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Washing clothing is a known pathway for microfibers to reach the environment. Previous research has investigated microfiber capture close to the source (i.e., the washing machine), and demonstrated washing machine filters as a potential mitigation strategy. Widespread deployment into homes may be an effective solution to prevent microfiber emissions. Here, we investigated the effectiveness of washing machine filters at the level of a community. We installed filters in 97 homes in a small town, representing approximately 10% of households connected to the municipal wastewater treatment plant (WWTP). We evaluated treated final effluent and found a significant reduction in microfibers after filter installation. Furthermore, lint samples from filters revealed an average weekly lint capture of 6.4 g, equivalent to 179,200–2,707,200 microfibers. This research shows that microfiber filters on washing machines are effective at scale, and this result can help inform policy decisions to reduce microfiber emissions from laundering textiles.
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INTRODUCTION

Researchers estimate that 4.8 million tons of synthetic microfibers (e.g., polyester and nylon) have entered water bodies and terrestrial environments since 1950 (Gavigan et al., 2020). If we include natural, but anthropogenically modified, microfibers (e.g., cotton and wool) and semi-synthetic microfibers (e.g., rayon) in this estimate, microfiber emissions to the environment would likely be far greater. Consequently, researchers report a diversity of synthetic, semi-synthetic, and natural microfibers (anthropogenic fibers < 5 mm in size) in habitats and wildlife around the world (Gago et al., 2018; Nelms et al., 2018; Sanchez-Vidal et al., 2018). Once microfibers are released to the environment, they become exceedingly difficult to remove. Thus, researchers have recently focused their attention on understanding ways in which microfibers shed, sources and pathways to the environment, and technologies to capture microfibers at their emission source.

There is clear evidence that laundering textiles is one major contributor of microfibers to the environment (Browne et al., 2011; Carr, 2017; Gavigan et al., 2020; Kapp and Miller, 2020). During laundering, microfibers shed from clothing into wash water. Researchers estimate an average household load of laundry can shed thousands to millions of microfibers in a single wash (Napper and Thompson, 2016; De Falco et al., 2018). Several factors have been found to influence the amount of shedding. First, the age of garments can impact microfiber shedding. Several studies found that new garments, both synthetic and natural, release more microfibers than old garments (Napper and Thompson, 2016; Pirc et al., 2016; Sillanpää and Sainio, 2017; Athey et al., 2020; Cesa et al., 2020). However, other studies have observed no effect of age (Hernandez et al., 2017), or the opposite trend whereby aged garments shed more than new (Hartline et al., 2016). Second, natural textiles shed more than synthetic textiles, which has been attributed to the staple fibers in natural materials, which shed more easily than the filament yarn in synthetic material (Lant et al., 2020). Third, the type of washing machine matters; researchers have reported more microfibers in effluent from top loading machines than in front loaders (Hartline et al., 2016). Moreover, hot cycles have also been found to lead to more shedding of fibers than cold (De Falco et al., 2020; Lant et al., 2020). Other factors, such as detergent type and fabric softener appear to have variable effects, either leading to increased microfiber shedding, decreased microfiber shedding, or no effects (Napper and Thompson, 2016; Pirc et al., 2016; Almroth et al., 2018; De Falco et al., 2018; Cesa et al., 2020). Despite this, even if a consumer follows all recommended care instructions, microfibers will not be eliminated from washing machine effluent, and microfibers will still enter wastewater streams.

Microfibers can enter the environment directly from washing machine effluent via untreated wastewater, and indirectly through treated wastewater and biosolid application in terrestrial environments. Traditional secondary and tertiary treatment wastewater treatment plants (WWTPs) are effective at removing microfibers (and other microplastics) from final effluent, removing up to 98% of particles (Carr et al., 2016; Murphy et al., 2016; Gies et al., 2018; Conley et al., 2019). New filtration technologies can remove an additional 98–99% from what is left after secondary treatment using methods such as membrane filtration (0.4 μm membranes) (Lares et al., 2018) and biologically active filters (Talvitie et al., 2017a). Despite the high removal efficiencies in final effluent, microplastics and microfibers are still in final effluent, and although the number has been largely reduced, discharge rates can be significant (Talvitie et al., 2017a,b; Ziajahromi et al., 2017). For example, if 99% of microparticles are captured in treatment, the remaining 1% can still amount to millions of microplastics and microfibers per day, which are then directly released to aquatic environments (Murphy et al., 2016). Additionally, since microfibers removed from the final effluent are captured in the sludge, microfibers can enter the environment through the terrestrial application of biosolids on agricultural land (Zubris and Richards, 2005; Crossman et al., 2020). As such, upstream mitigation strategies closer to the source may be more effective as an intervention point to capture microfibers.

