature reserve and a strict regime nature reserve, which is
uninhabited. However, the lake remains publicly accessible for recreational
activities. Treated wastewater is discharged in the lake, though the current
anthropogenic impact on the area is considered minimal (Latvijas Dabas
fonds, 2009).

Lake Seksu is a eutrophic lake with no inlets or outlets. It has a surface
area of 7.9 ha, average and maximum depth of 2.5 and 6 m, respectively. It is
part of the drinking water supply system and is included in the protected area of
the “Rigas Udens” water intakes, specifically the Baltezers water intake
protection zone. The lake contributes to the enrichment of groundwater near the
Baltezers pumping station. Located within a strict protection zone, access to
Seksu lake is limited, and the lake is not exposed to direct anthropogenic
impacts (Zarina, 2014).
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Figure 1.2. Location of study sites in three Latvian lakes, northeastern Europe:
1 — Pinku lake, 2 — Usmas lake, 3 — Seksu lake. Map is generated using
ArcMap 10.6.1. (IV).

Microplastics in lake water and sediments (I1T)

Velnezers is located in Jugla neighbourhood, Riga, and is surrounded by
residential buildings (Figure 1.3.). It is a eutrophic lake with no inlets or outlets,
area of 3.5 hectares, with an average and maximum depth of 4 and 7.4 m,
respectively. Its primary water source is groundwater (Pujate, 2015).
Historically, the surrounding area has been extensively used for various
industrial purposes. Land use changes around the lake began in the 1950s, and
in the 1960s the area underwent significant construction of multi-storey
apartment buildings, reaching the current level of urban infrastructure.
Wastewater has been discharged into Velnezers, leding to increased nutrient
concentrations and contributing to the lake's eutrophication (Lanka et al., 2024).
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Figure 1.3. Study area location within northern Europe (A), central Latvia (B), and
Lake Velnezers (C), with the red dot marking the deepest part of the lake and dashed
blue line the shore of lake (TII).

Microplastics in river surface water (I)

To evaluate microplastic pollution transported by rivers, surface water
samples were collected from the four largest Latvian rivers flowing in the Gulf
of Riga: Daugava, Liclupe, Gauja, and Salaca (Figure 1.4.).

Daugava is the largest river in Latvia, with a catchment area spanning
three countries — Belarus, Russia, and Latvia. Of its total catchment area of 87.9
thousand km?, 24.7 thousand km? (38%) lie within the territory of Latvia. The
river reaches depths of up to 30 m, has an average gradient of 22 cm/km, and
an average annual runoff of 20.5 km?>. Daugava hosts a cascade of hydroelectric
power plants and is a crucial source for drinking water production. During
strong northwestern winds, seawater from the Gulf of Riga can flow upstream
the river, raising water levels and causing flooding of low-lying areas. The
catchment area is primarily covered by forests (50%) and agricultural land
(20%) (Apstte, 2018; LVGMC, 2024a).

Lielupe is the second-largest river in Latvia with a length of 119 km and
catchment basin of 17600 km?, approximately half of which (8800 km?) lie
within the territory of Latvia. The river reaches depths of up to 20 m, with a
gradient of 9 cm/km, and has an average annual runoff of 3.6 km?3. The riverbed
of the Lielupe is situated below the average level of the Baltic Sea, which can
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lead to backflow during periods of high sea level. The catchment basin is
predominantly composed of agricultural land (52%) and forested areas (44%)
(Apsite, 2018; LVGMC, 2023b).

Gauja is the longest river in Latvia, stretching 452 km, with a catchment
area of 9100 km?, of which 7900 km? lie within the territory of Latvia. It has an
average annual runoff of 2.2 km?®, a maximum depth of 9 m, and a gradient of
up to 70 cm/km. The catchment area is predominantly covered by forests
(59%), followed by agricultural lands (30%) and swamps (5%). The Gauja is
distinguished by a significantly stronger current compared to other rivers in
Latvia (Apsite, 2018; LVGMC, 2023a).

Salaca has a length of 96 km and a catchment area of 3,200 km? in
Latvia. It has annual runoff of 1.1 km? and a gradient of 44 cm/km.
Approximately 60% of the catchment area is occupied by Burtnieku lake and
its tributaries. The majority of the catchment area is covered by forests (59%),
agricultural lands (34%) and bogs (4%) (Apsite, 2018; Kokorite and Kolcova,
2021; LVGMC, 2023a).

Daugava

Lielupe

0 510 20 30 40
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Figure 1.4. Sampling area in the Baltic Sea region. Represented catchment
basins within Latvia territory are highlighted as follows: Lielupe — yellow;
Daugava — orange; Gauja and Salaca — green (A). Sampling sites are marked
with red dots in the mouths of the four largest Latvian rivers (Lielupe,
Daugava, Gauja, Salaca) flowing in the Gulf of Riga (B).
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Microplastics in marine surface water (VI, VIII)

Samples were collected from the Latvian marine surface waters
(Figure 1.5.) to evaluate the spatial distribution and characteristics of
microplastic pollution.

12y

— Eastern Gotland Basin coast
—— Eastern Gotland Basin offshore
— Western coast of Gulf of Riga
» Southern coast of Gulf of Riga
,,,,,,,, ——— Eastern coast of Gulf of Riga

—— Central part of Gulf of Riga

Figure 1.5. Surface water microplastics sampling sites in the Eastern Gotland
Basin and in the Gulf of Riga. Arrows provide direction of the transect
(VIL, VIII).

The Baltic Sea is surrounded by nine countries — Finland, Russia,
Estonia, Latvia, Lithuania, Poland, Germany, Denmark and Sweden. It receives
water from catchment area of 1.6 million km? and is extensively utilized for
transport, commercial, and supply purposes, resulting in significant
anthropogenic pressure (HELCOM, 2018; Latvijas Republikas Zemkopibas
ministrija, 2020). The marine waters under Latvian jurisdiction can be divided
into two sub-basins: the Eastern Gotland Basin — part of the open Baltic Sea,
and the Gulf of Riga. Each sub-basin has distinct characteristics (Latvijas
Republikas Zemkopibas ministrija, 2020). The geographical characteristics of
the Baltic Sea and the Gulf of Riga restrict water exchange, which is influenced
by various hydrological and meteorological parameters. As a result, the
dispersion of microplastics is constrained (Latvijas Hidroekologijas institits,
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2012). The Gulf of Riga has a positive water cycle balance due to the inflow of
freshwater. The water exchange between the Baltic Sea and the Gulf of Riga is
on average 150-250 km? per year, or approximately 25% of the total water
volume of the Gulf. The Gulf is characterized by cyclonic surface water layer
circulation (Leppéranta and Myrberg, 2009), driven by prevailing winds and
the inflow of river water masses (Lapinskis, 2022; Lips et al., 2016a).

Microplastics in coastal beach sand (V)

Microplastic samples were collected from Latvian coastal beaches
(Figure 1.6.).

20°F 21°F 22°E 23°E 24°F

s8N
>z

410 24,
v dk
_— N1 . ‘
QL2 . 1
: \ GULF OF RIGA 23+
/ \ {
8,,‘/\/cnlspils 5 Ngl3 22|
\ Skulte
21p
4 4
20/
| .
\ ‘}5 I 19
- 7s s o
£ v L Riga
Pavilos(a® of Jurmala
o

o

3" Liepaja

BALTIC SEA

0 25 50 100 km
L 1 1 1 I

56

Figure 1.6. Sampling sites for micro- and mesoplastic pollution survey — 24
beaches along the Latvian coast and the placement of SmartBuoys. 1 — Pape;
2 — Jurmalciems; 3 — Liepaja; 4 — Liepaja Karosta; 5 — Akmenrags; 6 —
Pavilosta; 7 — Jurkalne; 8 — Ventspils; 9 — Irbe river inflow; 10 — Kolka; 11 —
Purciems; 12 — Roja; 13 — Mersrags; 14 — Abragciems; 15 — Engure; 16 —
Lapmezciems; 17-Majori; 18-Daugavgriva; 19-Vecaki; 20-Lilaste; 21-Saulkrasti;
22 — Laucu akmens; 23 — Tuja; 24 — Salacgriva; SmartBuoy near Pavilosta port
(A); SmartBuoy near Skulte port (B).
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The coastline stretches over a length of 498 km and border both the East
Gotland Basin in the open Baltic Sea and the partially enclosed Gulf of Riga.
The majority of the beaches are sandy, although some also feature gravel,
pebbles, and rocks. Approximately 40% of the country's population resides in
the coastal zone, and during the summer months the population and
environmental pressure in coastal settlements increase significantly. For
statistical analysis, the Gulf of Riga beaches were divided in three sub-units —
western, southern and eastern part.

1.2. Samples collection
Sampling method improvement (IT)

Samples were collected by trawling a Manta net (HydroBios, opening
30x15 cm, 300 pum, nylon) for 20 min from the side of the boat outside the
wake zone with the approximate speed of 1.2 knots. Filtered water volume (V,
m?) was calculated using measurements recorded from mechanical flow-metre
(HydroBios) and formula

V=023 xr xS, where

0.3 is a coefficient for flow metre blades perimeter, » is the number of
flow metre rotations, and S is the submerged area of net frame opening (0,021
m?). Filtered water volume varied from 2.28 to 23.28 m> (on average 12.70 m?).
After trawling the net was rinsed from the outside with water to concentrate the
sample in the cod end. Subsequently, the cod end was inverted inside out and
emptied in a pre-cleaned metal bowl through rinsing. Using tweezers large
natural objects (e.g. macroalgae, feathers, insects) were picked out, rinsed over
the sample using water and discarded. Sample was then concentrated through a
stainless-steel sieve (Retsch, diameter 10 cm, pore size 200 pm), transferred to
a glass tray, covered with metal lid and stored in 4 £2°C until treatment.

