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A B S T R A C T   

Monitoring microplastic concentrations in the atmosphere is critical for assessing their inhalation risk in urban 
areas and other ecological impacts on the natural environment. To assess these risks, leaves in tree canopies 
could be used as a biomonitoring system, but this requires knowledge of the potential variability of microplastic 
concentrations based on leaf properties and position in the tree. This study aims to quantify this potential 
variability by analyzing the concentration of airborne microplastics on leaves in Los Angeles as a function of leaf 
height, leaf surface hydrophobicity, and land use. Microplastic concentrations on leaves varied between 0.14 and 
25 particles(n) cm− 2, but the concentration peaked within 0.6–1.2 m height above ground, indicating the po-
sition of the leaf above the ground could matter. Microplastic concentrations varied significantly between leaf 
types indicating leaf surface properties could influence the retention of microplastics. Contact angle measure-
ments revealed that the hydrophilicity of leaves had a weak correlation with microplastic concentrations on 
leaves, indicating other factors such as surface roughness or leaf features could be important for microplastic 
retention. Land-use type did not affect microplastic concentration. The results confirmed a high uncertainty in 
predicting microplastic concentration on leaves in the urban canopy, which limits their ability to be used as 
biomonitoring systems for microplastic pollution in urban areas.   

1. Introduction 

Atmospheric transport has been identified as one of the major con-
veyors of microplastics in urban areas (Koutnik et al., 2022b; Sridharan 
et al., 2021; Zhu et al., 2021), where more than 56% of the world 
population currently live. Thus, the majority of the population is 
exposed to these airborne microplastics, which may have human health 
implications at very high concentrations (Prata, 2018). These airborne 
microplastics have been found unexpectedly in lower regions of the 
lungs (Jenner et al., 2022). The risk of microplastic inhalation could be 
exacerbated by their ability to carry toxic pollutants from land surfaces 
(Borthakur et al., 2021). Therefore, it is critical to develop rapid moni-
toring systems to assess the atmospheric deposition of microplastics in 
urban areas. 

Microplastic concentrations in urban areas were recently monitored 

by using passive samplers (Cai et al., 2017; Dris et al., 2016; Zhou et al., 
2017). However, passive samplers are relatively cumbersome to deploy 
in a large area, and often require specific expertise to effectively install 
and execute sampling. In contrast, leaves in the urban canopy are readily 
accessible and could potentially be used as a biomonitoring system as 
they accumulate microplastics continuously throughout the year via dry 
deposition. Leaves in urban canopies naturally intercept wind flows and 
trap particulate pollutants on their surfaces, thereby improving the air 
quality in cities (McPherson et al., 2011; Rai, 2016). Therefore, they 
have been used as passive samplers to measure the atmospheric depo-
sition of a wide range of pollutants including ozone (De Souza et al., 
2022), particulate matter (Beckett et al., 2000; Hansard et al., 2012), 
persistent free radicals (Leonard et al., 2016; Oyana et al., 2017), and 
polyaromatic hydrocarbons (Wannaz et al., 2013). For leaves to be used 
as monitoring systems for airborne microplastics, it is critical to 

Peer review under responsibility of Turkish National Committee for Air Pollution Research and Control. 
* Corresponding author. Department of Civil and Environmental Engineering, The University of California, Los Angeles, 420 Westwood Plaza, 5732 Boelter Hall, 

Los Angeles, CA, 90095, USA. 
E-mail addresses: jamieleonard89605@gmail.com (J. Leonard), mohanty@ucla.edu (S.K. Mohanty).  

Contents lists available at ScienceDirect 

Atmospheric Pollution Research 

journal homepage: www.elsevier.com/locate/apr 

https://doi.org/10.1016/j.apr.2023.101651 
Received 6 October 2022; Received in revised form 30 December 2022; Accepted 11 January 2023   

mailto:jamieleonard89605@gmail.com
mailto:mohanty@ucla.edu
www.sciencedirect.com/science/journal/13091042
https://www.elsevier.com/locate/apr
https://doi.org/10.1016/j.apr.2023.101651
https://doi.org/10.1016/j.apr.2023.101651
https://doi.org/10.1016/j.apr.2023.101651
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apr.2023.101651&domain=pdf


Atmospheric Pollution Research 14 (2023) 101651

2

determine how microplastic concentrations may vary on the leaves 
based on leaf properties and leaf position so that a monitoring protocol 
could be developed to standardize the sampling method and reduce this 
variability. 