Previous laboratory research has demonstrated that washing machine filters are effective at capturing microfibers from domestic laundry before they are released into wastewater. A range of technologies are now available, and lab studies have evaluated the effectiveness of after-market devices and filters (McIlwraith et al., 2019; Napper et al., 2020). Research shows that washing machine filters can have an average microfiber capture up to 78–80% by weight (McIlwraith et al., 2019; Napper et al., 2020). By count, McIlwraith et al. (2019) found that filters captured 87% of microfibers from the wash. These studies also highlight that microfiber capture can vary based on the type of microfiber-capturing device, garments washed, and the filter mesh size (McIlwraith et al., 2019; Napper et al., 2020). To take filter mesh size as an example, Napper et al. (2020) did not observe significant reductions in microfibers when testing filters with a pore size greater than 175 μm, although significant microfiber reductions have been observed for filters with a pore size less than or equal to 150 μm (McIlwraith et al., 2019; Napper et al., 2020). Given that washing machines are a source of microfibers to the environment, and that filters are effective when tested in the lab, it is worth investigating whether this technology can be scaled up and implemented as an effective mitigation strategy.

For any proposed intervention, a pilot project can provide valuable information about the effectiveness of a solution. Microfiber filters are demonstrated to be effective in the laboratory (McIlwraith et al., 2019; Napper et al., 2020). Still, it is unknown how that effectiveness translates into measurable results when scaled up to a community, i.e., how much microfiber pollution can be diverted and whether a measurable difference can be observed at the WWTP scale. Here, we deployed filters into the homes of nearly 100 participants. We quantified microfiber capture, and measured microfibers and microplastics in treated final effluent at the municipal WWTP before and after deployment. Results from this study can inform whether filters on washing machines are an effective solution to prevent one source of microfiber emissions.



MATERIALS AND METHODS


Participant Recruitment and Filter Installation

A total of 97 households in Parry Sound, Ontario were included in this study. Each household added an after-market washing machine filter to their washing machines. Parry Sound is a great site for a case study because it has approximately 1,050 households connected to the municipal WWTP (O’Donnell, personal communication, September 27, 2019), which means these households represent approximately 10% of those connected to the plant. During recruitment, participation requirements were the following: (1) connection to the municipal WWTP (i.e., no septic tank), (2) sufficient space to install the filter, and (3) a commitment to collect the lint captured in their filter for a 2-year period.

The device tested was the Filtrol 160 (Wexco Environmental, United States), which contains a 100 μm polyester mesh and has a microfiber capture rate of 89% of microfibers shed from laundry into wash water by weight (Filtrol, 2021). This microfiber capture rate is greater than those reported for the Lint-LUV-R filter (McIlwraith et al., 2019; Napper et al., 2020). We chose the Filtrol160 for two main reasons: (1) the filter is easy to clean and (2) the filter contains a bypass, meaning if the filter is full the water will bypass the filter and prevent flooding. A downside of this bypass feature is that in the case of a bypass, the filter would no longer capture microfibers, but this would only occur when the filter is completely full, and we had no reports of bypasses in our experiment. The Filtrol160 is installed externally on the washing machine effluent pipe and collects microfibers and microplastics prior to their release to the sanitary sewer system. The filter units were purchased and installed in 2019. In June and July 2019, filters were installed by a professional plumber, wherein we also recorded each washing machine type (front loader or top loader). Three participants opted to self-install their filters. All filter units and instillation costs were provided to participants free of change. Participants officially “turned on” their filters by connecting the filter to their washing machine and installing the filter mesh on August 1st, 2019.



Analysis of Household Lint Samples


Measuring Lint Capture by Mass

Lint samples were collected by each household to determine the mass of material diverted and estimated count of diverted microfibers. Participants were instructed to remove all material captured in the Filtrol 160 filter bag every 1–2 weeks using a metal spoon, and to store the material in a pre-labeled Ziplock bag. Samples from each household were stored in home freezers, then were collected and sent to the laboratory every 3–6 months for further analysis.