Microplastics in lake sediments (IV)

Sediments were collected from the deepest part of the lakes using Kajak
type gravity corer with inner diameter 5.2 cm; the tube was made of polyvinyl
chloride (PVC). In lakes Pinku (56.9995 N°, 21.687422 E°) and Usmas
(57.229256 N°, 22.174158 E°) 25 cm long cores were collected, while in lake
Seksu (57.036208 N°, 24.351869 E°) 45 cm long core. Collected cores were
divided in 1 cm layers in field; part of each layer was saved for core dating,
chemical and physical analysis, while remaining part was stored in pre-cleaned
glass jars, covered with metal lid and stored in 4 +2°C until treatment for
microplastics extraction.
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Microplastics in lake water and sediment (IIT)

Velnezers surface water microplastic samples were collected seven
times from April 2019 until January 2020 applying the method as described in
(IT). Filtered water volume varied from 24.23 to 29.33 m® (on average
27.23 m?). After collection, the samples were frozen at -4° C until treatment.

Sediment trap was deployed in February 2019 near the deepest part of
the lake, left for six months and emptied in August 2019, obtaining sample
representing the spring/summer season. It was repeatedly deployed, left for five
months and emptied in January 2020, obtaining sample representing
autumn/winter season.

At the deepest part of the lake (56.975949 N°, 24.247147 E°) a 32 cm
long sediment core was collected and stored as described in (IV).

Microplastics in river surface water (I)

The surface water microplastic samples of rivers Lielupe, Daugava,
Gauja and Salaca were collected approximately 300 m upstream of the river's
convergence with the sea against the river current every second month from
April 2022 until June 2023. In winter samples were not collected in rivers
Gauja and Salaca due to ice cover. Sapling and samples storage was conducted
as described in (II); the net mesh size was 100 um and trawling duration 30
min. Filtered water volume varied from 4.67 to 44.96 m® (on average 22,29
+1,35 m?).

Microplastics in marine surface water (VI, VIII)

Marine surface water microplastic samples were collected from May
until September 2018 using Manta net (HydroBios, net length 3 m, frame
opening 70x40 cm, mesh size 300 um). It was deployed from the side of the
vessel outside the wake zone and trawled for an hour with the approximate
speed of two knots. The start and end coordinates of each trawl were recorded
to later obtain information on the transect length. Filtered water volume (¥, m®)
was calculated using formula

V=L xS, where

L is the length of the transect (m) and S is the submerged net frame
opening area (0,175 m?). Filtered water volume varied from 35 to 1575 m?® (on
average 639.1 + 197.4 m®). Sampling was conducted as described in (II). After
collection, the samples were frozen at -4° C until treatment.
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Microplastics in coastal beach sand (V)

Sand microplastics samples were collected from 24 beaches along the
Latvian marine coast from June until August 2021. Detailed description of
beaches is available in the supplementary material of (V). A 100 m transect was
drawn parallel to the coastline, where beach sand is regularly washed by the
seawater. Along the transect, three 0.5x0.5 m areas were randomly chosen as
sampling points, and the upper 5 cm sand layer from respective area was sieved
through 5 and 1 mm stainless steel sieve (Retsch, diameter 30 cm) cascade.
Sample from each sieve was transferred to a glass jar using filtered water and
covered with metal lid. In cases when the granulometry of sand restricted
sieving, the whole sample volume was stored in a metal basket covered with
metal lid and transported to laboratory for microplastic extraction.

1.3. Samples purification

Several precautionary measures were taken to avoid unintentional
samples contamination or loss of particles (Kutralam-Muniasamy et al., 2023;
Prata et al., 2024) during samples handling. All solutions that came in contact
with samples were prefiltered through glass fibre filter (pore size 1.2 um).
Objects that came in contact with the samples were made of glass and metal,
avoiding plastic where possible, and were heated in 500 ° C for two hours or
precleaned by rinsing three times with filtered water. In cases when plastic
object had to be used (e.g., sediment corer tube (PVC), Manta net (nylon),
pressure bottles (Teflon), laboratory gloves (nitrile)), the polymer of the object
was identified and its spectra excluded from further analysis. A linen or cotton
laboratory coats were worn during samples purification and analysis. Samples
purification was carried out in fume hood or laminar flow box. Samples were
covered with aluminium foil at all times when not worked with. The same
sample beaker was used for respective sample throughout purification process
to minimise particle loss. To evaluate the extent of unintentional samples
contamination during purification, negative control samples in triplicate were
treated in the same manner as field samples. To assess the particle recovery
rate, positive control samples in triplicate were created and treated in the same
manner as field samples. These samples each contained 100 polystyrene (PS)
beads (@ 100 um, density 1.05 g/ml) and were filtered through 50 pm sieve
(I, IL, IIL, IV, VI, VIII) or 100 PS granules (@ 2.1 mm, density 1.05 g/ml) and
were filtered throughl mm sieve (V). The particles left in the positive control
samples after treatment were counted under the binocular.

To remove natural organic and mineral material from field samples, they
were purified using specially designed treatment protocol (Table 1.1.) that was
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modified based on sample characteristics (type and abundance of natural
organic and inorganic particles). For extracting moisture from samples they
were first frozen at -20 °C and dried in vacuum. After each sample treatment
step, the previous solution was removed by filtering sample through stainless
steel sieve (mesh size 50 um (I, VII), 100 pm (IV, V) or 200 pm (II, III, VI,
VIII)) or filter fixed in a vacuum filtering apparatus (10 um (VII) or 50 pm
(III)) and thoroughly rinsed with water at least three times to ensure maximum
particles recoverability. Then the sample was transferred from sieve or filter to
respective sample beaker using solution necessary for the next treatment step.
For size fractionation a 500 um stainless steel sieve was used.

Some treatment steps required controlling samples temperature — after
adding hydrogen peroxide (H»0O>), sodium hydroxide (NaOH), sodium dodecyl
sulphate (SDS) and enzymes (protease, alcalase, cellulase, viscozyme), they
were incubated in shaking water bath at 50 °C, but adding enzyme chitinase
they were incubated at 37 °C. Before Fenton’s oxidation samples were diluted
with water until 200 ml and warmed to 15-20 °C; during reaction the sample
temperature was controlled to 20-30 °C for at least 4 h using ice bath. Then the
samples were left at room temperature for 24 h. Two solutions with different pH
were used for enzymatic reactions — acetate buffer (pH 4.8) for cellulase,
viscozyme and chitinase, TRIS buffer (pH 8.2) for protease and alcalase.

To separate microplastic particles from natural mineral particles, the
sample together with high density solution sodium polytungstate (SPT, density
1.75 g/ml) were added to a separating funnel, manually aerated for 5 min and left
to settle for 24 h. Particles less dense than SPT solution, including microplastics,
accumulate at the surface on solution; they were filtered through sieve or filter
and rinsed using 500 ml warm (50 °C) water, 200 ml 50% ethanol and directed to
further treatment. Two repeated density separations were performed for the
settled part to increase particle recoverability.

After treatment samples were filtered on glass fibre filters fixed in a
vacuum filtering apparatus and saved in glass Petri dishes for visual analysis (I,
I, II1, V, VI, VII, VIII) or stored in 50% ethanol (III, IV) until further
analysis.
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Table 1.1.
Sample purification protocols used for microplastic particle extraction in
conducted studies (I-VIII).
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Microplastic recoverability assessment (VII)

Three experiments were conducted to assess microplastic particle
recoverability using two filtration methods, different treatment protocols and
different sized separation funnels.

Microplastic particle recoverability using different filtration methods

The effectiveness of two sample filtration methods: (A) by borosilicate
vacuum filtration assembly (consisting of top funnel, filter holder, filtering
flask) coupled with a stainless steel filter (10 um mesh size, @ 47 mm) and
fixed by aluminium clamp, (B) by wet sieving via woven wire mesh stainless
steel sieve (50 pm mesh size, @ 100 mm). Prepared triplicate samples of 100
PS beads added to 100 mL of filtered Milli-Q water were used. The extraction
procedure was repeated nine times for each method, simulating the longest
freshwater sediment microplastics extraction protocol (VII).

(A) Vacuum filtration — sample was poured on a 10 pum filter in
filtering apparatus, thoroughly rinsing the beaker and top funnel
multiple times to increase particle recoverability. Filter was saved in
a Petri dish. Top funnel of the used filtering apparatus was rinsed
and filtered on a clean 10 um filter fixed in a clean filtering
apparatus. Both filters were further analysed under a microscope to
register the number of beads found. After, the beads were flushed
from the filters into a clean beaker to repeat the process eight more
times (Figure 1.7.).
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Figure 1.7. Experiment design for microplastic recoverability depending on
extraction method — vacuum filtration. A — 100 polystyrene beads isolated in a
beaker with 100 ml of filtered Milli-Q water; B — liquid containing beads
filtered through 10 pm stainless steel filter; C — top funnel of the used filtering
apparatus rinsed and filtered on another 10 um stainless steel filter in a clean
filtering apparatus; D — beads on filters counted under the microscope;

E —process repeated (VII).