To the best of our knowledge, only a total of 4 studies have so far 
quantified microplastic concentration on leaves (Koutnik et al., 2022a; 
Li et al., 2022; Liu et al., 2020, 2022), but they rarely account for the 
causes of the concentration variability. Based on these studies, micro-
plastic concentrations on leaves can vary by two orders of magnitude, 
from 0.1 to 50 pieces (n) per cm2, even at the same spot. This variability 
poses a challenge in using the data to compare microplastic exposure 
risks between sampling locations. Based on the understanding of par-
ticulate matter (PM2.5) variability on leaves (Sæbø et al., 2012; Zheng 
and Li, 2019), the cause of microplastic variability could be attributed to 
several factors: leaf height, leaf surface properties, and land-use type. 
Leaf height relative to the ground surface is critical in intercepting 
airborne particulates (Barwise & Kumar, 2020). The concentration of 
airborne particulate is also sensitive to sampling height due to the 
dilution and gravitation settling of particulates (Montoya and Hilde-
mann, 2005; Rantio-Lehtimäki et al., 1991). A recent study demon-
strated that microplastic concentrations on leaves in urban green 
infrastructures increased initially up to a critical height, and the con-
centration on leaves above that height decreased (Koutnik et al., 2022a). 
However, it is not clear if sampling leaves from the same height would 
reduce the variability. The effect of land use on the deposition of 
microplastics on nearby leaves is also unclear. Land use could affect 

plastic emissions (Barrows et al., 2018; Tanentzap et al., 2021), since the 
proximity of the tree to emission sources could affect microplastic 
concentration on leaves (Liu et al., 2022). However, microplastics can 
also move away from the source, thereby diluting the effect of land use. 
Lastly, plant types could influence the concentration of particulate 
matter (Cai et al., 2017; Leonard et al., 2016; Sæbø et al., 2012). Leaf 
traits such as texture or surface roughness, hydrophobicity, and the 
presence of waxy coating, could determine how much particulate matter 
will adhere to leaf surfaces after being intercepted from wind streams 
(Corada et al., 2021). The development of water films, which are sen-
sitive to leaf hydrophobicity, on leaf surfaces may increase the retention 
of particulate matters temporarily due to cohesive forces (Seville et al., 
2000). However, no study to date has examined the effect of leaf surface 
hydrophilicity on microplastic concentrations. 

This study aims to quantify the variability of microplastic concen-
trations contributed by land-use type, leaf height, and leaf surface hy-
drophilicity. We hypothesized that leaf height and surface 
hydrophilicity would affect microplastic concentrations more than land 
use due to limited constraints in the geographical boundary for atmo-
spheric transport. To test this hypothesis, leaves were collected from five 
plants at different heights from the ground surface from locations with 3 
different types of land use in Los Angeles, USA. The results could help 
improve the understanding of the sources of variability in microplastic 
concentrations on leaves and inform the development of standard 
sampling best practices to use leaves as a biomonitoring system. 

Fig. 1. Sampling locations in Los Angeles, colored by the type of land use: commercial, parking lot, and residential.  
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2. Materials and methods 

2.1. Sample collection and processing 

Leaves from the urban canopy were collected from 19 locations in 
Los Angeles, USA (Fig. 1) on February 12, 2022, on a dry and sunlit day. 
The locations were categorized by three types of land use: residential, 
commercial, and parking lot. The sampling area last received ~2 mm of 
rainfall on January 17, 2022. Thus, the concentration on leaves would 
represent the accumulation of airborne microplastics deposited in 25 
days. Healthy green leaves were collected at varying heights or at po-
sitions at varying elevations from the ground: <0.6 m, 0.6–1.2 m, and 
>1.2 m. Intact leaves were carefully collected from five plants that are 
frequently found in Los Angeles: Acer saccharum, Rhus ovata, Buxus 
sempervirens, Leymus condensatus, and Chamaerops humilis. Leaves were 
individually wrapped in aluminum foil and labeled by sampling loca-
tion, height, and plant type. A total of 69 leaf samples were collected and 
analyzed for microplastic concentrations as a function of land use, 
height, and leaf type (Table 1). Additional details of the locations and 
characteristics of samples were provided in Table S2 (Supplementary 
Material). In the lab, leaves were cut into rectangular pieces with metal 
scissors so that their surface area could be calculated. Then, the pieces 
were wrapped in aluminum foil and stored. All samples were analyzed 
within 5 days of sample collection. 

