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Abstract 8 

Microplastics (MP) are a commonly reported pollutant in the freshwater, marine, and soil 9 

environment.  Few studies to date have reported MP concentrations and polymer types observed 10 

in stormwater, particularly not for catchments with separate storm sewers.  The objectives of this 11 

study were to determine the microplastic concentration, polymer fingerprints, and the inter-storm 12 

variation of MP in two stormwater outfalls and a bioretention basin. Composite stormwater 13 

samples were collected at each site across three rain events each in catchments with urban and 14 

suburban land use.  Particles 250 to 2000 μm were collected, separated into two sizes classes, 15 

treated with a wet peroxide oxidation, density separated with NaCl, and buoyant particles 16 

(fragments, films, and spheres) were collected for analysis with attenuated total reflectance 17 

Fourier transform infrared spectroscopy (ATR-FTIR).  Significant differences were observed in 18 

the total polymer concentrations and profiles between the sampling sites, potentially due to 19 

differences in land use within the catchments sampled, but not between size classes. The highest 20 
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MP concentrations were observed in samples from the bioretention basin compared to the 21 

stormwater outfalls sampled, indicating the potential for green infrastructure to capture MP in the 22 

size range studied here.  A weak but significant negative correlation was observed between 23 

cumulative rainfall (1.5 to 4.5 cm) and MP concentrations but no correlation was observed 24 

between antecedent dry days and MP concentrations.  These data represent a conservative 25 

measure of MP concentrations given that fibers, particles < 250 μm, and non-buoyant particles 26 

(i.e., density  > 1.2 g/mL) were not targeted, but all targeted particles were analyzed with ATR-27 

FTIR.  Overall, these results presented provide insight into the loading and character (size, 28 

morphology, polymer type) of buoyant MP particles in stormwater that may be useful in 29 

designing mitigation strategies.   30 

Keywords:  plastic, runoff, green infrastructure, polymers, FTIR  31 
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1.0 Introduction 32 

Increasing reports of plastic pollution of freshwater bodies has drawn attention to understanding 33 

the potential pathways of entry in rivers and lakes (Bailey et al., 2021; Fahrenfeld et al., 2019). 34 

Generally, plastic particles less than 5mm in size have been operationally defined as 35 

microplastics (MP) (Kershaw and Rochman, 2015). MP include primary particles produced in 36 

small sizes and secondary MP that result from the degradation of larger plastics via several 37 

weathering processes (Guerranti et al., 2019; Li et al., 2018).  MP are ubiquitous in the 38 

freshwater, marine, and soil environment, and have been found in aquatic organisms such as 39 

bivalves, fish, and crustaceans (Shruti et al., 2021). Emissions of MP from municipal wastewater 40 

treatment plants have received to date the most attention as a pathway of entry into the aquatic 41 

environment, although consensus is growing that conventional wastewater treatment, while not 42 

designed to remove these particles, can achieve removal to concentrations below detection in 43 

effluent [as recently reviewed by (Conley et al., 2019; Sun et al., 2019)].  Therefore, of particular 44 

interest are understudied pathways of entry including stormwater runoff, combined sewer 45 

overflows, improperly disposed plastic, land applied biosolids, and other sources that have not 46 

yet been characterized (Fahrenfeld et al., 2019; Shruti et al., 2021; SusChem, 2020).   47 

Stormwater is a relatively understudied pathway of entry for MP with concentrations reported for 48 

sites in Europe including Paris (Dris et al., 2018) and Sweden (Järlskog et al., 2020), Denmark 49 

(Liu et al., 2019),  and North American for Tijuana, Mexico (Piñon-Colin et al., 2020), San 50 

Francisco, CA (Gilbreath et al., 2019; Werbowski et al., 2021), Toronto (Smyth et al., 2021), and 51 

New Jersey, (Bailey et al., 2021), China (Sang et al., 2021), Hong Kong (Mak et al., 2020), and 52 

