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• Surveys of COVID-19 waste are needed
for a range of land-use types around
the world.

• A survey of face mask litter was made
while on a 250-km walking pilgrimage
in Quebec, Canada.

• The background level of roadside litter
was low and related to the extent of
human habitation.

• Litter is thought to have resulted from
accidental loss rather than deliberate
disposal.

• Citizen scientists walking pilgrimage
routes can generate data on the extent
of PPE pollution.
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The COVID-19 pandemic has generated a global problem through the cavalier or deliberate disposal of personal
protective equipment (PPE) by the general public. This has raised concerns that the billions of discarded face
masks pose a threat to wildlife through entanglement or, when broken down, through ingestion of derived
microplastics. Previous quantitative surveys of the magnitude of such litter have focused on areas where people
congregate, such as tourist beaches and large cities. The present survey is the first to provide data on the back-
ground level of face mask litter through a landscape of variable land-use. A 250-km transect along an historic
road betweenMontreal and Quebec City (Canada) was surveyed during a walking pilgrimage, revealing an over-
all density of 0.0001 ± 0.00006 face masks m−2. Average densities were significantly higher in areas of human
occupation compared to agricultural and forested rural land. However, there was no significant correlation be-
tween population size of communities and the number of face masks encountered, nor in litter extent and prox-
imity to municipalities. This may be due to the confounding influence of inter-community differences in
scheduled street cleaning operations. Seventy-six percent of face masks were of the disposable surgical variety,
with the remaining 24% being reusable cloth masks. This, and the fact that only 10% of the former and none of
the latter exhibited broken ear straps, insinuates that the litter could be due to accidental loss rather than inap-
propriate discarding by individuals en route. Scaling-up these findings in relation to the global road network gen-
erates a preliminary background estimate for roadside litter of >17 million face masks. The present study
endorses the call made by others to engage citizen scientists in surveying PPE litter, in particular, the thousands
who each year walk the medieval pilgrimage routes through the landscape of Europe.

© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

Litter pollution is a characteristic feature of the Anthropocene (France,
2021), with nowhere—even the most remote locations—being free from
the flotsam of anthropogenic waste (Benton, 1991; France, 1992). One
of the consequences of the current COVID-19 pandemic has been the
widespread use of personal protective equipment (PPE). The numbers in-
volved in PPE production, use, and disposal are truly staggering, giving
verisimilitude to those no-longer quite-so-humorous cartoons of the
planet depicted as a face shielded behind a prophylactic mask. For exam-
ple, China produces 200 million face masks a day (Aragaw, 2020); >129
billion face masks are used monthly around the world (Prata et al.,
2020); 12 billion facemasks are discarded eachmonth in the African con-
tinent alone (Benson et al., 2021); over 1.6 billion face masks were likely
to have entered the global oceans by the end of 2020 (De-la-Torre et al.,
2021); and between 0.15 and 0.39 million tons of COVID-19 plastic
waste could accumulate in the world's oceans over the next year
(Chowdhury et al., 2021). The magnitude of the littering of this material,
much of it comprisedof plastic anddesigned for only single use, has raised
alarm about the long-termenvironmental consequences that could ensue
from the pandemic (Prata et al., 2020; Kutralam-Muniasamy et al., 2022;
Aragaw, 2020; Hiemstra et al., 2021; Patricio Silva et al., 2021).