Some of the microplastics deposited on soil near the tree could be 
resuspended by wind and deposited on the leaf. To compare the relative 
abundance of microplastics on the leaf surface and in the soil near the 
tree, we collected soil from the top 0–2 cm surface of the ground near to 
the base of the tree from where leaves were selected. Samples of around 
2–4 g of surface soil were extracted using a pre-washed metal spoon into 
labeled aluminum packets. The spoon was thoroughly cleaned between 
sampling to prevent cross-contamination. 

2.2. Leaf surface characterization and contact angle measurement 

Leaf surface properties can affect whether intercepted microplastics 
from the wind stream would stick on the leaf surface. As the surface of 
most plastic particles is hydrophobic, we assume the hydrophobicity of 
the leaf surface might determine the retention of microplastics on the 
leaf after initial contact. To test this hypothesis, we measured the contact 
angle of water droplets on each type of leaf surface using a Contact Angle 
Goniometer (Rame-Hart 500). The contact angle was measured by 
placing a 3 μL water droplet onto a pre-washed leaf surface and 
measuring the angle 10 times using DropImage Advanced software. This 
process was repeated for 10 droplets on each sample to determine the 
average contact angle per sample type. 

Some leaf samples were analyzed using Scanning Electron Micro-
scopy (SEM) to qualitatively compare the size of stomata with that of 
deposited particles and measure the scale of the surface roughness, 
which can increase the retention of deposited microplastic on the sur-
face. As SEM cannot distinguish microplastic particles from other par-
ticles, particles with sharp borders and lack of natural organic structures 
were assumed to be microplastics. 

2.3. Microplastic isolation and quantification 

Microplastics were isolated from leaves following the method out-
lined elsewhere (Koutnik et al., 2022a). Each rectangular leaf piece was 
washed thoroughly with 100 mL of deionized water in a glass beaker, 
and the suspension was vacuum filtrated on 24-mm G4 glass fiber filters 
with a 1.2-μm pore size (Thermofisher Scientific). To extract micro-
plastics from the soil sample near the tree, 1 g of soil was mixed with 40 
mL of 1.6 g mL− 1 potassium iodide solution for density separation. The 
suspension was centrifuged at 5000 rpm for 30 min to settle heavier soil 
particles and isolate lighter (density <1.6 g cm− 3) particles including 
microplastics from the supernatant. The floating particles in the super-
natant were vacuum filtered onto a 24 mm glass fiber filter paper with a 
1.2 μm pore size, dried, and transferred on to a gold-coated slide and 
analyzed using FTIR. 

The isolated microplastics or debris from leaves were quantified 
using a smartphone method where microplastics were first dyed using 
Nile Red (Leonard et al., 2022). The method can detect small micro-
plastics (<10 μm), which is relevant to the atmospheric transport of 
particles (PM10). In contrast, the FTIR microscope can only characterize 
particles >20 μm, which would miss most of the small particles that are 
more likely to stay suspended in the atmosphere for a long time. Nile Red 
has been used to identify microplastics, although it has limitations 
related to false-positive and the inability to color rubber particles 
(Erni-Cassola et al., 2017; Kang et al., 2020; Maes et al., 2017; Prata, 
2018). However, Nile Red is non-selective and can introduce errors 
organic matter in environmental samples could also bind Nile Red 
(Stanton et al., 2019). To estimate the contribution of the non-plastic 
organic particles, we digested a subset of deposited dust using 
hydrogen peroxide and found that there is no significant difference in 
the concentration of particles detected with or without digestion. Thus, 
we assumed that the number of organic debris that could have interfered 
with microplastic measurement was limited in our study. 

