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Kort sammanfattning

Mikroplaster fran vagtrafik har i huvudsak déckslitage som kalla, vilket globalt bedéms vara en av de
storsta kallorna till mikroplaster. Dackslitagepartiklar har visat sig forekomma i alla medier (vagytan,
mark, luft, dagvatten, sjéar och vattendrag och kustnara sediment). Partiklarna sprids bade genom
avrinning och genom lufttransport. For att minska spridning och eventuella effekter av végtrafikens
mikroplastutslapp kan atgarder vidtas for att dels forhindra bildningen av partiklar, dels for att
forhindra spridningen genom reningsatgarder. Denna studie fokuserar pa gatustadning som metod for
att minska emissionerna, men da manga gatustadmetoder baseras pa anvandning av plastborstar, har
aven stddningen som kalla till mikroplaster undersokts. Studien har genomforts i samverkan med
Karlstads kommun och omfattat en genomgang av hur gatustadningen genomférs i Karlstad i relation
till upptag och spridning av mikroplaster.

Vidare har en jamforelse mellan tva stadmaskiner (elevator och vakuum) gjorts och en uppféljning av
mikroplastmangder pa vagytan under olika moment av varsopning genomforts. For att uppskatta hur
mycket plast som slits fran borstarna har vagning av borstar genomforts. For att fa kunskap om fler
kommuners arbete med gatusopning ur ett mikroplastperspektiv, har en enkatstudie skickats ut till sex
kommuner i olika delar av landet. Resultaten visar att bada stadmaskinerna har kapacitet att minska
méangden mikroplast pa vagytan. Under varsopningen framgar dock att mangden polypropylen (den
vanligaste plasten i borstarna) 6kar pa vagytan. Fordelningen av analyserade plaster skiljer sig markant
mellan vagytan och det material som maskinerna samlat in. Detta bedéms bero pa att maskinerna
huvudsakligen samlar in grévre fraktioner, medan finare fraktioner blir kvar pa vagytan. Kunskapen
om, och darmed ocksa beaktandet av just mikroplaster i relation till driftatgarder som gatustadning, ar
i dagslaget lag bland tillfragade kommuner, men kannedom finns liksom behov av stod i
implementering av eventuella atgarder.

Foreliggande studie visar pa en komplex problembild och utgor ett forsta steg i att forsta hur
gatustadning kan anvandas som atgard, men indikerar ocksa att slitage av plastborstar medfor en
nettoemission av mikroplaster.

Nyckelord
Mikroplast, partiklar, gatustadning, dackslitage, plastborstar, plast, atgard.
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Abstract

Microplastics from road traffic are mainly caused by tyre wear, which is globally considered to be one
of the largest sources of microplastics. Tyre wear particles have been shown to occur in all media
(road surface, air, soil, stormwater, lakes and rivers and coastal sediments) and are dispersed both by
runoff and by atmospheric transport. To reduce the dispersion and possible effects of road traffic
microplastics emissions, measures can be taken to prevent the formation of particles and to prevent
their dispersion through treatment measures. This study focuses on street cleaning as a method to
reduce emissions, but as many street cleaning methods are based on the use of plastic brushes,
cleaning as a source of microplastics has also been considered. The study was carried out in
collaboration with the municipality of Karlstad and included a review of how street cleaning is carried
out in Karlstad in relation to uptake and dispersion of microplastics.

Furthermore, a comparison between two cleaning machines (elevator and vacuum) has been made and
a monitoring of microplastic amounts on the road surface during different phases of spring sweeping
has been carried out. In order to estimate the amount of plastic torn from the brushes, weighing of the
brushes has been carried out. In order to gain knowledge about the work of more municipalities on
street sweeping from a microplastic perspective, a questionnaire study was sent out to six
municipalities in different parts of the country. The results show that both cleaning machines have the
capacity to reduce the amount of microplastics on the road surface. However, during spring sweeping,
the amount of polypropylene (the most common plastic in the brushes) on the road surface increases.
The distribution of analysed plastics differs significantly between the road surface and the material
collected by the machines. This is thought to be due to the fact that the machines mainly collect
coarser fractions, while finer fractions remain on the road surface. Knowledge of, and thus
consideration of, microplastics in relation to operational measures such as street cleaning is currently
low among the municipalities surveyed, but awareness exists, as does the need for support in
implementing possible measures.

The present study shows a complex problem picture and represents a first step in understanding how
street cleaning can be used as a measure, but also indicates that the wear of plastic brushes leads to a
net emission of microplastics.

Keywords

Microplastics, plastic, particles, street sweeping, tyre wear, TWP, wear, brush, broom.
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Sammanfattning

Introduktion

Utslappen av mikroplastpartiklar, och den potentiella risk och paverkan dessa kan ha pa miljon har
vackt en stor oro de senaste aren, och mikroplastkontaminering ses numer som ett av de senaste,
globala miljéproblemen. En av de storsta utslappskallorna antas komma fran vagtrafiken, i form av
trafikrelaterad mikroplast, vilket inkluderar slitagepartiklar fran dack, vagmarkering och
polymermodifierad bitumen. Det arliga dackslitaget i Sverige berdknas vara ungefar 11 000 ton vilket
gor det till den enskilt storsta utslappskallan. De uppskattade slitageméngderna av vagmarkering ar
cirka 500 ton/ar vilket ar i samma storleksordning som utslappen fran konstgréasplaner.
Polymermodifierad bitumen anvénds &n sa lange sallan i slitlager pa vagar i Sverige och de arliga
utsldppen uppskattas till cirka 15 ton.

Ett satt att forhindra att mikroplast fran vagtrafik sprids &r att stada upp material som innehaller
mikroplast och som ansamlats pa vagytan med hjélp av stadmaskiner. Dessa anvander sig dock ofta av
borstar gjorda av olika plastmaterial, som kommer att slitas och kan darfér antas bidra till
mikroplastspridningen runt vagar och gator.

| denna studie har stadning som atgard mot och kalla till mikroplaster undersokts genom att:

e isamarbete med utforare i Karlstads kommun ta fram en konceptuell éversyn for att beskriva
var i gatusystemet, i relation till olika gatustadningsrutiner, mikroplaster kan antas férekomma

e sammanstalla och analysera svar pa en enkat om gatustadning och mikroplaster fran fem
kommuner i olika geografiska regioner i Sverige

e utvardera effekten av tva olika stadmaskiner (elevator och vakuumsug) pa
mikroplastmangderna pa vagytan

e utvardera effekten av de olika momenten i varstadningen pa mikroplastmangderna pa vagytan

e utifran véagningar av forbrukade och nya borstar, uppskatta slitaget av gatustadningsborstar i
Karlstad under ett ar.

Metodik

Arbetet med konceptuella 6versynen och faltarbetena utfordes i ndra samarbete med Karlstads
kommun.

Konceptuell modell

Genom att intervjua personal fran Karlstad kommun som arbetar med gatudrift, kunde ett flertal
processer och aktiviteter som paverkar mikroplastforekomsten i olika delar av gatusystemet
identifieras och ett konceptuellt flodesschema tas fram.

Enkéat

Som ett komplement till det konceptuella flodesschemat, och for att 6ka forstaelsen kring kunskapen
om hur gatustadning kan anvandas for att minska mikroplastméngder men dven utgora en kalla i olika
delar av landet, skickades en enkaét ut till sex kommuner, varav fem svarade. Enkéten bestod av 42
fragor inom fyra delomraden: (1) eventuell kunskap om gatustadning som kalla till, och atgard mot,
mikroplast, (2) frekvenser och prioritering av gatustadningsinsatser (3) férdelning krav och ansvar for
gatustadningen mellan kommun och entreprendrer och (4) kunskap om borstmaterial och forbrukning.
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Faltmatningar

| faltmatningarna anvandes VT1:s Wet Dust Sampler 11 (WDS 11) for att provta material pa vagytan.
Metoden hdgtryckstvattar en liten cirkelformad yta av vagen med destillerat vatten som sedan fors
over till en provflaska med hjalp av tryckluft. Prover togs pa vagytan fore och efter stadning med de
olika maskinerna (Figur 1).

Figur 1. A) Saltspridare B) hjullastare med borste, C) lastbilsdragen elevator, D) traktordragen
elevator, E) liten vakuummaskin (Citycat v20), F) stor vakuummaskin (Citycat 5006).

Forbrukade borstar (se Figur 2) mellan november till maj i Karlstad vagdes och jgmfordes med
borsttypernas ursprungliga vikter. Berdknat slitage av végda borstar kompletterades med borstar
forbrukade under resten av aret. Totalt slitage och genomsnittligt slitage per km gata (emissionsfaktor)
beréknades. Emissionsfaktorn tillampades pa total langd kommunala gator i Sverige for att fa en
uppfattning om storleksordningen av totalt slitage av borstar i Sveriges kommuner.
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Figur 2. Undersokta borsttyper. Foto: Mats Gustafsson, VTI.

Analyser

Analysmetoden for mikroplast var pyr-GC/MS och féljde en intern, modifierad version av ISO/TS
20593:2017. Totalt undersoktes forekomsten av 10 polymerer: PIP och PBD som relateras till dack
samt PE, PP, PVC, PET, PS, PC, PMMA och PAG6. Det analyserade storleksintervallet var 27—1 000
pum och all provupparbetning, inklusive siktning, densitetsseparation och oxidering genomférdes av
Eurofins.

Foérutom mikroplast, analyserades storleksfordelningar hos prover med en lasergranulometer och ett
urval av prover med en automatiserad SEM/EDX-metod som mojliggjorde kvantifiering och
karaktérisering av ytterligare partikelklasser i proverna (mineral, dack, vdgmarkeringsfarg, glaspérlor,
metall, och organiska partiklar). Med SEM/EDX analyserades partiklar i storleksintervallen 2—-20 pm
och 20-125 pm.

Resultat

Den konceptuella 6versynen kunde identifiera att mikroplaster kan forvantas forekomma i ett flertal
olika delar av gatustadningssystemet (Figur 3). Initialt beaktas mikroplast i tre ytor i gatumiljon; pa
trottoar, vagyta och vid vagkant. Forutom att stddmetoderna kan forvantas ta upp mikroplast kan de
aven forflytta mikroplast fran trottoar och vagkant till vagyta. En rest blir alltid kvar pa ytorna, men en
del fraktas ut ur gatusystemet till deponi, dar det sorteras for att antingen deponeras eller ateranvandas.
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Figur 3. Konceptuell versyn av momenten i varstadningen i Karlstads kommun och var i systemet
mikroplaster kan forvantas férekomma.

Enkaten visade pa en liten kunskap bland de tillfragade kommunerna om stadning som atgard och
kalla till mikroplast, vilket, med tanke pa att fragestallningen &r ny, var forvantat. Stérre medvetenhet
fanns i kommuner som haft sarskilda program kopplade till mikroplast, till exempel Stockholm. Dock
gav enkaten en god bild av hur kommunerna arbetar med gatustadning avseende maskintyper,
stadfrekvens, prioriteringar av olika typer av ytor (gator, gang- och cykelbanor etc.) och information
kring hur det uppstddade materialet hanteras.

Utvarderingen av tva typer av stadmaskiner, vakuumsug och elevator, visade att bada maskinerna
minskade mangden gummirelaterade polymerer pa vagytan, men att endast elevatorn dven reducerade
de plastrelaterade polymererna (Figur 4). Den procentuella effekten pa gummipolymerer var hogre for
vakuummaskinen vilket delvis beror pa en initialt storre mangd damm pa ytan dar vakuummaskinen
provades. De mest forekommande polymererna pa vagytan var polypropylen, PVC och polyeten. De
gummirelaterade polymererna, polyisopren och polybutadien, utgjorde mellan 8 och 37 procent av den
totala analyserade mangden polymerer. Mangden gummirelaterade polymerer var alltsa lagre &n
ovriga plastpolymerer, vilket sannolikt beror pa att den anvanda analysmetoden underskattar
gummipolymerer.
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Figur 4. Medianen av mangden plast- och gummipolymerer pa vagytan fore och efter stadning med de
tva provade teknikerna vakuumsug och elevator.

Damm som samlades upp fran vagytan fére och efter stadning hade betydligt finare storleks-
fordelningar an materialet i stadmaskinernas behallare, vilket tyder pa att maskinerna inte ar effektiva
pa att samla upp finare fraktioner fran vagytan. Skillnaderna i storlek kan vara en forklaring till varfor
polymersammansattningen skiljer sig markant mellan materialen, med hogre andel gummirelaterade
polymerer i maskinerna och hogre andel plast, framst polypropylen, pa vagytan.

Klassificeringen genom elektronmikroskopi av partiklar i damm fran vagytan innan stadning visar att

andelen dack- och bitumenpartiklar ar runt 10-18 procent i den finare fraktionen (2-26 pum), vilket ar

hogre an i den grévre (26125 pum). Den dominerande massan utgdrs i bada fraktionerna av mineraler,
foljt av d&ck- och bitumen, metaller, organiska partiklar, vdgmarkering och glas.

Utvarderingen av varstadningen uppvisade ett annat monster an utvéarderingen av de enskilda
maskinerna (Figur 5). Saval mangden gummi- som plastrelaterade polymerer pa vagytan okade
generellt efter de olika stidmomenten. Hjullastaren med borste saknar uppsamling, varfor reducering
inte kan forvantas. Efter den lastbilsdragna elevatorn sjunker mangderna nagot, men okar igen efter
den traktordragna elevatorn. Orsakerna till denna generella 6kning kan inte sékert faststéllas, men en
mdojlighet &r att borstarna slits och efterlamnar mer material &n de samlar upp.
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Figur 5. Medianen av mangden plast- och gummipolymerer pa vagytan fore varstadningen och efter
de olika momenten i varstadningen.

Vagningen av forbrukade borstar visar att det arliga borstslitaget i Karlstad ligger mellan 214-223 kg.
Driftpersonal uppskattar dock att borstar generellt slits till halva stralangden, vilket & mer &n pé de
borstar vagningen utférdes pa. En anvandning av borstarna under langre tid och fler kilometer innan
de kasseras resulterar i att farre borstar anvands, vilket ar positivt, men paverkar inte det totala slitaget
under ett ar. Genom att fordela slitaget dver langden pad kommunens véagnat, erhélls emissionsfaktorer
per km och ar (se Tabell 1). Om emissionsfaktorerna appliceras pa langden pa alla kommunala vagnat
i Sverige, summerar det totala slitaget till cirka 20 ton.

Tabell 1. Uppskattat slitage av borstar i Karlstad kommun, emissionsfaktorer och borstslitage
uppskalat till slitage pa kommunala végar i Sverige.

o Resulterande Totalt uppskattat
Uppskattat borstslitage S ) .
Karlstad (kg) emissionsfaktor borstslitage i svenska
(kg/km/ ar) kommuner (ton)
Baserat pa vagningar 214-223 0,46-0,48 20-21

Diskussion

Analysmetoden for detta arbete valdes for att kunna identifiera gummi fran déckslitage i proverna och
utifran behovet att kunna géra manga analyser, varfor valet foll pa den kommersiellt tillgangliga 1SO-
metoden for pyrolys-GC/MS. Metoden har dock visat sig underskatta gummiinnehallet jamfort med
mer anpassade och avancerade metoder. Mangderna av polyisopren och polybutadien som uppmatts i
denna studie bor darfor generellt betraktas som underskattade.

Att kunskapen kring stadning och mikroplaster inte &r sa stor bland de tillfrdgade kommunerna &r inte
ovantat, med tanke pa att &mnet ar nytt. | kommunernas och deras entreprendrers kunskap om
stadtekniker och -strategier finns dock mycket kunskap och statistik som skulle kunna anvandas for att
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fa en béttre bild av mojligheterna till anpassning av material, metoder och rutiner for att minska slitage
av borstar och for att 6ka effektiviteten i dtgarderna.