To date, systematic surveys investigating the widespread distribu-
tion of PPE litter have been primarily restricted to being conducted
along beaches and across the mouths of coastal rivers, locations where
debris is known to accumulate (Akhbarizadeh et al., 2021; Ambrose
et al., 2019; Cordova et al., 2021; De-la-Torre et al., 2021; Haddad
et al., 2021; Okuku et al., 2021; Rakib et al., 2021; Thiel et al., 2021). In
contrast, reviews of the published literature (Patricio Silva et al., 2021;
Kutralam-Muniasamy et al., 2022) indicate that comparable inland sur-
veys are almost nonexistent. Ryan et al. (2020) investigated the influ-
ence of the early pandemic lockdown on all types of litter—of which
face masks comprised <1%—on the streets of two South African cities.
Ammendolia et al. (2021), focusing on COVID-19 PPE, surveyed 6 differ-
ent locations in downtown Toronto of contrasting land-use: residential,
recreational, commercial, and institutional. And Okuku et al. (2021)
quantified PPE litter on major streets connected or adjacent to urban
recreational beaches in Kenya.
Fig. 1. Route of the Chemin du Roy along the north shoreline of the St. Law
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Most surveys of COVID-19 litter have specifically focused on areas
where people congregate, such as public beaches (despite the impres-
sion given in the titles of some publications that it was general coast-
lines that were sampled), parks and recreational trails, and busy or
residential streets and other frequented urban spaces such as parking
lots. Exceptions include Thiel et al.'s (2021) national survey of coastal
sites in Chile and Okuku et al.'s (2021) survey of Kenyan beaches,
wherein in both cases PPE litter was found on remote beaches and
rocky shores some distance removed from urban centres. Mention of
face masks along inland highways, such as in Nigeria (Fadare and
Okoffo, 2020), or in several other press reports, are anecdotal. The pres-
ent quantitative survey of COVID-19 face mask litter is novel in terms of
arising from an extensive (250-km) walking transect through a coun-
tryside of variable land-use wherein, significantly, no particular
targeting was directed toward locations where one might expect, a
priori, to encounter such litter. As a result, it provides an early—and
possibly the first— regional assessment of the background level of
pandemic-generated PPE littering for a terrestrial landscape. Such a
long-distancepedestrian survey canprove valuable for assessing thede-
gree and distribution of discarded litter (France, 1992), and for raising
awareness about the issue in the form of considerable public interest
and heated professional discussion (Zeilig, 1990; Chrumka, 1991;
Strauss, 1992; Anon., 1992; England, 1992a,b; France, 2010a).

2. Study location and methods

2.1. The survey transect route

The walking route of the litter survey was in Quebec, Canada, from
the eastern edge of the metropolitan city of Montreal to the western
side of the provincial capital of Quebec City. The route followed the
north shoreline of the St. Lawrence River (Fig. 1) and was along the
Chemin du Roy (King's Road), the oldest European thoroughfare in the
New World north of Mexico (Morissonneau, 2013). In addition to
linking up some of the most significant sites of Christian worship and
colonial history in North America, the Chemin du Roy traverses a
landscape of varied human development, including 14 municipalities
(from start to finish): Repentigny (pop. 85,000), an abutting bedroom
rence River between Montreal and Quebec City (Vélo Québec, 2015).
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community to Montreal (pop. 1.8 million), Saint-Sulpice (pop. 3000),
Lavaltrie (pop. 14,000), Lanoraie (pop. 5000), Berthierville
(pop. 4000), Louiseville (pop.8000), Yamachiche (pop. 3000), the
mid-point city of Trois-Rivères (pop. 138,000), Sainte-Anne-de-la-
Pèrade (pop. 2000), Portnuef (pop. 3000), Donnacona (pop. 7000),
Neuville (pop. 4000), Saint-Augustine-de-Desmaures (pop. 18,000),
and the Sainte-Foy (pop. 76,000), an amalgamated suburb imbedded
in greater Quebec City (pop. 542,000), in addition to another 9 small
communities of each less than a thousand individuals. Much of the
rest of the Chemin du Roy runs through a (semi)rural landscape of
small, family-owned farms and patches of riparian forest but at the
same time is often lined with a strip of ribbon development in the
form of historic 17th to 19th-century homes and more recent private
domiciles. Of the total distance of 250 km that was surveyed, the break-
down of 6 land-use types walked through was 12% dense urban (pre-
dominantly institutional and commercial), 6% peri-urban/suburban
(combined residential and mixed-use), 10% village or town (combined
residential and small commercial), 44% ribbon development (thin
strip of homes, low commercial), 24% rural agrarian (farm fields, iso-
lated homes), and 4% rural forested (little or no development). Repre-
sentative photographs of these land-usages are shown in Fig. 2.