Details of filter preparation and microplastic counting in this study 
were described previously (Leonard et al., 2022). The same method was 
used recently to quantify microplastics in urban soil (Koutnik et al., 
2022a, 2022b) and leaves (Koutnik et al., 2022a). Briefly, filters con-
taining microplastics were stained with 0.17 mL of 0.5 μg mL − 1 Nile Red 
in chloroform solution (Maes et al., 2017) in a glass Petri dish and dried 
for 24 h in a fume hood to ensure low background fluorescence from the 
filter paper. The dyed filter paper enclosed in a LED light-illuminated 
chamber was then photographed using a smartphone equipped with 
an external camera. The acquired images of the filter membranes were 
stored in DNG format and analyzed with a MATLAB algorithm that ex-
tracts the red channel of each acquired image, corresponding to the 
fluorescence emission wavelength of Nile Red. This method automati-
cally quantifies the number of particles along with the pixel area. The 
analytical variance of this method is ~4% of the mean. 

To measure the abundance of the microplastics on leaf samples, dust 
particles from some leaves were scraped onto a gold-coated slide for 
Fourier Transform Infrared spectroscopy (FTIR) analysis (Koutnik et al., 
2022). Microplastics on the gold slides were characterized for their size 
distribution, shape, and polymer types using FTIR analysis (Thermo 
Scientific Nicolet iN10). The FTIR microscope was used in the reflec-
tance mode using the particle analysis wizard included in the PICTA 
software. The FTIR microscope can identify the size distribution of 
microplastics larger than 20 μm based on the image analysis of particles 
spread on a 1 cm2 area of the slide. When comparing sample spectra to 
spectral databases, 60% match criteria were required to identify the 
particle. Individual sample spectra were then visually examined against 
their database match to confirm the identification. 

2.4. Quality assurance and quality control 

Plastic cross-contamination was minimized during sampling collec-
tion, preparation, and processing steps by using non-plastic tools 

Table 1 
Number of leaves (in parenthesis) collected per each criterium: land-use type, 
height, and leaf types.  

Land use Height Leaf type 

Commercial (37) <0.6 m (19) Acer saccharum (10) 
Parking Lot (16) 0.6–1.2 m (30) Rhus ovata (30) 
Residential (16) >1.2 m (20) Buxus sempervirens (10) 

Leymus condensatus (9) 
Chamaerops humilis (10)  
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wherever possible. All glassware, containers, and filtration devices were 
rinsed with deionized water three times before use. Leaves were sampled 
with metal shears and aluminum foil, and pre-washed metal or glass 
containers were used to process samples. The filters were dried, stored, 
and transported in covered glass Petri dishes and slides. A subset of 
samples was randomly selected and analyzed using Scanning Electron 
Microscope (SEM) to study the morphology of microplastics, and Fourier 
Transform Infrared spectroscopy (FTIR) analysis to characterize plastic 
composition. The morphology and elemental characteristics of the col-
loids on gold-coated leaf samples were analyzed using SEM-EDS (Zeiss 
Supra 40VP). The polymer composition of microplastics was charac-
terized using FTIR analysis (Thermo Scientific NicoletTM iN10) in 
reflectance mode (Brahney et al., 2020), using a minimum 60% match 
criteria to identify the particle. In short, particles from leaf samples were 
scrapped off onto a clean gold-coated slide, and dispersed with ethanol. 
A particle map of ~1 cm2 area was analyzed using the particle analysis 
wizard included in the PICTA™ software. Image separation settings 
were tuned to best extract the particles from the gold slide manually. 
Spectra were measured using a normal resolution setting and 8 scans in 
1 s, over a spectral range of 4000–675 cm− 1. To identify microplastic 
composition and frequency of various polymers, the collected spectra 
were compared across all available commercial libraries (Supporting 
Materials). An ANOVA test was used to test if microplastic concentra-
tions significantly varied with leaf height or plant location. A Tukey 
one-way test (p < 0.05 indicates significance) was used to compare 
microplastic concentrations among five types of leaves. 