In the laboratory, lint samples corresponding to different household numbers and collection periods were weighed in sample bags. The wet weights for lint samples were determined by recording the weight for each full bag and subtracting the weight of the empty bag. To determine the weekly lint capture, we divided the weight of lint in each collection period by the number of weeks in that collection period. To maintain a safe working environment during the COVID-19 outbreak, the third and fourth batch of lint samples remained sealed in the bags, and an average bag weight was used for subtraction.



Estimating Lint Capture by Count

Additionally, 5 mg wet weight sub-samples were taken from some households to estimate microfiber counts. To represent different households, we randomly selected 10 different households; five households from the first collection and five households from the second collection. For each of the 10 households (n = 10), three 5 mg sub-samples were taken to determine a representative count per replicate. A solution of 10% Alcojet and RO (reverse osmosis) water was used to separate the individual particles within each sub-sample. In the first collection of samples, the number of microfibers in each subsample were counted under the microscope and categorized by particle color and shape. In the second collection of samples, we also quantified the number of suspected anthropogenic fragments. With this information, we estimated a count of microfibers per mg of sample. In addition, the second collection of samples provided an estimate of the count of other anthropogenic particles per mg of sample.




Analysis of Wastewater Treatment Plant Final Effluent

The final effluent of the Parry Sound WWTP was collected in four sample periods to determine whether the addition of filters affected the number of microfibers in final effluent. We sampled twice before filter installation in March and July 2019, and twice after filter installation in August 2019 and March 2020. Sampling was performed at the UV-treatment stage. Three 24-h composite samples (approx. 3.6 L volume) were collected on 3 consecutive days at each sampling event using a pre-programmed ISCO 3710 sampler, set to collect 150 mL per hour. We selected this method since composite sampling is a common technique used in sampling microfibers, microplastics, and persistent organic pollutants (POPs) (Reynolds and Ahmad, 1997; Yargeau et al., 2014; Talvitie et al., 2017b). One field blank was sampled during each sample period to account for any procedural contamination that may occur during sampling and/or processing. Field blanks were taken using identical methods to the samples but contained reverse osmosis (RO) water from the laboratory. They were also analyzed using the same methods as the samples, and thus also served as a laboratory blank. All sample bottles were 4 L amber glass jugs, which were pre-washed with soap and water, then triple rinsed with RO water to remove any background contamination prior to sampling. Samples were taken back to the laboratory for processing, enumeration, and chemical identification.

In the laboratory, the samples were processed using a stack of stainless steel sieves. Tyler sieves with mesh size fractions of 1 mm, 500, 355, 125, and 45 μm, were stacked in decreasing mesh size. The sieve stack was placed on top of a collecting bucket. Prior to use, the sieves and the bucket were washed with soap and rinsed with tap and RO water three times. In order to prevent contamination, a natural sponge was used to wash the sieves, white cotton lab coats were worn, and the sieves were covered with clean aluminum foil. Additionally, the laboratory contained a HEPA filter, and surfaces were wiped down daily to prevent contamination from dust. Prior to processing, the exterior of the sample bottles were washed with soap and the bottles were placed in the clean cabinet. Each sample was extracted by pouring it through the sieve stack. The volume of the sieved sample was measured using a large graduated cylinder. Particles collected in each sieve were rinsed into separate clean glass jars using RO water, which were subsequently analyzed under a Leica M80 stereo microscope. Extracts from the smallest sieve size fraction (45 μm) underwent an additional filtration step through a 10 μm polycarbonate filter (45 mm diameter) so they could be counted on a filter. The remaining size fractions were wet sorted in clean glass petri dishes.

Using clean tweezers, particles were removed and placed on double-sided tape for length measurements and Raman Spectroscopy. All the particles were counted in covered petri dishes to prevent contamination and the lids were only removed to extract a particle. The same extraction and analysis methods were used for each field blank, and the particles detected were used for blank subtraction (see below). Particles in the size fraction between 45 and 125 μm were counted but were not picked due to their small size. Thus, all particles that were measured and used for chemical identification had a lower size limit of 125 μm.

