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Environmental factors have significant

impacts on bacterial communities on

tire microplastics in urban water system.
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Abstract: Only limited information is available on bacterisbmmunities’ dynamics on tire
microplastics in urban water environments. Thisdgtexploited 16S rDNA high-throughput
sequencing to characterize bacterial communitiesirermicroplastics, using three different tire
brands and tire sizes, in two typical urban waterirenments, including an influent pond of
constructed wetland (CW) and its subsequent efflirto a landscape river (LR) during three
different periods, namely, 1 month, 3 and 6 monfResults showed that the abundance of
bacterial colonization on tire microplastics witicrease over time. Proteobacteria, Bacteroidetes
were the dominant bacteria at a phylum level, alifiothey exhibited dynamic changes. At a
genus level, the identifiable bacteria found ire timicroplastics was generally the common

bacteria in wastewater discharge, suchgsbacterium and Denitratisoma. Additionally, alpha
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diversity showed no significant differences in leaiei communities at the same locations. While

beta diversity showed that the bacterial commusibie the tire microplastics in the two locations

was different. BugBase revealed that tire micrdmas<ould support pathogenic bacteria in urban

water environments. PICRUSt (Phylogenetic Invesiigaof Communities by Reconstruction of

Unobserved States) indicated that the abundanoeiasborganisms associated with metabolism

and degradation increased with time. Moreoveratmbient environmental factors were the main

influencing factors of bacterial communities ore tinicroplastics. Herein, the contribution rate of

nutrient salts (N@N, NOs-N, NH,-N, CODcr) was approximately 63%, and that of

environmental physical factors of T and pH was 50%hile physicochemical factors, including

particle size, contact angle, element content dmfyl a slight impact. Accordingly, tire

microplastics, as an emerging environmental pailiytean act as carries for bacterial colonization

and propagation, particularly harmful microorgarssnTherefore, the obtained findings can

provide new insight into potential risks of harmfaicroorganisms that colonize tire microplastics

in urban water environments.

Keywords: microplastics; tire; bacterial community; colonipat biofilm

Declaration: We declare no conflict of interest.

Capsule: Our findings can pave the way for understandingtdyad dynamics on tire

microplastics in urban water environments.

1. Introduction

The increasing attention being paid to microplastittution is the result of the increasing use
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of plastic-based products. It is estimated thabB®n tons of plastic were produced between

1950 and 2017 (Brooks, 2018). The intense consom@d rapid disposal of plastic led to a

visible accumulation of plastic fragments (Cozamakt 2014). In 2004, Thompson et al. (2004)

first called the plastic fragments observed und&rescope as microplastics. With in-depth

research and discussion, microplastics are typiaifined as plastic fibers, solid particles or

films with an upper limit of 5 mm (Thompson, et &004; GESAMP, 2016).

Although microplastic pollution around the worldshheen widely concerned, there are

relatively few studies on microplastics in freshevatnvironments, which is reported that less than

4% of the researches on microplastics are relatécbshwater (Lambert and Wagner, 2018). The

first study about microplastics in freshwater eanment was published until 2005 (Moore et al.,

2005). In recent years, an increasing number ofliesuhave found that microplastics are

ubiquitous in freshwater environment, especially éstuaries and inland waters located in

populated urban areas (Fu et al., 2019), and &g @he shores of sparsely populated mountain

lakes (Free et al., 2014). The average abundanceiabplastics in freshwater system varies

greatly from few to several million per cubic mefer et al., 2018). The wastewater treatment is

one of the main sources of microplastics in fredbwéli et al., 2018), which has also attracted

wide attention (Wong et al., 2020).

Being a relatively new material introduced into &atnvironments, microplastics can easily

become a microbial carrier due to their small phetisize, rough surface and longer half-life

(Reisser et al., 2014; Oberbeckmann et al., 20it5¢kK et al., 2017; Gong, et al., 2019). Moreover,

their hydrophobic surface can rapidly stimulate tbemation of biofilm and hence become

carriers for the colonization and transportatiorhafmful microorganisms (Zettler et al., 2013).
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Previously, the rapid formation of bacterial binfd was observed on microplastic surfaces within

1-2 weeks in an aquatic environment (Tender e2@ly). ParticularlyAeromonas salmonicida, a

pathogenic fish bacterium, was found in bacterahmunities on the surface of microplastics in

the North Adriatic, indicating that microplasticaye become an important means in transmitting

bacteria during fish feeding activities (Virsek at, 2017). Additionally, microplastic surfaces

provide a protective niche that supports a vardtyifferent microorganisms, referred to as a

“plastisphere” (Zettler et al., 2013). This biotopan be used as an important carrier for the

persistence and transmission of pathogens, fedatator organisms and harmful algal blooms

within aquatic environments (Keswani et al., 20I8)e impacts of microplastics as microbial

carrier is similar in seawater and freshwater emnment (Li et al., 2018). Bacterial biofilm

experiments conducted on microplastics and natagdtices in Xuanwu Lake (Nanjing, China)

have found that the bacterial richness of micraasatrix surfaces is much higher than that of

natural matrices. Particularly, microplastic biogleemical processes can potentially have a

comparably additional and significant impact (Miabal., 2018), which can be associated with

carbon (C) and nitrogen (N) cycling processes obfilbh on microplastics. Therefore,

understanding bacterial dynamics on microplastiogater environments is of critical importance.