Manga tidigare studier av stadeffekt har varit inriktade pa stadning som metod for att férhindra
uppvirvling av damm och forsdmrad luftkvalitet. | dessa sammanhang har metoden ofta visat sig
ineffektiv, da den dels ar dalig pa att ta upp fint damm fran vagytan och dels omférdelar fint material
fran ytor utanfor hjulspar till hjulspar dar dammet latt virvlar upp igen. Foreliggande studie tyder pa
att stadmaskiner kan vara effektiva for att ta upp mikroplast, men dven pa att de kan vara en nettokalla,
vilket styrks av de 6kande mangderna av mikroplast pa vagytan efter varstadningen. Genom végning
av borstar och uppskattning av forbrukning, sa har dven konstaterats att ca 200 kilo material fran
plastborstar slits av mot Karlstads gatunat varje ar. I vilka situationer man kan forvanta sig ett
nettoutslapp eller nettoupptag av mikroplast kan inte bedémas utifran resultaten, men i varstadningen
anvands dels en hjullastare med borste som inte tar upp material och dels anvénds totalt tre borstar mot
samma ytor i tat foljd, vilket kan vara orsaken till de 6kande méngderna.

Forslag till framtida studier

Foreliggande studie ar en av de forsta att utvardera stadning som atgardsmetod mot och kélla till
mikroplast och resultaten behover verifieras med fler matningar dar lardomar fran foreliggande studie
tas tillvara. For att sékerstélla stadning som kalla till mikroplast kan mé&tningar utféras under mer
kontrollerade forhallanden med en helt rengjord otrafikerad vagyta. Effektiviteten avseende
gummipolymerer kan undersokas pa vagyta som i foreliggande studie, men med mer anpassad
analysteknik. Flera olika stadtekniker och versioner av tekniker kan utvérderas, da mer avancerade
utrustningar visat goda resultat aven pa finare fraktioner pa vagytan. Det finns dven en potential till
teknik- och metodutveckling, till exempel att stada upp damm pa vagytan dar det ansamlats (normalt
vid vagkanten), i stéllet for att borsta in det pa korfalten dér det fina damm som maskinerna inte klarar
att ta upp riskerar att virvlas upp igen av trafiken. Det totala slitaget av borstar i Sverige har i denna
studie endast uppskattats utifran data fran en kommun. For att fa battre underbyggda data kan
forsaljningsstatistik och mer detaljerade uppgifter fran entreprenorer i olika kommuner samlas in. Om
borstslitaget sprids vidare i dagvatten och via luft &r oként och skulle kunna undersokas i framtida
studier.

Slutsatser och rekommendationer

Fran foreliggande studie kan féljande slutsatser dras:

e Kunskapen om gatustadning som atgard mot, och kalla till, mikroplast ar, generellt sett lag
bland de kommuner som besvarade enkaten.

e Det finns inga krav i kontrakt med entreprendrer kopplade till borstarnas material eller
stddmaskinernas slitage av borstar.

e De analyserade halterna av framst gummipolymerer pa vagytan resulterade i lagre mangder &n
vad som uppskattats i litteraturen, vilket troligtvis beror pa 1ISO-metodens begransningar i
provbearbetning och analyserade storleksintervall.

e Mangderna av polymerer pa vagytan uppvisar ibland extremvarden, vilket sannolikt beror pa
enstaka fragment i det analyserade storleksintervallets grovre del.

e Bade en maskin med vakuumsug och en med elevator, minskade mangderna gummirelaterade
polymerer pa vagytan, vakuumsugen med 6070 % och elevatorn med 35 %, men bara
elevatorn minskade aven plastrelaterade polymerer.

e Sammansattningen av polymerer skiljer sig mellan prover tagna pa vagytan och prover fran
stadmaskinernas behallare, med hogre andel gummi i maskinerna och hégre andel plast,
framst polypropylen pa vagytan bade fore och efter stadningen. En mojlig forklaring ar att
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materialet i maskinerna ar betydligt grévre an pa vagytan, i kombination med olika
fordelningar av polymerer i olika storleksfraktioner.

o Studierna med svepelektronmikroskop visade att dack- och bitumenpartiklar &r den nést mest
forekommande partikeltypen efter mineralpartiklar pa vagytan, och utgor 10-17 massprocent i
den fina fraktionen (2—26 pm) och 3—7 massprocent av den grovre fraktionen (26-125 pum).

e Utvarderingen av varstadningen resulterade i hogre mikroplastméangder pa vagytan efter
insatsen an fore, vilket tyder pa att intensiv och upprepad stadning med plastborstar kan
medfdra nettoemissioner av mikroplast.

e Borststran pa borstar som anvands i Karlstad ar i huvudsak gjorda av polypropylen, vilket ar
den vanligaste polymeren pa vagytan och ocksa den som okar mest efter varsopningen.

e Utifran vagning av forbrukade och nya borstar uppskattades det arliga slitaget av borstar i
Karlstad till 214-223 kg/ar (2021),

e Om slitaget av borstar i Karlstad skalas upp baserat pa gatunatslangd till samtliga kommuner i
Sverige, motsvarar det 20-21 ton/ar.

Gatustadning har potential att minska forekomsten av mikroplaster i vagmiljon. Da manga
mikroplaster finns i fina partikelfraktioner bor tekniker och strategier som kan ta upp och behalla dessa
fraktioner anvéandas. For detta andamal ar sannolikt vakuumsug generellt att foredra framfor elevator.
Att sopa upp materialet dér det ansamlats istallet for att borsta ut det i gatan igen innan uppsamling
vore att foredra, men det ar oklart om maskiner med denna majlighet finns att tillga idag. Vid
varsopningen kan rekommenderas att anvanda sa effektiva maskiner som majligt, till exempel
vakuumsug 6ver hela vagbredden, som avslutande aktivitet for att minimera kvarvarande mangd fint
damm pa véagytan. Att anvanda flera plastborstar i foljd utan effektiv uppsamling av fint material kan
medfora ett nettoutslapp av plast fran borstarna. Da plastborstar slits och uppenbarligen kan bidra till
mikroplaster i och kring vagmiljon, kan alternativa material for borstar 6vervagas. Det ar dock viktigt
att dessa verkligen kan visas vara mindre miljobelastande, antingen genom mindre slitage eller genom
mindre miljobelastande materialval. For att initiera och uppmuntra framtagande av sadana produkter
behover antagligen krav stéllas fran vaghallare vid upphandling av gatusopning.
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Preface

This report is one of two concerning microplastics in urban environments produced within an
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who have participated in our field work as well as the municipalities answering our survey, Umea,
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and project leader at VTI Mats Gustafsson.
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Project leader
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Abbreviations and Nomenclature

Abbreviation

AADT
BDL

Bristle

Broom

Brush

Drag shoe rubber sealing

Elastomer

Elevator sweeper

EPDM rubber

GC/MS

Gutter brush

Hopper

Microplastics

LoQ
NR
opP

PA6

Pavement

PBD

PC

VTI rapport 1170A

Nomenclature

Annual Average Daily Traffic

Below Detection Limit
The straws that make up a brush or broom

Rotating broom. Horizontally lying, vertically rotating cylinder of brushes placed
in various positions in front or under the sweeper.

See "gutter brush”

Rubber lamella mounted around a rotating broom in contact with the road
surface to decrease dusting and designed to prevent the main rotary broom
bristles from being splayed outwardly and to contain the dirt and debris within
the collection zone of the main broom.

A viscoelastic polymer. Rubber is a typical elastomer

A sweeper where swept material is transported to the bed or hopper
mechanically on a conveyor belt.

Ethylene propylene diene monomer rubber, synthetic rubber commonly used in
cables, roofs, and in different types of seals in vehicles

Gas Chromatography-Mass Spectrometry. Analytical method used for
quantification of polymers within a sample

Vertically positioned, horizontally rotating brushes placed at the front or as side
brushes

The enclosed container where the dust is collected, e.g. in a self-propelled
sweeper, or a tractor-towed sweeper. As in comparison to the truck towed
sweeper, where the dust is transferred to the open truck bed.

Synthetic solid particles or polymeric matrices <5 mm of either primary or
secondary manufacturing origin, which are insoluble in water.

Limits of quantification
Natural rubber, used in tyres. Polyisoprene is often used as a marker
Organic pollutant

Polyamide, commonly known as nylon. Used in the textile industry, and for
screws, gears, fuel tanks, and in the automotive industry

Elevated lane beside the street used by pedestrians. Not to be mixed up with
American English e.g. “porous pavements” or “tire-pavement interface” where
“pavement” means the surfacing of the street.

Polybutadiene, used as a marker for the synthetic rubber in TWP, e.g., in pyr-
GC/MS analyses

Polycarbonate, used in traffic-lights, automotive-components, bullet-proof glass,
and construction materials.

17



Abbreviation
PE

PET

PIP

Polymer

PM10
PMB

PMMA

POP

PP

PS
PSD

PU

PVvC

Pyr-GC/MS

Road dust

Rubber

Runoff
SBR

SEM/EDX

Side brush

18

Nomenclature
Polyethylene, most common plastic, often used in food and beverage packaging

Polyethylene terephthalate, fourth-most widely produced plastic. Part of the
polyester family, used in textiles, and in food and drink containers.

Polyisoprene, used as a marker for the natural part of TWP, e.g., in pyr-GC/MS
analyses

A synthetic or natural chemical compound consisting of large molecules,
composed of long chains with repeating subunits

Particles with an aerodynamic diameter <10 um
Polymer modified bitumen

Polymethyl methacrylate, used in acrylic glass (e.g., Plexiglas), used as rear-lights
for vehicles

Persistent organic pollutant

Polypropylene, second-most widely used plastic. Used in pipes, insulation, ropes,
textiles and food containers

Polystyrene, used as insulation (Styrofoam), packaging, and food containers
Particle size distribution.

Polyurethane, polymer often used in flexible foams, coatings, spandex, and
adhesives

Poly vinyl chloride, third-most widely produced plastic. Used in pipes, building
material, plastic bottles

Pyrolysis- Gas Chromatography-Mass Spectrometry. Analytical method, the
sample is decomposed in the pyrolizer under an inert atmosphere. The smaller
molecules are separated by the GC and detected in the MS. Used for e.g.,
characterization of polymers and elastomers

Collective name of all particles found on the road surface or adjacent to the road
(e.g., minerals, brake wear, tyre wear, road wear, road markings, organic

particles, and vehicle wear)

Elastomer produced either from the rubber tree (known as natural rubber) or
produced synthetically from different chemical substances.

The overflow of water that drains off the road surface

Styrene-butadiene-rubber, synthetic rubber used in tyres
Scanning Electron Microscope with Energy-Dispersive X-ray spectroscopy.
Analytical method. Particles are identified based on elemental composition,

shape, size, and surface.

See “Gutter brush”.
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Abbreviation

Stormwater

Sweepsand

TBiWP

Traffic-Derived
Microplastics

TRWP

TWP

Vacuum sweeper
Washwater

WWTP

WDS

VTI rapport 1170A

Nomenclature

Water originating from precipitation, that may run-off and infiltrate into the soil,
evaporate to the air, or drain from impermeable surfaces and thereafter further
transported to stormwater wells, ponds, or nearby streams without any
treatment.

Solid material, especially residues of abrasives, collected by the street sweeper

Tyre and bitumen wear particles, collective name for tyre and bitumen particles
<5 um

TWP, polymer modified bitumen, and road marking wear. Microplastic particles
generated by the traffic

Tyre and Road Wear Particles

Tyre Wear Particles

Sweeper where the material is transported to the hopper using a vacuum nozzle.
Water collected by the street sweeper

Wastewater treatment plant, process that removes and eliminates contaminants
from wastewater, after the treatment, the water should be returned to the

water cycle

Wet Dust Sampler, a sampling equipment to collect road dust samples from the
road surface

19



Table of content

Publikationsuppgifter — Publication INfOrmation .............ccccoeiiiiiinineeee e 5
KOt SAMMANTATENING ...ttt r e n e e e ere s 6
AADSTFACT ...t R bbb bRt E bbbt bt 7
SAMMANTATENING ... ettt b et s b e e 8
o =T SR SRSSOR 16
Abbreviations and NOMENCIATUIE ..o 17
I 1€ T [ Tox £ o] o SO P TP PPPPRPRPRN 21
2. AN GNGA SCOPE.....eiiit ettt bbbttt b bt b e bt s et s bt b s bt bbb e e e ne b 24
3. MIBENOM ...t b e bttt ans 25
3.1.  Analysis of sweeping operations in Karlstad............cccccoeviiiiiiiiiiiieiece e 25
3.2, SUIVBY ittt ettt ettt e bttt e s st e e ek e e e At e e Rt e eR R et R e e R e e e R et R et nRa e e R ae e e te e e anreeenrne s 25
3.3.  Sampling of potential sources to microplastics from the maintenance machines and vehicles .26
34, FIEld SAMPIING....ciiiiiiie e 29
3.4.1. Campaign 1: Comparison Of tW0O SWEEPET TYPES.......uriieriirrerieieieieie st 30
3.4.2. Campaign 2: Spring cleaning evaluation .............cccoiiiiireieneieeeee e 32
3.4.3. Campaign 3: Sweeper brush wear eStimation ............cccccoveeiiiiiiii e 35
3.4.4. Estimation of annual wear from SWEEPEIS ........ccveiiiieie et 38
3.5, ANAlYLiCal MENOMS ..o e et e 38
3.5.1. PYFOIYSIS-GCIIMIS ...ttt sttt sttt et et e be et s beeneentesne e e e 38
3.5.2. Particle Size diStriDULION........cccveiie e 39
3.5.3. Scanning Electron Microscopy/Energy Dispersive X-ray spectroscopy (SEM/EDX)......... 39

A, RESUILS ..ttt sttt et n et e Rt Re R e Ee Rt et e Ee Rt e naeeRe e tenReer e e nnenre et e 40
4.1. Analysis of sweeping operations in Karlstad............cccccceveiiiiiiniiiiecicse e 40
41,1, TYPES OF SWEBPEIS....e ettt ettt ettt s te et s e e e be e e st e s be et e sbeeteenbesteesbesbaeseesbesteerens 40
4.1.2. TYPES OF DIUSNES ...ttt sreste e 40
4.1.3. BrUSNH MALEIIAIS ..ottt sttt nne s 41
4.1.4. Types of sweeping operations in Karlstad ..............ccoiiiririniieieiisesese e 41
4.2. Survey of street sweeping management in five municipalities..........cccccoovvnvineiencncc 44
4.2.1. GENEIAl TINAINGS.....eitiiiieieie ettt et ene s 44
4.2.2. Street SWeeping DrUSNES ..o 46
4.3, FIeld SAMPIING.....ciiiiiiec e et s e e be e s r e be e b sbeera e resreenre e 47
4.3.1. Campaign 1: Comparison Of tW0 SWEEPEE TYPES......ccvveiiiiiieiecteeieste et sre et sre st ene s 47
4.3.2. Campaign 2: Spring cleaning evaluation ............cccccviieiiiiiiic i 55
4.3.3. Campaign 3: Sweeper brush wear eStimation ............cccceveivieieieeic s 63

T CT=T 1T = Lo STt U St T o ST 66
6. Conclusions and FULUIE WOEK .........ccoiiiiiiiee ettt 69
L] (=] =] 0TSSR 71
Appendix 1. Polymer types and their appliCations.............ccoeriiiie e 75
Appendix 2a. Samples collected 0N 2021-12-21........cccooiieiiiiiiiise e 76
Appendix 2b Samples collected 0N 2022-04-26 .........coooieeiiiiieiiieee et 77
Appendix 3 On-road particle size distributions before and after SWeeping...........cccocvveveeevvieenns 78
Appendix 4 Surface load of microplastics before and after the Sweeping..........ccccocevvvviciciennn. 79

20 VTI Rapport 1170A



1. Introduction

The release of plastics and anthropogenic litter into the environment is a global environmental
problem that have increased during the last decades. The plastic production started in the 1950s, and
the use of plastic products have continued to increase ever since. The awareness of the problems
caused by plastic contamination was first documented in the 1970s, and during the last 10 years,
plastic waste as microplastics have become a hot topic and an important question world-wide.