(B) sieve extraction — prepared sample was sieved through 50 um mesh
sieve, thoroughly rinsing the beaker multiple times to increase
particle recoverability. Beads from the sieve were rinsed in a clean
beaker and counted under a binocular. This process was repeated
eight more times (Figure 1.8.).
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Figure 1.8. Experiment design for microplastic recoverability depending on
extraction method — sieve filtration. A — 100 polystyrene beads isolated in a
beaker with 100 ml of filtered Milli-Q water; B — liquid containing beads
sieved through 50 pum stainless steel sieve; C — beads rinsed from the sieve in a
clean beaker; D — beads counted using binocular; E — process repeated (VII).
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Microplastic particle recoverability using different volume separatory
funnels

In total six wet marine sediment samples (50 ml) with an average dry
weight of 8.65 +0.54 g were spiked with 100 PS beads each and placed in two
250 mL, 500 mL and 1000 mL conical separatory funnels thoroughly rinsing
multiple times with SPT solution to increase recoverability (Figure 1.9.).
Thereafter, separatory funnels were filled with SPT solution up to two thirds of
the volume. The filled funnels were manually aerated for five minutes, placed
on a holder and left to settle for 24 h. The settled part of the sample was drained
off through the bottom of the funnel. The supernatant containing beads was
filtered through a 10 um filter fixed in a vacuum filtration assembly, thoroughly
rinsing the inside of the funnel using water. Top funnel of the used filtering
apparatus was rinsed and filtered on another 10 um filter placed in a clean
filtering apparatus. The collected beads were counted under binocular to
calculate recovery rate. The separation was performed three times for each
sample using the same separated sediment part, placing it back in the separatory
funnel, fixing SPT solution amount added and performing aeration.
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Figure 1.9. Experiment design for assessing microplastic recoverability for
sample volume/weight versus separatory funnel volume. A — Sample material
with 100 PS beads isolated in a beaker; B — material containing beads
transferred to separatory funnel together with SPT solution (heavy liquid),
aerated for 5 min; C — settling of sediments for 24 h; D — separation of settled
sediments; E — filtering of supernatant containing PS beads on 10 um stainless
steel filter; F — top funnel of used filtering apparatus rinsed and content filtered
on 10 um stainless steel filter using another clean top funnel; G — counting
beads on 10 pm metal filter under microscope; H — repeat steps B-G two more
times with settled sediment sample (from D) (VII).
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Microplastic particle recoverability using different purification protocols

To assess microplastic particle recoverability depending on the number
of consecutive purification steps included in the treatment protocol, 15 samples
containing 100 ml of water spiked with 100 red PS beads were created.
Samples were treated according to four existing purification protocols with
differing number of treatment steps:

(a) freshwater sediment protocol no. I consists of nine treatment steps
described in (IV).

(b) freshwater sediment protocol no. 2 consists of eight consecutive
treatment steps and is modified from protocol (a) — the first two steps (H20:
oxidation and freeze-drying) had been swapped, density separation consisted of
only two repetitions, during enzymatic treatment in TRIS buffer both 0.5 ml of
alcalase and protease were added, and samples were not preserved in ethanol.

(c) marine sediment protocol consists of five consecutive treatment steps
and is modified from protocol (a) — density separation with only two repetitions,
H>0» oxidation, enzymatic treatment using 0.5 ml protease in TRIS buffer and
0.5 ml viscozyme and un 0.1 ml chitinase in acetate buffer.

(d) marine surface water protocol consists of three consecutive treatment
steps described in (VIII).

To understand whether chemical treatment or the number of treatment steps
has a stronger effect on recovery, three prepared samples were subjected to a cycle
of nine successive vacuum filtrations (longest purification protocol (a)) without
adding any chemical reagent. For this purpose, along the percentage of recovered
beads per each treatment step, the relative recoverability was calculated as well,
which is a percentage of beads that were lost compared to the previous
treatment step.

After each treatment step samples were filtered in vacuum filtration
assembly through 10 pm stainless steel filters, counted under a binocular
registering the number of beads, and transferred back to previously used beaker
for further treatment.

1.4. Samples analysis

Microplastic particles >100 um (I, VII), >300 pm (II, IT1, VI, VIII) and
>]1 mm (V) were analysed visually using stereomicroscope ZEISS SteREO
Discovery V8 combined with camera Axiocam 208 and software Labscope
v3.4 (I, II) or microscope Leica DM400 B LED fitted with camera DFC 295
and software Leica Application Suite V4.1 (I11, V, VI, VII, VIII). The shape
(fragment, fibre, film, bead, foam, granule), colour, and size (length and width)
were recorded. Particles suitable for manual handling were picked out using
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tweezers and subjected to chemical analysis using Attenuated Total Reflection-
Fourier Transform infrared (ATR-FTIR) spectroscopy method using Nicolet
1520 spectrometer and OMNIC software. The software consists of 30 libraries
with more than 15000 spectra of natural and synthetic polymers. Each particle
was scanned 32 times per second with spectral resolution 4 cm™' and infrared
range 4000-400 cm™!. The automatic spectral match was set to 70%, however
all spectra were manually verified. Particles not suitable for manual transfer
were subjected to hot needle test (Cutroneo et al., 2020) to determine whether
the particle is of natural or synthetic origin.

Microplastic particles >50 pm (III) and >100 pm (IV) were analysed
using micro-Fourier Transform infrared (WFTIR) spectroscopy method using
Perkin Elmer Spotlight 400 spectrometer. A subsample of the total 5-ml sample
(at least 0.5 ml) was taken, filtered through 11-mm by 11-mm Si filter and left
to dry for 12 hours at room temperature. The analysis was done applying
LFTIR imaging technique in transmission mode in a spectral range of 4000 to
750 cm™' at 8 cm™! resolution scanning the whole surface of the filter. The
polymer assignments of the analysed particles were based on comparison with a
FTIR spectral library comprised of artificial polymers and natural organic and
inorganic material spectra. The threshold for accepting the match was set to
70%, but all matches were verified by the operator as well. Plastic particles
were also identified and categorized by size class for greatest length using 50-
pm intervals from 51 to 550 pm. One size step (50 pum) below and above
fractioning sieves size was chosen to recover as much particles as possible. To
characterise particle shape, the aspect ratio (AR) between particles shortest and
longest dimensions were calculated, defining four groups: AR<0,25, 0,25-0,50,
0,50-0,75, 0,75-1.
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2. Results
2.1. Sampling method improvement (II)

The number of microplastic particles found varied from 1 to 24 (on
average 6.4 particles) in samples collected from Medhalfellsvatn lake and from
2 to 13 (on average 6.4 particles) in samples from Fossvogur fjord.
Microplastic concentration was 0.06-1.51 particles/m> (on average 0.56 +0.11
particles/m?) in lake and 0.20-3.10 particles/m*> (on average 0.46 +0.12
particles/m?) in fjord. Through collecting multiple consecutive samples, the
average microplastic concentration (Figure 2.1. A) and standard error (Figure
2.1. B) variation decreases.
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Figure 2.1. A — mean microplastic (MP) concentrations applying replicate
sampling Montecarlo simulation method to (a) Lake Medalfellsvatn and (b)
Fossvogur Bay. B — standard errors of the mean of repeated simulations using
experimentally obtained MP concentrations for (a) Lake Medalfellsvatn and (b)
Fossvogur Bay in comparison to the study by Tanaka et al. (2022) (II).

When the number of replicates increased, the repeatability limit
decreased (Figure 2.2.). Calculations of the repeatability limit resulted in a
reduction in the difference between one and 12 sample replicas from 1.2 to 0.19
particles/m?® for Medalfellsvatn lake and from 1.33 to 0.12 particles/m?® for
Fossvogur bay, with a confidence of 95%.
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Figure 2.2. Repeatability limit of microplastic concentration (n/m?®) when using
variable numbers of replicate samplings (II).

Quality control

Procedural negative control samples showed unintentional samples
contamination up to 3.1 £1.4% on average. Positive control samples showed
89.0 +7.8% particles recovery rate. Data were not corrected based on quality
control results.

2.2. Microplastic recoverability assessment (VII)
Microplastic particle recoverability using different filtration methods

When comparing samples filtration through stainless steel filter in a
vacuum filtration assembly and sieving through stainless steel sieve, significant
differences were observed in terms of particle recoverability. Vacuum filtration
methods showed lower recoverability (Figure 2.3.). The particle recoverability
after first, fifth and ninth using vacuum filtration was 91.3%, 94.4% and 64.5%,
but using sieve filtration 88.0%, 37.7% and 81.6%, respectively. Among first
three filtration steps no significant difference in recoverability was observed; it
increases significantly after the fourth filtration.
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Figure 2.3. Recoverability of the 100 polystyrene beads depending on
extraction method (vacuum filtration and sieve extraction) during nine
consecutive treatment steps. Treatment steps: 1 — H>O» oxidation, 2 — freeze-
drying, 3 — density separation, 4 — treatment with surfactant, 5 and
6 —enzymatic treatment, 7 — Fenton oxidation, 8 — density separation,

9 — preservation in ethanol (VII).