Tire microplastics are considered an important aglastic, the second largest contributor of

microplastics to aquatic environments on a globales(Verschoor, 2015; Boucher et al., 2017).

Automotive tires are known to be mainly compose@mbroximately 60% styrene-1.3 butadiene

rubber (SBR), natural rubber as well as numeroultiaes, all of which derive from synthetic

rubber (Verschoor et al., 2014). Thus, tire micagits mainly derive from tires used on roads

even though tires are made to be highly wear-getisit is estimated that the quantity of tire
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microplastics produced in the European Union (EW)1i 327 000 tons/year, while the

corresponding tonnage in the United States of Acads 1 120 000 tons/year and that of Germany

alone is 133 000 tons/year (Wagner et al., 2018Adstralia, the total amount of tire wear was

calculated to be 20,000 tons/year (Kole et al.,720Ihe per capita emissions of tire microplastics

range from 0.23 to 4.7 kg/year, with a global ageraf 0.81 kg/year (Kole et al., 2017). Under

forces of wind or gravity, some of these tire mpitestic particles fly into the air and some

directly fall onto road surfaces and the surrougdsoil, subsequently flowing into sewers or

surface water along with rainwater where they finahter river and ocean systems as well as

other water environments (Ziajahromi et al., 2020has been demonstrated that approximately

18% of tire microplastics in the Seine, Francémigorted into freshwater environments and 2% is

imported into the estuary of the river (Unice ef 2019). What's more, the tire microplastics

(approximately 17.1%) were one of the most abundaatoplastic particle types observed in the

tributaries of the Charleston Harbor estuary, S@dholina, the United States of America (Leads

and Weinstein, 2019). And approximately 15-38%hef tire microplastics were supposed to exist

in the sediment of the wetlands on Queensland’sl Gohst (Ziajahromi et al., 2020). As a result,

these tire microplastics can become the potentaliers of microbial colonization in water

environments, which is risky to human health gitleat it is transmitted globally through the food

chain or through the movement of ocean currentfigY2015; Bouwmeester, 2015; Seltenrich,

2015). Moreover, urban water environments are ohéhe main discharge hotspots of tire

microplastics, while also being freshwater envirenis that have a close association with human

beings during urbanization processes (Hu et all8R0Therefore, tire microplastics as bacterial

carriers and their associative influencing faciarsirban water environments warrant far greater
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In this study, we hypothesized that as an imporantce of microplastics, tire microplastics

may become the carriers of bacteria in urban waterironment, and the composition and

structure of bacterial communities will change wiitime, and then the functional diversity of

bacterial communities will change, which may have umpredictable impact on urban water

environment ecology. Concurrently, we also hypdtteesthat different water factors and different

physicochemical properties of tire microplasticsyraffect the bacterial communities, which will

make the risk of tire microplastics discharged ifferent water environment more difficult to

predict. Accordingly, the objectives of this studgre (1) to identify bacterial communities on tire

microplastics over time in two typical urban wasgstems; (2) to evaluate the functional diversity

of bacterial communities that colonize tire miciaxiics; and (3) to determine influencing factors

of bacterial communities on tire microplastics,lirming their ambient water quality in different

site and different periods and their specific pbgshemical properties. Accordingly, we selected

three popular tire brands, namely, Bridgestone,dgear and Michelin, as well as mixed tire

microplastics of different sizes to act as our nhdide microplastic. Following this, we added our

series of prepared samples taken from the selenterbplastics into two typical urban water

systems, namely, an influent pond of constructetiawd (CW) and its subsequent effluent into a

landscape river (LR) during three consecutive fpagods, that is, 1 month, 3 and 6 months. This

study exploited 16S rDNA high-throughput sequencargl associative statistical methods to

characterize bacterial communities on tire micrsita and its corresponding influencing factors.

The obtained findings from this first study of bextl community colonization on tire

microplastics can provide new insight into the ptitd ecological risks of microplastics in urban
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environmental water systems.

2. Materialsand Methods

2.1. Tiremicroplastics preparation

We obtained tire powders from the three aforemeetiotire brands using a metal saw to

scalp the surficial 2 cm (approximately) of each tread and using a tire grinding machine. At the

same time, we purchased mixed tire powders fromShidiazhuang Yuxin Building materials

company, China. Both tire powders were individuallyaned two separate times for 10 min using

an ultrasonic cleaner at 68 Hz. After 3 days oé4eedrying, tire powders were pulverized at 60,

515 g (26 000 rpm) for 6 min to prepare the différre microplastics along with the different

tire brands, namely, BRIDGESTONE (BS), GOODYEAR (Gahd MICHELIN (MC), and the

mixed samples (Table S1). After cooling, tire mpestic samples were individually sieved

through 75, 100 and 150 pm to obtain differentiplartsizes of the three different brands and

mixed samples (Table S1), which were stored ins&cdator for further analysis.