Microplastics have been found all over the world, in all sample media (Ebere et al., 2019a; Ebere et
al., 2019b; Klein and Fischer, 2019; SAPEA, 2019) e.g.,

e in water- oceans, lakes, ice, snow, watercourses, and sediments

on land- soil, sediments, sludge, plants and in the stormwater systems

in the air- both indoor and outdoor

in food, beverages, goods, and other products
e inorganisms of different origin and size from both aquatic and terrestrial environments.

Microplastics are normally defined as insoluble, solid, and polymer-based particles with an upper size
limit of 5 mm (ECHA, n.d.). Moreover, microplastics are normally divided into primary- and
secondary microplastics. Primary microplastics are plastics that are purposefully manufactured e.g.,
plastic microbeads in cosmetic products, rubber granules, or plastic pellets used in the industry.
Secondary microplastics are produced during the degradation process (fragmentation and degradation)
of larger plastic, rubber, and textile objects. One source is plastic litter that degrades when exposed to
sunlight (Andrady, 2017). The tear and wear process, or the fragmentation process is another
mechanism (GESAMP, 2016). Clothes made of synthetic fabrics such as polyester, nylon or fleece are
also a source to microplastic emissions. Fibres from the clothes are released when the clothes are
washed, and studies have shown that more than 700 000 plastic fibres could be released during one
wash (Napper and Thompson, 2016). Several studies have concluded that one of the major sources of
microplastic emissions into the environment is tyre and road wear particles (Kole et al., 2017;
Magnusson et al., 2016; Sommer et al., 2018). Magnusson et al. (2016) performed a study based on
theoretical annual emissions and stated that the majority of the plastic emissions in Sweden are traffic-
derived. The only other emission source estimated to be in the same size range was particles from
artificial turf (used in football fields and playgrounds and consist of recycled tyres). However, the
recently published CEN standard 17615:2022 excludes rubber (i.e., tyre wear) and fibres from its
definition because they are not defined as plastics according to some polymer chemistry definitions
while the majority of the research corps state that TWP consist of elastomers which should be counted
as a microplastic since it has similar properties as polymers. Recently, a broader definition of the term
microplastics has been suggested, which includes all manufactured polymer materials consisting of
thermoplastic polymers or thermoset polymers with chemical additives, which therefore also includes
rubber (tyres), road markings, and polymer modified bitumen. In this report, we follow the broader
definition and consider TWP as a microplastic.

Tyre wear particles (TWP) consists of rubber, which is an elastomer with similar chemical and
physical properties as polymers. Tyres consist of 40-60% rubber, in a combination of synthetic rubber
(styrene-butadiene rubber and polybutadiene rubber, SBR and PBD) and natural rubber (polyisoprene,
PIP) in combination with fillers (e.g., carbon black), plasticizers, chemicals for vulcanization, anti-
aging agents and additional additives (Eisentraut et al., 2018; Sommer et al., 2018). TWP is generated
during motion when the tyre tread interacts with the road surface. The wear process can be affected by
speed and steering but can also be influenced by other factors such as the characteristics of the tyre,
size and weight of the vehicle, the road surface, and driving behaviour.
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Other polymers that are commonly found in, and near traffic environments are; Polyethylene (PE),
which is the most common plastic worldwide, and accounts for more than 30% of the total plastic
production; Polypropylene (PP), commonly used in pipes, ropes, textiles, and food containers;
Polystyrene (PS) which is used as insulation in buildings and as Styrofoam; Polyvinyl chloride (PVC)
which is used in pipes, plumbing and cable insulations, as well as in both plastic bottles and food
containers, Polyethylene-terephthalate (PET) which is used in food and drink containers, but most
commonly in the textile industry since it belongs to the polyester group; Polyamide (PA6) which is
also used in the textile industry (in nylon) but also in the automotive industry; Polymethyl
methacrylate (PMMA) which is the main component in acrylic glass (e.g., Plexiglas) and as such often
used in rear-lights and in the instrument clusters of vehicles; Polycarbonate (PC) which is also used in
the automotive industry (e.g., headlamp-lenses) but also in traffic-lights and bullet-proof glass (See
Appendix 1).

Road wear particles, generated from the road surface mainly consists of minerals from the road surface
(Alves et al., 2020). A small fraction of the road surface is made up of a viscoelastic binder called
bitumen. Bitumen is used in the wearing course of the road surface and in the binder layers beneath
the wearing course. Regular bitumen consists of heterogeneous mixtures of hydrocarbons and is not
included in the microplastic definition. However, some bitumen is modified with =5% of polymers,
polymer modified bitumen (often styrene butadiene styrene, SBS) why bitumen might be a source to
microplastic emissions. Polymer-modified bitumen are rarely used in wearing courses in Sweden, the
annual wear has been estimated to 15 tons. PMB is more common in Norway and southern Europe
where porous pavements are in use (Jarlskog et al., 2020; Vogelsang et al., 2019). Road markings are
another source for microplastics in the traffic environment, and the annual wear in Sweden has been
estimated to 500 tonnes which is in the same size range as the release of rubber granules from football
fields (400 tonnes). Several types of road markings are used, of which some contain polymers. In
Sweden, thermoplastic types are common. The binding agents in thermoplastic road markings usually
consist of a mixture of ethylene vinyl acetate copolymer (EVA) and either pentaerythritol rosin or C5-
hydrocarbon resin, which makes up approximately 1-5 % of the road marking material (Andersson-
Skold et al., 2020).

Street and road sweeping is used to keep streets clean from litter and dust and is normally used
frequently in urban areas, on streets, pavements, and cycle paths. In cold regions, where traction sand
is used in winter, intense sweeping campaigns are used in spring to collect the remaining sand and
reduce dusting. Street sweeping has been used since the 1980s to reduce road dust and contaminants
from traffic environments (e.g., U.S.EPA (1983). A well-functioning sweeping is generally effective
to remove coarser material and sand, while fine dust is a challenge (Amato et al., 2010b). Most
sweepers use water to reduce dusting, but water can also turn fine dust into a slurry which is difficult
to sweep or vacuum up. Another issue is that traffic quite effectively transport dust away from the
wheel tracks to deposit at the kerb and in-between wheel tracks. A sweeper will, while collecting the
dust load at the kerb through sweeping it to the machine’s vacuum or elevator under the machine,
move finer fractions to the driving lane again. From there it will be (re)suspended by traffic, why a
short-term evaluation of airborne particle concentrations might well show higher concentrations the
day after a sweeping event than the day before (Gustafsson et al., 2014). It is also generally difficult to
evaluate dust load as experienced by numerous studies, e.g., (Amato et al., 2010a; Bogacki et al.,
2018; Gustafsson et al., 2011; Mannikko et al., 2014; Norman and Johansson, 2006; Snilsberg et al.,
2017; Snilsberg et al., 2018).

Sweepers’ efficiency to collect road dust depends on sweeping technique, speed, and design of the
machines and the brushes (Jarlskog et al., 2017; Snilsberg and Gryteselv, 2017; Wu et al., 2010). Yet,
few studies have considered street sweeping as a measure to reduce the microplastic pollution, but in
e.g., Jarlskog et al. (2020) street sweeping was found to collect considerable amount of tyre and
bitumen wear particles >100 pum. Sieber et al. (2020) performed a dynamic probabilistic material flow
analysis and showed that 4-8% of the tyre wear particles (TWP) deposited on the road surface could
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be removed by street sweeping. However, the efficiency with street sweeping itself was not evaluated,
and the authors conclude that more than 60% of the TWP were redistributed from the road surface to
the ditch, where it is out of reach for the sweeper.

Sweepers can also be considered a possible source to plastic emissions. Sweepers use both metal
(steel) and plastic brushes. Normally, gutter brushes are made of steel, while rotating brooms are made
of plastics. Some machines are constructed to brush away material, while others are constructed to
collect it. Naturally, all brushes are worn while being used, but there is little information about how
much material is emitted to the street and its surroundings and if and how much of the wear is
collected by the machine itself. Thus, sweepers are both a measure to remove microplastics from
streets and roads but can also be a source through brush wear.

Since the microplastic research is relatively new, few studies have yet been published on the topic of
street sweeping as a management practice targeting microplastics. An assessment of street sweeping as
a measure to reduce microplastic release into the environment, could be performed by studying the
quality of road dust on the streets before and after the sweeping events and/or studying the amounts
collected by the sweepers. Polukarova et al. (2020), (Jarlskog et al., 2020) and Jarlskog et al. (2021)
analysed the material collected by a sweeper (both sediment and water phase) and concluded that the
sweeper collected significant amounts of heavy metals, organic pollutants and microplastics, in both
micro and nano sizes. However, the above-mentioned studies could not measure a significant
reduction in road dust load (measured as dust load smaller than 180 um) caused by the sweepers. An
explanation to that could be that the sweepers are ineffective on the finer fractions, but also due to
redistribution of fine material from the kerb to the wheel tracks, where fine material is accumulated
when not swept up.

Haave (2022) have also analysed sand collected by the street sweepers. The study identified that the
swept material contained between 44 and 250 mg MP/kg, indicating that the total amount of
microplastics collected by the street sweeping machine in the city of Bergen would be 530 kg per year.

Several studies have investigated the efficiency of brushes e.g., gutter brushes (Abdel-Wahab et al.,
2011; Vanegas-Useche et al., 2019; Vanegas-Useche et al., 2015; Vanegas Useche et al., 2010). Tobin
and Brinkmann (2002) investigated the removal of sediment, heavy metals, and organic pollutants via
street sweeping. Two different sweeper techniques were evaluated, a sweeper with a rotary brush and a
regenerative air sweeper (vacuum). The results indicated that the rotating brush was most effective to
remove road dust, but the chemical analyses showed that the sweepers were similar in reducing
organic pollutants (OP) and metals.

The wear of sweeper brushes as a source to microplastics has, to our knowledge, to date, not been
evaluated in literature. Based on this, and the lack of data on sweeping as a measure against
microplastic emissions from roads, there as is a need to evaluate the magnitude and potential of
sweeping as a source to, and measure against, microplastics.
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2. Aim and scope

This study aims to provide an understanding on how common street sweeping techniques and routines
can affect the occurrence of microplastics in an urban environment. A case study was conducted in the
city of Karlstad, and an initial aim was to describe how street sweeping operations were performed in
the city in relation to potential effects on microplastic mitigation and release. A questionnaire-based
survey to other municipalities has also been used, aiming to make an inventory of the state of
knowledge regarding sweeping as a mitigation measure for the release of microplastics to the
environment and to describe how street cleaning is performed in different parts of Sweden. This part
also aims to provide knowledge on good examples and highlight the potential areas for development.
The field sampling campaigns in Karlstad aimed to investigate how two different sweepers as well as
the spring-cleaning sweeping sequence affect the microplastic load on the road surface. Also, the
microplastic content on material sampled in the machines are compared to road dust microplastic
content. As sweeping can both contribute to removal and release of microplastics, the study also aims
to estimate the contribution to microplastics from wear of plastic brushes used during a year in
Karlstad.
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3. Method

3.1. Analysis of sweeping operations in Karlstad

By interviewing personnel involved in the road operation of Karlstad municipality, a conceptual flow
chart was built describing the specific sweeping techniques and strategies used in the city, the relevant
processes influencing handling of swept material and where in the system microplastics can be
expected to be present.

3.2. Survey

The survey aims to give a broader picture of sweeping in municipalities in different climatic regions in
Sweden and consists of three parts. The first part aims to provide knowledge on how different
municipalities perform street sweeping. The second part provides an insight into how sweeping
brushes are utilized during street sweeping. The last part describes the quality and quantity of wear
products, such as brushes and rubber parts of the street sweeping machine, emitted during the street
sweeping.

A questionaire consisting of 42 questions were sent to six municipalities in Sweden of which five
answered the survey. The municipalities were chosen based on their population amount and
geographical location. The chosen municipalities were Gavle, Umed, Stockholm, Karlstad and
Gothenburg, where Stockholm is the largest municipality by population (978 770) and Karlstad is the
smallest (95 408). The choice of different climatic regions is motivated by the onset and duration of
winter conditions, which affects when sweeping is replaced by winter road maintenance like sanding
and salting.

The questionnaire was aimed to be answered by the managers organizing and monitoring the street
sweeping. Often, several persons in each municipality have helped with answering the questions. 28 of
43 questions were open questions, while the rest had predefined answer alternatives. The questions are
available in Supporting Material. In order to increase the knowledge about the practical details of
street sweeping, an additional questionnaire, containing 10 open questions was sent to the contractors
for the above-mentioned municipalities. Only two answers, from Gavle and Umead, were returned.
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Figure 1. Locations of the municipalities answering the survey. Maps also show start of winter and
spring for the period 1991-2020. Source: Statistics Sweden (SCB) and (SMHI, 2022).

3.3. Sampling of potential sources to microplastics from the
maintenance machines and vehicles

Different parts of the machines and equipment involved in street cleaning operations in Karlstad were
sampled for analysis. The most obvious source of microplastics is the wear of plastic brushes, used
mainly in brooms in Karlstad. Therefore, samples of bristles were taken from all types of brooms and
brush rings used (see Figure 2, Figure 3, Figure 4). But there are also other polymer-containing
components that are worn, especially details containing rubber (e.g., Figure 5). The samples sent for
analysis and the resulting polymer is seen in Table 1.

THl

Figure 2. A sample of the ring brush used for sweep-salting was sampled from an unused brush ring,
the analysis showed that the bristles were made of PP-plastic (polypropylene). Photo: Gdran
Blomquvist, VTI.
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Figure 3. Bristles of an unused brush of the type used by the tractor-towed elevator sweeper was
sampled and analysed to be made of PP-plastic (polypropylene). Photo: Géran Blomgvist, VTI.

Figure 4. Left: Bristles from a rotating main brush with both plastic and steel bristles was sampled
and analysed to be made of PP-plastic (polypropylene). The steel-bristles were not sampled. Right:
new yellow ring brush used on wheel loader with front mounted rotating broom analysed to be made
of PP-plastic (polypropylene) Photo: Goran Blomgvist, VTI.
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Figure 5. Two potential sources of microplastics were sampled from the tractor-towed elevator
sweeper in-situ: the drag shoe rubber sealing (at red arrow, here lifted) was analysed to be made of
EPDM-rubber (ethylene propylene diene monomer rubber) and the bristles of the rotating main
broom was analysed to be made of PP-plastic (polypropylene). Photo: Géran Blomgvist, VTI.
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Table 1. Sampled potential sources for microplastics and their main polymer content.

Sampled part

Rubber sealing

Bristle from broom

Bristle from broom

Bristle from broom on elevator
Bristle from wavy ring brush

Orange bristle from ring brush with two bristle
types

Blue bristle from ring brush with two bristle
types

Tubing inside sweeper

Gliding surface inside snow blower

Rubber enamel on ice plough

Bristle from brush cassette (SIB*)

Bristle from eco-friendly brush cassette (SIB*)

*Svenska industriborstar i Vasteras AB.

3.4. Field sampling

Machine
tractor-
towed
elevator
sweep-salting
tractor-
towed

elevator

elevator

Polymer

EPDM

PP

PP
PP

PP

PET

PU
PE
SBR
PP

Bio-degradable polymer (probably PET)

Field sampling was conducted in the municipality of Karlstad, located in mid-Sweden, on the northern

shore of lake Vénern (Figure 6). The municipality has approximately 95 400 inhabitants (2021). The

climate is classified as a moist inland climate with warm summers (no dry season). Mean yearly

precipitation is 725 mm.

Two field campaigns were conducted. One where two different sweeper techniques were evaluated,
and one where the spring-cleaning sweeping sequence was evaluated. In addition, a sampling
campaign was conducted where plastic brushes were weighed to estimate the wear.
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Figure 6. Map showing where in the city of Karlstad, the two campaigns where performed. Campaign
1 in the Bilan roundabout and Campaign 2 at Granitvagen.