Microplastic particle recoverability using different volume separatory
funnels

After three particle density separation repetitions using different volume
separatory funnels (250, 500 and 1000 ml), a higher recoverability was
observed for larger volume — 500 un 1000 ml — funnels, on average 87 £6%
and 82 £7%, respectively. The 250 ml funnel showed the lowest particle
recoverability — 69 +19%. Larger separation funnels enable higher
recoverability already after the first density separation — 97 +3% for 1000 ml,
77 £15% for 500 ml and 34 +£0.4% for 250 ml funnel.
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Microplastic particle recoverability using different purification protocols

All treatment protocols showed a decreasing particle recovery rate with
increasing number of processing steps (Figure 2.4. A); this trend coincides with
experiment assessing the particle recovery using vacuum filtration device
(Figure 2.4. B). The chemical reagent impact on particles was insignificant,
however the relative particle recoverability highlighted treatment steps leading
to more than 10% loss of particles — SDS treatment, Fenton oxidation, second
density separation and samples preservation in ethanol (Figure 2.4. C).

ﬂ ﬂ 100

@
S

-3
S

y=100-7.7x RZ =088
y=93-10x RZ;=091

Recovered (%)

IS
S

y=99-23x R} =022

Recovered (%)
5

25

Lost beads from
a previous step (%)

> 8 8
'

'

'

|

"
—l-
T

'

'

i

'

'

i

'

'

'

'

'

T

1

2
i

&

0 1 2 3 4 5 6 7 8 9
Number of treatment steps

Figure 2.4. A — regression curves of particle recoverability depending on the
number of treatment steps for different treatment protocols (two freshwater
sediment protocols with nine and eight treatment steps (a, b), marine sediment
protocol with five treatment steps (c) and marine surface water protocol with
three treatment steps (d)). B — percentage of recovered (intact) beads at
different chemical treatment steps based on the results of protocol (a).

C — recoverability compared to the previous treatment step; black dots and
line — recoverability (%) at nine successive vacuum filtrations without adding
any chemical reagent; black dashed line — more than 10% of the lost beads
compared to the previous step were regarded as a substantial drop of
recoverability. Treatment steps: 1 — H,O, oxidation, 2 — freeze-drying,

3 — density separation, 4 — treatment with surfactant, 5 and 6 — enzymatic
treatment, 7 — Fenton oxidation, 8 — density separation, 9 — preservation in
ethanol (VII).
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2.3. Microplastics in lake sediments (IV)

Microplastic pollution was found in all samples, even in layers
representing time before the mass production of plastics (Figure 2.5.). In Usmas
lake microplastic concentrations ranged 1.07-4.11 particles/g of dry sediments
(on average 2.47 £1.25 particles/g), in Pinku lake 0.80-10.63 particles/g (on
average 4.12 +4.18 particles/g) and in Seksu lake 2.25-100.09 particles/g (on
average 33.9 #40.76 particles/g). In all lakes the highest pollution
concentrations were observed in the upper, most recent sediment layers and
decreased with depth.

In Pinku lake 10 polymers, in Usmas lake 13 polymers and in Seksu
lake 14 polymers were identified. The most common polymers across all
sediment layers were polyacrylate (PA), polyethylene (PE), polyurethane
(PUR), polyvinyl acetate (PVA). Polymers such as polyester (PES),
polypropylene (PP), PS and different rubbers were found in the deepest and
upper sediment layers. In some samples biodegradable plastics were
identified — polylactic acid (PLA) and polyhydroxybutyrate (PHB). In the upper
15 cm (representing years 2019-1997) of Seksu lake most common polymers
were PE and PUR, constituting 26.6%, while in the upper 5 cm (2019-2002) of
Pinku lake 78,9% were PUR and rubber particles. Rubber particles made up the
majority of particles (46,2%) in the upper 5 cm (2019-1997) of Usmas lake.
The layer 5-10 cm for Usmas lake was damaged during treatment and excluded
from the data pool.

Microplastic particle shape differed across layers, however, it was
observed that particles with higher AR (rounder particles) appeared more often
in deeper layers (Figure 2.6.). Besides, particle shape was the only variable that
correlated with particle vertical downward migration.
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Figure 2.5. Chronology and associated MP mean concentration for Lake Seksu,
Lake Pinku, and Lake Usmas. The black solid line shows the weighted mean
ages of all depths, whereas the light grey area indicates the reconstructed 95%
chronological uncertainty band. Dates of lead isotope 2'°Pb and SCPs with their
error margin age-depth model uncertainties are displayed as light blue boxes.
Horizontal red line indicates year 1950 (IV).
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Figure 2.6. Particles aspect ratio (minor vs major dimension) throughout the
cores in lakes Pinku, Usmas, Seksu (IV).

Quality control

Procedural negative control samples showed low unintentional samples
contamination. Identified were mostly viscose particles (65.7-100%) and,
therefore, viscose was excluded from further analysis. Other polymers were
found in insignificant numbers. Positive control samples showed 32.6%
particles recovery rate. Data were not corrected based on quality control results.

2.4. Microplastics in lake water and sediments (I1T)

Microplastic in Velnezers surface water

Microplastic particles >300 um were found in all samples with average
concentration 3.35 particles/m®. Higher concentrations were observed at the

beginning of summer that decreased toward winter (Figure 2.7. A). Fibres were
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dominant particle shape, while fragments constituted relatively small portion
(Figure 2.7. B). Majority of particles lied in the size groups 1000-4999 pm and
500-999 um; particles in sizes 300-499 pm and >5000 um were observed less
often (Figure 2.7. C). Most common particle colours were blue, black, pink and
red (Figure 2.7. D). Polymer was verified for only 3.06% of all identified
particles. PP constituted 59.89%, PE 17.79%, PES un PS each 5.26%. The hot
needle method was applied to 11.65% out of 96.94% particles not verified
spectroscopically, revealing 57.14% being of synthetic and 42.86%
natural origin.

571 s5gp

B 75% 80% 85% 90% 95% 100%
April

May

w

<
2 =1 1 . June
2
% August

~

October

November

& PRRRS s P January
m Fibre Fragment

C 0% 20% 40% 60% 80% 100% | D 0% 20% 40% 60% 80% 100%

May May

June June
August August
October October

November

January -

m300-499 m500-999 m1000-4999 m >5000 mBlue mBlack mPink mRed — White mPurple mGreen & Other

November

January

Figure 2.7. Descriptive visualisations of the microplastic (MP) particles >300
um found in Lake Velnezers surface water during 2019 (April, May, June,
August, October, November) and 2020 (January): (A) seasonal dynamics of
MP concentration (particles/m?), dashed line indicates annual average and N/A
indicates months when MPs were not assessed; (B) shape; (C) MP particle
major dimension length, um; and (D) colour (I1I).
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Microplastic accumulation in Velnezers sediments

Over the one-year study period, the average MP deposition rate was
9.47 particles/cm?/yr or 4.31 pg/cm?/yr. During the autumn/winter season,
microplastic deposition was greater (16.52 particles/cm?/yr or 7.43 pg/cm?/yr)
than that in the spring/summer period (3.98 particles/cm?/yr or 1.88 ug/cm?/yr).
The most prevalent shape of the settled particles was fragments (99.54%), and
fibres were found only in the spring/summer sample. However, there was a
relatively higher amount of more elongated particles (AR 0<0.25 and
0.25<AR<0.5), accounting for 16.65% and 47.06% in the spring/summer
sample and 5.54% and 56.36% in the autumn/winter sample, respectively,
rather than rounder ones (AR 0.5<AR<0.75 and 0.75<AR<l). The dominant
particle size classes corresponding to the major dimensions were 100-199 pm
(53.24%), 50-99 um (21.30%) and 200-299 um (14.81%) for both seasons. The
identified polymers were PE (57.87%), PP (25.00%), PS (15.28%) and PA
(1.85%). The autumn/winter sample contained more PE than PP; however, the
spring/summer sample was dominated by PP.

Microplastic in Velnezers sediment core

Microplastics were detected throughout the sediment core with average
concentration 43.96 +34.69 particles/g or 20.99 +17.90 pg/g (min 5.20
particles/g or 4.43 pg/g in layer 30-32cm, representing years before 1890, up to
129.00 particles/g or 71.79 pg/g in layer 2-4 cm representing years 2018-2016)
(Figure 2.8. A). A negative correlation was observed between the depth of
sediments and microplastic concentration, indicating the decrease in pollution
levels with increasing depth (III supplementary material Figure 2A). The
dominant particle shape was fragment, constituting 97.93% on average (Figure
2.8. B), besides, more particles were elongated (0.25<AR<0.5 and 0<AR<0.25)
than round (0.5<AR<0.75 and 0.75<AR<l) shape (Figure 2.8. C). The
proportional differences of the defined AR groups in each sediment layer did
not reveal a correlation between particle elongation and depth. In terms of the
major dimensions of the particles, the 100-199 um size group was dominant
(49.18%), followed by the 200-299 um (22.57%) and 50-99 pum (16.25%) size
classes (Figure 2.8. D). Dominant polymers were PS, PE and PP
(Figure 2.8. E).
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Figure 2.8. Descriptive visualisations of the microplastic (MP) particles found
in the Lake Velnezers sediment core: (A) MP concentration (particles/g) and
mass (pg/g), the red dashed line indicates the sediment layer representing the

year 1950 when plastic mass production was assumed to have begun; (B)
shape; (C) aspect ratio (AR); (D) major dimension length of the MP particles,
um; (E) polymer type (PS — polystyrene, PE — polyethylene,

PP — polypropylene, PA — polyacrylate, ABS — acrylonitrile butadiene styrene,

PU — polyurethane) (III).