2.2. Physicochemical properties of tire microplastics

The average particle size of tire microplastics wessured within an ethanol absolute (AR)

solvent using a submicron/micron (laser) particlee/particle number analyzer (MS2000,

Malvern, UK). The contact angle was measured bywgusan optical video contact tester

(KRUSS-DSA100). The specific surface area of tirneraplastics was measured using a fully

automatic surface area, microporous pore and clmisorption instrument (ASAP 2020M+C,

USA). The surface morphology of tire microplastieas observed by the field emission scanning

electron microscope (S-4800, Hitachi, Japan). ievant content of C, N and sulfur (S) was
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measured using an elemental analyzer (vario MAXenteintar Analysensysteme GmbH,
Germany). Prepared samples were further digestieg tise acid digestion method to measure
heavy metal content using inductively coupled pkasmass spectrometry (ICP-MS, Agilent
7500cx, CA, USA).
2.3. Placement of tire microplasticsinto two typical urban water systems

Approximately 0.2 g of the different series of paegd tire microplastics were weighed out
and placed into hollow quartz sand glass tubegppfaximately 8 cm length and 2 cm diameter.
Both sides of the tubes were covered with an 8 mmeter and 5 um aperture glass fiber filter
membrane, which were fixed using the rubber baadd,then the outer wall of the glass tubes
ware wrapped with the sealing films with a lengthabout 5 cm. This approach sealed tire
microplastics in place while allowing microbes awdter to pass through freely. All tubed
samples were then packed into net bags to placdhptLR and the CW treatment locations for 1
(December 8, 2018 to January" 2019), 3 (December” 2018 to March 8, 2019) and 6
months (December“B 2018 to June' 2019), respectively. The LR and CW treatmentsewer
situated within the campus of the Institute of Urlinvironment, Chinese Academy of Sciences
(Fig. S1). Specifically, CW influent derived fronisdharge from a wastewater treatment plant
within the campus. Therefore, as typical urban waystems, the selected sampling sites of CW
and LR could to some extent represent the situsitgfrurban water environments, which could
favor to demonstrate clearly the ecological diffees of bacterial communities and their
potentially negative effects resulted from tire ropastics in urban water systems. For accuracy,
bacterial samples in the two different study lawadi were labelled, namely, LR1 (1 month), LR2

(3 months) and LR3 (6 months) for LR and CW1 (1 thprCW?2 (3 months) and CW3 (6 months)
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for CW. As shown in Table S1, a sample number fiotnrough 6 was further assigned to BS, GY,

MC and the three different sized tire microplastigtures (Table 1), respectively.

24. Pretreatment, DNA extraction, amplification, product recovery and 16S rDNA

high-throughput sequencing of samples

After 1, 3 and 6 months, respectively, the aforeimered tubes were retrieved and then tube

surfaces were rinsed with sterilized water. Aftexdydaubes were disassembled to access the tire

microplastics for DNA extraction. The retrievedetimicroplastics samples were poured into a 500

mL beaker covered with a 30 um sterilized mesh gaoilter out the water, and residue that had

adhered to the inside of the glass tubes was rinsidy sterilized water. The mesh gauzes were

then wrapped until only the tire microplastics sémpleft, and then they were placed into

disposable Ziplock bags and stored at -80 °C fahé&wr DNA extraction.

Genomic DNA from all samples was extracted using HastDNA SPIN Kit for Soll

(Qbiogene, MP Biomedicals, Irvine, CA, USA). Ancethelected amplification regions included

16S V3-V4. Polymerase chain reaction (PCR) wasopagd using the Phusion High-Fidelity

PCR Master Mix with GC Buffer (New England Biolapg) specific primer with barcodes and

high-efficiency high-fidelity enzymes to ensure difigation efficiency and accuracy. Products

were recovered using a gel recovery kit (GeneJHiErmMo Scientific), while the library was

constructed using the 48 reaction lon Plus Fragrbgmary Kit (Thermo Scientific). After qubit

guantification and library testing, the lon S5TM)8ystem (Thermo Scientific) was used for

sequencing.

2.5. Data analysis

2.5.1. Data processing
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Cutadapt (version 1.9.1; http://cutadapt.readthedwen/stable/) (Ward et al., 2017) was

used to partially cut reads of low quality, anddoale and primer sequences were truncated to

obtain raw data. Read sequences (https://githubitooognes/vsearch/) (Martin, 2011) were

compared to the species annotation database tct dbieneric sequences which we subsequently

removed to obtain the final valid data (i.e., cleaads) (Rognes, 2016).

Clean reads from all samples were clustered usiRQREE software (UPARSE version

7.0.1001; http://www.drive5.com/uparse/) (Haas kf 2011) at a 97% consistency default

(Identity) cluster sequence into operational taxoigounits (OTU). The mothur method and the

SSU rRNA database (Wang et al., 2007) from SILVAlgase 132) (http://www.arb-silva.de/)

(Edgar et al., 2013) were used for species anoaotatnalysis (with a set threshold value between

0.8-1), and taxonomic information was obtainedsahdaxonomic level: kingdom, phylum, class,

order, family, genus and species, which were usedltulate the community composition of each

sample.

2.5.2 Diversity and bacterial functional prediction

Samples were subjected to alpha diversitydifersity) analysis using QIIME software

(version 1.9.1) (Caporaso et al., 2010), includdbgerved species, the Chaol index, the Shannon

index and the Simpson. Petal chart based on OTUmgdterial communities was analyzed by

“venn” package in R software (version 3. 6. 0). Beliversity f-diversity) analysis was

performed by Principal Co-ordinates Analysis (PCasich based on weighted UniFrac distance

matrix in terms of bacterial communities on tirecroplastics, was generated using the “vegan”

package in R software (version 3. 6. 0) to viseakample differences (Magali et al., 2013).

Linear discriminant analysis effect size (LEfSegalgnis was used to analyze species abundance

10
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data between groups (i.e. LR and CW) applying #rkisum test method and to detect different
species between different groups (i.e. LR and QWiear discriminant analysis (LDA) was then
used to reduce the dimension and evaluate itstedfespecies richness, using the LDA score to
draw the histogram of the LDA value distribution tbe different species, wherein the default
setting was 4. The t-test and the Wilcox signedctast were used to analyze differences between

the diversity indices.