3.4.1. Campaign 1: Comparison of two sweeper types

The campaign aimed at investigating the efficiency of the two sweeper types used in Karlstad to
remove microplastics from the road surface as well as investigating if they also are possible sources to
microplastics. The sweeper types were one tractor-towed brushing sweeper with mechanical elevator
(Schmidt Wasa 300) and one vacuuming sweeper (Citycat 5006) (see Figure 7).

Figure 7. Tractor-towed elevator sweeper Schmidt Wasa 300 (left) and self-propelled vacuum sweeper
Citycat 5006 (right).

Road dust and any incorporated microplastics were sampled using the VTI Wet Dust Sampler (WDS
I1) as previously described in (Gustafsson et al., 2019; Jonsson et al., 2008; Lundberg et al., 2019).
WDS Il uses a known amount of high pressurized de-ionized water (340 mL) to clean a known,
circular, area of the road surface (20.4 cm?) using high pressurized de-ionized water, whereafter the
road dust-water mixture is transferred into a container by compressed air (Figure 8).
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Figure 8. Sampling on the road surface using the Wet Dust Sampler (WDS I1). Photo: Géran
Blomquvist, VTI.

For microplastic sampling glass bottles, and in some cases plastic bottles made of high-density
polyethylene (HD-PE) were used. Each bottle contains a composite sample, where three to six sub-
samples have been pooled together by moving the WDS Il approximately 20 cm in the driving
direction between every sample.

Two surfaces in the Bilan roundabout (see Figure 6), with an annual average daily traffic (AADT) of
approximately 12 000 vehicles (measured in 2013) were appointed to the sweepers (see Figure 9). The
reason for choosing a roundabout was that it can be assumed to have a higher generation of tyre wear
due to vehicles turning and inducing tyre slip and wear. Samples were taken before and after a
sweeper passage in sections from the kerb across the right driving lane. Samples taken after the
sweeping were taken in a section up-stream the sweeper movement from the sample taken before
sweeping, so that no remaining water from the WDS sampling would affect the efficiency of the
sweeper.
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Figure 9. Overview of the sampling site in the Bilan roundabout. The distance on the picture to the
right is in centimeters and PSD stands for Particle Size Distribution.

The wet dust sampler (WDS) was not originally designed with microplastic sampling in mind and has
some plastic components that might be worn during use. To be able to estimate possible contamination
from these plastics, blank samples were sent for analyses. Samples were taken both with and without a
sand material sample, to be able to estimate contribution from abrasion of plastics in the sampler unit
by the sand material.

Except for sampling on the road surface, grab samples of sweeping sand were taken from the hoppers
of both machines using a metal shovel and glass jars.

3.4.2. Campaign 2: Spring cleaning evaluation

The spring sweeping aimed to collect material spread out and accumulated during the winter, such as
sand used on icy road surfaces in the winter. The campaign was carried out on the 26™ of April 2022.
The sampling was performed on a suburban street (Granitvagen) in Karlstad, Sweden. The ambient
temperature during the sampling was 15°C and the road surface was dry. The studied road consisted of
two driving lanes, one in each direction, and a wide edge lane. The AADT in this street was
approximately 1 100 (2014).
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Figure 10. Area for evaluation of the spring street sweeping/cleaning routine in Karlstad.

The spring sweeping campaign is made in four steps. First, the road surface was wetted to supress
suspension of dust (Figure 11A). That was done by a truck with six nozzles spraying tap water with a
constant flow. From the visual assessment most of the particles targeted for the street sweeping were
accumulated close to the road edge. Secondly, these particles were collected by a tractor with a front
mounted broom and gathered in a string in the middle of road (Figure 5B). The broom for sweeping
the road material had a width of 300 cm. In the third step, the material collected in strings was brushed
off from the road surface with a sweeping machine of model Broddson Scandia (Figure 16C). This
sweeping machine used a polypropylene broom, two metal gutter brushes and water spraying nozzles
(Figure 11D). The width of the swept area was 250-300 cm. In the last step, the road surface was
swept by a tractor-towed elevator sweeper (Schmidt Wasa 300). This sweeper has a total sweeping
width of 240 cm and can collect up to 3.0 m*® material (Aebi-Schmidt). The machine used a
polypropylene broom (80 cm in width), two metal side brushes and water nozzles.
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Figure 11. Four steps of the spring sweeping routine. A) Dust binding with water. B) A wheel loader
with front mounted rotating broom, sweeping the road dust from the street edge into a string of debris.
C) A truck-towed sweeping machine (Broddson Scandia) collects the string of debris and conveys it
onto the truck mounted tipper body. D) A tractor-towed elevator sweeper (Schmidt Wasa 300) collects
the road dust into the internal hopper. Photos: Géran Blomqvist, VTI

The road dust samples were collected with a Wet Dust Sampler 11 (WDS 1) before and after each part
of the sweeping routine (A, B, C, D, Figure 5 and 6). The method has previously been described in
(Gustafsson et al., 2019; Jonsson et al., 2008; Lundberg et al., 2019). To access the spatial distribution
of the TWP and other plastic particles on the road surface, the samples were taken from five different
locations across the road: in the edge lane (kerb), between wheel tracks (BWT, 3.75 m from the road
edge), in the wheel tracks (3.0 (RWT) and 4.5 m (LWT) from the road edge), and in the transit area
between the right lane track and the edge lane (TA1 and TA2). These last-mentioned areas were
especially interesting to study because that is where the sand from the edge lane is transported to by
the rotating broom mounted on a wheel loader (step B, Figure 11). Furthermore, the sweeping
machines on step C and D drive alongside the edge of the traffic lane. Each sample bottle contains a
composite sample where three WDS |1 samples have been pooled together (approximately 1 L). Two
bottles from each position (KERB, TA1, TA2, RWT, BWT, LWT) were analysed for identification
and quantification of plastic particles.

34 VTI Rapport 1170A



KERB TA1 TA2 RWT BWT  LWT

| —
| E— |

Dust binder truck

®e«®

| e — -
— O

Truck-towed elevator sweeper.

=5
= | =

Tractor-towed elevator
sweeper

:DDD
t:)l:lClD

=@ =

- - sand

- WDS-samples

Figure 12. Samples collected during the spring sweeping campaign in Karlstad. One WDS-sample

consist of three subsamples 1. Dust binding with water 2. Sweeping of sand by a wheel loader front
mounted rotating broom 3. Collecting the sand from step B by the truck-towed elevator sweeper. 4.
Tractor-towed elevator sweeper. TA=transit area, RWT=right wheel track, BWT=between wheel

tracks, LWT=left wheel track.

3.4.3. Campaign 3: Sweeper brush wear estimation

Worn-out brushes used during winter for both sweep-salting of bicycle paths and the street spring
cleaning, were stored in a container by Karlstad municipality between 2021-11-01 to 2022-05-30.
During this period, both winter-time sweep-salting of bicycle paths and spring cleaning of winter sand
were performed. The brushes were of five types (see Table 2).

Table 2. Brush types investigated.

Type Colour ' Number Original bristle Original Broomwidth Number/cylinder
length (mm) weight (g) (mm)

Ring brush ' Yellow 137 300 1720 - 70

A

Ring brush = Orange 219 200 1750 - 36

B

Broom C Orange 7 240 30 000 1020 -

Broom D Orange 1 37 300 1108 -

Broom E Orange 2 41 300 1150 -
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Figure 13. Brush types investigated. Photos: Mats Gustafsson, VTI.

To investigate the need for washing the brushes before weighing, two brush rings of each type, one
estimated to be rather clean and one dirty where weighed, cleaned using high pressurized water
cleaning, dried, and weighed again, to estimate the influence of dirt on the weight. The result showed
that, for orange rather clean and dirty rings respectively, 0 and 0.6% of the weight was washable dirt.
For the yellow rings, the numbers were 0 and 3%. The higher percentage for the yellow dirtier ring is
likely to be affected by the lighter core ring of the yellow rings compared to the orange ones. The
lowest mass loss for the orange rings was 9 % and for yellow rings 13%, i.e., the maximum error
caused by dirt would be 7 and 23 % respectively. By hitting the rings hard against the steel container
before weighing most of the dirt could be loosened. The dirt colouring of the bristles was not removed
by cleaning with water. Since the loose dirt did not seem to be a big error source and to be able to get a
larger sample quicker it was decided not to wash and dry the rings.

Figure 14. Washing of brush ring. Photo: Mats Gustafsson, VTI.

Before weighing the brush rings, they were hit firmly towards the steel container corner to remove any
loose debris accumulated between bristles. All ring brushes were weighed using a balance (Lidén
LBH-30) mounted on the front lift arm of a wheel loader (see Figure 15). The lengths of the bristles
were measured in four positions on brush rings and eight positions on brush cylinders (see Figure 16).
Since the brush cylinders weighed more than the above scale could measure, they were weighed using
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a personal scale. To calculate the mass loss of the brushes, a number of new brush rings and a new
broom of each type

were weighed.

i R
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Figure 15. Weighing of brush ring. Photo: Mats Gustafsson, VTI.

Figure 16. Measuring bristle length on brush ring and cylinder. Photos: Mats Gustafsson, VTI.
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Figure 17. A number of weighed brush rings, showing very different soiling. Photo: Mats Gustafsson,
VTI.

3.4.4. Estimation of annual wear from sweepers

It is, for many reasons, very uncertain to estimate the national emissions from wear of sweeper brushes
from a limited study like this. Attempts have been made, through contractor and municipality contacts,
to get information about the total sells of brushes in Sweden, but this has not been successful. In lack
of this information, we have used the calculated yearly brush wear for Karlstad and divided it by the
length of municipal streets and roads to achieve a yearly emission factor per km road. This factor was
then applied to the street network length of all Swedish municipalities. It is not known if the wear
calculated for Karlstad is representative, so the figures calculated should be considered a rough
estimate.

3.5. Analytical methods

3.5.1. Pyrolysis-GC/MS

Samples were sent for pyr-GC/MS analysis to a commercial lab, Eurofins, Bergen, Norway. Eurofins
analysed particles in the size range 27-1000 um with an internal method modified from the ISO
standard (ISO/TS 20593:2017). All sample preparation were conducted by the lab, including filtration
with steel filters, oxidation and, if needed, density separation.

Thermal decomposition was controlled in a Frontier Laboratories EGA/PY-3030D pyrolysis system.
Molecular fragments, carried in helium (1.0 mL/minute) along a Frontier Ultra Alloy 5 UAS5-30M-
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0.25F + Vent free column, were separated using an Agilent Technologies 6890N chromatograph. lon
mass-to-charge ratio was measured with an Agilent Technologies MSD 5975 detector.

TWP was quantified based on the content of polyisoprene (PIP) and polybutadiene (PBD) in relation
to pure PIP and PBD standards, and the limits of quantification (LOQ) were 1 pg/L (pure polymer
mass). In addition, eight of the most common polymer types was quantified and the LOQ were 1 pg/L
(pure polymer mass) for polypropylene, polystyrene, polyvinylchloride (PVC), polyethylene
terephthalate (PET), polyamide 6 (PA6), polymethyl methacrylate (PMMA), polycarbonate (PC), and
3 ng/L for polyethylene.

A normal tyre contains 40-60% rubber, and the pyr-GC/MS results provide the rubber content.
Therefore, all the results should be multiplied by 2 (assuming a 50% rubber content) to present the
total weight of the TWP.

3.5.2. Particle size distribution

For sixteen of the WDS samples from the first sampling campaign (the ones collected in the Bilan
roundabout before and after sweeping) and two sweepsand samples collected inside the sweeping
machines, a particle size distribution and a gravimetric analysis was conducted. For the particle size
distribution, a laser granulometer (Mastersizer 3000 from Malvern Panalytical) was used. The
measurements were performed in triplicates, the Mie scattering model was used and the refraction
index was based on earlier measurements (Gustafsson et al., 2019). The upper size limit of the
granulometer is 2 mm, and all samples was pre-sieved over an 1SO 3310 VWR® 12’ (sieve size 1.70
mm).

3.5.3. Scanning Electron Microscopy/Energy Dispersive X-ray spectroscopy
(SEM/EDX)

The same samples (from Bilan, before sweeping) was analysed with a machine-learning algorithm
coupled to an automated SEM/EDX (Jarlskog et al., 2022a; Jérlskog et al., 2022b). The method
enables classification and quantification of several different subclasses: TWP, bitumen wear particles,
road markings, reflecting glass beads, metallic particles, minerals, and biogenic/organic particles.
Samples were wet sieved into two size fractions <26 um and 26-125 pm using I1ISO 3310 VWR® test
sieves, a shower head, and a shake table. The finer fraction, <26 pm will hereafter be denoted as 2-26
pum since it was too difficult to perform certain differentiations between the subclasses when the
particle size became too fine (see further details in (Jarlskog et al., 2022b)). The fraction >125 um was
not further analysed with SEM/EDX in this project since it is difficult to obtain a statistically relevant
results with the automated SEM/EDX if the number of particles is too low for an analytical run.

After sieving, the particles in the two size fractions were transferred onto Whatman Cyclopore
Membrane filters with a pore size of 0.4 um and transported to the lab of Particle Vision Gmbh in
Switzerland where the analyses were performed.
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4. Results

4.1. Analysis of sweeping operations in Karlstad

The term street sweeping is used somewhat casually today as there is a big difference between whether
the sweeping is carried out to pick up the swept material, or to sweep it away from the road surface. In
the first case, large parts of the wear products of the brushes are probably collected, and removed from
the street environment, but in the latter, it is rather deposited next to the swept surface and is available
for further spreading into the environment. Sweeping can also be carried out in combination with other
operational measures such as dust binding or anti-slip control, which also becomes important for the
continued spread of any worn brush particles or microplastics from other sources.

4.1.1. Types of sweepers

The street sweeping system includes both collecting and non-collecting machines. The non-collecting
machines are only used together with collecting machines when used for street cleaning. Sweeper
machines are either self-propelled, towed or chassis mounted.

Elevator machines — these are collecting machines that only use brushes. They normally use water to
moisten the surface via nozzles in front of the side brushes. The side brushes brush the material
together into a string, and the main broom sweeps the string up to an elevator that brings the material
to a conveyor belt that guides the material to the debris hopper where it lands. For truck-drawn
elevator machines, the conveyor belt leads to the bed of the truck, and for tractor-drawn elevator
machines, the conveyor belt leads to a debris hopper inside the machine itself.

Vacuum machines — these are collecting machines that sweep with brushes and suck the material
using vacuum. Usually, the material is wetted with water via nozzles at the front gutter brush. The
front and side brushes brush the material together into a string and the suction nozzle sucks it up with
a vacuum into the chamber, which is then emptied. There are also suction machines that do not wet the
material before suction to reduce the risk of fine particles binding to the liquid that is not vacuumed.
However, Karlstad does not use this kind of machines.

Non-collecting machines — these are non-collecting machines that sweep or blow debris and road dust
for the purpose of moving dust and debris into strings or piles so that collecting machines can collect
it. Non-collecting sweeping machines are rotating brooms carried by, for example, wheel loaders and
blowing machines are leaf blowers carried by personnel on foot.

4.1.2. Types of brushes

Gutter brushes — these are vertically positioned, horizontally rotating brushes that sit at the front or as
side brushes on cleaning machines and aim to brush out road dust and debris from otherwise
inaccessible places along kerbs, refuges and the like (Figure 18). The front gutter brush is also used for
weeding.
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Figure 18. Steel gutter brushes. Worn (left) and new (right). Photo: Mats Gustafsson, VTI.

Broom — these are horizontally lying, vertically rotating brush cylinders that can be placed in various
positions in front of or under the sweeper (Figure 19B). Brooms are constructed either of ring brushes
that are threaded over the roller, or brush strips (sometimes called cassettes or swipe brushes) that are
mounted along the centre tube of the broom.

4.1.3. Brush materials

Plastic brush — The rotating brooms used in street cleaning are always made of plastic, usually the
bristles consist of nylon or polypropylene. In other contexts, for example when sweeping airports or
industrial areas, they can also be made of steel or combinations of steel and plastic.