Quality control

Surface water procedural negative control samples showed unintentional
samples contamination up to 1.13% on average. Positive control samples
showed 93.3 +1.8% particles recovery rate. Sediment procedural negative
control samples showed unintentional samples contamination up to 1.39% for
sediment trap samples and up to 0.33% for sediment core samples. There was
high abundance of PET (91.55%) particles found in negative control samples
and PMMA polymer was occasionally used in samples handling, therefore
these two polymers were excluded from further analysis. Positive control
samples showed 91.7 £0.7% particles recovery rate. Data were not corrected
based on quality control results, except for the exclusion of PET and
PMMA particles.
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2.5. Microplastics in river surface water (I)

Microplastics were detected in all samples (Figure 2.9.) with
concentration varying from 0.63 to 132.88 particles/m® (on average 8.18 +1.94
particles/m® across all sample replicates). The lowest microplastic
concentration was recorded in Lielupe. Moderate pollution levels were
observed in Gauja and Daugava, whereas Salaca exhibited significantly higher
concentrations.
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Figure 2.9. Surface water microplastic (MP) pollution by season (average MP
concentrations of three replicates) in four Latvian rivers (Lielupe, Daugava,
Gauja, Salaca). The dashed lines indicate average MP concentrations per river.
Samples were not taken in December 2022 for rivers Gauja and Salaca (I).

The microplastic concentrations were relatively low in Lielupe with no
significant differences (p = 0.085) across months. Throughout the study period,
this river had the most consistent pollution levels while showing a minor
gradual increase over the observed period. Daugava exhibited moderate
microplastic concentrations, with the lowest in autumn (October 2022), and
significantly higher concentrations were observed in the early summer the
following year. Microplastic concentrations were relatively low in Gauja, with
a significant spike in early summer 2022 and a drop over the following
months. Salaca showed extreme fluctuations in microplastic concentrations
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across seasons, with the highest values occurring in spring and a significant
decrease in early summer.

Fibres and fragments were the most common particle shape. Fibres were
the most abundant in Lielupe (68.2%), while Salaca was dominated by
fragments (86.22%). The share of fibres and fragments in Daugava and Gauja
were similar — in Daugava 43.58 and 52.99%, in Gauja 45.08 and 47.34%,
respectively. Film, foam and bead particles were observed rarely.

Most particles lied in the size group 300-999 pm, followed by 1000-
4999 pm (Figure 2.10.). The least particles were in size group >5 mm. There
were no significant seasonal changes observed in terms sizes, however in June
2022 in Lielupe and in April 2023 in Salaca particles in sizes 100-199 um were
more abundant.
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Figure 2.10. Microplastic particle size in studied rivers surface water
throughout the study period (April 2022 - June 2023): (A) Lielupe; (B)
Daugava; (C) Gauja; (D) Salaca. Samples were not taken in December 2022 for
rivers Gauja and Salaca (I).

Majority of identified microplastic particles were black, transparent and
blue. Colours constituting <3% were classified as “other” (purple, orange,
brown).

The most frequently identified polymers were PE, PP and ethylene
propylene diene monomer (EPDM) (Figure 2.11.). EPDM comprised a
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significant proportion of the particles detected in the Salaca across all seasons
and in Daugava in August 2022. Other polymers, such as PES, PS, nylon and
PVC were present in varying amounts, with notable fluctuations in specific
months. No significant temporal trends in polymer distribution were observed
in Lielupe, Daugava and Salaca. In Gauja, PE exhibited a decreasing
insignificant trend, whereas a significant increase in the proportion of PP
particles was noted. Other polymers exhibited no significant temporal changes.
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Figure 2.11. Microplastic particle polymers in studied rivers surface water
throughout the study period (April 2022 - June 2023): (A) Lielupe; (B)
Daugava; (C) Gauja; (D) Salaca. PE — polyethylene, PP — polypropylene,
PES — polyester, EPDM — ethylene propylene diene monomer, PVC — polyvinyl
chloride. Samples were not taken in December 2022 for rivers
Gauja and Salaca (I).

Quality control

Procedural negative control samples contained on average 6.76 +0.73
fibres and showed unintentional samples contamination up to 3.23% on average
if only synthetic fibres are considered, or 9.66% if both synthetic and natural
fibres are taken into account. Positive control samples showed 92 +1.53%
particles recovery rate. Data were not corrected based on quality control results.
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2.6. Microplastics in marine surface water (VIIL, VI)

There were 16315 microplastic particles found in marine surface water
samples (on average 370.8 +£515.2 particles par sample) with concentrations
varying from 0.09 to 4.43 particles/m* (VIII Supplementary material 1). The
average microplastic concentration in Gulf of Riga was 1.0 £1.3 particles/m? in
the western part, 0.8 =0.7 particles/m? in the southern part, 0.6 +0.5 particles/m?
in the eastern part and 0.4 £0.1 particles/m’ in the central part. In Eastern
Gotland basin coastal part microplastic concentrations were 0.5 =+0.3
particles/m? and 0.4 £0.3 particles/m? in the offshore part. Pollution level was
significantly higher in the Gulf of Riga than in the Eastern Gotland basin, and
coastal waters were more polluted than offshore areas.

The most common colours were white (30.1%), black (24.6%) and blue
(20.5%). Other colours as pink (5.6%), green (4.4%), grey (2.5%), purple
(2.4%), transparent (1.8%), yellow (1.4%), orange (1.2%) and brown (0.6%)
constituted a smaller portion. Notably, the most common colours for fibres
were black and blue, while for other particle shapes it was white.

Fibres were the dominant particle shape, and fragments were less common
(Figure 2.12.). Film, beads and foams were identified more rarely. The western
and eastern parts of Gulf of Riga exhibited a higher abundance of fibres than the
southern part and coastal area of Eastern Gotland basin.

Particles sized 0.3-1 mm were more common (74% fibres, 53.2% other
particle shapes), followed by size group 1-5 mm (24.7% fibres, 43.4% other
particle shapes). The least observed particle sizes were with the major
dimension >20 mm. There was higher abundance of relatively larger particles
in the Eastern Gotland basin.

Polymer composition was identified for 5285 particles, accounting for
74.45% of all non-fibre particles. Dominant polymers were PE and PP, while
PS, PES and nylon were detected less often. In certain sampling locations,
particularly in the western part of the Gulf of Riga, a relatively higher
proportion of less common polymers as acrylates, acetates, PET, rubber, PVC,
and polyamide was observed. Polymer composition varied significantly
between samples (Figure 2.13.). For example, no PE particles were identified in
sample no. 24, whereas PE was the sole polymer detected in sample no. 8.
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Figure 2.12. Microplastic particle shape distribution at sampled stations
grouped in regional subunits: A, G — Eastern Gotland Basin coastal area; B,
H — Eastern Gotland Basin offshore area; C, I — Western part of the Gulf of

Riga; D, J — Southern part of the Gulf of Riga; E, K — Eastern part of the Gulf
of Riga, F, L — central part of the Gulf of Riga (VIII, VI).
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Figure 2.13. Microplastic particle (excluding fibres) polymer distribution at

sampled stations grouped in regional subunits: A, G — Eastern Gotland Basin
coastal area; B, G — Eastern Gotland Basin offshore area; C, I —
the Gulf of Riga; D, J — Southern part of the Gulf of Riga; E, K — Eastern part
of the Gulf of Riga; F, L — central part of the Gulf of Riga. PE — polyethylene,

PP — polypropylene, PS — polystyrene, PES — polyester (VIII, VI).
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Generally, the proportion of PE increased while the proportion of PP
decreased with decrease of particle size. The exception from this tendency was
particles belonging to >20 mm size class since the number of particles found in
this group was relatively low, so it was not possible to determine whether this
proportion would hold true if a bigger particle pool would be examined. PS
particles were present in size groups 0.3-1, 1-5 and 10-20 mm, while nylon
particles were observed only in size groups 1-5 and 5-10 mm. Both of the latter
polymers show polymer-size relationships similar to the one observed for PP.
PES particles were observed only in the size group >20 mm.

From all identified fibres only 1.98% were tested for polymer
composition. The majority were PP (48.3%), PE (21.68%) and PET (6.1%).
Other polymers as nylon (3.9%), PES (3.3%), PS (1.1%) and polyethylene
vinyl acetate (PVA, 1.1%) constituted a smaller portion. Part of fibres (6.1%)
showed organic non-polymer composition. Similarly to other particle shapes,
also for fibres the share of PE increased and share of PP decreased with the
decreasing particle size.

Quality control

Procedural negative control samples showed unintentional samples
contamination up to 6.8% on average. Positive control samples showed 92.5
+2.5% particles recovery rate. Data were not corrected based on quality control
results.

2.7. Microplastics in coastal beach sand (V)

Mesoplastic particles (>5 mm) were found in 22 from 24 studied
beaches (Figure 2.14. A). Concentration varied from 0.01 to 0.69 particles per
kg of dry sand (V Supplementary figure S2, Table S5). The average
mesoplastic concentration on the open Baltic Sea coast beaches was 0.16
particles/kg, and on the Gulf of Riga coast it was 0.10 particles/kg. Microplastic
particles (1-5 mm) were identified in all samples with concentrations ranging
from 0.31 to 11.17 particles/kg (V Supplementary figure S2, Table S4) (Figure
2.14. A). The average microplastic concentration on the open Baltic Sea coast
beaches was 3.93 particles/kg, and on the Gulf of Riga coast it was
2.44 particles/kg.