Australia (Ziajahromi et al., 2020).  These studies targeted a variety of MP particle size ranges 53 
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from > 20 μm to 5mm and densities (>1.2–1.8 g/cm), and used a range of analytical approaches, 54 

the most common of which were vibrational spectroscopic techniques.  Previous work from our 55 

research group indicated that stormwater contained MP concentrations of 500–2000μm particles 56 

significantly higher than observed in surface waters and comparable to those in wastewater 57 

effluent, albeit with a small sample size (Bailey et al. 2021).   58 

Of interest for understanding MP in stormwater is not only the concentrations observed in 59 

untreated outfalls but also the role of various green and gray infrastructure on reducing MP 60 

concentrations.  One such green infrastructure (GI) sampled for this study was a bioretention 61 

basin.  Bioretention basins are a preferred technique to reduce the velocity of stormwater flows 62 

(Wang et al., 2021), and they act as a quiescent zone enabling particles to settle and become 63 

trapped in the soil medium even if the basin is overflowing. Because wet weather flows 64 

contribute to pollutant loading in surface waters (Chen et al., 2020), green infrastructure must be 65 

designed to effectively capture particulates without allowing them to be washed out during high 66 

flow situations. The few available studies performed to date indicate that GI can be effective at 67 

removing particulate matter from stormwater under a variety of flow conditions and are 68 

important tools in the protection of waterways (Gilbreath et al., 2019; Smyth et al., 2021; 69 

Werbowski et al., 2021).  70 

The objectives of this study were to (1) determine the concentration of 250–2000 μm MP in 71 

storm- and bioretention basin waters, (2) understand inter-storm variation at our study sites by 72 

capturing data for multiple storm events, and (3) characterize the polymer profiles observed.  To 73 

add to our understanding of MP in stormwater and GI, a field study was performed at two 74 

stormwater outfalls and one bioretention basin in a suburban/urban environment.  The results 75 
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presented can provide insight into the relationships between study site, rainfall, and MP 76 

concentration and polymer profiles in stormwater and GI.   77 

 2.0 Materials and Methods 78 

2.1 Stormwater sampling 79 

Stormwater sampling was performed at two stormwater outfalls in New Brunswick and 80 

Piscataway, NJ (named City N and Field P, at end of pipe) and one bioretention basin 81 

(Bioretention P, flowing water at outfall) (Fig.1, Fig. S1).  The City N outfall collects stormwater 82 

from urban landscape with heavily trafficked highways, Field P collects suburban stormwater 83 

from recreational fields with artificial turf grass, and Bioretention P is located on a suburban 84 

college campus and collects stormwater from an adjacent parking lot and academic buildings.  85 

Samples were collected at each outfall for three separate rainfall events. Sampling details are 86 

provided in Table 1. Composite stormwater samples were collected in triple washed 1 L glass 87 

jars (Ball corp., Broomfield, CO) 20 to 40 min apart during the storm to form a 5 L composite 88 

(Fig. S2).  Sampling jars were attached to sampling poles lowered by the researchers into the 89 

flow stream to collect samples. 90 

Table 1: Sampling date, precipitation data for the nearest rain gage, and antecedent dry days 91 

prior to the storm sampling. 92 

Location 
Date  

(m/d/yr) 

Cumulative 

rainfall (cm) 

Antecedent 

dry days 

City N 8/4/20 4.01 3 

10/12/20 3.00 11 
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10/29/20 4.50 12 

Field P 
8/4/20 4.01 3 

10/12/20 3.00 11 

10/29/20 4.50 12 

Bioretention P 
8/17/20 1.50 4 

8/19/20 1.88 1 

9/29/20 1.85 18 

 93 

After collection, samples were transported to the lab in a cooler and stored at 4°C until 94 

extraction. Composite samples were wet-sieved using standard soil sieves and the 500–2000 μm 95 

and 250–500 μm particles were transferred to glass beakers after being thoroughly rinsed with 96 

deionized (DI) water. The beakers were covered with new aluminum foil to prevent 97 

contamination. Samples were generally extracted the same day as collection or stored in the dark 98 

at 4°C for up to two days prior to extraction. Field blanks were performed with a jar of DI water 99 

that was left open during sampling and matrix spikes were performed with known quantities of 100 

polyethylene extracted from a personal care product.   101 
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 102 

Fig. 1 Map of study area showing land-use, water bodies, and locations of sampling sites.  103 