3. Results 

3.1. Microplastic concentrations and size on leaves 

Microplastic concentration varies with leaf type (Fig. 2). The con-
centration varied by two orders of magnitude between 0.14 and 25 
pieces (n) cm− 2. Compared to other leaf types, Chamareops humilis had 
significantly (p < 0.05) higher microplastic concentration (Table S1). 
However, the 95% confidence interval indicates a large spread in the 
concentration of microplastics on a particular leaf type. The result 
confirmed that leaves could capture a significant amount of airborne 
microplastics, but the concentration could vary within the same leaf 
type. We attributed the variability to the elevation of the leaf position, 
which affects the wind speed and convective power of the wind to carry 
airborne microplastic (Koutnik et al., 2022a), and the location of the tree 
in the urban area, which determines the emission and concentration of 
microplastics in air based on local pollution level and land use. 

SEM analysis confirmed particles or fibers greater than 100 μm 
(Fig. 3A) could also be airborne and deposited on leaves and potentially 
cover the stomata. Smaller, inhalable particles (<10 μm) within the size 
range of stomata were observed on some leaves, but they cannot be 
positively identified as plastics (Fig. 3B). The mean size range of stomata 
was around 40 μm, which was larger than some microplastics (Fig. 3C 

and D). The surface roughness features are in the order of 10–30 μm, 
which could provide adequate rough edges to prevent smaller micro-
plastics from slipping off from the surface. 

3.2. Abundance of microplastics on leaves 

FTIR analysis reveals that microplastics found on leaves were much 
more diverse in composition than the microplastics found in soils 
sampled near the tree from which leaves were collected (Fig. 4). Both 
soil and leaf samples had polyethylene (PE) and Rayon as the most 
dominant microplastic types. However, microplastics on leaves were 
less dominated by these polymers and had a more diverse range 
including polystyrene (PS), polypropylene (PP), polyvinyl chloride 
(PVC), and polyacrylic acid (PAA). The FTIR microscope used for 
microplastic characterization in this study could not reliably detect 
microplastics smaller than 20 μm. Thus, the abundance of microplastics 
determined in this study did not account for the smaller microplastics. 

3.3. Effect of vertical position and land-use type on microplastic 
concentrations on leaves 

Our results confirmed that the leaf position above the ground had a 
greater effect on the concentration of microplastics than the land-use 
type near the sampling site (Fig. 5). Leaves positioned within 0.6–1.2 
m above the ground had significantly (p < 0.0006) higher microplastic 
concentrations than the leaves collected below or above the critical 
height range (Fig. 5A). In contrast, microplastic concentrations on leaves 
collected from sites with different land-use types were not significantly 
(p = 0.78) different (Fig. 5B). Overall, the results indicate that the po-
sition of the leaf above the ground has a greater influence on micro-
plastic concentration than the land use in the area leaves were sampled 
from. 

3.4. Effect of leaf hydrophobicity on microplastic concentrations 

The hydrophobicity of leaf surfaces, as measured by contact angle 
with water, was significantly different from each other. The contact 
angle of the leaf surface decreased in the following order: Rhus ovata >
Acer saccharum > Chamaerops humilis > Leymus condensatus > Buxus 
sempervirens (Fig. 6A). This increase in hydrophobicity resulted in a 
slight decrease in microplastic concentrations, but the correlation was 
weak as these leaves were collected from all heights (Fig. 6B). Only 12% 
(=R2) of the concentration data can be predicted based on changes in 
hydrophobicity. 

4. Discussion 

4.1. Microplastic concentrations on leaves in urban canopy 

The urban tree canopy is known to filter airborne pollutants in urban 
areas, so they are expected to trap microplastics in urban areas, where 
atmospheric concentrations are known to be high (Peñalver et al., 
2021). In our study, microplastic concentrations varied between 0.14 
and 25 n cm− 2. Only two other studies reported leaf concentration in 
urban areas (Liu et al., 2020, 2022), and the concentration was nearly 
one order lower magnitude (0.07–0.19 n cm− 2) than what was found in 
our study. We attributed the concentration difference to the methodol-
ogy used, detection limit, and level of error associated with each method 
(Beaurepaire et al., 2021; dos Santos Galvão et al., 2022; Prata et al., 
2019). For instance, the smartphone method in our study detected 
microplastics as small as 10 μm, which is smaller than the detection limit 
of the method used in the previous study (Liu et al., 2020). However, all 
studies including the current study missed particles smaller than 10 μm 
(Leonard et al., 2022), which are relevant for inhalation toxicity. As 
future detection methods evolve to identify smaller microplastics (<10 
μm) and nanoplastics, the reported concentration of plastic particles on 

