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Abstract 
Despite cities being recognized as being potential sources of microplastic 
pollution to the wider environment, most surveys of COVID-19 plastic-based 
litter have been undertaken through linear transects of marine beaches. For 
the far fewer number of studies conducted on inland and urban locations, the 
site-specific focus has primarily been surveys along the length of streets. The 
present study is the first to specifically assess the standing stock (i.e., mo-
ment-in-time) of littered face masks for the entire surface area of urban 
parking lots. The density of face masks in 50 parking lots in a Canadian 
coastal town (0.00054 m2 ± 0.00051 m2) was found to be significantly greater 
than the background level of littering of town streets. Face mask density was 
significantly related to visitation “usage” of parking lots as gauged by the areal 
size of the lots and of their onsite buildings, as well as the number of vehicles 
present. Neither parking lot typology nor estimates of inferred export (vari-
ous measures of wind exposure) and entrapment (various metrics of obstruc-
tion) of face masks had a significant influence on the extent of whole-lot lit-
tering. In consequence, modelling of the potential input of mask-derived mi-
croplastics to the marine environment from coastal communities can use the 
areal density of face masks found here in association with the total surface 
area of lots for individual municipalities as determined through GIS analysis. 
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1. Introduction 
The COVID-19 pandemic has generated a global problem through the cavalier 
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abandonment or deliberate discarding of personal protection equipment (PPE) 
by the public [1]-[5]. This has raised concerns that the billions of improperly 
disposed face masks pose a threat to wildlife through physical entanglement, or, 
when broken down, through ingestion of derived microplastics [6]-[9]. The 
waning of virus pathogeny and the consequent relaxation or abandonment of 
masking mandates has meant that face mask pollution is much lower now com-
pared to the height of the pandemic between 2020 and 2022. As a result, the 
threat of physical entanglement to wildlife will have been significantly reduced. 
However, the degradation of face masks into microplastics through ultraviolet 
radiation, physical abrasion, chemical oxidation, and climatic (temperature, wa-
ter) influences and biological agents are processes that take time [10]-[14]. As a 
result, although the pandemic may be considered to be largely “over” in terms of 
its immediate lethality to a substantial number of humans, an argument can cer-
tainly be made that from the perspective of long-term effects on marine food 
chains—some of which lead to humans—that the deleterious environmental 
consequences of the pandemic microplastic pollution are in their early days and 
can expected to persist for many decades [5]. Because of this, quantifying 
site-specific determinants of face mask littering from the height of the pandemic 
will provide useful empirical information for those involved with modelling the 
potential input of mask-derived microplastics to the marine environment. Un-
fortunately, despite the widespread recognition that urban stormwater runoff is 
an important pathway for transporting microplastic pollution across the 
land-sea continuum [15], the lack of data means that “it is not possible to quan-
tify littering as a source of microplastics with available monitoring data” [13]. 
The present study was designed to address this paucity of data.  

With rare exceptions, previous surveys of the magnitude of face mask litter 
have been based on single moment-in-time samplings to provide estimates of 
the standing stock or abundance of pollution. Many of these studies have fo-
cused on congregation locations, such as tourist beaches and festival sites—as 
summarized by Kutralam-Muniasamy et al. [16] and Kutralam-Muniasamy and 
Shruti [17]—in addition to mobility thoroughfares, such as streets in large urban 
centers [18]-[24], as well as country roads and streets in peri-urban and small 
municipalities [25]. Ammendolia et al. [19] surveyed contrasting site typologies 
within an urban framework, finding densities of PPE litter to be higher in several 
parking lots compared to a few streetscapes and a recreational trail. It seems 
reasonable to assume that this is related to differences between the locations 
where people were required to wear face masks to be able to linger, versus sites 
of transit through which they passed without needing to be masked to arrive at 
the former locations. The first purpose of this study was to conduct the first spe-
cifically targeted survey of the standing stock of COVID-19 face masks in urban 
parking lots to test the assumption that levels of litter in these locations will be 
higher than the background levels observed along city streets. 

Beaches have long been recognized to be locations where plastic pollution is 
known to accumulate, leading to hundreds of published studies on the topic 
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from around the world. Litter in such locations reflects that which is generated 
in situ by visitors, as well as that which is imported from afar through the focus-
ing action of waves and other hydrodynamic processes, e.g. [26]-[28]. Coastal 
studies have frequently linked litter abundance to beach activity usage, occasion-
ally to distance from urban centers or municipal dumpsites, and less frequently, 
for example, De-la-Torre et al. [29] with respect to PPE waste, to population 
density. Far fewer investigations have been made of the determinants of plastic 
litter abundance for inland and urban locations, e.g. [30] [31]. Occasionally this 
work has included various socioeconomic and demographic data, e.g. [32]-[34], 
of which certain elements may be deemed by some to be controversially sensitive 
(e.g., race, education, employment, income, property value). In consequence, re-
stricting consideration of potential determinants to those of a physical or non-
cultural nature will be the safest approach. With respect to beaches, for example, 
Bowman et al. [35] found that physical metrics characterizing geomorphology 
were dominating factors affecting the abundance of litter. The second purpose of 
the present study was to investigate whether a suite of heuristic attributes con-
cerning the physical nature and environmental conditions of parking lots might 
influence the consequent standing stock of COVID-19 face mask litter.  