Yellow lines on the urban area illustrate roadways.  Insert maps show location of the study area 104 

in central New Jersey, USA and the location of the state on the US east coast.. 105 

2.2 Oxidation and Density Separation 106 

Organic material was oxidized via a Fenton reaction followed by density separation (Masura et 107 

al., 2015). Briefly, the volume of each beaker was brought to 50 mL with distilled water, then 20 108 

mL of 0.05 M Fe (II) solution and 20 mL 30% hydrogen peroxide were added to each beaker.  109 

After 5 min of reacting at ambient temperature, the samples were heated to 65°C on a hot plate 110 

while being stirred at approximately 120 rpm covered with watch glasses to prevent 111 

contamination. Beakers were held at 65°C for 30 min followed by addition of salt (6 g NaCl was 112 
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added to each beaker per 20 mL of solution, to create a solution of density 1.2 g/mL) to facilitate 113 

density separation. The choice of NaCl here was consistent with the NOAA method applied and 114 

facilitated comparison with previous work from our lab (Bailey et al., 2021) and the loss of 115 

denser particles with this method is discussed below.  After the addition of salt, samples were 116 

stirred for another 30 min at 65°C to ensure the NaCl was dissolved fully and that the bubbling 117 

had stopped. Samples were transferred to glass funnels topped with aluminum foil to prevent 118 

contamination.  Surgical tubing was attached to the funnel bottom and closed with a clamp. After 119 

allowing the solution to settle for 24 hours, the settled solids were carefully drained from the 120 

bottom of the funnel, and the supernatant was filtered through new 63 μm stainless steel mesh 121 

(TWP, Berkeley, CA). Particles retained on the mesh were rinsed with DI water, and the mesh 122 

was placed in glass petri dishes with glass covers to dry. 123 

2.3  Chemical analysis  124 

Particles were analyzed using Attenuated Total Reflectance Fourier Transform Infrared 125 

Spectroscopy (ATR-FTIR) Bruker Alpha spectrometer (Bruker Optics, Billerica, MA) with a 126 

single bounce diamond internal reflection element (IRE) ATR accessory and a DTGS 127 

(Deuterated Triglycine Sulfate) detector. Physical descriptions (i.e., color and morphology) of 128 

the particles were recorded, and selected particles were photographed with a cellphone camera 129 

(Fig. S3). All particles in a sample were transferred to the IRE using a metal scalpel and metal 130 

tweezers (therefore, particles < 250 μm were not analyzed using this method as they could not be 131 

reliably transferred to the IRE without losses). Spectra were collected with 32 scans performed 132 

per particle at a resolution of 4cm-1 in the wavenumber range of 4000 to 400 cm-1. Background 133 

scans were performed periodically to reduce noise. FTIR spectra were analyzed using 134 
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Systematic Identification of MicroPLastics in the Environment (siMPle) version 1.1.β which 135 

contains a database of polymer spectra (Version 1.02, (Primpke et al., 2018)).  The software 136 

compares the spectrum of an unknown particle to a reference database of 326 polymer spectra. 137 

The result is a correlation value between zero and one, with one being a 100% match to the 138 

library spectra, and zero representing no correlation. The top five polymer matches were 139 

recorded for each particle, and peaks were checked manually against reference spectra to confirm 140 

polymer type. In general, particles that scored above a 50% match for a given polymer were 141 

matched to that polymer type and categorized. 142 

2.4 Data Analysis 143 

Statistical analysis was performed using the R (www.r-project.org) vegan package (https://cran.r-144 

project.org/web/packages/vegan/) as well as the pairwise.Adonis function 145 

(github.com/pmartinezarbizu/pairwiseAdonis). A Shapiro-Wilk test confirmed that the 146 

microplastic concentration data were not normal.  A paired Wilcoxon rank sum test was 147 

performed to compare concentrations for the two size classes.  To test for differences in total 148 

microplastic concentrations between sites, a Kruskal-Wallis test was performed with a post hoc 149 

pairwise t-test with a Bonferroni correction for multiple comparisons.  Correlations were tested 150 

between microplastic concentration and cumulative rainfall using a Spearman test, and a linear 151 

regression was performed in R.  To understand the relative importance of sampling site and 152 

climate factors (rainfall, antecedent dry days), randomForest was performed on the total MP 153 

concentration.  A Pairwise PERMANOVA test was performed in order to evaluate each 154 

variable’s contribution to polymer profiles observed. Like the post hoc pairwise t- test, the 155 