Fig. 2. Microplastic concentrations range from 1 to 25 n cm− 2 per leaf, 
depending on the leaf type. Compared to other leaf types, Chamareops humilis 
had significantly (p < 0.05) higher microplastic concentration (Table S1). 
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leaves would likely increase. Thus, the concentration found in this study 
could still underestimate the actual concentration of microplastics on 
leaves. More studies should quantify the microplastics found at or below 
this size range, as they are relevant for inhalation toxicity and phyto-
toxicity. For instance, a recent study observed foliar uptake of nano-
plastics through the stomata (Sun et al., 2021). Thus, smaller 
microplastics or nanoplastics, which could be created by breaking down 
large microplastics, could enter the stomata or interfere with photo-
synthesis (Azeem et al., 2021). 

SEM images on leaves confirmed the size of deposited particles, some 
of which could be microplastics, was smaller than 10 μm. Particulates of 
this size (PM10) are not typically reported due to the limitation of optical 

microscopes and FTIR tools to identify smaller microplastics (Koutnik 
et al., 2021b). Our SEM results also confirmed the presence of fiber 
particles as large as 300 μm. Soil particles of similar size were not found 
on leaves. We assumed the large particles with fiber shape were 
microplastics or cotton fibers. These types of particles are more sus-
ceptible to being suspended in the air than soil particles of similar size. 
We attributed a greater transport of microplastic particles to their lower 
density compared with soil particles (Koutnik et al., 2021a). Based on 
colloids resuspension models-both theoretical (Bagnold, 1941; Ravi 
et al., 2006) and empirical (Selah and Fryrear, 1995), the density is 
relevant if the particulate matter size is more than 100 μm. This explains 
why our study did not find soil particles similar to plastic particles, since 
their higher density makes them more difficult to resuspend into the 
atmosphere compared to microplastics. For the same reason, an 
enrichment of microplastics in dust was observed in recent wind tunnel 
experiments (Bullard et al., 2021; Rezaei et al., 2019). However, these 
studies rarely analyzed microplastics in the size range (<10 μm) relevant 
for long-range transport or inhalation toxicity in urban areas. Thus, 
future studies should examine the mechanisms for the resuspension of 
smaller microplastics. 

4.2. Microplastic concentration as a function of leaf position above the 
ground 

The concentration of airborne particulate matter on leaves in the 
urban canopy can vary with their elevation above the ground because 
elevation controls the wind speeds and thus, the concentration of 
airborne particulate matter. Thus, it is expected that a specific height 
above the ground would have a high concentration of microplastics. In 
this study, we observed that microplastic concentrations on the urban 
canopy peaked between 0.6 and 1.2 m from the ground surface. The 
result confirmed that leaf position with respect to the ground surface 
plays a critical role in trapping microplastics from wind streams. The 
concentration of airborne particles at a certain height depends on their 

Fig. 3. SEM analysis of leaf subsurface showing microplastic of various morphologies both A) larger than 100 μm and B) smaller than 10 μm. C) SEM analysis of the 
leaf subsurface revealed regular stomata patterns. D) Zoomed stomata entrance has widths of approximately 40 μm, which could permit the transport of micro- and 
nano-plastic particles. 

Fig. 4. Abundance of various microplastic polymer types, as confirmed by FTIR 
analysis for 2 leaf samples, and 2 soil samples. 
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size or density. Density affects the downward gravitation pull and the 
wind velocity required to keep the particles suspended against the 
gravitational pull (Weathers and Ponette-González, 2011). Near the 
surface, wind speed is the lowest because surface roughness retards wind 
speed (Wizelius, 2007). With an increase in elevation, wind speeds in-
crease (Bowen and Lindley, 1977; Schmidt, 1982) thereby increasing 
their capacity to keep particles suspended. However, an increase in 
elevation also increases the potential energy or gravitational pull 
(Weathers et al., 2011). Thus, the concentration is expected to be highest 
at a certain height. 