BugBase uses an OTU table (with reference clugieand reference sequence: the
Greengenes 97% OTU dataset) as the input filet, Five predicted 16S copy number is used to
normalize the OTU table. The preprocessed databadethe BugBase tool are then used to
automatically select thresholds to predict badigtieenotypes. Based on the tree of OTU and the
gene information of OTU in Greengene database, BPEIR(Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States) used to predict the metabolic function
of bacterial communities. Finally, a mantel tesswgsed to explore the relationship between the
taxonomic and functional structures of bacteriainpownities on tire microplastics with 9999
permutations by “ade4” package in R software (eers. 6. 0).

2.5.3 Correlation analysis between bacterial communities and physicochemical properties
and environmental factors

Furthermore, we collected 100 mL of water samptemfthe two sites (i.e., LR and CW)
after 1, 3 and 6 months (i.e., Januafy 019, March 6, 2019, June'®,2019, respectively). The
water temperature (T) is detected by the thermanietthe water immediately. The pH value of
water was measured using a pH meter. Ammonia mitrgbH,-N), nitrate nitrogen (N@-N) and

phosphate (P£P) concentrations were determined using flow imp@canalysis (Lachat QC8500,

11
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USA). Total phosphorus (TP) was determined by spphbtometry. Anions were determined

using an ion mass spectrometer (ICS-3000, USA)lTatrogen (TN) was determined using a

TOC/TNVC pH analyzer (Shimadzu, Kyoto, Japan). Thetent of the chemical oxygen demand

(COD) was determined using the potassium dichromag¢hod. As it pertains to statistical

analysis, different durations (i.e., 1, 3 and 6 thephwere evaluated using a t-test at a significant

level of P < 0.05. Furthermore, relationships between badteoimmunities on tire microplastics

and their specific physiochemical properties andirenmental factors were analyzed by

redundancy analysis (RDA) using Canoco version(Bdng et al., 2010). Variation partitioning

analysis (VPA) for determination of the contribuigoof different environmental factors to the

variations of bacterial communities were condudteld with the package “vegan”.

3. Results and Discussion

3.1. Physiochemical propertiesof tire microplastics

The average size of tire microplastics among theettbrands differed, namely, 120 um for

BS, 136 um for GY and 102 um for MC (Table 1). k¢ same time, the average size of the mixed

tire microplastics also differed, namely, 132 pum KdlX-1, 94 um for MIX-2 and 71 um for

MIX-3. Furthermore, the specific surface area  thicroplastics was small (Table 1), which is

comparable to other microplastics, including pdiyééne (PE) and polypropylene (PP) (e.g.,

Pang, 2018). Additionally, the contact angle d tinicroplastics among the different brands or the

mixed tire microplastics of different particle sizexhibited no significant difference® ¥ 120°)

(P > 0.05; Table 1), which implied that tire microglas had higher hydrophobicity.

Table 2 provides the elemental constituents ofregtiee microplastics. The table shows that

12
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carbon (C), nitrogen (N), sulphur (S), copper (Gingc (Zn), arsenic (As) and lead (Pb) content

was similar among the three different tire branas the mixed tire microplastics of three different

particle sizes. Among these, C content was higlaest,this was because carbon black is the main

raw used material in tire production (Kim and L&26,18). Moreover, the vulcanization process

was the main reason for high S content, while, dp@in additive, Zn content in tire microplastics

was also high (Degaffe and Turner, 2011). Additilghas potential additives, many heavy metals

can be found in tire microplastics, such as CuP%s,etc.

The morphology of tire microplastics obtained uniddoratory conditions in this study was

similar to that collected from roads, all havingital slender shapes (Kreider et al., 2010).

Furthermore, we observed extensive microbial caktion in both the LR and CW treatments

(Fig. 1). We inferred that microbial secretionsttadhere to the surface of tire microplastics can

alter their surficial morphology by increasing the&iughness (Zettler et al., 2013).

3.2. Bacterial community composition and structure

Results from 16S rDNA high-throughput sequencingwstd that bacterial richness after 1

month (976 OTUs) was significantly lower than affemonths (2685 OTUs) and 6 months (3941

OTUs) P < 0.01; Fig. S2). Bacterial communities on the ¢hstage tire microplastics shared a

number of OTUs: 62, and about 30% of OTUs wereeshar different locations in each stage,

though the unique OTUs increased with time. Theegfdacterial communities on the tire

microplastics in different locations also appeatave a “core” of taxa that characterized them

as mentioned in the study of Zettler et al. (2013).