 

10 

 

pairwise.Adonis function adjusts p values for multiple comparisons using a Bonferroni 156 

correction after performing the PERMANOVA. 157 

In order to visually represent the polymer fingerprints and analyze polymer profiles from the 158 

pairwise PERMANOVA test, non-metric multidimensional scaling (nMDS) was performed on 159 

the data. This was done in R using the metaMDS function with two reduced dimensions. The 160 

nMDS processing provided a visual method to interpret the polymer profiles observed. In 161 

addition, a stress value was computed by the metaMDS function to determine the trustworthiness 162 

of the visualization and the fit achieved in the regression procedure.  163 

3.0 Results  164 

3.1 Microplastic concentrations 165 

Microplastics were observed in both size classes (250–500 μm and 500–2000 μm) for each of the 166 

six stormwater and three bioretention basin samples collected during rainfall events totaling 1.5–167 

4.5 cm of cumulative rainfall (Table 1).  Average (± standard deviation) total 250–2000 μm MP 168 

concentration observed across storms were 0.80±0.33 MP/L (BBR), 0.30±0.10 MP/L (City N), 169 

and 0.37±0.23 MP/L (Field P) with the highest total concentrations observed in the bioretention 170 

basin compared to other sites (both p<0.022, posthoc pairwise t-test) (Fig. 2). Differences were 171 

not observed in the concentrations of the two particle size classes studied across sites (p=0.43, 172 

paired Wilcoxon). MP morphologies included fragments, films, and foams, with the most 173 

commonly observed morphology being fragments.  No MP were observed in the field blanks, 174 

and the average recovery of matrix spikes was 97% ± 6%.  175 
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To understand the factors associated with microplastic concentration, correlations were tested 176 

and a relationship was observed between microplastic concentration and cumulative rainfall 177 

(Spearman correlation, ρ= -0.53, p=0.014). The results of the linear regression (Fig. S4) show a 178 

weak negative relationship between cumulative rainfall and MP concentration (p=0.014, adj. 179 

R2=0.23).  Random forest analysis indicated that 58.8% of the variance in MP concentration 180 

could be explained by sampling site, cumulative rainfall, and antecedent dry days representing 181 

9.57, 9.07, and 2.22 percent increase in mean square error, respectively.  182 

 183 

 184 

Fig. 2  Boxplots of MP concentrations (MP particles per liter of water) observed in the 185 

bioretention basin and stormwater for City N and Field P for 500–2000 μm (“L”) and 250–500 186 

μm (“S”) particles.  Size of the triangles for the jitter plot corresponds to the cumulative rainfall 187 

observed during the storm event (N=3 per site).    188 
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3.1 Polymers observed 189 

Several different polymer types were observed, both manmade and natural in origin. Manmade 190 

polymers were divided into 7 categories, including polyethylene (PE), polystyrene (PS), 191 

polypropylene (PP), copolymer of ethylene-ethyl acrylate (COPOLY), polyethylene 192 

terephthalate (PETE), and acrylonitrile styrene-butadiene (ABS, Fig. 3) based on top match in 193 

siMPle database. The copolymer ethylene ethyl acrylate was the most commonly observed 194 

polymer (N=25 COPOLY /44 MP total), followed by polyethylene (N=6) across sites. Of the 195 

196 particles analyzed, 44 particles (22%) were identified as MP.  Example spectra are shown in 196 

Fig. S5.  Common non-anthropogenic polymers detected had high similarity to cellulose and 197 

beeswax. These particles are resistant to the oxidation procedure and sometimes visually 198 

resembled plastic, especially in the form of small fragments, underscoring the need for 199 

spectroscopic analysis. The fingerprint region of the spectra varied somewhat for the 25 200 

COPOLY MP spectra and identification as copolymer of ethylene-ethyl acrylate was made based 201 

on the top match of ~0.75 vs. 0.94 for PE. The lower hit match may indicate surface oxidation or 202 

mixed copolymer composition.  203 
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 204 