2. Methods 

Fifty parking lots were surveyed for the presence of discarded or abandoned face 
masks in the coastal town of Truro, Nova Scotia, Canada. Because the town of-
ten floods [36] [37] litter can be easily transported to the marine environment. 
Microplastic pollution has been found along Nova Scotia coasts [38], including 
in intertidal sediments in the Bay of Fundy [39]. Truro has a population of 
13,000 people residing within a land area of 38 km2. The village of Bible Hill 
(pop. 5,000) is situated on the other side of the Salmon River from Truro. To-
gether these communities serve as the regional hub for government, education 
and health services, recreation facilities, and shopping for their residents as well 
as an additional 34,000 residents from the surrounding Colchester County, a ru-
ral municipality of 3,600 km2, the fourth largest in the province. 

Consistent with the widely established methodology in the literature of con-
ducting surveys of plastic pollution at single moments-in-time to assess the 
standing stock of litter abundance, sampling in this study took place from day-
break to the afternoon on the first Sunday in November 2021. This was when 
shops, offices, and other buildings—except the hospital and 24-hour automobile 
service stations—were closed and the parking lots were largely empty of vehicles, 
thereby permitting unhampered searching for face masks. Most studies of 
COVID-19 face mask litter have utilized line-transect surveys of small areal 
segments deemed to be representative of larger landscapes. In contrast, for the 
present study, the entire surface area of each of the 50 parking lots was com-
pletely scoured of all observable face masks (disposable surgical, damaged, and 
reusable cloth types). Additionally, two-meter-wide swaths on opposite sides of 
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7 streets were surveyed, with counts made of PPE waste on sidewalks and abut-
ting curbside edges of the thoroughfares, as in France [25]. The total surface area 
surveyed was 491,312 m2 (parking lots = 464,676 m2, streets = 26,636 m2), mak-
ing this one of the largest monitoring endeavors of pandemic PPE waste to be 
undertaken.  

The surveyed parking lots represent a considerable proportion of the total 
number of lots in the entire town. All lots were located within the small 2 × 4 km 
developed core of the town (Figure 1), an area of uniform socioeconomic and 
demographic conditions. The lots fall into 8 broad categories of approximately 
equal-weighted sampling effort: (1) grocery stores and shopping malls (n = 6); 
(2) health and education centers (n = 5); (3) recreation or club facilities (n = 6); 
(4) general shops (n = 6); (5) automobile service stations (n = 6); (6) offices, ho-
tels, and public lots (n = 7); and (7) restaurants with (n = 7), or (8) without (n = 
7), drive-through takeaway services. This selection of lots represents the broad 
range of typologies present in the town, with only those other lots associated 
with infrequently visited establishments selling large or expensive items, such as 
furniture or automobiles, being excluded. 

 

 
Figure 1. Location of the 50 surface areas of parking lots (blue-grey shaded) and the 14 linear streetscapes (red line high-
lighted) surveyed for face mask litter in Truro, Nova Scotia, Canada in November 2021. 
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Following a preliminary reconnoitering of a dozen of the parking lots, 11 
physical and easily measurable—through either on-site visual assessment or 
subsequent geographic information system (GIS) analysis—attributes were se-
lected as being site characteristic variables that might influence the stand-
ing-stock (i.e., single point-in-time abundance) of face masks. These fall into 
three broad categories: (1) estimated “usage” of lots by visitors; (2) “wind expo-
sure” and the consequent export of litter from lots; and (3) obstructions and the 
consequent “entrapment” of litter in lots. 

The metrics corresponding to estimated site usage include (a) the surface area 
of parking lots; (b) the surface area of all onsite buildings; and (c) the cumulative 
number of vehicles in lots assessed at four different times during a single week 
(mid-morning, mid-afternoon, and evening after work hours on three different 
weekdays, and mid-day on Saturday). The surface area of each parking lot was 
measured by digitizing aerial imagery using the imagery from the ArcMap 10.8.1 
software. The surface area of onsite buildings was acquired using the Town of 
Truro Building Footprint spatial dataset, acquired from the town’s GIS data re-
pository (https://interactive-truro-townoftruro.hub.arcgis.com/). This dataset 
included a digitization of buildings, whereby areas were subsequently calculated, 
based on the number of floors for individual buildings. To estimate the approx-
imate floor space of each building, the area and the number of floors were simp-
ly multiplied. Additionally, each building was visited to confirm the number of 
floors. In cases where a building footprint was not available, a manual delinea-
tion was carried out using aerial imagery and GIS. 