At a phylum level (Fig. 2), the dominant bacteria tre microplastics after 1 month was

identical to that after 3 months, namely, Protetdrés, Bacteroidetes. These results were
13
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consistent with the dominant bacteria on polyethglgPE) and polypropylene (PP) in a

freshwater system reported by Miao et al. (2018)rédver, these dominant bacteria are typically

present during the primary stage of biofilm forroatias well as being typical bacteria found in

freshwater environments (Newton et al., 2011; Helet al., 2014). While after 6 months, the

biofilm entered a mature population state, whichs veharacterized by a greater richness of

bacteria. Acidobacteria had become one of the damiibacteria, which was consistent with

long-term structure and diversity of a biofilm faethin a model drinking water system (Martiny

et al.,, 2003). As reported, surfaces exposed t@medn adsorb extensive amounts of organic

nutrients within a few hours, and this so-callesbriditioning” film can immediately attract

microbial colonizers that utilize these adsorbettients (Oberbeckmann et al., 2015). Hence, the

formation of biofilm on microplastic surfaces in t&ra occurs rapidly, generally within 24 h

(Oberbeckmann et al.,, 2015). Consequently, typipaimary colonizers are invariably

Gammaproteobacteria and Alphaproteobacteria (initial phase 0-24 h) (Oberbeckmann et al.,

2015). Over time (24—72 h), the abundance of mesnbkthe phylum Bacteroidetes increased in

collective bacterial communities in water (Dang at, 2000). As biofilm matured (after

approximately 2 weeks), one study found that tHetive abundance oAlphaproteobacteria

decreased, whereas that of Bacteroidetes incrg&diggintz et al., 2013). In a 3-week culture

study conducted by Miao et al. (2018), Proteobactegmained the dominant phylum in all

collected biofilm samples, followed by BacteroideteOur results showed that the relative

abundance of ProteobactesiadBacteroidetes decreased from 1 month to 6 month&glwhich

time Acidobacteria increased. Collectively, thehniess of bacteria on biofilms that formed by

these three periods increased. Moreover, Protesfi@movas the dominant bacteria in biofilm

14
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irrespective of time, mainlyGammaproteobacteria and Alphaproteobacteria, followed by

Bacteroidetesalthough all of them exhibited dynamic changesidar bacterial culture studies on

tire microplastics in the natural world are necessace data associated with dominant bacteria

under such conditions remain limited.

At a genus level, the relative abundance of idiafitié bacteria on tire microplastics

increased from 1 month to 3 months, while decreadel monthsK¥ < 0.05; Fig. S3). After 1

month, the relative abundance Aduabacterium and Devosia was highest in the LR treatment,

while the relative abundance 8terolibacterium, Azospira, Cloacibacterium and Aquabacterium

was highest in the CW treatment (Fig. S3a). In ramtf the relative abundanceAsfuabacterium

in the CW treatment tended to increase after 3 hsowhile Bradyrhizobium remained relatively

high (Fig. S3b). After 6 months, the most abundancall samples wa®enitratisoma, next is

Geothrix in LR treatmentand Thiobacillus in CW treatmeniFig. S3c). Among these genera,

Aquabacterium was found to be the most widespread species mkidg water and the dominant

species on polyethylene (PP) biofilm in drinkingtera(Kalmbach et al., 19990quabacterium

was also identified as a dominant member in saitamminated by hydrocarbons, which could

assimilate C from benzene ;) (Jechalke et al., 2013). Additionalligradyrhizobium is a

bacterial genus capable of degrading methoxycl8atsuma et al., 2013). The gemevosia can

be found in soil, glaciers, dump sites, nitrifyifrgoculum, marine sediment and even on the

surface of medical leech (Nor et al., 201@loacibacterium belongs to the family

Flavobacteriaceae, ubiquitous to aquatic habitats, for which theg generally thought to play a

role in the breakdown of complex organic matterl€Alet al., 2006; Gay et al., 2016). At the

same timeCloacibacterium are also commonly found in activated sludge ané@rotomponents
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of wastewater treatment plants, which contributedly to phosphate removal in activated sludge

(Allen et al., 2006; Gay et al., 2016). Therefarestain observable bacterium could be beneficial

to the degradation/removal of pollutants in waterch as the plasticizers sebacate, azelate and

adipates, which are used to varying degrees inapliastic production as well as several common

pollutants, such as N and P (Kalmbach et al., 202§; et al., 2016; Liu et al., 2018; Kleinteich et

al., 2018).Denitratisoma, belongs toRhodocyclaceae family, involved in ammonium-oxidizing

and denitrification in wastewater treatment, theratance greatly influenced by the water quality,

which presented strong positive correlations whi influent effluent concentration of COD and

ammonium nitrogen (Xu et al., 2017). In the grouatkw remediation procesSeothrix is one of

the important bacterial group, which is capablecétate and ethanol degradation, mainly by Fe

(1 reduction, as well as by denitrification (Genas et al.,, 2008). Collectively, these

abovementioned bacteria can be also found in wastewdischarge. This confirms that the

observable bacteria can to some extent representdhditions of urban water environments,

since the sampling sites investigated in this staigdyone of typical urban waters where are the

discharge sites of wastewater treatment plantgh&umore, these observable bacteria can rapidly

accumulate on tire microplastics and then migrat¢éhe urban water environments, acting as a

potential environmental pollutant and putting aguatganisms and human at risk (Smith et al.,

2018).

3.3. Diversity analysis

This study used OTU-based-diversity to analyze observable bacterial commesit

applying the Observed species index, Chaol, Shammoh Simpson indices (Fig. S4). The

observed species index and Chao 1 index showedhbahverage of species diversity on tire
16
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microplastics tended to be higher in the LR treatneempared to the CW treatment after 1 and 3

months, but after 6 months, the average of spevessity in LR treatment is considerably lower

than CW treatment (P <0.05). The Shannon index @inghson index revealed that the index

values of the LR treatment were relatively smattem those of the CW treatment after 1 month

and 6 months, indicating that species diversity &adterial community richness of the LR

treatment were also smaller, but the opposite effes seen after 3 months. However, in general,

the P value of the four-diversity indices was greater than 0.05; thusteltveere no significant

differences between the different locations (L& ,and CW).