Fig. 3 Fraction of the total MP observed represented by each polymer type, by sampling site and 205 

storm (numbered 1–3). BBR is the Bioretention P.  Polymer types are abbreviated ABS for 206 

acrylonitrile styrene-butadiene, COPOLY for copolymer of ethylene-ethyl acrylate, PE for 207 

polyethylene, PETE for polyethylene terephthalate, PP for Polypropylene, and PS for 208 

polystyrene.  Replicates represent different storm events (N=3). 209 

The polymer profiles observed varied between the bioretention basin compared to the two other 210 

sites (Field P vs Bioretention P p=0.03, City N vs Bioretention P p=0.009, pairwise 211 

PERMANOVA). City N and Field P did not have significant difference in composition (p=0.76).  212 

Polymer profiles did not vary by storm event at a given site (all adj p > 0.86) or between the 213 

small and large size class (p=0.88, PERMANOVA).  nMDS was used to visualize the differences 214 

in polymer profiles, achieving a stress of 0.109, suggesting this is an acceptable representation of 215 

the data in two dimensions. The nMDS plot shows that Bioretention P had a different polymer 216 
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profile compared to Field P or City N (Fig. 4), whereas no such clustering was observed as a 217 

function of size class and storm event for a given site.  218 

 219 

Fig. 4 nMDS visualization showing the Bioretention P with a distinct polymer profile compared 220 

to City N and Field P.  Size of data points corresponds to the 500–2000 μm (“L”) and 250–500 221 

μm (“S”) particle size class.  Shape corresponds to the storm.  Ellipses represent a 95% 222 

confidence interval around the centroids for data from a given site. 223 

 224 

4.0 Discussion 225 

4.1 Stormwater as a source of MP 226 
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MP were observed in all stormwater samples in both size classes studied (0.30–0.90 MP/L, 250–227 

500 and 500–2000 μm) with significantly more MP observed in the bioretention basin compared 228 

to the two storm outfalls. The high concentrations observed in the bioretention basin can likely 229 

be explained by proximity to potential sources and pooling of stormwater.  The bioretention 230 

basin is located next to a parking lot and receives runoff directly from it.  Roads, parking lots, 231 

and other impervious surfaces are known to increase stormwater volume and pollutant loading to 232 

the environment (Zhou et al., 2021). Because urban stormwater is a known source of MP, land 233 

cover and impervious surface area in a given catchment are important factors influencing the MP 234 

concentration reaching surface waters. Field P and City N both receive runoff from impervious 235 

surfaces, but also feature much more permeable cover in the immediate vicinity, with City N 236 

being located in a park, and Field P receiving runoff from sports fields along with a two-lane 237 

road. The higher concentrations observed at the bioretention basin were also likely influenced by 238 

the storm events captured at this site, which happened to have lower cumulative rainfall. 239 

MP concentrations observed in this study are reasonably consistent with recent publications 240 

investigating MP in untreated urban runoff: 2 to 16 MP/L in Paris for 100–5000 μm (Dris et al., 241 

2018), 0.4 to 3.2 MP/L in San Francisco for > 125 μm (Gilbreath et al., 2019), 1.1 to 24.6 MP/L 242 

for > 125 μm (Werbowski 2021), 1–10 MP/L in Sweden for > 20 μm (Järlskog et al., 2020), and 243 

0.4 to 0.6 MP/L for 500–2000 μm in New York / New Jersey (Bailey et al., 2021). MP 244 

concentrations reported in stormwater are highly variable, ranging about three orders of 245 

magnitude (Koutnik et al., 2021; Shruti et al., 2021). The MP concentrations from this study are 246 

on the lower end of reported values in the literature, which may be explained by (1) our smaller 247 

size range and (2) exclusion of fiber morphology during analysis, (3) the use of NaCl (1.2 g/mL) 248 
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as a density separation medium instead of a more dense solution such as CaCl2 or NaI, (4) the 249 

use of spectroscopic analysis for confirmation of polymer type (assuming the potential for 250 

overestimation in studies relying upon visual ID) (Lenz et al., 2015), and (5) the presence of a 251 

separate storm and sanitary sewer system in the study area. First, the range of size classes 252 

targeted for analysis can impact the reported MP concentrations with some studies reporting 253 

analysis of particles as small as 0.01 μm, and therefore having a higher number of MP measured 254 

per liter (Koutnik et al., 2021; Shruti et al., 2021). Next (2), previous studies in San Francisco, 255 