2.2. The survey approach

A three-metrewide swath of the ground surfacewas surveyed during
the 10 days (17/09/21–26/09/21) it took towalk the full length of the pil-
grimage route. Daily walked distances ranged from 10 to 40 km, with an
average of 25 ± 9 (SD) km. Due to the popularity of the Chemin du Roy
for cycling (Vélo Québec, 2015), there is a two-to-three metre wide
verge (paved shoulder) that runs for most of its length. It is this section
of the road that was walked and surveyed. In a handful of locations
where the old historic road diverges from the Highway 138 (as the
King's Road is now designated), it becomes a residential street. In such
cases, threemetres along one side of the streetwaswalked and surveyed.
In municipalities, the terrain traversed was the edge of the street flush
against the sidewalk (i.e. due to pulling the large backpack with a trek-
king trailer, sidewalks were avoided except in rare circumstances when
thehigh volume of trafficwas deemeddangerous). In such cases, the sur-
veyed area consisted of the distal two metres of the road surface as well
as the one-metre-wide sidewalk. Given that roads are constructed as
crowned surfaces so as to shed runoff laterally (Forman et al., 2003),
the surveyed region is recognized to have collected debris from a wider
source area that possibly extended to the medial crest. That said, the
present analysis disregards this area of indeterminate size. As a result,
the surveyed area consisted of a 250-km-long roadside bandof threeme-
treswidth for a cumulative total of 750,000m2. Compared to other stud-
ies of short transects, this is a considerable surface area being surveyed,
even exceeding those of several notably large-scale investigations (e.g.
110,757 m2 - De-la-Torre et al., 2021; 245,190 m2 - Ammendolia et al.,
2021; and 516,883 m2 - Rakib et al., 2021).

Debris is known to collect along roadsides, be they either the grassed
edge of drainage swales or in the traps of concrete curbs (France, 2002).
It is important to note that unlike Ammendolia et al.'s (2021) study, the
present survey did not purposely set out to target specific locations
where face masks might be expected to be more prevalent. In this
case that meant that the parking lots at roadside service stations and
their affiliated shops were not surveyed beyond their three-metre
wide frontage along the edge of the road. Similarly, only the roadside
edge of the grassed lip of linear swales were surveyed as part of the
three-metre-wide band, therefore ignoring any face masks spotted
which had been washed down or blown into said swales. Due to their
light weight, face masks can be easily dispersed, as for example from
the wind generated by passing automobiles (Ammendolia, J., pers.
comm.). Given this, the densities surveyed in the present transect of
those sections of paved verge through the countryside may underesti-
mate the true extent of roadside littering for such locations.
3

Surveys of COVID-19 PPE litter from around theworld have shown it
to be proportionally dominated by facemasks (e.g. >50% - Akhbarizadeh
et al., 2021; 88% - De-la-Torre et al., 2021; 97% - Haddad et al., 2021; 98%
- Rakib et al., 2021). The present survey was restricted to tabulating the
presence of face masks observed along the way. As in Ammendolia et al.
(2021), these were categorized into different types: single-use/
disposable surgical masks, reusable cloth masks, high-grade/respirator
medical masks, and dust masks. In addition, and new to the literature
on the subject, each mask was examined to see whether or not its ear
straps were broken, the assumption being that broken straps provide a
possible clue as to whether the littered mask may or may not have
been deliberately discarded. Details of the typology of the proximal
and surrounding land-use were noted at the time as well as confirmed
later through both Google maps and street view. For the present analy-
ses, thesewere expressed for 5-km sections based the predominant cat-
egory of land-use for that interval. Had this survey been planned out
prior to initiating the pilgrimage—rather than being instigated within
the first half hour of walking in reaction to encountering several in-
stances of face mask litter along the way—the geospatial marine debris
tracker mobile application used by Ammendolia et al. (2021) would
have been employed. Nevertheless, the present resolution of consider-
ing the 250-km roadside transect through 50 intervals of 5-km is
thought to be adequate for purposes of this exploratory investigation.

3. Results and discussion

Face mask litter was encountered each day of the 250-km walk
(Fig. 3). Per-day totals ranged from 4 to 10 masks and were influenced
by the type of landscape traversed. For the 10 days surveyed, the lowest
proportion of masks were found in rural landscapes for 6 of those days,
and tied at the lowest proportion found for an additional 3 of those days.
More face masks were found in the combined land-use category of
peri-/suburban and ribbon development compared to that of urban
and village/town category for 6 days, with equal proportions observed
for another two days. Overall, the daily proportion of masks found in
the combined forest and farm rural category (12±13 (SD)%;median=
10%) was less than those found in either the combined urban and vil-
lage/town category (43 ± 22%; median = 33%) or the combined
peri-/suburban and ribbon development category (46% ± 24%;
median = 50%).