This study used PCoA based on weighted UniFraanlist matrix in terms of bacterial

communities on tire microplastics (OTU level) f@rdiversity analysis. PCoA showed that

samples collected in the same area were more aggregand their corresponding bacterial

composition was more similar (Fig. 3). After 1 morgnd 6 months, samples were obviously

clustered into two groups (LR and CW), the bactewanmunities on the tire microplastics in LR

were significantly different with those in CW. Aft8 months, the difference between LR bacterial

communities and CW decreased, but the difference sifl significant. These two groups were

significantly different as conformed by the Ador(B<0.01) and Anosim analyses (P<0.01)

(TableS2). Moreover, samples from the same pemadse also clearly distinguished (Fig. S5). At

the same time, differences in bacterial commundiesire microplastics between the two different

urban sites (LR and CW) tended to decrease firatlg then increase over time (Fig. S6).

Specifically, we found 13 different types of bioikar in the LR and the CW after 1 month,

namely,  Alphaproteobacteria, Rhizobiaceae, Serolibacterium, Burkholderiaceae,

Sediminibacterium, Cloacibacterium, etc. (Fig. S6a); While we found 11 different typet
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biomarker in the LR and the CW after 3 months, ngmenitratisoma, Chitinophagaceae,

gamma_proteobacterium, Sediminibacterium, Aquabacterium, Oceanospirillales, etc. (Fig. S6b).

And after 6 months, 18 different types of biomarkegre found in LR and CW treatment,

including Thiobacillus, Denitratisoma, Hydrogenophilaceae, Burkholderiaceae, Holophagaceae,

Holophagales, etc. (Fig. S6c¢).This decrease in tendency related to differencedaaterial

communities can be attributed to the similaritybaicterial communities in primary stage under

similar urban water environments, and differencesy o a certain extent have become less

evident as the number of colonized bacterial sgeiciereased (Hu et al., 2018). However, with

the increase of time, biofim entered a mature peimn state, differences in bacterial

communities become apparent. Additionally, the terafure after six months (June) is much

higher than that in the first two periods (Januamg March) (Table S3). Therefore, it can also be

inferred that the temperature may affect the conitpyugomposition on the tire microplastics in

different locations.

3.4. Potential Functional Consequences

The abundance of potential pathogenic bacteriadetsrmined using the BugBase tool for

functional prediction, which confirmed that tirearoplastics in urban water environments can act

as carriers of pathogenic bacteria. In this stuelg.(S7), in general, the relative abundance of

potential pathogens on tire microplastics had tdnibeincrease with time in the urban water

treatments. Specifically, during the first two peis, both the relative abundance of pathogenic

bacteria in LR treatment were comparable to thos€\W treatment, but after 6 months, the

former was significantly lower than the latté&<Q.05; Fig. S7). Additionally, there is no obvious

trend of potential pathogenic relative abundanadiffierent brands of tire microplastics, while the
18



395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

relative abundance in the same treatment seems teldted to the particle size (Fig. 4). As the

relative abundance of the tire microplastics wéttgé particle size were much bigger, we inferred

that pathogenic bacteria appear to favor the lasggs. In these three periods, the pathogenic

bacterial relative abundance in different treatnantire microplastic sizes were relatively high.

Accordingly, our study found that tire microplastiprovided colonization carriers for potential

pathogens, although their abundance varies dyn#ynioeer time, and the relative abundance

differed in different tire brands and tire microgiia sizes.

Bacterial community-based biofilm formation on tireécroplastics can serve as a protective

mechanism given that microorganisms grown in thesgrix-enclosed aggregates are more

resistant to antibiotics and host defenses (Halbdey et al., 2004). Therefore, the carrier role

that tire microplastics play is conducive to lorigtaince pathogenic bacteria transport in water

environments, subsequently increasing its potergigblogical risks. There is considerable

evidence that shows that aquatic organizms intaikeoplastics (Avivo et al., 2015; Farrell and

Nelson, 2013), which allows for the ingestion ofotized microbes, particularly pathogenic

bacteria. A previous study has shown that the pathic fish bacteriunferomonas Salmonicida

was found on microplastics in the North Adriaticiréék et al., 2017). Both LR and CW are

typical and important urban aquatic habitats. At same time, tire microplastics are transported

within urban water systems and subsequently inddsyeaquatic organisms. This will not only

put aguatic organisms at risk, but may also threhtenan health through the food chain (Kole et

al., 2017). Accordingly, tire microplastics thattenurban water environments are a unique

bacterial habitat that could potentially act aseavrcarrier to transport bacteria downstream

(McCormick et al., 2014).
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Furthermore, PICRUSt program was used to predidtearalyze the functional genes. Based

on the prediction results of KEGG database (Kyatoy€Elopedia of genes and genes), six kinds of

functional analysis of biological metabolic pathwayere obtained at the first level: metabolism,

genetic information processing, environmental infation processing, cellular processes, organic

systems and human diseases. Among them, metabajiengtic information processing and

environmental information processing were the n@mponents, accounting for approximately

49.19%, 14.92%, 14.71%, respectively, which wasstent with the results of Jing et al. (2019).