Tijuana, and Paris were all in catchments with combined sewer systems, and this is reflected in 256 

the high fiber concentrations of their samples. The study performed in Tijuana analyzed particles 257 

including fibers > 25μm in size and found 88–275 particles/L (Piñon-Colin et al., 2020). 258 

However, over 80% of the MP found were fibers, which were not analyzed in this study. The 259 

authors noted that the high level of fibers is likely due to combined sewer overflows during 260 

storm events, as wastewater is known to contain high levels of MP fiber contamination (Conley 261 

et al., 2019; Fahrenfeld et al., 2019; Zhang et al., 2021).    262 

Differences in experimental and analytical methods may also explain why this study found MP 263 

concentrations lower than others in the literature.  The salt used for density separation (3) can 264 

alter the polymer profile observed in the buoyant particles.  For example, using sodium iodide 265 

(density, ρ=1.8g/mL) rather than sodium chloride (ρ=1.2g/mL)  can help capture higher density 266 

polymers such as PVC that the methods used in this study are unable to recover (Shruti et al., 267 

2021). Likewise, Gilbreath et al. and Werbowski et al. used a solution of CaCl2 (1.4 g/mL) for 268 

density separation, allowing for recovery of higher density polymers that could contribute to the 269 

higher MP concentrations observed. Finally (4), some studies relied upon visual identification 270 
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(e.g., the study from Sweden) and visual identification has been reported to be prone to false 271 

positives (Lenz et al., 2015; Song et al., 2015; Ziajahromi et al., 2017) and false negatives (Song 272 

et al., 2015)  particularly for particles in small size classes and with clear color.  Other studies 273 

which included chemical identification have performed analysis only on a subset of particles for 274 

polymer identification, often due to high particle concentrations or large sample volumes on the 275 

order of hundreds of liters, whereas in the present study we were able to analyze all particles in 276 

the storm samples, albeit with a smaller sample volume.   277 

Comparisons between the range of concentrations of MP in pathways of entry to surface waters 278 

can help inform mass balances to surface waters.  Comparing the 500–2000μm observations to 279 

results from our recent survey of the Hudson Raritan Estuary, the stormwater samples collected 280 

in the present study had lower concentrations of MP compared to wastewater influent (0.333–281 

2.25 MP/L, relevant during combined and sanitary sewer overflows), and comparable 282 

concentrations to wastewater effluent (<0.001–0.25 MP/L) (Fahrenfeld et al., 2019; Zhang et al., 283 

2021) and surface water concentrations (<0.001 to 0.003 microplastics/L) (Bailey et al., 2021).  284 

Concentration differences between studies can be explained by the factors detailed above (e.g., 285 

differences in size class or morphology analyzed, density separation medium, etc.) in addition to 286 

local factors such as land use, climate, and whether or not the samples were from a combined 287 

sewer or separate storm sewer.  Sampling was also performed during one season during the 288 

COVID-19 pandemic when foot and road traffic were lower than normal, also potentially 289 

impacting the results reported here. 290 

4.2 Prevalent polymer types in stormwater 291 
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Polymer types observed in the NJ stormwater were consistent with other investigations of urban 292 

runoff. Polyethylene is the most commonly reported polymer across all environmental matrices, 293 

especially in studies that used saturated NaCl for density separation (Bailey et al., 2021; Piñon-294 

Colin et al., 2020). An analysis of 14 studies that sampled stormwater found acrylates and 295 

polyethylene to be most common polymer types in urban canals and stormwater (Koutnik et al., 296 

2021).  As mentioned above, researchers that used a solution of higher density such as ZnCl2 297 