Particles were divided in groups based on their size with 1 mm intervals.
Most commonly particles were observed to be 1-2 mm in their largest
dimension, while particles >5 mm occurred the least (Figure 2.14. B).
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Figure 2.14. Micro- and mesoplastic concentration in beach sand at study sites
(as in Figure 1.6.). (A) Concentration (particles/kg dry sand); (B) Particles size
fractions percentage distribution (V).

More than 60% of mesoplastic particles were fibres and 31% were
fragments. Films were identified rarely. Some beaches — Akmenrags, Ventspils,
Majori — were distinctly dominated by fragments. Approximately 70% of
microplastic particles were fibres and 30% were fragments. In Akmenrags,
Ventspils and Abragciems majority of particles were fragments (Figure 2.15.).

In both size categories (1-5 and >5 mm) black (28 and 29%), white (27
and 15%), blue (11 and 25%) and transparent (10 and 9%) were most common
colours. Other colours, such as red, pink, purple, green, grey, orange, yellow,
brown and multicoloured, did now exceed 9% share.

In the mesoplastic size group polymer was tested for 35.8% of identified
particles. PE constituted 57.9%, PP 26.3%, PS 1.3%. Other polymers as PES,
acrylic, polyurethane (PUR) and others made up to 132% in total. For
microplastic particles 28.6% were tested for polymer composition, showing PE
to be the most abundant at 70.3%, followed by PP (21.5%), and PS (3.8%). Other
polymers as PES, acrylic, ethylene vinyl acetate (EVA), PET and PLA
constituted up to 1.6%.

Comparing the open Baltic Sea coastal beaches to the western, southern
and eastern Gulf of Riga no significant differences were observed in the
pollution concentrations. On the eastern Gulf of Riga beaches higher
microplastic concentrations were observed than on the western part. The
beaches suitability for recreation did not correlate to the pollution extent,
however, fragment and film shaped particles showed slightly higher
relationship then fibres.

105



NN NN
B WN -

1 %] .

2 ¢ ——

3 8] —

4% -

5 %ill ——— O )€

6 % m— Bltic Sea

7 ¢

8 E:I e e e e AN, _ _ _ _ _ _ e

9 ¢ .

10 £ ® Gulf of Riga
2 1o = Gulf of Rig
212 | ————

E_ 13 Ej —
s ————————————
& 14 IS.1 —

15 |_1 —— )

16 ?1 fiber

17 81 — . film

v e—

18 f:] = . fragment

19 ¢ =

20 %

£ .
2
!
2 =

]
3
B

0% 25% 50% 75%
Particle count represented as a percentage

Figure 2.15. Micro- (S) and mesoplastic (L) particle shape distribution.
Sampling sites as per Figure 1.6. (V).

A relationship between the microplastic and fibre concentration and the
sand grain granulometry was observed — higher particle, especially fibre,
concentrations were observed in beaches with coarser sand (V Supplementary
material Figure S3). The mesoplastic size group showed no correlation with
sand granulometry (V Supplementary material Figure S4). The microplastic
and concentrations and sand granulometry in the open Baltic Sea part and Gulf
of Riga eastern part beaches were more similar than other defined sub-regions.

Quality control
In procedural negative control samples five fibres >5 mm were found.

Positive control samples showed 99% particles recovery rate. Data were not
corrected based on quality control results.
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3. Discussion

The aim of the doctoral thesis is to improve microplastic sampling (II) and
treatment (VII) methods and to characterize microplastic pollution in Latvian
aquatic habitats — lakes (III, IV), rivers (I), sea (VI, VIII) and coastal beaches
(V). The conducted studies provide foundational data for assessing microplastic
pollution in Latvian aquatic habitats. The findings can serve as a baseline for
developing monitoring datasets, establishing threshold values, and advancing
scientific understanding of the distribution and spread of microplastic pollution
within Latvian aquatic ecosystems.

3.1. Assessment of methodology
Sampling method improvement (IT)

The findings of study (II) confirmed the presence of microplastics in all
samples, with pollution concentrations varying by up to tenfold across
replicates. Collecting a single sample without accounting for the spatial and
temporal variability of microplastic pollution (Courtene-Jones et al., 2022;
Syberg et al., 2020) may lead to unrepresentative data, particularly in areas with
low pollution levels. To enhance data accuracy, increasing the sample size or
collecting multiple replicates is essential (Pasquier et al., 2022). However,
larger sample volumes may introduce technical challenges, such as net clogging
(Lusher et al., 2014). Study (II) demonstrated that three to five replicates
significantly reduce standard error and provide more reliable pollution
concentration estimates (Bruge et al., 2020). While a greater number of
replicates improves accuracy, the associated costs in terms of resources and
time must be considered. Based on these findings, it is recommended to collect
microplastic samples using a minimum of three replicates to ensure
representative and resource efficient data.

The surface water microplastic concentration is highly dynamic,
influenced by meteorological and hydrological conditions (Fischer et al., 2016)
as well as polymer density (Atugoda et al., 2020; Kumar et al., 2021). The most
commonly used method for sample collection is the Manta net with a 300 pm
mesh size, which enables efficient filtration of large water volumes and is
particularly suitable for monitoring purposes (Galgani et al., 2024; Hengstmann
et al., 2018; Pasquier et al., 2022). Alternative approaches, such as pump
systems with filter cascades, allow to capture smaller particles but are more
time-intensive and process smaller water volumes. While finer filters provide
more comprehensive data on pollution and associated risks (Thornton Hampton
et al., 2022), they are prone to clogging from suspended material and demand
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greater resources for sample processing and analysis. Research design should
therefore balance resource availability with the minimum particle size required
to meet study objectives.

Microplastic recoverability assessment (VII)

Microplastic concentration is a key indicator of pollution, however, it
can be influenced by unintentional contamination and particle loss during
sample collection and purification, which may lead to overestimated or
underestimated results (Kutralam-Muniasamy et al., 2023; Way et al., 2022;
Weber et al., 2021). Particle recovery tests have indicated that microplastics
can be underestimated by up to 14% (Way et al., 2022), highlighting the
importance of positive controls to enhance research reliability. Study (VII)
demonstrated that the use of partially sealed vacuum filtration devices increases
particle loss, whereas sieves yield higher recovery rates. This finding was also
supported by Nakajima et al., 2019. However, sieves are not suitable for
analysing particles <50 pm due to flow-through challenges caused by mesh
surface tension.

The study (VII) also revealed that a greater number of sample
purification steps result in lower particle recoveries, while shorter protocols
enhance recovery rates. For instance, Olesen et al. (2019) reported a 96%
recovery rate of PS beads with the shortest protocol, compared to only 64%
with the longest. To minimize particle loss, especially in cases where low
microplastic contamination is expected, it is advisable to reduce the number of
samples purification steps (Enders et al., 2020; Nakajima et al., 2019) and to
adopt methods that are gentle on microplastic particles (Karami et al., 2017;
Pfeiffer and Fischer, 2020).

The study (VII) demonstrated a higher particle recovery rate during
density extraction when a larger-volume separatory funnel is used and
suggested that large volume samples should be divided in smaller sub-samples
for optimal recovery efficiency. Recovery rates are influenced not only by the
funnel volume but also by sediment characteristics, microplastic properties
(e.g., shape, size, density), and the density of the extraction solution (Crutchett
and Bornt, 2024; Enders et al., 2020; Hengstmann et al., 2018; Quinn et al.,
2017). For instance Hurley et al. (2018) reported 100% recovery for larger
microplastic beads but only 82% for small fibres, indicating size-dependent
variability. While higher-density extraction solutions improve recovery
efficiency, they can be costly and potentially toxic (Katsumi et al., 2022).

To ensure data reliability, it is essential to assess particle recovery
throughout the sample preparation process (Enders et al., 2020) and mitigate
the risk of false-positive conclusions regarding study quality (Hengstmann et
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al., 2018; Imhof et al., 2012). The 100 pum beads used in study (VII) do not
fully represent the recovery rates of different environmental microplastic
morphologies, such as fibres or fragments (Hengstmann et al., 2018; Olesen et
al., 2019). Future research could be improved by incorporating a wider range of
particle shapes and sizes in control samples, providing a more accurate
assessment of microplastic recovery in environmental samples.

3.2. Results interpretation and comparison with previous studies
Lakes

The degree of urbanization and industrialisation in the vicinity of a lake
is a key factor influencing pollution levels (Nava et al., 2023). The landscape
surrounding Lake Velnezers has undergone significant anthropogenic
modification over the past century. Microplastic concentrations in the lake’s
surface waters (0.75-5.71 particles/m®) (ILI) are comparable to those reported in
other lakes, such as Lake Winnipeg in Canada (0.58-8.31 particles/m?®) and
Chusi and Bolsena in Italy (0.82-4.41 particles/m®) (Anderson et al., 2017;
Fischer et al., 2016), indicating moderate to relatively low pollution levels.
Fibres, which are commonly associated with waterbodies near populated areas
(Kumar et al., 2021; Uurasjérvi et al., 2020), were frequently detected in
Velnezers. The predominant polymers identified in study (III), as well as in
previous research (Malla-Pradhan et al., 2023; Sighicelli et al., 2018;
Uurasjarvi et al., 2020), were PP and PE. Additionally, 42.86% of the identified
fibres were of natural origin, aligning with findings from other aquatic
environments (Stanton et al., 2019; Suaria et al., 2020). Given the potential for
misclassification during visual analysis, analytical chemistry techniques are
recommended to accurately distinguish synthetic microplastics from natural
fibres and prevent overestimation of pollution levels.