Steel brush — The gutter brushes are usually made of steel, although plastic or combinations of plastic
and steel can be found.

4.1.4. Types of sweeping operations in Karlstad

The sweeping in the urban area is divided into spring sweeping and maintenance sweeping, where the
spring sweeping is the sand collection and cleaning after the winter season and the maintenance
sweeping is the continuous cleaning efforts during the year which can be divided into several
subcategories.

Spring sweeping

Immediately after winter, spring sweeping is carried out according to the following process (illustrated
in Figure 19):

1) A truck-borne salt spreader (Figure 19, A) first lays a water film of 500 litres per km, 3 m
wide (500 g per running metre), sometimes only along the edge. No salt is used, but in
Karlstad 1 dl of Yes dish soap is dissolved in six cubic meters of water. According to the staff,
this gives a better result of the subsequent sweeping.

2) Wheel loaders with rotating brooms (Figure 19, B) brush down material from pavements to
the roadway and form remaining road dust into strings.

3) Truck-drawn sweepers (elevator machines) (Figure 19, C) drives along the outer edges of the
urban area’s traffic routes. The sweepers have conveyor belts that transport the swept material
to the bed of the hauling truck. They have the option of wetting the surface, which is normal
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when operating alone, but do not do so during spring sweeping as it is already moistened by
the dust binder truck.

Tractor-drawn sweepers (elevator machines) (Figure 19, D) brush up the rest of the strings on
the street and empty the contents into deployed truck beds.

Decision is made on whether the cleaning effect is sufficient or whether further sweeping is
needed. In many cases, the surface is considered sufficiently clean after the first four steps and
the cleaning process continues directly to step 7, otherwise spring sweeping continues with the
fine-tuning in step 6.

If the cleaning is regarded to be insufficient, fine-tuning is carried out with vacuuming
machines of two sizes (Figure 19, E and F). Both machines can moisten the road surface, if
necessary, before the road dust is collected in strings under the machine and sucked up into the
container which is then emptied onto truck beds deployed in strategic locations along the
cleaning route. Fine-tuning sweeping is often made in intersections with a lot of refuges where
the larger machines have limited accessibility.

If the sweeping is deemed sufficient, all bus routes are sprayed by a truck-borne salt spreader
using a calcium chloride solution (CaCl,) to bind remaining dust. The dose used is 40 g/m?
and the concentration is 15-20% at the beginning of the season and 10-12% later in the
season. Bus routes are prioritized due to high suspension from buses.

Sometime after the dust binding, vacuum sweepers collect the road dust that has formed into
small pellets together with calcium chloride. This is carried out in connection with the
upcoming maintenance sweeping, i.e., linked to sweeping days.

The truck that has pulled the elevator sweeper as well as the flatbeds used by the tractor-drawn
elevator machine and the vacuum machines are driven to the landfill.
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Figure 19. A) Salt spreader. B) wheel loader with roller brush, C) truck-towed elevator sweeper, D)
tractor-towed elevator sweeper, E) small vacuuming sweeper (Citycat v20), F) large vacuuming
sweeper (Citycat 5006).

Maintenance sweeping

Maintenance sweeping is continuous sweeping whose purposes may vary during the year but ceases
when winter road maintenance begins. It consists of a number of different types of efforts:

1) Special efforts before major rain events to clean gutters, especially under viaducts.
2) Ordinary cleaning efforts to collect debris.

a. Normal maintenance sweeping — two-hour shift weekly as scheduled for cleaning days.
Performed by the larger vacuum sweeper.

b. Weekend sweeping — sweeping of specific parts of the city centre, carried out early
morning on Saturdays and Sundays. Sweeping team with leaf blowers and the two suction
machines (large and small) collect and suck up debris and road dust which is emptied onto
truck beds at the road maintenance station. The truck bed is driven to the landfill on
Monday morning.

3) Leaf sweeping in autumn. Preferably carried out after the first frost.
4) Weed control along street kerbs. Both types of vacuum sweepers can be used. The front brush
is replaced with a weed brush where the bristles consist of steel wires.
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What happens at the landfill?

After the collected material, which basically consists of 0/6 material, i.e., has a grain size between zero
and six millimetres, has arrived at the landfill in Karlstad, it is sieved with a proprietary method where
the fine-grained fraction is smaller than 2 mm. This fraction has shown to be the most contaminated
and is sorted out for further deposition. The coarser fraction, over 2 mm, is however sufficiently free
of impurities to be reused (see below). Microplastics were however not evaluated in the screening,
why we included that in this investigation.

The collected material is not suitable for reuse as abrasion material since it has been abraded and
rounded by being exposed to the traffic on streets and roads so that it is no longer suitable as a friction
material. On the other hand, the coarser fraction (>2 mm) has proven to be an excellent component in
material used for gravel roads. Gravel consisting of only crushed rock has less suitable properties than
gravel in which the re-used friction material, which more resembles natural sand, is included. So, by
adding crushed stone of sizes 0/2 and 8/16 to the re-used friction sand according to a recipe developed
by Karlstad Municipality, road gravel is created which has proven to have excellent properties for
maintenance of the wear layer of gravel roads.

The presence of microplastics in road dust in different compartments of the spring-time sweeping
routing is described in Figure 20.
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Figure 20. Microplastics (MP) in the different compartments in the springtime sweeping routine.
4.2. Survey of street sweeping management in five municipalities

4.2.1. General findings

According to the results the most common street sweeping machines are elevator or vacuum types,
with and without side brushes or rotating brooms. One of the municipalities, Gothenburg, specifies
that the most common type of sweeping machine is a PMyp-efficient street sweeper, which is a street
sweeper that is certified according to Eunited PM test (www.eu-nited.net) ranking efficiency to pick
up and contain fine particles. The most common practices are removal of de-icing sand (spring street
sweeping routine), street sweeping after weekends and street sweeping to maintain the overall

44 VTI Rapport 1170A


http://www.eu-nited.net/

condition of the roads. The frequency of the maintenance sweeping varies between the different
municipalities, in Gothenburg, the streets are cleaned from once a week to three times per year
depending on the area. Stockholm, the largest city in Sweden, estimates the number of reported
sweeping events to 9000 per year distributed within 14 different areas (each performed according to a
different contract). The type of area (central area, pavements, pavements with bike lane, bus lane)
strongly determine the frequency of the street sweeping (Figure 9). The most prioritized areas for
street sweeping are central areas, bus lanes, streets and pavements with bike lanes. Central areas are
cleaned daily in two municipalities, except in wintery conditions (Figure 9). Areas, which according to
the survey, are prioritized the least are pavements. Areas such as streets, pavements with bike lanes,
street parking, parking lots and other areas have lower priority than for example central areas.
Stockholm has areas with heated pavements, and these also have high priority for sweeping. The
sweeping frequency of the streets in less prioritized areas varies from one to two times per year in
some municipalities, however, as underlined by one of the respondents, the frequency of the street
sweeping is adapted to the area. The frequency of street sweeping measures during 2022 was similar
to the frequency during the pandemic in 2021 according to most of the respondents.

The material collected by the sweeping machines is handled differently in different municipalities.
Stockholm municipality point out that this process can vary depending on the contract which they sign
with the contractors who perform the street sweeping. In general, the sweeping sand is driven to a
landfill however in some cases it is also sieved and washed in order to be suitable for recycling. Water,
originating from dust suppressant spraying or from precipitation, that is collected in the sweepers
which are operating in Stockholm is not treated. Given the concentrations of microplastics found in
sampled in a sweeper by Jérlskog et al. (2022b), disposal of the water might be a possible pathway for
microplastic spreading. Gavle and Karlstad municipality report that the collected material is deposited
in a landfill. Two of five responders do not specify how this material is handled. The amount of
material collected by the sweepers every year is approximately 3000-5000 tonnes in Umea and around
1200 tonnes in Géavle municipality. In Gévle, as much as 60% of the collected material is suited to be
re-used as ballast in asphalt manufacturing. The remaining 40%, which consist of the material
collected in the city centre, is sent to treatment. Umea municipality re-use the material by sieving and
washing. In Karlstad, sieved fractions of the swept-up winter sand are used as material for gravel
roads.

Three of five municipalities (Umea, Gavle and Karlstad) analyse samples from the swept material to
access the pollutant level. One responded that it was unsure if sampling is usually performed or not.
Two of the municipalities (Umea and Karlstad) analyse only the sweepsand, while Gavle municipality
analyse both sweepsand and the washwater. The sampling is usually performed during the spring
sweeping. Only one municipality, Gavle, mention that analyses for pollutant levels in sweeping
material collected during the ordinary more frequent street sweeping is also carried out. The analysis is
performed every to every second year. Only the municipality of Gévle provided an answer regarding
the analysed contaminants, which were metals, aliphatic and aromatic hydrocarbons, BTEX and
PAHs, chloride, fluoride and sulphate. Also, pH and dissolved organic carbon (DOC) were measured
in these samples. The concentrations of these contaminants in the sweeping material collected during
2022, were all below the guideline values for contaminated sites provided by the Swedish EPA. The
other two municipalities did not specify what type of contaminants the samples were screened for. No
municipalities, has to our knowledge, included analysis of microplastics.
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Figure 21. Prioritized, highly prioritized and less prioritized areas in the process of planning the
street sweeping.

The results show that the responsibility for planning, organizing, and performing the sweeping is
distributed differently in different municipalities: the most common model is that the municipalities
hire contractors to perform the street sweeping. In one municipality, Karlstad, the local authorities
perform the sweeping themselves, occasionally renting the sweeping machines and/or hiring extra
operational staff.

4.2.2. Street sweeping brushes

The most common types of plastic brushes used during street sweeping in above mentioned
municipalities are rotating brooms and side gutter brushes. However, as underlined by one of the
respondents, the local authority has no requirements regarding the choice of the brush type. Hence, the
contractor has the freedom to choose whatever brush they find most suitable for the sweeping practice.

The survey also showed that in four of five municipalities, the amount of wear from street brushes is
determined by entrepreneurs who perform the street sweeping as none of the interviewed contracting
authorities have requirements regarding the choice of brushes for the sweeping machines. Therefore,
in most cases entrepreneurs/contractors choose the quality and quantity of sweeping brushes which
they use for street sweeping themself. The contractor is then responsible for the costs associated with
replacement of sweeping brushes and other plastic parts of sweeping machines (such as rubber linings
on vacuum-assisted sweepers and drag shoes on elevators, Figure 22), which wear during sweeping.
However, in Karlstad, the local authorities are involved in assessment of the sweeping brushes™ quality
and in the decision making regarding when these should be changed. Despite that two municipalities
report that the number of used brushes during 2021 were approximately the same as previous years,
none of the municipalities could provide information regarding how many brushes were used during
the street sweeping in 2021. Entrepreneurs performing the sweeping for Umea estimate that they use
approximately 15 brooms and 400-500 ring brushes for brooms while in Gavle they use brushes for
approximately 500 000 SEK each year. The contractors from these two cities report that the decision
when to exchange the brushes to the new ones is taken by the drivers of the sweeping machines. None
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of the municipalities could report the amount of other wear materials, such as rubber linings, which
have been used during 2021. Regarding Karlstad, an assessment has been made within this study (see
chapter 4.3.3).

Three of five municipalities replied that it is difficult to estimate how possible it is to exchange the
plastic brushes to brushes made of other material. One municipality reported that these possibilities are
very small since the municipalities are tied to existing contracts with entrepreneurs. This is, from the
authors’ experience, a very common situation in most municipalities. Another municipality already
runs a test of brushes made of bio-degradable plastic material. However, they emphasize that the price
and brushes” lifetime are limiting factors when purchasing the brushes. A more expensive brush needs
to have longer lifetime and/or environmental advantage like lower wear emissions and more eco-
friendly materials.

Figure 22. The drag shoe, that is designed to prevent the main rotary broom bristles from being
splayed outwardly and to contain the dirt and debris within the collection zone of the main rotary
broom, has wear sealings made of EPDM-rubber (ethylene propylene diene monomer rubber) that
skids on the road surface. This wear may be an additional source of microplastics to the environment.
Example from the tractor towed street sweeping machine (2022-04-26, Karlstad). Photos: Goran
Blomquvist, VTI.

4.3. Field sampling

4.3.1. Campaign 1: Comparison of two sweeper types

Microplastic content in samples taken from the road surface before sweeping shows a rather high
variation across the road surfaces and between the two sampling sites (vacuum versus elevator, Table
3). The most abundant polymers found at the road surface were polypropylene (PP), polyvinyl
chloride (PVC) and polyethylene (PE) (for use, see table in Appendix 1). The polymers commonly
found in tyres, polyisoprene (PIP) and polybutadiene (PBD), account for 8 to 37 % of the total amount
of plastics on the road surface (Figure 23). As can be seen in Table 3, other plastic types detected were
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poly(methyl methacrylate) (PMMA) and polycarbonate (PC). The latter was only detected in one
sample on the road surface.

The road surface used for the vacuum sweeper had generally higher content than the one used for the
elevator sweeper of all polymers analysed (Table 3). On the road surface swept by the elevator
sweeper, most polymers were below detection limit. Also on the vacuum sweeper surface, polystyrene
(PS), polyamide 6 (PA6) and polycarbonate (PC) were below detection limit. On some surfaces
especially PP occurs at markedly higher levels. Summing the rubber and plastic polymers separately
shows that the load of other plastics is about six times higher than the rubber load. If all rubber is
assumed to originate from tyre wear (divided by 50% rubber content of tyres, (Knight et al., 2020)),
other plastics, dominated by PP (Figure 27), have about three times higher load on average. The higher
load of plastic polymers is likely due to the low efficiency of the used ISO-method (ISO/TS
20593:2017) to separate and analyse tyre wear particles compared to other plastics (see discussion).
However, the ratio varies highly between the sampled surfaces. The results are in agreement with the
high concentrations of polypropylene in dust and sediments on, or close to, the road that has been
shown in previous studies (Monira et al., 2022; Olesen et al., 2019).

Table 3. Surface load of microplastics before sweeping for both machines. Number 1-4 refer to
surfaces in Figure 9. Polymers related to tyre rubber in bold text. BDL=below detection limit.

Surface load before sweeping [pug/h

Vacuum Elevator
1 2 3 4 1 2 3 4
Polyisoprene (PIP) 1241 3395 1502 637 441 1094 669 375
Polybutadiene (PBD) 1110 1175 1453 441 816 898 473 441
Polyethylene (PE) BDL 1796 2383 669 BDL 1143 702 1698
Polypropylene (PP) 1763 45870 3967 1143 | 14055 5975 4636 2726
Polystyrene (PS) BDL BDL BDL BDL BDL BDL BDL BDL
Polyvinyl chloride (PVC) 1045 1388 2938 686 BDL BDL BDL BDL

Polyethylene terephthalate (PET) BDL BDL 408 BDL BDL BDL BDL BDL

Polyamide 6 (PA6) BDL BDL BDL BDL BDL BDL BDL BDL
Poly(methyl

methacrylate)(PMMA) 1257 310 1290 BDL BDL BDL BDL BDL
Polycarbonate (PC) BDL BDL BDL BDL BDL BDL BDL BDL
Rubber 2351 4571 2955 1077 1257 1992 1143 816

Estimated total TWP (if all rubber 4701 9141 5909 2155 2514 3983 2285 1632
is TWP)

Total other plastics 4065 49363 10986 2498 14055 7117 5338 4424

After sweeping (Table 4), in the vacuum swept surfaces 1-3, loads of rubber polymers are lower,
while in surface 4 higher than before sweeping. This is interpreted as a result of both redistribution and
removal of rubber polymers. Surface 4 was positioned in the right wheel track, which is “cleaned” by
traffic. The surface therefore had a low rubber load before sweeping and was mainly brushed with a
gutter brush and not affected by the vacuum, which can have redistributed dust from other surfaces to
surface 4. Surfaces 1-3 were all outside the wheel tracks and had higher deposited rubber loads before
the vacuum sweeping. Here, the sweeping had an obviously reducing effect.
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For the rubber polymers in the elevator swept surfaces a similar pattern can be seen with lower loads
in surface 4 which is more affected by traffic. After sweeping, rubber polymers have been reduced in
all surfaces except PIP in surface 1, where a markedly higher value can be noted. This is most likely to
be due to a few or even a single particle in the coarser part of the analysed size interval, which will
contribute unproportionally to its number to the content of the polymer in the sample.