(1.6–1.8 g/mL) or NaI (> 1.8 g/mL) were able to recover denser polymers such as PVC in 298 

addition to PE and PP.   Likewise, using higher density solutions may also capture more 299 

polymers associated with road tire wear, such as ABS observed by others (Kole et al., 2017).   300 

The nMDS and PERMANOVA analyses show that the bioretention basin contained a unique 301 

polymer fingerprint compared to the two stormwater outfalls.  Factors such as differences in 302 

morphology or differences in land use (described above) contributing to the unique population of 303 

polymers in the bioretention basin. For example, a particle of acrylonitrile styrene-butadiene, 304 

likely worn from a car tire, was found in the waters of the bioretention basin, likely due to the 305 

basin’s proximity to vehicle traffic.  The highest number of particles identified as polypropylene 306 

(N=2) and polyethylene (N=3) were found near Field P, which is largely covered with artificial 307 

turf. This is important to note because artificial turf mats are made most commonly from 308 

polyethylene and polypropylene (Magnusson and Mácsik, 2017) meaning this type of ground 309 

cover may contribute to MP loading.  310 

4.3 Relationship between MP concentrations in stormwater and precipitation  311 
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Of interest is not only connections to land use, but also precipitation events.  The negative 312 

correlation observed between cumulative rainfall and total MP concentration could be explained 313 

by the potential for storms with greater runoff volume to dilute the MP concentrations observed.  314 

Antecedent dry days were not correlated with MP concentration, which is likely due to the 315 

relatively short dry periods observed during the sampling, with the maximum duration of dry 316 

weather measuring 18 days. Studies that found a correlation between antecedent dry days and 317 

MP concentration had much longer periods of dry weather, on the order of several months 318 

(Piñon-Colin et al., 2020; Smyth et al., 2021).   319 

4.4 Implications for MP removal from stormwater 320 

The observations of higher MP concentrations in the bioretention basin appear to be in 321 

agreement with recent research showing that green infrastructure can improve stormwater quality 322 

by removing microparticles in general (Chen et al., 2020; Liu et al., 2019; Smyth et al., 2021). 323 

One would expect properly designed bioretention basins and rain gardens to be effective at 324 

removing particulate pollutants (Lucke and Nichols, 2015) such as MP by filtering out 325 

microparticles as the water infiltrates into the sediment (Gilbreath et al., 2019; Lucke and 326 

Nichols, 2015). Bioretention basins are designed to reduce the velocity of stormwater flows 327 

(Wang et al., 2021), and they act as a quiescent zone enabling particles to become trapped in the 328 

soil medium even if the basin is overflowing. Because wet weather flows contribute to pollutant 329 

loading in surface waters (Chen et al., 2020), green infrastructure must be designed to effectively 330 

capture particulates without allowing them to be washed out during high flow situations.  Many 331 

stormwater treatment techniques are effective at removing total suspended solids (TSS) and 332 

heavy metal particulates (Lucke and Nichols, 2015), and a growing body of evidence shows that 333 
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this reduction applies to other particulate matter such as MP (Chen et al., 2020; Gilbreath et al., 334 

2019; Smyth et al., 2021). This phenomenon is analogous to WWTP’s effectiveness at removing 335 

MP despite not being specifically designed for the purpose (Conley et al., 2019; Fahrenfeld et al., 336 

2019; Sun et al., 2019).  The ultimate fate of MP trapped by bioretention basins would likely 337 

depend on specifics of the infrastructure including the maintenance (or lack thereof) with particle 338 

removal and landfilling potential for those getting regular cleaning and/or the opportunity for 339 

burying, UV degradation, biological uptake by terrestrial organisms, and/or resuspension into 340 

runoff/air.   341 

5.0 Conclusion 342 

This study further supports the notion that stormwater runoff is a source of MP in the 343 

environment with a negative relationship between runoff volume and MP concentration.  344 

Sampling site and cumulative rainfall were both found to explain the variance in the MP 345 

concentration data.  The polymer profiles varied more between sampling sites than storm-to-346 

storm for a given site, underscoring the role of location / land use. Understanding the 347 

concentration and character of MP in stormwater and green infrastructure as presented here are 348 

important for determining the most relevant sources of MP and can inform the design and/or 349 

predicted performance of GI and stormwater management systems.   350 
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