Heatmap of top 20 functional gene prediction (higlg level 2) (Fig. S8) indicated that several

predicted pathways were significantly enriched (F0.85) after 3 and 6 months’ bacterial

communities compared with those after 1 month, @aflg those genes associated with genetic

information processing (e.g., transcription, folglirsorting and degradation). Genes associated

with metabolism (e.g., amino acid, lipid, carbolatér metabolism and biosynthesis of other

secondary metabolites) also enriched. In a wo ctimtent of functional microorganisms on the

tire microplastics changed with time, the abundamde microorganisms associated with

metabolism and degradation increased, and theifumattgenes of bacterial communities on the

tire microplastics of LR and CW were also differehdditionally, PCoA indicated that functional

structure of samples in the different area wereialsvdistinguished, as well as in the different

periods (Fig. S9). Although a Mantel test demonstrahat the functional structure was highly

correlated with the taxonomic structure (r = 0.629,0.001).

3.5. Relationship analysis

Results from RDA showed that physiochemical propertof tire microplastics and

surrounding environmental factors that affect baaite community colonization on tire
20
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microplastics impacted the two typical urban watgstems during three consecutive time periods

investigated (Fig. 5). RDA results could explain138 and 10.3% in X and Y axes, respectively. It

can be found from Fig. 5 that bacterial growth io@ tnicroplastics exhibited a similar tendency at

the same place in each time period. However, cewater quality parameters intensified impacts

on bacterial communities, including T, B, NH4-N, NOs-N, pH, COLy, TN, TP, the influence

of the first six factors were significant (P < Q.0B the first period, the main influencing factor

for microorganisms on tire microplastics in the BRd CW treatments were available NQ,

NH4-N and pH. After 3 months, CODcr influenced baetecommunities, while after 6 months, T

and NQ-N were the main influencing factors in LR and Ck¥atments. The results of VPA

showed that a total of 70% variance of bacteriahmminities could be explained by selected

variables (Fig.5). Among them, nutrient salts inlahg NO,-N, NOs-N, NH4-N, CODcr were the

most important factors, with a contribution rate G8%, followed by environmental physical

factors (T and pH), with a contribution rate of 50%here was a common correlation between the

two groups of factors, and the shared contributate was 43%. Even though the impact of

physiochemical properties of tire microplastics wesgnificant (P>0.05), it cannot be ignored.

Owing to manufacturing processes among tire brdiftis slightly, the constituents that comprise

their products also differ (Degaffe and Turner, POAmong these constituents, Zn content had a

slightly larger impact on bacterial communities @fferent brands of tire microplastics, while N

content had almost no effect. Skjolding et al. @0bund that factors such as carrier particle size

and shape influence microbial communities. Moreotrex contact angle of tire microplastics has

a very slight effect, which may result from the uetlon of the connection to the surface by

hydrophobic interactions due to the biofilm coatihgt formed on the surface of tire microplastics
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in the primary stage (Harrison et al., 2018; Morekal., 2019). In our study, biofilm tended to be

at mature stage, and bacterial communities onlivisfivere mainly affected by environmental

factors, while the impact of almost all physiocheahiproperties was slighter. Additionally, it

should be noted that microplastics are more buogadtdurable than natural matrices, while the

half-life of the former is longer than the latteZeftler et al., 2013). These relevant tire

microplastic properties provide a new microbial haic for microbial colonization and

long-distance transportation (Keswani et al., 2016)

4, Conclusions

As we supposed, the obtained results showed that nticroplastics, as an emerging

environmental pollutant, act as carries for baatecolonization and propagation, particularly

harmful microorganisms. As this new pollutant iragiagly enters urban water systems, the

abundance of bacterial colonization on tire micagpits will increase over time, especially for

pathogenic bacteria, and the abundance of bactemation associated with metabolism and

degradation also increased with time, which couldl gquatic organisms and potentially even

human health at risk. Except for the main impacten¥ironmental water factors, the smaller

surface area, particle size, hydrophobic surfaag langer half-life of tire microplastics can

provide better colonization and propagation vecforsmicrobes, consequently increasing their

ecological risks. Furthermore, bacterial commusitieesiding on tire microplastics will

undoubtedly be impacted by many other influencigidrs given that urban water environments

are inherently diverse. Practically, this study limited by several factors associated with

insufficient data, such as size dependency, thebeumwf study sites and the duration of the study

period. Accordingly, more relevant studies are dfme necessary to better understand the
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formation of bacterial communities on tire micragiles as well as their associated changes with

respect to physiochemical properties.
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Figure captions

Fig. 1. Scanning electron microscope (SEM) imaggrefmicroplastics prior to the experiment (a)

and following placement into the influent pond ohstructed wetland (CW) for 3 months (b).

Fig. 2. Relative abundance of the bacterial comtiemiat a phylum level (Proteobacteria is
identified as the class level) on tire microplasiit the landscape river (LR) and the influent pond
of constructed wetland (CW) after 1 month, aften@ths and 6 monthhe bacterial phyla out

of the top 10 are included as Others.

Fig. 3. Principal Co-ordinates Analysis (PCoA) lhem weighted UniFrac distance matrix in
terms of bacterial communities on tire microplas{i©TU level) in the landscape river (LR) and

the influent pond of constructed wetland (CW) aftenonth, after 3 months and 6 months.
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Fig. 4. Cylindrical map illustrating the potentgédthogenic abundance of bacterial communities

on tire microplastics in the landscape river (LRYl éhe influent pond of constructed wetland (CW)

after 1 month, after 3 months and 6 months, 1, 2, 8, 6 represent sample number

Fig. 5. Redundancy analysis (RDA) plot illustratitige relationship between environmental

factors and bacterial communities on tire microjidas and variation partitioning analysis (VPA)

differentiating effects of environmental physicactors (T and pH) and nutrient salts (N,

NOsz-N, NH4,-N, CODcr) in the landscape river (LR) and theuefit pond of constructed wetland

(CW) after 1 month, after 3 months and 6 months.