The patterns of the plastic polymers are inconclusive. In the vacuum swept surfaces, PP increases
markedly in all surfaces and in surface 2 to an extreme value, to which the likely cause was explained
above. PP is found in sweeper brushes, but the vacuum sweeper does not use plastic brushes. A
possible explanation is that material swept from the kerb contains PP from previous brush wear and
other PP sources and is not vacuumed up effectively enough by the sweeper. PE seems to be more or
less on the same level before and after sweeping, while PVC increases in all surfaces except surface 3.
PMMA seems to be reduced, but values are close to LOD.

Only PE and PP are above LOD on the elevator swept surfaces. PE is both increased (surface 3) and
reduced (surface 2 and 4) after sweeping. Values of PP in surfaces 1 and 3 are hard to compare due to
one extreme value before (surface 1) and one after (surface 3), but in surfaces 2 and 4, PP loads
decreased after sweeping.

Table 4. Surface load of microplastics after sweeping for both machines. Number 1-4 refer to surfaces
in Figure 9. Polymers related to tyre rubber in bold text.

Surface load after sweeping [pg/fh

Vacuum Elevator
1 2 3 4 1 2 3 4
Polyisoprene(PIP) 849 392 326 2253 | 12178 343 490 BDL
Polybutadiene (PBD) 571 473 522 1420 | 196 473 522 245
Polyethylene (PE) 849 1485 1632 637 BDL 555 1241 1437
Polypropylene (PP) 4603 5942 6840 2302 | 2073 4228 13255 1404
Polystyrene (PS) BDL BDL 49 98 BDL BDL BDL BDL
Polyvinyl chloride (PVC) 2171 3004 686 1632 BDL BDL BDL BDL
Polyethylene terephthalate (PET) BDL BDL BDL 82 BDL BDL BDL BDL
Polyamide 6 (PA6) BDL BDL BDL 16 BDL  BDL BDL BDL
Poly(methyl methacrylate)(PMMA) 1453 BDL BDL BDL BDL BDL BDL BDL
Polycarbonate (PC) BDL BDL BDL BDL BDL BDL BDL BDL
Rubber 1420 865 849 3673 12373 816 1012 245

Estimated total TWP (if all rubber is 2 840 1730 1698 7346 24747 1632 2024 490
TWP)

Total other plastics 9076 10431 9484 4767 2073 4783 14496 2840

The change in polymer load per surface is shown in Table 5. For the vacuum sweeper, most polymers
seem to be reduced in surfaces 2 and 3, which are most affected by the machine’s vacuum suction,
while surfaces 1 and 4 are mostly swept by gutter brushes. For the elevator there is no obvious pattern.
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Table 5. Relative change in polymer content on all surfaces. Number 1-4 refer to surfaces in Figure 9.
Polymers related to tyre rubber in bold text.

Sweeping effect [%0]

Vacuum Elevator
1 2 3 4 1 2 3 4
Polyisoprene (PIP) -32%  -88% -78% 254% | 2663% -69% -27% -78%
Polybutadiene (PBD) -49%  -60% -64% 222% -76% -47%  10%  -44%
Polyethylene (PE) 247%  -17% -32% -5% 0% -51% 77%  -15%
Polypropylene (PP) 161%  -87% 72% 101% -85% -29% 186% -49%
Polystyrene (PS) BDL BDL BDL BDL BDL BDL BDL BDL
Polyvinyl chloride (PVC) 108%  116% -77% 138% BDL BDL BDL BDL
Polyethylene terephthalate (PET) BDL BDL -100% BDL BDL BDL BDL BDL
Polyamide 6 (PA6) BDL BDL BDL BDL BDL BDL BDL BDL
Poly(methyl methacrylate) (PMMA) | -16%  -74%  -78% BDL BDL BDL BDL  BDL
Polycarbonate (PC) BDL BDL BDL BDL BDL BDL BDL BDL

For a more general picture, the sums of the median surface loads of rubber and plastic polymers before
and after sweeping was used. Median values were used due to a high heterogeneity in the samples to
reduce the effect of the extreme values in Table 3 and Table 4. The results show that both sweepers
seem to reduce rubber polymers, but only the elevator reduces also plastic polymers (Figure 23). It
should be noted though, that the choice to use medians in the presentation affects the resulting effect
of the sweepers. For example, using a mean value instead of a median would have resulted in much
higher plastic content before vacuum sweeping due to the extreme value for PP in surface 2, which, in
turn, would result in a reduction in plastic surface load by the sweeper.

In relative numbers, regarding rubber polymers, the vacuum sweeper seems to be more effective than
the elevator with a median reduction of 60—70 % while the elevator reduced the amounts by
approximately 35 %. But the elevator also reduces plastics by the same figures while the sweeper
seems to increase the plastic polymer amounts. This is confusing since the vacuum sweeper do not use
plastic brushes. A speculation is that dust swept from the kerb to the driving lane contains plastics in
finer fractions which the sweeper did not manage to sweep up.

Vacuum Elevator Change
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Figure 23. Medians over surfaces 1-4 (for vacuum 1-2 due to delay in analysis results) of rubber and
plastic polymers surface load before and after sweeping for the vacuum and elevator sweepers. The
rightmost figure shows the relative change in surface load.
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The polymers in the material swept up by the sweepers (sweep sand) are presented as pg/kg dry
weight in Figure 24. The rubber related polymers are abundant in both sweepers followed by PE and
PVC, indicating that rubber polymers (TWP) are actually swept from the road surface. The plastic
polymers are more abundant in the elevator sweeper than in the vacuum sweeper. This is interesting
since prior the sweeping, no PVC was found on those surfaces, indicating a high heterogeneity of
especially non-TWP plastics on road surfaces and the subsequent uptake into the sweeping machine.
Other polymers occur in lower concentrations, and the concentrations of PET and PA6 were below the
detection limit.

Polyisoprene (PIP)

Polybutadiene (PBD)

Polyethylene (PE)

Polypropylene (PP)

Polystyrene (PS)

Polyvinyl chloride (PVC)
Polyethylene terephthalate (PET)
Polyamide 6 (PA6)

Poly(methyl methacrylate) (PMMA)
Polycarbonate (PC)

0 2000 4000 6000 8000 10000 12 000 14 000

Concentration [ug/kg Ds]

Vacuum M Elevator

Figure 24. Polymer concentrations in the 27-1000 um material sampled in the sweeper containers.

A noticeable difference between the materials in the sweepers and in the materials sampled on the road
surface before and after sweeping is the very different distribution of polymers detected. On the road
surface, PP is dominating, while the content is low inside the sweepers. Instead, the rubber polymers
(PIP and PBD) are dominating in the sweepers, and PVC is the most abundant plastic polymer (Figure
25). A possible reason to this difference is the large differences in particle size distributions between
road surface samples and sweeper interior samples (Figure 26) in combination with the lower size
limit for the pyr-GC/MS analysis, 27 um. Generally, the road dust on the surface swept by the vacuum
sweeper has a slightly coarser size distribution than the dust on the elevator surface, both before and
after sweeping. However, no clear difference in the size distribution before and after sweeping were
detected. Comparing road surface samples to sweeper interior samples reveals that road surface
samples have considerably finer particle size distributions than the material sampled in the sweepers.
About half of the road surface samples’ distribution is not included in the analysis, while the bulk of
the sweeper interior samples are analysed.

The coarser fraction swept up by the sweepers contain a high mass proportion of rubber, while the
finer material left on the surface contain a higher share of polypropylene. This could indicate that, at
least the coarser fractions of tyre rubber, is rather effectively swept up. If the polypropylene originates
in the broom bristles, only a small fraction is swept up by the sweepers, which could be due to that
they are relatively small and less effectively swept up by the sweepers.
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Figure 25. Composition of plastic content on road surface before sweeping (median), in sweepers and

on road surface after sweeping (median).
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Figure 26. Mean cumulative volume and volume frequency size distributions of road surface dust,
from surfaces 2—4, before and after sweeping and material in the sweepers. Dotted line shows the

lower size limit for the pyr-GC/MS analysis (27 pm).

There are also other aspects that might partly contribute to the difference in composition. The WDS
cleans a small spot with high pressurized water, which is likely much more effective to remove dust
accumulated in the road surface texture, and especially more effective in sampling fine dust than
brooms and brushes. The sweepers are effective in sweeping coarser material and dust, but finer dust,
especially when wetted is very hard to collect using brushes and is left on the surface, which has been
shown in several previous studies (Abdel-Wahab et al., 2011; Amato et al., 2010b). This suggests that
the road surface samples have a higher share of finer particles with a different composition than the
coarser fractions sampled by the sweepers and of which most of the finer fractions on the road surfaces
(50 and 60% for the vacuum- and the elevator road surfaces respectively) are not analysed for

polymers.

The different compositions, in combination with the related differences in size distribution, suggests
that finer and coarser fractions of microplastics contain different amounts of rubber and other plastics.
Further, it has previously been shown that tyre wear particles are abundant in the fractions below 20
pm (Jarlskog et al., 2022b), why it is likely that the rubber content in the road surface samples are
underestimated as well as all plastics in the distribution below 27 um. The sweeper interior samples,
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on the other hand, are missing most of the fine particle fractions that are present on the road surface,
but 70-85% of the material is analysed (see Figure 26).

The grab sampling in the sweepers might also contribute to differences in size distributions since it is
not known if the sample is representative or if finer fractions are deposited elsewhere in the container.
The material might also be sorted due to vibrations so that finer fractions are transported to the bottom
of the container.

SEM/EDX results, relative composition

In Table 6 and Table 7, the relative compositions (%) of road dust samples in a finer (2-26pum) and a
coarser (26—125um) fraction from before sweeping on the two road surfaces used for the vacuum and
the elevator sweepers are shown. Mineral dust is the dominant particle type ranging from 76-93% in
the samples, with higher concentrations in the coarse fraction (26-125 um). Tyre wear particles, or the
combined tyre and bitumen wear particles (TBiWP) in the finer fraction (2-26 um), is the second most
abundant particle type. The content of metals is higher in the finer fraction. Brake wear particles are
likely to be a strong source to metallic particles and these have been shown to have a finer size
distribution than other traffic related wear particles (Fussell et al., 2022). The other particle type
connected to microplastics is paint (Ti-rich), indicating wear of road markings. These particles
contribute at the most to some tens of a percent of the particle mass and there is no obvious difference
between the finer and coarser fractions. The highest contribution in the finer fraction is in the samples
collected closest to the kerb. Also, glass particles, suggested to be fragments of glass beads used for
reflection in road markings, indicate road marking wear. This fraction contributes to under 0.2% in all
samples. The occurrence of road marking fragments can be expected to be highly related to road
marking frequency and positions in the sampled area. As can be seen in Figure 9, road markings
around the Bilan roundabout are limited to side lines, which are worn mainly by winter maintenance
like ploughing.

Table 6. Relative composition of the finer fraction of road dust samples from the road surface before
sweeping. Note that tyre and bitumen particles (named TBiWP) are combined in this fraction due to
being unseparable in the analysis.

2—26 um (mass %)
Glass Metallic Organic Paint (Tirich) TBIWP Total mineral
Elevatorl 0.01% 3.59% 0.03% 0.44% 15.43% 80.51%
Elevator2 0.01% 7.94% 0.48% 0.18% 15.07% 76.32%
Elevator3 0.00% 0.94% 0.75% 0.16% 11.45% 86.70%
Elevator4 0.08% 8.08% 0.35% 0.12% 10.26% 81.12%
Vacuuml 0.06% 4.26% 0.44% 0.48% 12.28% 82.47%
Vacuum?2 0.05% 3.55% 1.29% 0.05% 13.24% 81.82%
Vacuum3 0.02% 3.05% 2.72% 0.18% 17.56% 76.48%
Vacuum4 0.03% 4.00% 3.78% 0.07% 11.86% 80.26%
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Table 7. Relative composition of the coarser fraction of road dust samples from the road surface
before sweeping.

26-125 pym (mass %)
Glass Metallic Organic Paint TWP Bitumen Total

(Tirich) mineral
Elevator 1|  0.04% 0.78% 0.95% 0.11% 4.13% 0.78% 93.22%
Elevator 2|  0.02% 0.67% 1.92% 0.10% 3.59% 5.62% 88.08%
Elevator 3|  0.04% 2.22% 0.99% 0.09% 6.48% 2.51% 87.67%
Elevator 4|  0.02% 0.34% 1.33% 0.14% 6.24% 5.32% 86.61%
Vacuum 1|  0.04% 1.56% 0.37% 0.04% 4.15% 0.88% 92.96%
Vacuum 2|  0.05% 1.77% 0.51% 0.23% 2.57% 4.04% 90.82%
Vacuum 3| 0.18% 1.34% 1.18% 0.09% 4.04% 2.64% 90.53%
Vacuum 4|  0.05% 1.93% 0.50% 0.10% 4.63% 1.96% 90.82%
4.3.2. Campaign 2: Spring cleaning evaluation

In campaign 2, the collected surface load of microplastics before the sweeping varied between 1281
and 4310 pg/m?. The initial total surface load of tyre wear-related microplastics, PIP and PBD, varied
between 212 and 1967 pg/m?2. Table 8 illustrates the mean values for sample replicates. The results are
similar to the concentrations in the samples collected in campaign 1. Note, however, that surface load
within the replicates, especially for polypropylene, can differ up to three times (Appendix 3). Both tyre
rubber related polymers and other microplastics occurred mostly close to the kerb (Table 8).

Table 8. Surface load of microplastics beforesweeping. Values represent mean values for two sample
replicates. Polymers related to tyre rubber in bold text.

Surface load before sweeping [ug/fh

Kerb Between WT Left WT

Polyisoprene (PIP) 988 212 BDL
Polybutadiene (PBD) 979 BDL BDL
Polyethylene (PE) 1951 BDL BDL
Polypropylene (PP) 2 359 1281 3306
Polystyrene (PS) BDL BDL BDL
Polyvinyl chloride (PVC) BDL BDL BDL
Polyethylene terephthalate (PET) BDL BDL BDL
Polyamide 6 (PA6) BDL BDL BDL
Poly(methyl methacrylate) (PMMA) BDL BDL BDL
Polycarbonate (PC) BDL BDL BDL
Rubber content 1967 212 0

Estimated total TWP (if all rubber is TWP) 3934 424 0

Total other plastics 4310 1281 3306
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In contrast to campaign 1, after the sweeping the surface load of tyre related microplastics increased
(to 8003012 pg/m?) and also the surface load of other microplastics increased (to 10 515-10 733
ug/m?) (Figure 9).

Table 9. Surface load of microplastics after all sweeping steps in the spring cleaning. Values
represent mean value for two sample replicates. Polymers related to tyre rubber in bold text.

Surface load after sweeping [pg/fh

Kerb Between WT Right WT
Polyisoprene (PIP) 1714 196 555
Polybutadiene (PBD) 1298 604 522
Polyethylene (PE) 2449 5191 2 685
Polypropylene (PP) 4775 5542 12 031
Polystyrene (PS) 620 BDL BDL
Polyvinyl chloride (PVC) 1543 BDL 1306
Polyethylene terephthalate (PET) BDL BDL BDL
Polyamide 6 (PA6) BDL BDL BDL
Poly(methyl methacrylate) (PMMA) 1126 BDL BDL
Polycarbonate (PC) BDL BDL BDL
Rubber content 3012 800 1077
Estimated total TWP (if all rubber is TWP) 6 024 1600 2155
Total other plastics 10513 10733 16 022

To study the general change in rubber and plastics across the swept area, some assumptions were
made. Since not all surfaces were sampled after each sweeping activity, and each sweeping activity
was not affecting all segments of the street transect, previously sampled values were transferred to the
following transect (see Figure 27).
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Figure 27. Samples used to be able to compare the general change in rubber and plastic load. Blue
boxes are actual samples and yellow boxes denote samples used for evaluation of influence of the
different steps 1-4. TA = transfer area, RWT = right wheel track, BWT = between wheel tracks, LWT

= left wheel track.