4.3. Microplastic accumulation on leaves based on land-use 

Our results showed that microplastic concentrations on leaves were 
not correlated with land use. Emissions from commercial areas, parking 
lots, and residential areas could vary based on plastic uses and site 
environmental conditions (Järlskog et al., 2021). However, similar 
concentrations between different locations indicate that the concentra-
tion of microplastics on leaves may not be determined by their 
geographical proximity to potential sources. This is possible when 
emitted microplastics move far from the sources across geographical 
boundaries. In our study, the entire sample collection area spanned over 
276 km2. The scale is still small compared to the long-range transport 
scale of microplastics observed in recent studies (Allen et al., 2019; 
Evangeliou et al., 2020; Feng et al., 2020). Thus, microplastics created in 
one place can be dispersed into the atmosphere and deposited uniformly 
across the urban canopy. Continuous deposition of atmospheric fallout 
could eventually result in uniform deposition of microplastics irre-
spective of land use. For the same reason, the concentration of micro-
plastics within stormwater control measures was found to be similar to 
the concentration outside stormwater control measures, even though 
stormwater control measures receive high loading of microplastics 
(Koutnik et al., 2022b). Our result further confirmed that the concen-
tration of microplastics within a short distance scale as used in this study 
may not be influenced by land use due to the continuous deposition of 
airborne microplastics. Thus, leaf microplastic concentration can serve 
as an indicator of exposure risks to airborne microplastics in the general 

region, not an indicator of their proximity to potential sources of 
microplastics, at least on the small scale used in this study. 

4.4. Weak correlation between leaf surface hydrophilicity and 
microplastic concentration 

Leaves have a diverse range of surface properties such as hydro-
phobicity, stomatal density (Zheng and Li, 2019), leaf hair, and wax 
cover (Sæbø et al., 2012). A variation in these properties could affect the 
retention of microplastics on leaves. Our study examined the contribu-
tion of surface hydrophobicity to the retention of microplastics. We 
found that microplastic concentrations on leaves were negatively 
correlated with contact angle, although the correlation was weak (R2 =

0.12). That is, decreasing contact angles or increasing hydrophilicity, 
appears to increase the concentration of microplastics on leaves (Fig. 5). 
The results included the concentration data from leaves of all heights, a 
factor that plays a major role in the concentration variability and could 
have obscured stronger correlations. However, we did not have suffi-
cient samples from one height range for all plants to rule out the vari-
ability associated with leaf position above the ground. Despite 
variability based on heights, the existing weak correlation between 
microplastic concentration and hydrophilicity indicates that the for-
mation of water film or liquid bridge based on atmospheric humidity 
could act as a glue to bind particulate matter such as microplastics 
(Seville et al., 2000). Other possibilities of variability are surface 
roughness such as leaf hair and leaf orientation against the winds. SEM 
data revealed that surface roughness on leaves has a relative dimension 
of 10–30 μm. Thus, microplastics with sizes lower than the roughness 
dimension would likely be affected to a greater extent. Future studies 
should examine how the roughness dimension affects microplastic 
interaction and retention on leaves. 

5. Conclusions 

The current study identified factors that could affect the concentra-
tion of microplastics on leaves in order to evaluate the use of leaves as 
passive samplers to assess microplastic pollution in urban areas. Among 

Fig. 5. Microplastic concentrations on leaves at different as a function of A) their height and B) land-use types. A one-way ANOVA test was performed for both 
variables to determine significance (p-value less than 0.05 was assumed significant). 