The metrics corresponding to site wind exposure include (a) the lot elevation 
above sea level; (b) the maximum fetch or uninterrupted distance over which 
wind can blow across lots; and (c) an index of overall exposure that accounts for 
surrounding buildings, trees, and other obstructions. To estimate the lot eleva-
tion, LiDAR (light detection and ranging) data were acquired from GeoNOVA, 
the provincial spatial data repository (https://geonova.novascotia.ca/). Using the 
1 m spatial resolution digital elevation model, generated for 2019, zonal statistics 
were calculated for each lot polygon and the average elevation for that parking 
lot was retained. To estimate the maximum fetch, the longest distance of each 
polygon was measured using GIS. Lastly, to represent the overall exposure of 
each lot, a LiDAR-based, digital surface model (including buildings, trees, fenc-
es, and other obstructions), produced at a 1 m spatial resolution for 2019, was 
used as an input for a wind exposition (i.e., exposure) model. This model simu-
lates the wind flow from multiple directions and generates a dimensionless index 
whereby values < 1 represent sheltered areas, while values > 1 represent 
wind-exposed areas. This analysis was carried out using the freely available Sys-
tem for Automated Geoscientific Analyses (SAGA) GIS software [40] [41]. Sim-
ilar to the calculation of the lot elevation, zonal statistics were generated for the 
wind exposition index values. 

The metrics corresponding to site entrapment include (a) the number of in-
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ternal lot obstructions (light poles and signs, collection areas for shopping carts, 
infrastructure such as instruments, fire hydrants, and garbage bins, landscaping 
features); and the extent of lot perimeter lengths subsumed by abutting (b) 
structures (fences, walls), (c) vegetation (planted, natural), and (d) landscaping 
(ditches, banks, gravel). 

Ranges of the metrics for the 50 parking lots are shown in Table 1. Due to the 
non-normalcy of the frequency-abundance distribution (Shapiro-Wilk test) and 
the non-homogeneity of variances across means (Taylor’s power law) deter-
mined for the present litter data [42], nonparametric rather than parametric sta-
tistics are used herein. The previous paper focused exclusively on the sampling 
methodology of both our own and other published studies with no mention 
made of any empirical searches for predictive measures of the extent of littering, 
the purpose of the present paper. In short, the first paper dealt with the statistical 
methods used in the present paper (as well as in other studies), with no overlap 
existing in terms of intent or presentation of data between the two publications.  

 
Table 1. Ranges of potential determinants of face mask litter in 50 parking lots in Truro, 
Nova Scotia, Canada in November 2021 (see text for explanation of metrics). 

Usage 

Lot surface area (m2) 1,386 - 54,383 

Building surface area (m2) 204 - 54,702 

Total vehicles (#) 8 - 1,100 

Wind exposure 

Elevation (m) 8 - 45 

Onsite fetch (m) 58 - 470 

Offsite exposure index (× 10−3) 902 - 966 

Entrapment 

Onsite obstructions (#) 0 - 33 

Perimeter structures (m) 0 - 280 

Perimeter vegetation (m) 0 - 149 

Perimeter landscaping (m) 0 - 155 

Perimeter total (%) 0 - 64 

3. Results  

A total of 311 abandoned face masks were collected from the 50 parking lots. 
The number of face masks per parking lot ranged between 0 and 97. All three 
measures of ‘usage’ were found to influence the standing stock (abundance) of 
face masks found in parking lots. Kruskall-Wallis H tests, followed by Dunn’s 
multiple comparison tests, revealed significant (p < 0.003) differences between 
pair groups with respect to both parking lot area and the cumulative total count 
of automobiles (Figure 2), as well as for the building area. Because the areal ex-
tent of parking lots is correlated with both the size of onsite buildings (r2 = 0.56, 
p < 0.0001) as well as with the occupation of the site in terms of the number of 
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automobiles present (r2 = 0.79, p < 0.0001), lot surface area can serve as a con-
venient surrogate for overall visitation usage. Sites with larger buildings have 
larger accompanying parking lots, which are correspondingly filled with more 
automobiles, which, not surprisingly, consequent higher levels of face mask lit-
tering. For the dozen lots in which 5 or more abandoned face masks were col-
lected, there was a correlation (Spearman’s rs = 0.79, p = 0.002) between the area 
size of the lot and the abundance of littered masks. However, the strength of this 
relationship decreased with the inclusion of all 50 parking lots (rs = 0.61, p = 
0.001), indicating that other factors besides lot size must be affecting the result-
ing litter abundance.  
 