Several other surveys have likewise recorded low numbers of face
mask litter (De-la-Torre et al., 2021; Thiel et al., 2021). The overall den-
sity of litter found in the present study was 0.0001 ± 0.00006 (SD, n =
50) face masks m−2. Using the extant survey data as summarized by
Thiel et al. (2021), this value for Quebec roads and streets is slightly
more than the average density of 0.000064 PPE items (predominantly
face masks) found on Peruvian beaches (De-la-Torre et al., 2021), but
substantially less than the average densities of 0.001 and
0.006 face masks m−2 found respectively on Kenyan and Chilean
beaches (Okuku et al., 2021; Thiel et al., 2021), and of 0.001–0.005
and 0.03 PPE items (again, predominantly face masks) m−2 observed
respectively in downtown Toronto and on streets in coastal cities in
Kenya (Ammendolia et al., 2021; Okuku et al., 2021).

A reasonable assumption to make is for the magnitude of face mask
litter to be positively associated with the presence and abundance of
people. Low densities of COVID-19 litter items found in relatively re-
mote areas might be due to their lesser use by rural residents in regions
where infections rates are low (Chen and Chen, 2020). Other studies, for
example, have determined popular beaches to be more polluted with
PPE debris than less visited beaches (Akhbarizadeh et al., 2021; De-la-
Torre et al., 2021; Haddad et al., 2021; Rakib et al., 2021). In the most
comparable study to the present one, Ammendolia et al. (2021) found
higher densities of PPE litter in Toronto locations where people congre-
gate (grocery store parking lots and the hospital district) than in loca-
tions of transit (residential streets and a recreational trail), which in
turn did not differ among one another.



Fig. 2. Representative photographs of the 6 land-use categories traversed during the ‘pollution pilgrimage’: (a) dense urban, (b) peri-urban/suburban, (c) village/town, (d) ribbon
development, (e) rural agrarian, and (f) rural forested.
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A similar demographic relationship, however, was not so obvious for
the present survey along the King's Road in Quebec. In this case, there
was no significant correlation (Spearman's rank-order test; p > 0.05)
between the population size of communities and the number of face
masks encountered within their municipal bounds. Also, for the 5 mu-
nicipalities of >5000 people that were walked into, through, and out
of, in no case either individually or on average was there a progressive
increase and then decrease in the abundance of face mask litter corre-
sponding to proximity to the town centre. This was a reflection of the
very low levels of litter that were detected. Nevertheless, significant
4

differences (Kruskal-Wallis and Duncan's multiple comparisons tests;
p < 0.05) were observed in the average extent of face mask litter
among the 6 land-use categories. Average densities of face masks
were significantly higher for the urban and village/town categories
(both at 0.0002m−2) and also for the peri-/suburban and ribbon devel-
opment categories (0.0001 and 0.00009 m−2, respectively), none of
which differed, compared to those for the two rural categories of either
agricultural or forested land (both at 0.00003m−2). These latter preva-
lences are the lowest average densities of facemask litter that have hith-
erto been reported.



Fig. 3. Daily record of survey distance walked and face mask litter encountered. Numbers
beside the cumulative daily totals indicate the proportion of face masks found in each of
the three combined land-use categories of urban and village/town (left-side % value),
peri-/suburban and ribbon development (central % value), and rural farm and forest
(right-side % value).
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One reason to explain the lack of a more demonstrable relationship
in the distribution and degree of face mask littering in locations of con-
trasting rural-urban development might be that these levels are influ-
enced by unknown vagaries related to differences in municipal street
cleaning. In other words, it could be that the larger a particular commu-
nity is in terms of its physical size and that of the ensuing resident pop-
ulation and tax base, the more likely that its public works department
could have the funding and themanpower to regularly clean its streets.
As a result, the facemask litter observed in towns and citieswill reflect a
shorter time frame of accumulation compared to the countrysidewhere
no such schedule of regular cleaning and litter removal of roads exists.
For these rural areas, roadside face mask litter will persist for a longer
duration, its removal from the surveyed verge being limited to the ac-
tions of wind and surface runoff rather than through direct human in-
tervention. As such, it may not always be possible in a snapshot
survey to distinguish among land-use differences in litter accumulation
due to the confounding influence of maintenance idiosyncrasies.
Ammendolia et al.'s (2021) study contrasting litter accumulation rates
for different locationswas for a singlemetropolis presumably operating
on a uniformly enacted schedule of street cleaning, with survey sam-
pling by them repeated through time. Future studies comparing the de-
gree of PPE littering among different municipalities would benefit from
taking into consideration inherent differences that might exist in the
routine of street cleaning by contacting public works departments be-
fore initiating the litter survey. Such data were unavailable for the pres-
ent investigation, an admitted weakness of this exploratory study. In
this regard, post hoc contacts made to appropriate municipal officials
proved unprofitable in terms of extracting information of exactly
where and when streets had been cleaned in the months preceding
the survey, as no such records had been kept.