Fig. 6. (A) Mean contact angle of leaf varied significantly with leaf types. (B) Microplastic concentration was inversely related to contact angle or hydrophobicity, 
although the correlation was very weak (R2 = 0.1209). 
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the three factors includingthe position of the leaf above ground, land-use 
type, and leaf surface hydrophobicity, leaf position contributes most to 
the concentration variability. Leaf hydrophilicity, based on the contact 
measurement, is weakly correlated with microplastic concentrations on 
the leaves. Land use types have no influence on microplastic concen-
tration on leaves, potentially due to the continuous atmospheric depo-
sition of airborne microplastics originating from distant sources. Thus, 
the concentration on leaves cannot precisely indicate the emission po-
tential of sources nearby the canopy from where leaf samples are 
collected. The concentration on leaves merely indicates the total amount 
of microplastics deposited from the atmosphere, thereby informing po-
tential inhalation risks in the region. SEM analysis confirmed that large 
microplastics (>100 μm) could be transported by the wind. The same 
analysis also confirmed the presence of smaller (<10 μm) microplastics, 
which can potentially enter leaf stomata. Collectively, the results indi-
cate that leaves may not serve as a reliable passive sampler unless the 
sampling protocol is modified to account for uncertainty associated with 
concentration variation. The results could inform future efforts to 
develop consistent protocols for using leaves as a biomonitoring system 
for airborne microplastics in urban areas. 
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Significance of sampling height of airborne particles for aerobiological information. 
Allergy 46 (1), 68–76. https://doi.org/10.1111/j.1398-9995.1991.tb00545.x. 

Ravi, S., Zobeck, T.M., Over, T.M., Okin, G.S., D’odorico, P., 2006. On the effect of 
moisture bonding forces in air-dry soils on threshold friction velocity of wind 

erosion. Sedimentology 53 (3), 597–609. https://doi.org/10.1111/j.1365- 
3091.2006.00775.x. 

Rezaei, M., Riksen, M.J.P.M., Sirjani, E., Sameni, A., Geissen, V., 2019. Wind erosion as a 
driver for transport of light density microplastics. Sci. Total Environ. 669, 273–281. 
https://doi.org/10.1016/j.scitotenv.2019.02.382. 

Sæbø, A., Popek, R., Nawrot, B., Hanslin, H.M., Gawronska, H., Gawronski, S.W., 2012. 
Plant species differences in particulate matter accumulation on leaf surfaces. Sci. 
Total Environ. 427, 347–354. https://doi.org/10.1016/j.scitotenv.2012.03.084. 
–428.  

Schmidt, R.A., 1982. Vertical profiles of wind speed, snow concentration, and humidity 
in blowing snow. Boundary-Layer Meteorol. 23 (2), 223–246. https://doi.org/ 
10.1007/BF00123299. 

Selah, A., Fryrear, D.W., 1995. Threshold wind velocities of wet soils as affected by wind 
blown sand. Soil Sci. 160 (4), 304–309. 

Seville, J.P.K., Willett, C.D., Knight, P.C., 2000. Interparticle forces in fluidisation: a 
review. Powder Technol. 113 (3), 261–268. https://doi.org/10.1016/S0032-5910 
(00)00309-0. 

Sridharan, S., Kumar, M., Singh, L., Bolan, N.S., Saha, M., 2021. Microplastics as an 
emerging source of particulate air pollution: a critical review. J. Hazard Mater. 418, 
126245 https://doi.org/10.1016/j.jhazmat.2021.126245. 

Stanton, T., Johnson, M., Nathanail, P., Gomes, R.L., Needham, T., Burson, A., 2019. 
Exploring the efficacy of nile red in microplastic quantification: a costaining 
approach. Environ. Sci. Technol. Lett. 6 (10), 606–611. https://doi.org/10.1021/acs. 
estlett.9b00499. 

Sun, H., Lei, C., Xu, J., Li, R., 2021. Foliar uptake and leaf-to-root translocation of 
nanoplastics with different coating charge in maize plants. J. Hazard Mater. 416, 
125854 https://doi.org/10.1016/j.jhazmat.2021.125854. 

Tanentzap, A.J., Cottingham, S., Fonvielle, J., Riley, I., Walker, L.M., Woodman, S.G., 
Kontou, D., Pichler, C.M., Reisner, E., Lebreton, L., 2021. Microplastics and 
anthropogenic fibre concentrations in lakes reflect surrounding land use. PLoS Biol. 
19 (9), e3001389 https://doi.org/10.1371/journal.pbio.3001389. 

Wannaz, E.D., Abril, G.A., Rodriguez, J.H., Pignata, M.L., 2013. Assessment of polycyclic 
aromatic hydrocarbons in industrial and urban areas using passive air samplers and 
leaves of Tillandsia capillaris. J. Environ. Chem. Eng. 1 (4), 1028–1035. https://doi. 
org/10.1016/j.jece.2013.08.012. 
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