Studying the median values across the street of the rubber and plastic polymers before, in between and
after the different stages in the spring cleaning, indicates that plastics tend to increase on the surface,
while rubber is relatively constant (Figure 28). The variation within the data is high, though. Most of
the increase in plastics is related to increasing polypropylene load, but polyethylene is also
contributing.
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Figure 28. Median surface load of plastic and rubber polymers before, between, and after the different
stages of the spring cleaning in Karlstad. The upper diagram shows surface load of rubber and all
analysed plastics while the two lower diagrams show changes in surface load of the rubber (PIP and
PBD) and dominating plastic polymers (PP and PE).

Comparing the surface load of microplastics in different sections of the road before and after the street
sweeping campaign, it can be noticed that the greatest relative change of both plastics and rubber
surface load occurred in between wheel tracks, the area which was not cleaned by any of the machines.
One possible explanation to the increase of microplastics in this area may be that these particles
originated from the sweepers (truck-towed elevator sweeper and tractor-towed elevator) cleaning the
nearby surfaces (Figure 29). The increase of tyre wear related polymers in-between the wheel tracks
was in total 73% and for other microplastics 88%. At the kerb, the load of tyre wear-related
microplastics increased by 35%, and the load of other microplastics increased by 59%. In-between the
wheel tracks, the total polymer increase after the sweeping was due to both the increase of PP, already
available on the road surface before the sweeping, and due to PE and PBD which were not present in
between the wheel track before the sweeping. The increase of PP in-between the wheel tracks may
originate from wear of the brushes from truck-towed elevator sweeper and tractor-towed elevator
sweeper which been operating just half a metre away. However, this hypothesis needs to be verified by
analyses of more samples since the concentration of PP in the analysed samples from BWT varied
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greatly in the replicates. The increase of plastic-related polymers at the kerb was both due to the
increase of PP and PE and an increase of PVC, PS, and PMMA which were not detected at the kerb
before the sweeping (Figure 30). The proportion of PVC, PS, and PMMA at the kerb increased from
0% to 24% in total after the sweeping. From the visual assessment, the dust layer at the kerb was thick
and the wheel loader with roller brush redistributed substantial amount of that material (Figures in
Supplementary Material). However, it also exposed finer particle fractions accumulated in the road
surface macro texture making them more available for transport by air or stormwater.
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Figure 29. Surface load of rubber and plastic polymers at the kerb and between the wheel tracks
(BWT) before and after spring sweeping campaign. The rightmost figure shows the relative change in
surface load.

The results from campaign 2 indicate an increased load of microplastics on the road surface after the
spring sweeping activities, which is partly in contradiction to the evaluation of two single machines in
campaign 1, where both machines decreased the amount of rubber polymers and the elevator also the
plastic polymers on the road surface. This might indicate that sweeping brooms and brushes contribute
to the microplastic load and therefore this motivates estimating the actual wear of plastic brushes,
which was made in campaign 3. The increased number of detected polymers at the kerb and in-
between the wheel tracks is likely an effect of generally higher concentrations in sample due to higher
dust loads, causing more polymers to be above LOQ.
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Figure 30. Composition of plastic content at three different positions across the road surface before
and after sweeping campaign. RWT = right wheel track, BWT = between wheel tracks, LWT = left
wheel track.

To study the performance of the truck- and tractor-towed elevator sweepers in detail, the results on the
surfaces TAL and TAZ2 are especially interesting. As illustrated in Figure 27 these sweepers were
mainly targeted to clean specifically these areas after the road dust material from the kerb was swept
into a string into TA2. The content of both tyre related and other microplastics on the surface of the
transit areas TAL and TA2 increased after the last action, the tractor-towed elevator, of the sweeping
campaign compared with surface load on these surfaces before the truck-towed elevator (Table 10).
The rubber polymers increased by 46% at TAL and 54% at TA2. The surface load of other plastic
polymers increased by 65% for TAL and 25% at TA2.

After the truck-towed elevator sweeper, the load of rubber polymers on the surface was reduced, while
other plastic polymers increased. The load of PE increased by 22% and the load PP increased by 19%
in TAL. In the transit area TAZ2 the load of PE increased by 60% contrary to the load of PP which
decreased by 56%.
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The tractor-towed elevator sweeper contributed to an increase of both rubber polymers and other
plastic polymers. While the amount of rubber polymers, PIP and PBD, increased equally, the increase
of other plastic polymers was mostly due to the increase of PE, PVC and PMMA (Figure 31). The
specific sources to these polymers are not known and even though the machine’s broom was made
from PP, no obvious increase in this specific polymer could be noted. The results are inconclusive and
illustrate the need of more analyses to investigate the wear of sweeping brushes together with

sweepers ability to catch the brush-wear particles.

Table 10. Surface load of microplastics in transit areas TA1 and TA2 (see Figure 27) between the
actions in the spring sweeping sequence. Values represent mean value for two sample replicates.

Polymers related to tyre rubber in bold text.

Surface load before
truck-towed elevator

Surface load after
truck-towed elevator

Surface load after
tractor-towed

sweeper [ug/nt] sweeper [ug/nt] elevator sweeper
[Hg/m?]

TAl TA2 TALl TA2 TALl TA2
Polyisoprene (PIP) 1714 947 628 767 1926 2530
Polybutadiene (PBD) 400 988 547 784 1992 1649
Polyethylene (PE) 1657 1224 2122 3028 7199 2 669
Polypropylene (PP) 4 505 4269 5583 2742 6 154 3730
Polystyrene (PS) BDL BDL BDL BDL BDL BDL
Polyvinyl chloride (PVC) BDL BDL BDL BDL 4016 898
Polyethylene terephthalate (PET) BDL BDL BDL BDL BDL BDL
Polyamide 6 (PA6) BDL BDL BDL BDL BDL BDL
Poly(methyl methacrylate) (PMMA) BDL BDL BDL BDL 392 BDL
Polycarbonate (PC) BDL BDL BDL BDL BDL BDL
Rubber content 2114 1934 1175 1551 3918 4179
Estimated total TWP (if all rubber is
TWP) 4228 3869 2351 3102 7835 8358
Total other plastics 6162 5493 7 705 5770 17760 7297
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Before truck-towed
elevator sweeper

After truck-towed
elevator sweeper

After tractor-towed
elevator sweeper

TA1 TA1l TAl
2%
6%
9%
54% o 24%
20% 63% 28% 33%
TA2 TA2 TA2
13% 37% 11%
33%
57% 17% 14%
41%
23%

[l Polyisoprene (PIP) [ Polyvinyl chloride (PVC)
Polybutadiene (PBD) [l Polyethylene terephthalate (PET)
Polyethylene (PE) Bl Polyamide 6 (PA6)

Polypropylene (PP) @ Poly(methyl methacrylate) (PMMA)

@ Polystyrene (PS) @ Polycarbonate (PC)

Figure 31.Composition of plastic content on the road surface before the truck-towed elevator sweeper,
after truck-towed elevator sweeper, and after the tractor-towed elevator sweeper. TA1 and TA2 stands

for transit area 1 and transit area 2 (see Figure 10).
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4.3.3. Campaign 3: Sweeper brush wear estimation

The weights and bristle lengths as well as the calculated wear of all brushes that had been used in
Karlstad are presented in Table 11. The wear sums up to 179 kg. Related to the length of the municipal
streets in Karlstad, 462 km, this corresponds to 0.39 kg per km.

Table 11. Wear of brush rings and cylinders between December 2021 to April 2022 in the city of
Karlstad.

Type Ring A Ring B Broom C | Broom D Broom E
(small) (medium) (large)
Colour Yellow Orange Orange Orange Orange
Number of rings 137 219
Number of rolls 2 6 7 1 2
Material PP PP PP PP PP
Original bristle length 300 200 240 288 265
(mm)
Mean bristle length, 202 135 160 235 184
worn (mm)
Original weight (g) 1724 1750 30 000 37 300 41300
Mean weight, worn (g) 1282 1481 25 660 22700 33800
Mean wear, length (mm) 98 65 80 53 81
Mean wear, mass (g) 442 269 4340 14 600 7 500 Total wear
(kg)
Total wear (g) 60 554 58911 30380 14 600 15 000 179

According to the city staff of Karlstad, another 8-10 brooms of type C is consumed during May to
November for maintenance sweeping, adding another 34.7-43.4 kg of wear resulting in a total
estimate of approximately 214-222 kg worn which results in 0.46-0.48 kg/km and year. If the mean
value of this estimate is applied to the city road networks in all municipalities in Sweden (appr. 44 000
km, data from the database KOLADA (www.kolada.se/), this results in approximately 21 tons of
annual brush wear.

The brushes measured in this study have been discarded when between 67 and 82% of the bristle
length is left. According to Karlstad city staff (Tomas Stomberg, personal communication), a common
value would be 50% of bristle length when discarded, why the brushes measured in this study might
not be representative. If brushes are worn more before being disposed than measured in this campaign,
the yearly number of brushes consumed would automatically be lower, since each brush could be used
for a longer time and more kilometres. Therefore, a higher wear before disposal might not result in
higher total emissions of microplastics from brush wear but will reduce the number of brushes
consumed.
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Table 12. Brush wear estimates for Karlstad, emission factors and brush wear scaled up to total brush
wear in Swedish municipalities using city street network length.

Estimated brush wear in
Swedish municipalities
(tons)

Estimated brush wear in Resulting emission
Karlstad (kg) factor (kg/km/year)

Based on measurements 214-223 0.46-0.48 20-21

The street sweeping contractor in the municipality of Umea reports that about 15 rotating brooms and
400-500 brush rings are consumed each year. This is comparable to Karlstad’s 18-20 rotating brooms
and about 350 brush rings. Umea has a municipal street network of 469 km, which is also very close to
Karlstad’s 462 km which supports that the figures for Karlstad are realistic.

The two types of brush rings are combined into rotating brooms. The rotating broom of Type A
(yellow bristles) is three metre wide and contains 70 brush rings. When plotting weight to length of the
rings, it is clear that they have been combined into two brooms, which have been discarded at different
states of wear (Figure 32 left). The most worn of the two brushes have lost about 40 kg of its bristles.
The blue dotted line is a wear model based on the mass and length of an unworn bristle and the
number of bristles per brush ring (Figure 33). It can be seen that the rings’ masses fit well to the
model. The rings belonging to the less worn broom places slightly above the model which is attributed
to dirt on the bristles that was not removed by the handling.

The rotating broom of Type B (orange bristles) is 2.2 metre wide and contain 36 sweeper rings. The
six rotating brooms of Type B in Figure 32 (to the right) have lost between approximately 7 and 14 kg
of their bristles, due to wear. They fit the wear model very well and it is not possible to separate
different brooms in the data. If rings are discarded at about half of the bristle length, the wear models
for the two brush rings indicates that ring A will have lost approximately 750 g and ring B 450 g. If
this also implicates that ring A is a higher plastic emitter than ring B depends on for how many
kilometres each broom is used before it is discarded. This information has not been possible to achieve
in this project but might be of interest to register for future studies.

1.800 O Sweeper brush rings (yellow)  +-+ Wear model 1800 O Swepeer brush rings (orange)  --+ Wear model
1.700 -2 1700 219pcs. et
1.600 69 pes. . 1.600 T
1.500 g 1.500
1.400 Q@Q 1.400
1.300 68 pcs. 2 1.300
1.200 A 1.200
_ 1100 @ 1.100
1,000 1,000 %
'3 0.900 70900 .
< 0.800 < 0.800
0.700 0.700
0.600 0.600
0.500 0.500
0.400 0.400
0300 . 0.300
0.200 ¥ 0.200
0.100 0.100
0.000 0.000
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 012345678 91011121314151617181920
Bristle length (cm) Bristle length (cm)

Figure 32. The wear of yellow, type A (to the left) and orange, type B (to the right) sweeper brush
rings. The wear model (blue dotted line) is calculated from the mass and length of one bristle from
each of the sweeper brush rings (unused) and is set to the weight of each type of full ring, the number
of bristles on each ring (Type A: 862 bristles per ring, type B: 1032 bristles per ring) and the bristle
length of unused rings.
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Figure 33. Weighing the mass of a single bristle Type A (to the right) and Type B (to the left). Type A
weighs 0.058 gram per centimetre and Type B weighs 0.042 gram per centimetre. That gives a wear
coefficient of 50.2 gram per sweeper ring Type A, and 43.5 gram per sweeper ring Type B.
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5. General discussion

The results from this study suggest that sweeping may both be used as a measure to reduce
microplastic surface load of streets, but also contribute to a net increase of microplastics on the road
surface. Priority was made to generate a high number of samples to be able to describe variation over
surfaces and in relation to different street sweeping routines. This strategy, in combination with the
analysis method used for microplastics, have resulted in a lot of data but also has some drawbacks.
The samples, intended to give high spatial resolution, sometimes contained too small amounts to be
detected in the analysis. There is currently no single ideal method for analysis of microplastics where
tyre rubber is included (Jarlskog, 2022), but the issue is a hot topic, and several methods are under
development. Planning for a large number of samples to get the best possible overview of spatial
variability in microplastic and TWP load, in this study, we chose the only commercially available
standard method where tyre wear polymers are included, pyr-GC-MS. The results from this method
point to generally very low concentration in comparison to what literature with more elaborate
methods, have shown (Jérlskog et al., 2022b; Ragdland et al., 2022). This is partly due to differences in
size fractions analysed, and as earlier discussed, many particles are smaller than the 27 um used as the
lower limit in the standard method. Hence, the estimated load presented here are underestimated in
relation to the ambient load/concentrations.

There is an urgent need for method development and later on for standardisation, both regarding
sampling techniques, sample preparation, analytical size ranges and analytical methods. Before there
are reliable methods available, it is very difficult to compare results, and to fully understand the
potential occurrence and related risks with traffic-related microplastics. It is also complicated to
evaluate the polymer concentrations in the samples since the variation tend to be large due to high
sample heterogeneity. It is therefore difficult to conclude if street sweeping is an effective measure to
reduce traffic-related MP or if the brushes themselves generate more particles than the sweeper is able
to collect. We could also conclude that the polymer concentrations sometimes increased after
sweeping, which is probably due to the sweepers’ limitations to collect fine particles in agreement
with previous studies (e.g. (Janhall et al., 2016, Jarlskog et al., 2017, Snilsberg and Gryteselv, 2017,
Snilsberg et al., 2017).

In addition to investigate the occurrence of TWP before and after street sweeping, we also wanted to
evaluate if and how much plastic brushes contributed to the total amount of MP. The results show that
a significant amount of MP is likely to be released from the brushes (i.e., up to 60 tons per year).

Lastly, we wanted to compare the concentrations of MP and traffic-derived microplastics, and evaluate
the potential differences, before, under, and after sweeping. For this, samples were analysed both
regarding the concentrations of TWP (PIP and PBD) and eight of the most common polymers at the
same time. In previous studies, it has been common to focus on either TWP or plastic polymers, but
seldom analysed in parallel. The results indicate a change in relative abundance before, under and after
the sweeping. The cause, however, needs to be further investigated.