Microplastic concentrations in Lake Velnezers surface waters were higher in
late spring and early summer, likely due to increased aggregation with suspended
organic matter (Atugoda et al., 2020; Li et al., 2023). In autumn, concentrations
declined as organic matter settled, leading to elevated microplastic contamination
in sediments during autumn and winter compared to spring and summer (III).
This seasonal variation suggests active vertical transport of microplastics toward
the lakebed.

Sediment traps have emerged as a novel tool in microplastic research,
offering insights into pollution accumulation rates not dependent of sediment
deposition intensity (Saarni et al., 2023, 2021). Over long-term applications,
this method has the potential to replace sediment core analysis for historical
pollution assessments. In Lake Velnezers, microplastic accumulation
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(22.20 particles/cm?/year) was seven times higher than in Finland’s lake
Haukivesi (Saarni et al., 2021) and 300 times higher than in Kallavesi lake
(Saarni et al., 2023). The slow water exchange characteristic of small, enclosed
lakes such as Velnezers facilitates vertical transport and accumulation of
microplastics (Lambert and Wagner, 2018). Additionally, sediments tend to
contain a higher proportion of microplastic fragments, whereas fibres dominate
surface waters, likely due to the progressive fragmentation of fibres over time
(Saarni et al., 2023, 2021).

Microplastic contamination was detected in the sediments of all studied
lakes, including those with special protection status (Usma, Pinku, and Seksu).
Notably, Lake Seksu, which is part of the drinking water system, exhibited the
highest contamination levels among the protected lakes. This finding suggests
that access restrictions alone do not prevent microplastic pollution, as it can
originate from atmospheric deposition (Evangeliou et al., 2020; Huang et al.,
2021) and surface runoff (Werbowski et al., 2021).

Recent research on microplastics as a stratigraphic marker of the
Anthropocene challenge the assumption that these particles are absent from
sediment layers representing time before plastic mass production (1950s). In
studies (IIL, I'V), microplastic particles were identified in older sediment layers,
indicating vertical transport influenced by particle morphology. Other studies
have shown that sediment properties, bioturbation, pore water movement, and
other factors contribute to microplastic migration (Nékki et al., 2017). This
indicates that microplastic accumulation in sediments is dynamic and highlights
the potential for microplastic contamination in previously undisturbed
environments, including underground aquifers (Xu et al., 2024). Importantly,
the negative control samples performed in studies (III, IV) confirm that the
presence of microplastics in deeper layers is not due to unintentional
contamination during sample processing.

Rivers

Estuaries serve as transitional zones between freshwater and marine
ecosystems, where dynamic water flow facilitates pollutant resuspension and
transport (Waldschldger et al., 2020). While microplastic pollution in rivers has
been increasingly studied, the influence of seasonal variations remains poorly
understood (Huang et al., 2023). Most research has focused on regions with
pronounced precipitation fluctuations, whereas studies in areas with distinct
seasonal temperature changes are limited (Atugoda et al., 2020; Huang et al.,
2023; Waldschliager et al., 2020; Werbowski et al., 2021). Seasonal factors,
such as snow accumulation and melt, play a crucial role in microplastic
transport. Snow captures atmospheric microplastics, which are subsequently
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released into aquatic systems through surface runoff during melting (Bergmann
et al., 2019; Evangeliou et al., 2020; Werbowski et al., 2021). A study in
Ottawa river, Canada, reported a 114-fold increase in microplastic
concentrations during spring snowmelt, highlighting the significance of
temperature-driven precipitation events in microplastic transport (Forrest et al.,
2022).

Seasonal variations in microplastic concentrations differ across regions.
In the Houjin River, Taiwan, higher pollution levels were recorded during the
dry season (183.33 £128.95 particles/m*) compared to the rainy season (102.08
+45.80 particles/m?) (Huang et al., 2023). Conversely, in Yangtze River, China,
microplastic concentrations were greater during the rainy season (1.32 +1.09
particles/m?) than in the dry season (0.70 £0.28 particles/m®) (Wu et al., 2024).
Latvian rivers did not exhibit significant seasonal variations in water flow,
though an increase in water volume can be observed in spring and autumn
(LVGMC, 2024Db). The present study (I) found no correlation between seasons
and microplastic pollution, likely due to the relatively minor fluctuations in
water levels. Not considering seasonal variations, the Houjin River exhibited
significantly higher microplastic pollution levels than Latvian rivers, likely due
to its passage through a densely populated and industrialized area, where it
receives both domestic and industrial wastewater (Huang et al., 2023;
Vermeiren et al., 2021). In contrast, Forrest et al. (2022) reported lower
microplastic concentrations (average 1.35 particles/m®) in the Ottawa River,
Canada, compared to Latvian rivers. In all mentioned studies fibres were
ominant particle shape, same as in Lielupe (68.02%).

The mesh size of the filtration device significantly influences the
quantity of microplastics collected. For instance Song et al. (2014) found that a
net with 50 pm mesh captured a much higher microplastics concentration (1143
+£3353 particles/m?®) than a 330 um mesh net (47 £192 particles/m?®), which
retained only 4% of the potential environmental microplastic particles.
Additionally, 50% of the collected particles were reported to be smaller than
100 pm, indicating that larger mesh sizes may lead to underestimation of
pollution levels. While smaller microplastic particles are generally more
abundant (Huang et al., 2023; Waldschldger et al., 2020), study (I) found a
dominance of larger particles (300-999 um).

Marine environment
Microplastic pollution in aquatic environments is generally considered
low when it does not exceed 10 particles/m* (Waldschléger et al., 2020). In the

surface waters of the Baltic Sea, concentrations typically remain below this
threshold, with reported levels ranging from 0.19 to 7.73 particles/m’® in the
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Stockholm Archipelago (Gewert et al., 2017), 0.18 to 0.92 particles/m? in the
Gullmar Fjord (Karlsson et al., 2020), and 0 to 0.8 particles/m? in the Gulf of
Finland (Setdld et al., 2016). Similar findings were observed in studies (VI,
VIII), with microplastic concentrations ranging between 0.09 and 4.43
particles/m>. Consistent with freshwater ecosystems (I, III), fibres were the
dominant microplastic type in marine environments (VI, VII), as their larger
surface area enhances buoyancy and facilitates long-range transport (Atugoda
et al., 2020; Kaiser et al., 2017; Kumar et al., 2021). However, some studies
have reported lower fibre proportions, such as 3% in China's Bohai Sea (Zhang
et al., 2017) and 10% in Sweden's Gullmar Fjord (Karlsson et al., 2020). The
exclusion of fibres or the absence of chemical composition analysis can lead to
inaccurate pollution assessments (Rebelein et al., 2021).

Beaches serve as dynamic interfaces between marine and terrestrial
environments, acting both as sinks and sources of microplastic pollution.
However, the mechanisms governing microplastic transport and accumulation
remain poorly understood (Rohais et al., 2024). Microplastic pollution on
Latvia’s open Baltic Sea coast was higher than in the Gulf of Riga, likely due to
the coarser sand granulometry and greater wave energy in open-sea beaches
(V). In contrast, the finer sand and lower wave energy of Gulf of Riga beaches
contributed to lower microplastic concentrations. Previous studies have
reported conflicting findings, with higher microplastic accumulation observed
on beaches with finer sand, as these sediments remain suspended longer and
facilitate transport for greater distances (Harris, 2020; Mendes et al., 2021;
Wilson et al., 2021). The eastern coast of the Gulf of Riga exhibited higher
pollution levels than the western and southern coasts. This pattern is likely
influenced by anticyclonic water circulation, which transports pollutants from
the southern part of the bay to the eastern shore (Frishfelds et al., 2022; Lips et
al., 2016b). Study (V) further indicated that smaller particles constituted a
larger share of the pollution, with PE, PP, and PS dominating across all size
fractions, suggesting ongoing plastic fragmentation.

Establishing a clear relationship between microplastic pollution and
human activities is challenging, with different studies yielding ambiguous
conclusions. While population density is often considered the primary driver of
microplastic contamination (Corcoran et al., 2020; Van Cauwenberghe et al.,
2015; Vermeiren et al., 2021), other factors, including tourism, riverine input,
and atmospheric deposition, also play significant roles (Allen et al., 2020;
Vermeiren et al., 2021). The open Baltic Sea coastal beaches of Latvia have
lower population densities and receive less recreational load compared to the
beaches of the Gulf of Riga (Centrala statistikas parvalde, 2022; Ruskule et al.,
2018). However, same as observed in Latvian beaches (V), also on the Belgian
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coast no significant correlation was found between coastal tourism suitability
and microplastic concentrations (Claessens et al., 2011).