For blank subtraction, we subtracted the number of particles within each color and morphology in each field blank from each sample taken from the same sample period. Since particles in the 45–125 μm size fraction underwent additional filtration, particles were blank subtracted by size fractions>125 μm and 45–125 μm. After blank correction, particle counts were divided by the volume in each sample to obtain a blank-corrected concentration of particles per liter of wastewater effluent.

Particles mounted on double-sided tape were photographed using an Olympus SZ61 microscope with a camera attachment. ToupView Software (OMAX) was calibrated, and the trace function was used to measure particle length. A subset of particles was selected for chemical identification using Raman spectroscopy. For each color and morphology combination, 20% of particles were analyzed. When 20% was not a whole number, we would round up to the nearest whole number. The instrument and software used was a Xplora Plus (Horiba Scientific) with LabSpec 6 software.



Data Analysis

The differences in lint captured per week were compared across the four collection periods using a Kruskal-Wallis test (n = 51–73 households per period; α = 0.05). To compare the average lint captured per week in front loading (n = 34) vs. top loading (n = 42) washing machines, we ran a Welch’s t-test (α = 0.05), a two-sample t-test for groups with unequal variances.

To determine whether there was a significant difference in microfiber concentrations in WWTP effluent across seasons and before vs. after installing the filters, a two-factor analysis of variance (ANOVA) was used (n = 3; α = 0.05). The factor “season” had two levels (winter and summer), and the factor “filter” had two levels (before and after). Normality and homogeneity of variance were confirmed using Shapiro-Wilks and Levene tests (α = 0.05). A post hoc Tukey test was conducted when a factor was significant. All analyses were conducted in R version 3.6.3.




RESULTS


Household Microfiber Capture

We aimed to install 100 Filtrol 160 units. In total, we were only able to recruit 97 households that met the participation requirements in this study. Of these 97 households, we got information about the washing machine types from 82 of them; there was a total of 38 front-loader and 44 top-loader machines. Across all households, we quantified the amount of total captured household lint (i.e., microfibers, microplastics, dust, hair, etc.). Within each collection period, we received samples from 53 to 75% of all households. Across all collection periods, we received lint samples from 63% of households. Participation declined in the second collection compared to the first, followed by a slight increase in the third and fourth collection periods (Table 1).


TABLE 1. Collection period dates and the participation in household lint collection over the course of our study.

[image: Table 1]
We recorded a total lint mass of 22,824 g (wet weight). Lint mass varied between households and ranged from 0.1 to 32.5 g/week, with an overall average lint mass of 6.4 ± 6.0 g/week (mean ± SD). The amount of lint captured was generally consistent across the four collection periods, suggesting that season does not have an effect on total lint (Figure 1). The average household lint captured for each collection was 6.7 ± 5.7 g/week (mean ± SD) for the first collection, 5.9 ± 5.1 for the second, 6.2 ± 6.6 for the third, and 5.7 ± 5.2 for the fourth. Although our aim was to collect samples at regular intervals, the third collection was at a peak of the COVID-19 pandemic in Ontario, and we chose to delay the pick-up time. We did not observe significant differences in lint capture per week between any of the collection periods (p = 0.48), which were fall 2019, winter 2019–2020, spring-summer 2020, and fall 2020.
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FIGURE 1. Weight of lint in g/week for lint captured in household filters across four collection periods (n1 = 73, n2 = 51, n3 = 60, and n4 = 62). A Kruskal-Wallis test showed no significant difference between collection periods (p > 0.05). Boxes represent 25th–75th percentiles; dark lines, medians; whiskers, 1.5 × the interquartile range (IQR); points, values outside 1.5 × the IQR.


There was a significant relationship between washing machine type and the amount of lint captured (Figure 2). Top loader washing machines yielded more lint than front loaders (p < 0.01). The average household lint capture was 4.7 ± 3.7 g/week (mean ± SD) for front loaders and 7.2 ± 5.5 for top loaders.


[image: image]

FIGURE 2. Weight of lint in g/week for lint captured in household filters across different washing machine types. A t-test test revealed a significant difference between collection periods (p < 0.05). Boxes represent 25th–75th percentiles; dark lines, medians; whiskers, 1.5 × the interquartile range (IQR); points, values outside 1.5 × the IQR.