The conceptual overview identifies a number of different possible sources to, and pathways, for
microplastics in the street sweeping routines in Karlstad and helped to structure the sampling
campaigns. The questionnaire shows that the awareness about street sweeping as a measure against,
and source to, microplastics is generally low, which is expected, considering the novelty of the
research area. In Stockholm, where activities against road dust emissions, e.g., street sweeping, have
been evaluated in research and development projects since the early 2000nds, (Gustafsson et al., 2011;
Gustafsson et al., 2018; Norman and Johansson, 2006), awareness is higher than among the other
respondents. Street sweeping is a frequent activity especially in city centres and other prioritised areas.
Common machines are elevators and vacuum machines. The PMyo certified machines can be both, and
many new machines have this certification (EUnited, European Engineering Industries Association,
www.eu-nited.net). Even though these are expected to also be effective in collecting fine fractions (<
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10 pum), studies have shown that also certified machines leave fine dust on the road surface e.g.,
(Janhall et al., 2016; Jarlskog et al., 2017; Snilsberg and Gryteselv, 2017; Snilsberg et al., 2017). The
efficiency on real streets is, except for the machine properties and speed, also depending on the road
surface macro texture, state of maintenance and conditions. How swept material is handled differs a lot
between municipalities. Most seems to be deposited for landfill but collected winter sand is by some
municipalities regarded a possible resource for re-use in different ways. Either landfilled, or used as a
resource, it may cause a potential spreading from elsewhere than initially found unless treated properly
(Andersson-Skold et al., 2020). As stated by Praagh et al. (2018), landfills in general might be a source
of microplastics to aquatic ecosystems. In this study, samples were taken for analysis, mainly from
spring sweeping, but since there are no limit values for microplastics, this content is not analysed.

Most municipalities hire contractors for street sweeping. Contracts have no requirements regarding
brush types or wear of brushes. These decisions are up to the contractor and the staff using the brushes
on sweepers. Therefore, the knowledge about brush and broom consumption in the municipalities are
low. Some information has been possible to collect from contractors, and an investigation made on
Karlstad in this study, but a more detailed review of the consumption would be needed for more
accurate estimations. It is not surprising that most municipalities have not considered alternative
materials for brushes to avoid possible microplastic emissions from the brushes. It is, however,
encouraging that one municipality is collaborating with a brush manufacturer which sees bio-
degradable brushes as a possible market.

Many previous studies on sweeper efficiency on road dust removal have been focusing on runoff,
water quality, and air quality. Regarding air quality, the finer fractions are in focus and the sweeper
effectiveness on these fractions is seldom high. In fact, sweeping can even increase the load and
emission of fine particles from the surface. These results have several explanations. The type of
sweepers that give the best results are high-pressure water cleaners with subsequent vacuuming of the
slurry (Jarlskog et al., 2017). A slower speed will generally give a better result. Sprayed water is often
used to reduce dusting, but water also have the effect of dispersing fine fractions in a slurry which is
hard to sweep up. Road dust tend to accumulate in the texture of the surface and in combination with
water, salt and repeated drying and wetting, can “cement” in the texture, making it hard to sweep up.
The typical distribution of dust across the street involves a high load at the kerb and other surfaces
outside the wheel tracks and a low load in wheel tracks. As a sweeper gutter brush sweeps the dust
load at the kerb in under the machine to be vacuumed or picked up by an elevator, fine fractions will
be left on surfaces that, before the sweeping, were relatively clean. Even though the total amount of
dust across the street will be reduced, sampling in discrete surfaces will not be able to detect this but
will result in increasing dust loads.

In this study, we have focused on sweeping effects on microplastics on the road surface and both the
elevator and the vacuum sweeper show an effect on both the rubber and the plastic polymers analysed.
In relative numbers the vacuum sweeper was able to remove about 60—70 % of the rubber polymers,
while the elevator removed about 35 % of both rubber and plastic polymers. Plastic polymers
increased after vacuum sweeping, which might be a result of redistribution of plastics from the kerb in
combination with low efficiency to vacuum finer fractions. We have found no studies where elevator
and vacuum sweepers were compared for microplastic removal in literature.

The occurrence of extreme values in some sampling surfaces, both before and after sweeping, mainly
in the PP content, complicates the interpretation and generalisation of the results. The extreme values
are likely to be related to few or a single large particle in the coarser part of the size fraction analysed,
which is hard to handle in compiled mass data. We have used median values to reduce their influence,
and reports the compiled results, but it is also valuable to study changes in microplastic concentration
surface by surface, to find features that might not be fully conclusive, but interesting from a research

perspective. Doing so, there is e.g., a tendency that the surfaces exposed to the vacuum suction have a
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more obvious reduction than the surfaces exposed to just kerb brooms. This kind of information might
be valuable for future method and strategy developments.

In the spring sweeping campaign, the road surface is swept with, in total, three rotating brooms. While
the rubber polymers on the road surface seem to be generally unaffected by the sweeper activities, the
plastic polymers polypropylene and polyethylene tend to increase. Considering brooms are made of
polypropylene, the increase in this specific polymer indicates a contribution from wear of the plastic
brooms. Interestingly, the relative composition of plastics in the sweepers, differ from the composition
in road surface samples. As speculated in the results section, this is likely to be a result of the coarser
size distribution of the samples from inside the sweepers. From the data in this study, it has not been
possible to answer if the sweepers collect the microplastics that they emit from brush wear.

The weighing of used brooms and brush rings in Karlstad is, to our knowledge, the first scientific
approach to estimate wear of plastic brushes on a city scale. It is therefore difficult to evaluate if the
resulting wear of some hundred kilograms per year, depending on if the actual values are used or the
staffs estimated wear, is representative. As mentioned, Umea reports a similar number of used brushes
per year with a similar road network, but more data is needed for better accuracy. Scaling up the wear
to all Swedish municipalities results in some tens of tons of wear per year, which is comparable to
microplastic amounts generated from wear of fishing gear (4-46 tons) or organic waste treatment (26
tons) (Magnusson et al., 2016). As a comparison, the yearly tyre wear in Sweden is estimated to be
about 11 000-15 000 tons per year (Magnusson et al., 2016; Polukarova et al., in prep).

Even though aiming to be able to, this work could not conclude if sweeping is a net source or sink for
microplastics. The material is obviously worn, but the percentage of wear material collected by the
sweepers themselves could not be estimated since the campaigns showed diverging results. Machines
just using brooms, without any collecting function, are bound to be net emitters of wear, but collecting
machines could still act as both source and sink. Nevertheless, considering sweeping brushes as a
potential source of emissions of tens of tons of microplastics each year, suggests that activities to
reduce brush wear might be considered. Since most sweeping is made in municipalities, and in general
by contractors, a possibility could be to use contracts in which requirements on sweeping techniques,
methods and brush materials could be included. Choice of alternative material that is not plastics or
“better” plastics could be an option. Metal brushes are available but if wear of a metal brush over its
life cycle is better from an environmental perspective needs to be evaluated. Also, the function of a
metal brush is different from a plastic brush and is normally used for different purposes. Plastic
brushes flex and flip the material into to elevator or vacuum nozzles, while a steel wire brush is used
for moving material from the gutter to the collecting brush. Generally, requirements from users, needs
that there is available information from brush and sweeper manufacturers that could be related to brush
wear. To our knowledge, this information is not commonly available today. Brush wear depends not
only on the brush material but also on machine type, driver choice of brush settings (pressure and
angle), the material that is swept, the road surface properties and meteorology.

Street sweeping is an important measure to keep streets clean, but there is still diverging results
regarding its function for pollution control, which might mainly be due to low efficiency of collecting
the finer fractions on the road surface, which are the ones contributing to air pollution through
resuspension and also the ones with the highest pollution content. Sweeping techniques could probably
be further optimised to better cope with fine fractions. The contribution to plastics pollution from
sweeping is a novel issue and, to some extent supported by the results from this study. Further
investigations are needed to confirm these findings.
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6. Conclusions and future work

From this study the following conclusions can be drawn:

¢ Knowledge about sweeping as measure against, and source to, microplastics in particular,
among the municipalities answering the questionnaire, is generally low.

¢ Among the municipalities answering the survey, there were no requirements related to
sweeper brush material or wear rate in street operation contracts.

e The concentrations of analysed polymers, preferably rubber polymers, resulted in surface
loads that are lower than estimated in literature, which is likely to be related to differences in
analytical methods as well as pre-treatment of samples resulting in different polymer sample
amounts and size distributions.

e The surface loads of the polymers analysed sometimes show extreme values, which is likely to
be related to few fragments in the upper part of the analysed size distributions.

e Both sweeping techniques tested, vacuum and elevator, reduced the amounts of rubber
polymers on the road surface, the vacuum sweeper by 60—70%, while the elevator reduced the
surface loads with 35%, but only the elevator reduced the plastic polymers.

e The composition of polymers on the road surface differs from the composition of samples
taken inside the sweeper containers, with higher rubber percentages in the sweepers and high
polypropylene percentage on the road surface. Differences are suggested to be related to a
markedly coarser size distribution of material in the sweepers in combination with different
polymer content in different size fractions.

o The SEM/EDX analyses showed that tyre and bitumen wear particles (TBiWP) are, after
mineral particles, the second most abundant particle type on the road surface with 10-17% of
the mass-percento of the fine fraction (2-26 um) and tyre wear particles (TWP) were 3—7 % of
the coarser fraction (26-125 pum).

o Evaluation of the spring sweeping activities resulted in higher surface loads of the
microplastics analysed, implying that redistribution of dust from the kerb in combination with
intensive and repeated use of sweeping with plastic brooms in sequence and low collection
efficiency on fine fractions can result in increased net emissions of microplastic load.

o Bristles in brooms used in Karlstad is mainly made of polypropylene, which is one of the most
common polymers on the road surface and also the one increasing most after spring sweeping
activities.

e From measurements of brush wear, the total yearly wear of plastic brushes in Karlstad is
estimated to be 214-223 kg/year (calculated for 2021).

e Scaling up brush wear figures from Karlstad to total wear in Swedish municipalities, based on
street network length, results in 20-21 tons per year.

The results from this single study are yet too scarce to form a basis for recommendations for
municipalities on how to optimise sweeping to minimise microplastics in road environments.
Nevertheless, they serve well as information about the potential benefits and risks with sweeping and
as a start of discussion among and between municipalities, contractors, and brush and sweeper
manufacturers.

The results are among the first concerning street sweeper effects on microplastics. Since the analysis
used seem to result in considerably lower amounts than shown in literature, it is of importance to
analyse future samples also with more elaborate analytical techniques using a size range also down to
a few micrometres. Also, sampling techniques and sample pre-treatment could be further elaborated to
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maximise the possibilities to detect and estimate microplastic content and to minimize possible
contamination. Two standard sweeper techniques have been evaluated, but there is a range of
alternative sweeper techniques that might be better to sample fine particle fractions, and thereby might
have even better effects on microplastics. There is also a potential for sweeping technique
development, where dust should be possible to sweep up in its position, normally at the kerb, instead
of redistributing the dust over the driving lane before collection, which increases the risk for
suspension of fine dust. It proved difficult to gather information about national yearly consumption of
plastic brushes, why the data from Karlstad was scaled up for a rough estimation. In comparison, the
national emission of tyre wear has been verified to similar numbers both through emission factors
combined with traffic amounts as well as through sales statistics. A similar approach regarding
brushes would be valuable to compare to the emission factor approach used in this study. This study
has focussed on road surface loads but supplies no information about, if and how sweeper-related
microplastics leave the road through runoff or suspension etcetera. Evaluations of alternatives to
common plastic brushes are of interest to minimise plastic emissions or improve biodegradability. It
would be valuable to have information from more municipalities and their contractors about their
sweeping routines and use of brushes, to get a better picture of the representativeness of the findings in
this study and the variability among municipalities.
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Appendix 1. Polymer types and their applications

Polymer

Abbreviation Application

Polyisoprene

Polybutadiene

Polyethylene

Polypropylene

Polystyrene
Polyvinyl
chloride

Polyethylene
terephthalate

Polyamide 6

Poly(methyl
methacrylate)

Polycarbonate

PIP

PBD

PE

PP

PS

PVvC

PET

PA6

PMMA

PC
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Tyres, rubber springs and mounting, footwear

50 % of usage in tyres, rest in footwear, wire and cable insulation,
conveyor belts

Packaging of food, water, personal hygiene and household cleaning
products, agricultural mulch, wire and cable insulation, squeeze bottles,
toys, and housewares, bullet proof fabric

Rope, cordage, disposable fabrics for diapers and medical applications,
fabrics for ground stabilization and reinforcement in construction and road
paving, food and household liquids and housing products.

insulation, packaging, and food containers, eating utensils, audiocassette
holders and cases for packaging compact discs

construction trades, floor tiles, garden hoses, imitation leather, upholstery,
and shower curtains

Housing products, tyre yarns, conveyor belts and drive belts, reinforcement
for fire and garden hoses, seat belts, fabrics used in road construction
(stabilizing drainage ditches, culverts, and railroad beds), diaper top sheets
and disposable medical garments

Commonly known as nylon. Usen in aircraft components, sporting goods,
electronics, plastics films and adhesives

lighted signs for advertising and direction, domed skylights, swimming pool
enclosures, aircraft canopies, instrument panels, and luminous ceilings

safety items such as safety shields, shatter-proof windows and safety
helmets, large carboys, compact discs.
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Appendix 2a. Samples collected on 2021-12-21

Sanple | Sampling Number of Container | Analysed fraction(s) Analysis type
type place samples
WDS Before 1Lx4 Glass 27-1000 pum Pyrolysis-GC/MS
sweeping bottles
elevator
machine
WDS Before 1Lx4 Glass 27-1000 um Pyrolysis-GC/MS
sweeping bottles
vacuum
machine
WDS After 1Lx4 Glass 27-1000 pum Pyrolysis-GC/MS
sweeping bottles
elevator
machines
WDS After 1Lx4 Glass 27-1000 um Pyrolysis-GC/MS
sweeping bottles
vacuum
machine
WDS Before 2Lx4 Plastic <26 um and 26-125 pum SEM/EDX
sweeping bottles 0.4 um-1.7 mm Particle size
elevator o
. distribution and
machine .
gravimetry
WDS Before 2Lx4 Plastic <26 um and 26-125 um SEM/EDX
sweeping bottles 0.4 pm-=1.7 mm Particle size
vacuum L
. distribution and
machine ;
gravimetry
Sand Elevator 1.8L Glass jars 27 - 1000 um Pyrolysis-GC/MS
machine
Sand Vacuum 1.8L Glass jars 27-1000 um Pyrolysis-GC/MS
machine
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Appendix 2b Samples collected on 2022-04-26

Sample | Sampling place | Position Number | Container | Analysed Analysis type
type across the of fraction(s)
road samples

WDS Before dust Kerb 1Lx2 Glass 27-1000 pm Pyrolysis-
binding bottles GC/MS

WDS Before dust Between 1Lx2 Glass 27-1000 pm Pyrolysis-
binding wheel tracks bottles GC/MS

WDS Before dust Left wheel 1Lx2 Glass 27-1000 um Pyrolysis-
binding track bottles GC/MS

WDS After wheel Kerb 1Lx2 Glass 27-1000 um Pyrolysis-
loader with bottles GC/MS
front-mounted
broom

WDS After wheel Transition 1Lx2 Glass 27-1000 pm Pyrolysis-
loader with areal bottles GC/MS
front-mounted
broom

WDS After wheel Transition 1Lx2 Glass 27-1000 um Pyrolysis-
loader with area 2 bottles GC/MS
front-mounted
broom

WDS After truck- Transition 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator area l bottles GC/MS
sweeper

WDS After truck- Transition 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator area 2 bottles GC/MS
sweeper

WDS After tractor- Kerb 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator bottles GC/MS
sweeper

WDS After tractor- Transition 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator areal bottles GC/MS
sweeper

WDS After tractor- Transition 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator area 2 bottles GC/MS
sweeper

WDS After tractor- Right wheel 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator track bottles GC/MS
sweeper

WDS After tractor- Between 1Lx2 Glass 27-1000 pm Pyrolysis-
towed elevator wheel tracks bottles GC/MS
sweeper
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Appendix 3 On-road particle size distributions before and after sweeping
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Appendix 4 Surface load of microplastics before and after the sweeping

Surface load before sweeping [pug/m?]

KERB BWT LWT
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Polyvinyl chloride (PVC)
Polyethylene terephthalate (PET)
Polyamide 6 (PAG)

Poly(methyl methacrylate) (PMMA)

Polycarbonate (PC)

Surface load after sweeping [pug/m?]
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