3.3. Recommendations for monitoring system development and further
research

Monitoring programs rely on standardised protocols and databases to
ensure consistent and representative results (Galgani et al., 2024; Official
Journal of the European Union, 2017; Prata et al., 2024). For instance, the
Drinking Water Directive (2020/2184) recognizes microplastics as a potential
health risk; however, further preliminary data are required to establish
environmental quality standards. Surface water quality regulations include a
watch list of substances, which will include microplastics once suitable
monitoring methods are developed (European Commission, 2022; European
Parlament, 2023). The first monitoring report on microplastics, released in
2024, outlines detection methods in drinking water, though recommendations
are incomplete and unverified (Belz et al., 2024). To promote international
comparability, the Helsinki Convention has issued guidelines for marine
microplastic sampling and analysis; however, these guidelines are non-legally
binding (HELCOM, 2022a, 2022b). Additionally, the International
Organization for Standardization has published several relevant standards,
including ISO 24187:2023, which specifies minimum requirements for
detection of microplastics in various environmental matrices (ISO, 2023). In
alignment with regulatory frameworks, Latvia is implementing harmonised
microplastic monitoring programs (Eiropas Parlaments, 2020, 2000; European
Commission, 2022; LVGMC, 2024a, 2023b, 2023a; Official Journal of the
European Union, 2008). Studies I-VIII compile initial data on microplastic
pollution in Latvian waters, propose methodological improvements, and offer
recommendations for monitoring, which can inform regulatory modifications
and the establishment of pollution thresholds.

Principles for microplastic monitoring quality assurance

Microplastic pollution research involves samples collection, processing,
and analysis, simultaneously ensuring quality and comparability. For effective
microplastic monitoring, a combination of two methods is recommended:
surface water filtration using a Manta net or pump, and sediment traps (III).
This integrated approach would enable the assessment of polymers with
varying densities and provide a comprehensive understanding of pollution
across different sections of the water body (Choy et al., 2019; Pabortsava and
Lampitt, 2020; Sebille et al., 2020). Filtration with a Manta net is efficient for
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collecting large sample volumes, but it is often not suitable for particles <100
pm. For capturing such fine particles, a pump-based filtration system is more
appropriate (Galgani et al., 2024; Gao et al., 2023; Pasquier et al., 2022; Prata
et al., 2024; Zhang et al., 2023). To ensure the reliability and representativeness
of the data, it is essential to collect at least three replicate samples (II)
(Karlsson et al., 2020; Pasquier et al., 2022). To determine the most
representative season for assessing pollution levels, it is recommended to
conduct a pilot study over at least two years, incorporating data from different
seasons (III). For instance, in the Latvian context, monitoring microplastics
during the winter months presents significant challenges (I, ITI, V) due to low
temperatures. While sediment boreholes are not ideal for monitoring due to the
vertical migration of microplastics (III, IV), they may provide an initial
overview of the pollution levels in a water body (Osorio et al., 2021). In
contrast, sediment trap method offers valuable insights into the rate of pollution
accumulation and real-time variations (I1I).

Microplastic sample purification process must adhere to high standards
to minimize contamination, loss and damage, and should include both positive
and negative control samples. To mitigate the risk of contamination, several
principles should be followed, such as thoroughly cleaning reagents and
equipment, and conducting the work in a space with filtered air, such as laminar
flow hood (Gao et al., 2023; Jones et al., 2024; Kutralam-Muniasamy et al.,
2023). The processing should also follow the shortest possible protocol (VII)
and employ gentle techniques that do not cause degradation of the microplastic
particles (Osorio et al., 2021; Pfeiffer and Fischer, 2020; Prata et al., 2024).
Density separation is more effective with high-density solutions (e.g., ZnClz,
ZnBr», Nal), although these can be toxic and costly. In contrast, low-density
solutions (e.g., NaCl, CaCl.) are safer and more affordable, but less efficient at
recovering high-density polymers (Osorio et al., 2021; Prata et al., 2024;
Thomas et al., 2020). Regardless of the purification methods employed, the use
of both positive and negative control samples and reporting control results are
essential, and the environmental samples data should be reported with no
corrections based on the control results. To ensure consistent, comparable, and
high-quality results, it is crucial to implement an internationally standardised
protocol for sample processing (Gao et al., 2023; Prata et al., 2024).

There are a variety of methods employed for microplastic analysis,
which complicates data comparability. Visual analysis is the simplest and most
cost-effective method; however, it is subjective and susceptible to error,
potentially leading to an overestimation of microplastic concentrations by up to
30% (Prata et al., 2024). It is recommended to combine visual analysis with
more precise techniques, such as the hot needle method, or to use chemical
analysis methods (e.g., ATR-FTIR, Raman spectroscopy, thermal analysis) that
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provide information on the synthetic origin and polymer composition of the
particles. In cases when samples contain large number of particles, it is
common to analyse only a subset of the sample; however, care must be taken to
ensure that the sample remains representative. Sample splitting should be
avoided, if possible (Brandt et al., 2021).

Data reporting must adhere to principles that ensure comparability and
accurately reflect the methods of sample collection and analysis. When
collecting water microplastic samples, the concentration should be expressed as
the number of particles or mass per unit volume (m? or L), while sediment
samples should report concentrations relative to the dry mass or volume of the
collected sample (g, cm®, or kg) (Prata et al., 2024). Expression of pollution
concentration per unit area (e.g., cm? m?, km?) is acceptable in cases where
field observations are made visually or with optical equipment. Extrapolating
results to larger units of measurement is not recommended (Belz et al., 2024,
Waldschldger et al., 2020). The analytical method used dictates the form in
which results are expressed: for microscopy-based methods (e.g., visual
analysis, electron microscopy), data are reported as the number of particles
along with their sizes, whereas thermal analytical methods (e.g., pyrolysis or
gas chromatography combined with mass spectrometry) report results as mass
(ng, pg, or g) per unit (Belz et al., 2024).

Further research

There is a need for additional extensive research to fully understand the
sources of microplastic pollution, its transport pathways, and the parameters
influencing its dynamics, accumulation, and distribution characteristics
(Galgani et al., 2024). Furthermore, the impacts of microplastics on ecosystems
and living organisms remain weakly explored. Following the development of a
more comprehensive microplastic pollution database, the application of model
simulations would provide significant insights into the potential fate of
microplastics in the environment, facilitating comparisons with the existing
knowledge.
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Conclusions

Microplastic pollution, encompassing particle ranging from 50 pum (III),
100 pm (I, IV, VII), 300 pm (1L, I1I, VI, VIII) and 1000 pm (V), was
detected across all studied aquatic habitats. The predominant particle
shapes were fibres and fragments, with polyethylene and polypropylene
being the most common polymers. The overall microplastic pollution
level in Latvian water bodies is assessed as moderate. However, it is
recommended to establish monitoring programs to track changes over
time, with efforts made to align these programs with internationally
recognised and standardised protocols.

The most suitable method for monitoring microplastic pollution in
small, end-of-stream lakes involves the collection of surface water
microplastic samples through water filtration, in combination with the
assessment of microplastic accumulation using sediment traps (III).

To minimize the inclusion of random variations in microplastic pollution
concentrations, it is recommended to conduct at least three consecutive
sample repetitions, ensuring a more accurate representation of the actual
pollution level (I, IT).

Adhering to quality assurance and control principles during sample
handling ensures more reliable results that accurately reflect the
environmental conditions. Particle recovery can be enhanced by
selecting closed filtration devices for sample filtration, such as sieves,
and minimizing the number of processing steps (VII).

Microplastic pollution in Lake Velnezers demonstrated a correlation
between the concentration of pollution in the surface water and its
seasonal accumulation patterns. Higher microplastic concentrations were
observed during the spring and summer seasons, while more pronounced
accumulation in sediments occurred in the autumn and winter seasons
(I1I).

Microplastic pollution has been detected in sediment layers of Latvian
lakes, dating back to period prior to the onset of global mass plastic
production (1950s). This finding suggests vertical transport of pollution
into deeper sediment layers, challenging the previously held assumption
that microplastics could serve as a marker for defining the beginning of
Anthropocene (IV).

The protection status of lakes and the respective protective measures do
not guarantee a lower microplastic pollution level (IV).
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The highest concentrations of microplastic pollution in lake sediments
were found in lakes Velnezers and Seksu, with averages of 43.96 +34.69
and 33.9 +40.76 particles/g, respectively. In contrast, lower pollution
levels were recorded in lakes Pinku and Usmas, with averages of 4.12
+4.18 and 2.47 £1.25 particles/g, respectively (111, IV).

The four largest Latvian rivers flowing into the Gulf of Riga contribute
to marine microplastic pollution by transporting 1.17-49.75 +£2.25
particles/m> through surface water. The highest concentrations were
observed in the Salaca River (20.27 +7.70 particles/m?), moderate
concentrations in rivers Gauja (6.51 £2.67 particles/m?®) and Daugava
(5.20 £1.49 particles/m?), and the lowest in the Lielupe (2.23 +0.26
particles/m?). Pollution levels carried by the rivers are higher in spring
and early summer compared to autumn and winter (I).

Marine surface water microplastic pollution was higher in the Gulf of
Riga (0.75 particles/m?) compared to the Latvian territory of the East
Gotland Basin (0.42 particles/m®). Similarly, higher pollution levels
were observed near the coast than in offshore areas (VI, VIII).
Microplastic pollution characteristics varied between beaches of the
Gulf of Riga and the Latvian coast of the open Baltic Sea. Higher
pollution levels were observed on beaches with coarser sand. No
correlation was found between beach suitability for recreational
activities and the extent of pollution (V).
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