Fig. S1 The locations of the influent pond of comsted wetland (CW) and the landscape river

(LR) and within the campus of the Institute of UntEanvironment, Chinese Academy of Sciences,

Xiamen, China.

Fig. S2 Petal chart based on OTUs of bacterial conities on tire microplastics for the landscape

river (LR) and the influent pond of constructed lartl (CW) after 1 month, after 3 months and 6

months. 37.2%, 29.8%, 32.9% represented the sipaopdrtion of OTUs in LR1 and CW1, LR2

and CW2, LR3 and CW3, respectively.

Fig. S3 Relative abundance of bacterial communétiesgenus level on tire microplastics for the

landscape river (LR) and the influent pond of canged wetland (CW) after 1 month (a), after 3

months (b) and 6 months (djhe bacterial phyla out of the top 10 are includs®thers.

Fig. S4 Comparison betweerdiversity indices of bacterial communities on tingroplastics for

the landscape river (LR) and the influent pondasistructed wetland (CW) after 1 month, after 3

months and after 6 months.
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Fig. S5 Principal Co-ordinates Analysis (PCoA) lthsa weighted UniFrac distance matrix in

terms of bacterial communities on tire microplas{{©TU level) in the landscape river (LR) and

the influent pond of constructed wetland (CW) aftenonth, after 3 months and 6 months.

Fig. S6 Linear discriminant analysis (LDA) valuestdibution histogram for different species of

bacterial communities on tire microplastics aftandnth (a), after 3 months (b) and 6 months (c)

for the landscape river (LR) and the influent pafdonstructed wetland (CW).

Fig. S7 Cylindrical map illustrating the potentthogenic abundance of bacterial communities

on tire microplastics in the landscape river (LRYl @éhe influent pond of constructed wetland (CW)

after 1 month, after 3 months and 6 months. * enbtérs represents significant differences while

compared to other groupB € 0.05).

Fig. S8 Heatmap of functional gene prediction @nielny level 2) of bacterial communities on tire

microplastics for the landscape river (LR) anditifieient pond of constructed wetland (CW) after

1 month, after 3 months and after 6 months.

Fig. S9 Principal Co-ordinates Analysis (PCoA) lthsa weighted UniFrac distance matrix in

terms of bacterial communities on tire microplas{iEunctional gene prediction) in the landscape

river (LR) and the influent pond of constructed haetl (CW) after 1 month, after 3 months and 6

months.
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Fig. 1. Scanning electron microscope (SEM) imaggrefmicroplastics prior to the experiment (a)

and following placement into the influent pond ofstructed wetland (CW) for 3 months (b).
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Fig. 2. Relative abundance of the bacterial comtraesmiat a phylum level (Proteobacteria is
identified as the class level) on tire microplasiit the landscape river (LR) and the influent pond
of constructed wetland (CW) after 1 month, aftan@ths and 6 months. The bacterial phyla out

of the top 10 are included as Others.
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Fig. 3. Principal Co-ordinates Analysis (PCoA) lthem weighted UniFrac distance matrix in

terms of bacterial communities on tire microplas{{©TU level) in the landscape river (LR) and

the influent pond of constructed wetland (CW) aftenonth, after 3 months and 6 months.
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Fig. 5. Redundancy analysis (RDA) plot illustratitige relationship between environmental

factors and bacterial communities on tire microjdas and variation partitioning analysis (VPA)

differentiating effects of environmental physicactors (T and pH) and nutrient salts (N

NOsz-N, NH4,-N, CODcr) in the landscape river (LR) and theusfit pond of constructed wetland

(CW) after 1 month, after 3 months and 6 months.
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Tables

Table 1 Specific surface area, average partickeai contact angle of three different tire

brands and three different particle sizes of tireroplastics.

Sample nameBET surface (iflg)  Average particle size (umContact angle®)

BS 0.4657 120+0.5 135.43°
GY 0.1098 136+1.4 132.17°
MC 0.1566 102+0.9 138.17°
MIX-1 0.1463 132+1.7 130.67°
MIX-2 0.0931 94+3.1 128.70°
MIX-3 0.1636 71+2.5 129.73°

42



Table 2 The content of several elements foundrigetidifferent brands and three different particle

sizes of the mixed tire microplastics.

Sample Name N (g/kgl (g/kg) S (g/kg)Zn (g/kg) Cu (mg/kg) As (mg/kg) Pb (mg/kg)

BS 170 661.82 12.48 24.93 64.40 19.09 45.89
GY 3.50 676.65 12.06 40.90 34.25 17.02 60.02
MC 246 70438 13.95 84.25 25.49 20.24 18.04
MIX-1 257 71495 10.60 11.00 17.48 17.43 23.38
MIX-2 255 684.30 9.88 15.75 39.79 15.34 48.82
MIX-3 261 64486 9.27 15.33 44.37 16.60 47.65
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Highlights

® Tire microplastics (TMPs) supported pathogenic bacteria in urban water
environment.

® The abundance of bacteria colonization on tire microplastics increased over time.

® Bacterial communities on TMPs varied in different urban water environment.

® Urban water factors have significant impacts on bacterial communities on TMPs.
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