Since lint is a combination of microfibers and other materials, we also aimed to determine the microfiber count per known mass of sample. The average microfiber count per mg of lint analyzed was 45.5 ± 21.4 microfibers per mg (mean ± SD; n = 10). While there was relatively low variability in microfiber count within a household (suggesting the validity in our subsampling method), we observed substantial variability between households (Figure 3). The minimum microfiber count was 28 microfibers per mg, and the maximum was 423 microfibers per mg. Households 1–5, which were from the first collection, showed less variability compared to households 6–10 from the second collection. Generally, microfibers were the most common particle type found within lint.
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FIGURE 3. Mean number of microfibers per mg of household lint (across 10 replicate households). Boxes show the distribution of microfibers across the three subsamples per household sample. Household 1–5 were sampled during the first collection and household 6–10 were sampled during the second collection. The values plotted here are microfibers only (i.e., fragments and foam not included in these counts). Boxes represent 25th–75th percentiles; dark lines, medians; whiskers, 1.5 × the interquartile range (IQR).


From households 6–10 we also performed an additional count of other anthropogenic particles per mg of sample (e.g., microplastic fragments). Other particle types were not uncommon. Among anthropogenic particles in sample, one household had 18% fragments and foam (household #6), and another had 53% fragments (household #10). Glitter, sequins, and foam were the most common non-fiber anthropogenic particle in lint sub-samples. The average count for non-fiber anthropogenic particles was 11.9 ± 11.2 (mean ± SD) per mg lint (n = 5 households; 3 subsamples were taken from each replicate). The minimum subsample had 0 per mg, and the maximum 41 per mg.



Wastewater Treatment Plant Final Effluent

The effluent samples collected before installing filters contained an average of 4.6 ± 1.6 microparticles per L (mean ± SD) of treated wastewater (Figure 4). This was significantly greater than the concentration of microparticles in samples collected after installing filters, which contained 1.9 ± 0.7 microfibers per L. A 2-factor ANOVA showed a significant difference among effluent samples collected before and after installing filters (p < 0.01), and no significant difference amongst seasons (p = 0.8) or the interaction (p = 0.4).
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FIGURE 4. Boxplot showing microfiber count for each sample period before the filter installation (March 2019 and July 2019) and after filter installation (August 2019 and March 2020). Results presented here are after blank subtractions. A 2-factor ANOVA showed a significant difference before and after filter installation (*p < 0.01), and no significant difference amongst seasons (p = 0.8) or the filter-season interaction (p = 0.4). The middle black bar represents the median, and each box represents the first to third quantile of the data. The whiskers represent the minimum and the maximum number of fibers/L of the sample.


Except for two fragments, all the particles in the WWTP samples were microfibers. The most common colors were blue (32%), clear (29%), and black (22%) (Figure 5A). On average, the microfiber particle lengths (size fraction > 125 μm) were 1.77 ± 0.94 mm in March 2019, 2.38 ± 1.67 mm in July 2019, 2.16 ± 2.04 mm in August 2019 and 1.34 ± 0.68 mm in March 2020. Most microfibers were anthropogenic cellulose (52%), informed by the presence of a dye and a cellulosic chemical identification match (e.g., cotton) with Raman spectroscopy (Figure 5B). If a microfiber was undyed and had a cellulosic chemical signature, it could not be determined whether the particle was anthropogenic and was thus classified as cellulosic. In total, 30% of all particles fell into this unknown cellulosic category, which may be natural or anthropogenic. Dyed black microfibers were prone to burning, and were thus categorized as anthropogenic unknown (8.7% of all particles). 8.7% of particles were confirmed synthetic—all of which were Acrylic.
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FIGURE 5. Patterns of microfiber color and type in WWTP samples (n = 3) across 4 sample periods. Results presented here are (A) the relative abundance of each color after blank subtractions in each sample period and (B) microfiber type as determined by chemical identification using Raman spectroscopy.