 
Figure 2. Significant relationships (Kruskall-Wallis and Dunn’s tests) of the standing 
stock of littered face masks to four categories of (upper panel) the weekly presence of au-
tomobiles (left-to-right x-axis divisions “1” = < 50, “2” = 51 - 225, “3” = 225 - 500, and 
“4” = > 500 vehicle counts) and (lower panel) four categories of the surface area 
(left-to-right x-axis divisions “1” = < 10, “2” = 11 - 20, ”3” = 21 - 30, and “4” = > 30 thou-
sand m2) of the surveyed parking lots. 
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Removing the dominating influence of usage by expressing litter data as the 
density of face masks per m2 allows comparisons to be made across sites (and 
between studies) with lots of variable sizes. Kruskall-Wallis and Dunn’s tests 
showed that the litter density was not significantly (p > 0.05) influenced by the 
typology of parking lots (Figure 3), indicating that lots need not be differentiat-
ed in subsequent analyses. Kruskall-Wallis and Dunn’s tests did not find any of 
the three wind exposure measures, nor any of the four entrapment metrics to 
have a significant effect (p > 0.05) on the litter density in parking lots. Finally, 
the overall mean density of face masks in all parking lots was 0.00054 ± 0.00051 
(SD) m−2, an amount that was significantly greater (Mann-Whitney U test, p < 
0.05) compared to densities on town streets (0.00014 ± 0.00011 m−2). 

 

 
Figure 3. Nonsignificant relationship (Kruskall-Wallis and Dunn’s tests) of the standing 
stock of littered face masks to eight types of the surveyed parking lots (ordered 
left-to-right in the same numerical sequence as identified and explained in the Methods: 
“1” = grocery stores and shopping malls; “2” = health and education centers; “3” = recre-
ation or club facilities; “4” = general shops; “5” = automobile service stations; “6” = offic-
es, hotels and public lots; “7” restaurants; and “8” restaurants with drive-through takea-
ways). 

4. Discussion 

There are very few similar studies in which to compare the present results. This 
is because most surveys of the standing stock of PPE litter have been undertaken 
in locations where, or at times when, people occasionally congregate in large 
numbers, such as at recreational beaches or during religious festivals. In con-
trast, the present investigation, rather than focusing on such atypical or excep-
tional circumstances, addresses the issue of pandemic littering with respect to 
the mundanity of daily urban life, including shopping, dining out, refueling au-
tomobiles, going to work, attending school, or visiting the hospital or fitness 
center. The average densities of face mask litter found in the present survey of 
parking lots and streets of a Nova Scotian town are similar to levels observed in 
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other Canadian locations, such as the metropolitan city of Toronto [19] and 
small towns in Quebec [25]. Abandoned or discarded face masks were more 
prevalent in Truro parking lots where people lingered and were legally obligated 
to ‘mask-up’ to enter onsite buildings than along streets, which could be transit-
ed free of the need to wear masks. Although several studies have surveyed face 
mask littering by walking along city streets [21] [23] [24] [43] [44], in one case 
doing so ancillary to another purpose [22], the present results suggest that if the 
overarching goal is to reckon the total deposition of PPE waste for municipali-
ties, from which to then estimate loading rates of microplastic pollution to the 
surrounding environment, it is necessary to specifically target the hot-spots of 
parking lots. 

Most studies of the standing stock of PPE litter present results without under-
taking empirical investigations of potential determinants of the magnitude of the 
observed pollution. An exception is Costa et al. [45], who found that litter 
abundance on a set of beaches could be predicted by the level of urbanization. 
Several other studies, in contrast, have found that certain predictor variables, 
despite their heuristic appeal, may not have a significant influence on the con-
sequent density of face mask litter [24] [25] [29]. For the present survey, beyond 
the dominating significance of the surrogate usage variable of parking lot area, 
other variables related to the inferred entrapment or to the export of face masks 
did not play a major role in the resulting litter densities as assessed on the scale 
of the entire lots.  

5. Conclusions 

The absence of overt influences modifying the standing stock assessment of PPE 
litter in these parking lots, apart from the dominating influence of surface area, 
turns out to be a beneficial finding. This is because it means that the average 
density value recorded herein can be assumed to be robustly representative of a 
generic parking lot. This will be useful to those involved with modelling the po-
tential input of mask-derived microplastics from coastal communities to the 
marine environment. In this regard, measurements of the total surface area of 
parking lots for any municipality can be easily obtained through GIS analysis 
and then multiplied by the average areal density of face masks in relation to any 
length of time. In like fashion, there is a long-established tradition of relating the 
areal extent of parking lots to deleterious effects on the biological integrity of 
surrounding waters [46]. 
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