DISCUSSION

Our study, conducted in nearly 100 homes within a local community, demonstrates that washing machine filters effectively capture microfibers and other particles before they are released to wastewater. The town where we did our study applies biosolids as a fertilizer, which is a common practice in Canada and many other parts of the world. Thus, filters reduced emissions of microfibers to ecosystems via final effluent and sewage sludge. Since textiles can also carry chemical contaminants into wastewater, these filters may also reduce emissions of chemical pollutants such as per- and polyfluoroalkyl substances (PFASs), brominated flame retardants (BFRs) and organophosphate esters (OPEs) (Saini et al., 2016; Schellenberger et al., 2019). As such, this study prevented emissions of microfibers and other particles/chemicals to Lake Huron and other local waterbodies.

The first studies on microfiber capturing devices showed that washing machine filters are effective and capture up to 87% of microfibers in a load of laundry when tested in the laboratory (McIlwraith et al., 2019; Napper et al., 2020). This present study now shows that washing machine filters are also effective when implemented at the scale of a small town. We diverted at least 22.8 kg of lint over the course of our study, as measured by the 63% of households that provided samples. Based on the range of 28–423 microfibers per mg of lint, this equates to 639 million to 9.7 billion microfibers. If we extrapolate up to 97 households with washing machine filters, this would equate to roughly 1.2–18.2 billion microfibers over the course of our 487-day study. Since we did not collect lint from each household, this microfiber capture is instead based on the average capture of 6.4 g lint per household per week, which is equivalent to 179,200–2,707,200 microfibers per week. If we estimate for just 1 year, for the households in our study, we estimate we diverted 934 million to 14.1 billion microfibers from WWTPs annually. If we were to scale up to a large city like Toronto (1,179,057 households) or Los Angeles (3,316,795 households), and assume all households had washing machine filters, then the annual microfiber capture could be in the range of 12–166 trillion microfibers for Toronto or 30–468 trillion for the county of Los Angeles.

In addition to household capture of microfibers in laundry lint, we observed a significant decline in the number of microfibers in final effluent at the municipal WWTP. This directly equates to less microfibers entering Lake Huron via treated effluent. After installing washing machine filters, we observed a reduction in microfibers in final effluent by an average of 41%. This significant difference in microfiber count pre- and post- filter deployment suggests that adding filters to washing machines reduces microfiber emissions to water bodies via treated wastewater. We are, however, surprised at such a large decrease in microfibers, especially since filters were only installed in 10% of homes. A possible explanation for a more substantial decrease than what we expected could be related to behavioral change. Due to local recruiting efforts and awareness campaigns, microfiber awareness may have increased in this community, which could have indirect effects. For example, if awareness campaigns led to changes in washing habits (i.e., washing less, washing with cold cycles, using a washing bag), this could contribute to further microfiber emission reductions. To test whether applying filters in a community can lead to indirect reductions in microfiber emissions from modified laundering practices, future work could focus on whether community-wide pilots impact behavior. This could help elucidate whether any additional impacts exist beyond the obvious microfiber capture via washing machine filters.

We found both natural and synthetic microfibers in wastewater samples, although natural anthropogenic microfibers were by far the most common material type. Even though research suggests that some types of fibers can degrade in the environment, others are more persistent (Zambrano et al., 2019; Bonanomi et al., 2020; Sørensen et al., 2021). In addition, there is a growing concern over synthetic and natural microfiber emissions due to additive chemicals (e.g., treatments and dyes; Lacasse and Baumann, 2004; Xue et al., 2017; Schellenberger et al., 2019), bioavailability to organisms (Gago et al., 2018; Athey et al., 2020), and toxicity (Kim et al., 2021; Mateos-Cárdenas et al., 2021).

In addition to measuring microfiber capture efficiency within homes and at the WWTP scale, we were able to measure a few other parameters. Previous research shows that top loader washing machines shed more microfibers than front loading washing machines (Hartline et al., 2016), and our results support this finding. We found that filters from top loader washing machines captured 1.5× more lint per week than front loading washing machines. This is equivalent to an additional 70,000–1,057,500 microfibers per week, assuming top loading machines captured an average of 2.5 g lint per household per week more than front loading machines and lint contains 28–423 microfibers/mg. This suggests that front loader machines result in the shedding of less fibers, and that top loading machines should receive filters first if efforts aim to retrofit existing washing machines with filters. In terms of the particle types, we found that lint from filters contained more than microfibers. Microfibers were the most common particle type in nearly every sample we examined. However, we additionally captured other particles, such as glitter and sequins. Glitter has been previously reported in wastewater systems (Napper et al., 2015).


Limitations and Future Directions

In our study, we evaluated lint and microfibers in a small town in Canada. While we did not see an effect of season in lint capture, the demographics where we conducted this study may be different from other locations. Also, participants were all volunteers who received directions on how to operate and empty the filters. More work should be included to evaluate consumer behavior to see whether filters are emptied properly, the time it takes to empty filters, and any other barriers to successful scaling. In our study we observed that participants regularly emptied filters, but it is unclear whether the volunteer component of this study created a sense of accountability whereby participants were encouraged to regularly empty and save their lint. Further investigations should also investigate in-line filters for both quantitative microfiber reductions and behavioral research. For effective studies, social research should be cross-sectional to collect quality data on behavior (Pahl and Wyles, 2017).

Future work should also investigate other sources of microfibers. Although the relative contributions of other microfiber sources are still unknown, recent research suggests that other microfiber sources such as wet wipes, dryers, and cigarette butts may also be significant contributors and deserve further attention (Kapp and Miller, 2020; Ó Briain et al., 2020; Belzagui et al., 2021). Solutions to address other microfiber sources will depend on the emission type, and may include solutions such as public awareness campaigns, and technologies such as filters and trash capture devices.



Implications for Policy Change

The question remains; is it feasible to have everyone install an external washing machine filter to capture microfibers and other microplastics? Although we were able to recruit nearly 100 participant households in this study, we needed to turn away many households due to limitations of the filter. These limitations included: (1) lack of space to mount the filter, (2) inaccessible effluent drains, such as plumbing behind drywall, and (3) accessibility issues where participants could not reach behind their washing machine to empty the filter. In total, we had to turn away 20 households due to one or more limitation, meaning that approximately one in five households that wanted a filter were unable to install and/or operate it. Another consideration is that washing machine filters are expensive (roughly $150 USD per unit) and take time and energy to install. While cost was not a limitation in our study (filters and professional installations were provided to study participants free of charge), it is important to recognize that filter cost may limit many consumers in purchasing an after-market filter unit.

The next logical step would be having filters built directly into washing machines. This takes the onus away from the consumer and normalizes filters on washing machines. Legislation is currently underway to address microfiber pollution via this mechanism. Several jurisdictions have either passed legislation (e.g., France 2020-105, Article 79) or introduced bills (e.g., California AB 622, Ontario Bill 279 and US BreakFreeFromPlastic Bill).

This pilot study shows that filters on washing machines are an effective intervention to capture microfibers from washing effluent—diverting one source of microfiber emissions from aquatic ecosystems. Although we do not yet know how other intervention points compare in microfiber capture, our results show that reducing microfibers from washing machine effluent is an effective intervention to reduce microfiber pollution. Other interventions have also been proposed to curb microfiber emissions. Further upstream, textile redesign efforts to reduce microfiber shedding are currently underway. Since microfibers are also released from clothing during regular use (De Falco et al., 2020), as well as during washing, redesign could help limit microfiber shedding. Downstream, efforts to innovate in WWTPs have also been discussed. Access to wastewater treatment and the level of treatment varies considerably across Canada and around the world. Many systems in coastal communities discharge untreated wastewater directly into the environment. New wastewater infrastructure and/or upgrades may be a solution, but we must consider that microfiber capture currently is in the sludge, and some communities use sludge as fertilizer. In combination, different solutions may offer multiple points of intervention to limit microfiber release. As we determine other solutions to different sources and pathways of microfibers, we show that implementing filters at the level of the washing machine is effective. Many consumers already capture and dispose of lint from dryers. Why not also capture lint from washing machines and prevent microfibers from going down the drain?

In conclusion, we demonstrated that microfiber filters are effective at the community and WWTP scale. We installed 97 washing machine filters in people’s homes, and our results show a significant decrease in microfibers at the municipal WWTP after installing filters. Analysis of household lint samples also revealed that filters captured microplastics in addition to microfibers. While future investigations are still needed to address other sources of microfibers release to the environment, this work shows that washing machine filters are an effective tool to capture microfibers when applied in people’s homes. Washing machine filters may be a key milestone on the path toward reducing microfibers in the environment. The implementation of filters as a solution will also require support by legislation, innovation, and awareness to drive change.
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