Valid and useful information can still arise from synoptic, moment-
in-time surveys such as the present one, however, since it is the linger-
ingpresence of COVID-19 litter in the environment that is of importance
given the threat it poses to wildlife (Patricio Silva et al., 2021). The
present findings are therefore useful in showing that despite the prov-
ince of Quebec having a widely adhered to policy, even during the
second year of the pandemic, of necessitating the wearing of face
masks in all indoor public spaces for its population of over 8 million,
5

the magnitude of littering of those face masks along a roadside travers-
ing variable levels of development between the province's two major
cities can be considered to be quite low. In this regard, an overall aver-
age of only a single face mask was encountered for every 3.7 km linear
distance surveyed. With respect to the different land uses, the average
number of face masks per kilometre ranged from one mask per 2.0 to
2.1 km for urban and village/town sites, to one mask per 3.3 to 3.8 km
for peri-/suburban and ribbon development sites, to one mask per
10.0 km for both rural categories of land-use. No doubt the low
COVID-19 infection rates outside of urban centres in Quebec, as well
as the lack of legal requirement necessitating wearing face masks
when out-of-doors and socially distanced in the province, contributed
to the low pollution levels that were detected at the time of the survey.

There are no comparable surveys of the ubiquity and severity of
whatmight be considered to be background levels of facemask littering
for largely non-urban landscapes. In Forman et al. (2003), we argue that
even though perceived environmental threats associated with roads
might seemminor on a site-specific scale, when the extent of the entire
road network is considered, those threats can be magnified to worri-
some levels. Using global road network data and scaling-up the present
findings suggests the number of face masks littering public roads to be
about a quarter of a million for Canada, two-and-a-half million for
North America, one-and-three-quarters million for the European
Union, and three million for China and India, all contributing to an esti-
mated total of more than seventeenmillion alongside roadsworldwide.

The presence of roadside facemask litter found in rural settings dur-
ing this survey was incongruous and calls to mind the oft-observed and
commented upon perplexing phenomenon of lone shoes observed be-
side highways around the world. There were times when a face mask
was found on the verge in a landscape of fields or forests with not a sin-
gle human habitation in sight. Obviously the litter derived from people
in transit via automobiles, motorcycles, bicycles, or possibly one of the
rare walkers whom were observed. The type and condition of the face
masks encountered in such locations as well as those found elsewhere
provide a clue as to the origin of the litter. Ammendolia et al. (2021) de-
termined disposable surgical masks to subsume fully 93.5% of the total
of 418 they found in Toronto, followed by the categories of reusable
(3.8%), dust (2.2%), and respirator (0.5%). Of the 668 face masks found
on Moroccan beaches by Haddad et al. (2021), 98.4% were surgical
and only 1.6% were reusable cloth. In contrast, of the total of 68 found
in the present study, the proportion of disposable surgical face masks
was much lower, only 76%, with the remainder, 24%, being reusable
clothmasks.Moreover, only 10% of the littered surgicalmasks exhibited
broken ear straps (none of the clothmasks were so damaged). Together
this information infers that the cause of the facemask litter found in the
present survey may be more likely to be a consequence of accidental
loss rather than of deliberate discarding. This finding is counter to De-
la-Torre et al.'s (2021) survey of a Peruvian beach in which most of
the face mask litter was thought to be derived from inappropriate dis-
posal rather than from being washed ashore.

Although accidental causality as the root cause behind the landscape
littering of PPE equipment in Quebec might assuage some guilt, the net
result of that pollution will still be the same. Whereas there may be a
low likelihood for roadside facemask litter to pose an immediate threat
to wildlife given that the latter generally shy away from roads (Forman
et al., 2003), the fact that—if the present findings are at all generalizable
to elsewhere around the world—many millions of masks litter the edge
of roadsmay still be an issue for concern. This is because of the high pos-
sibility that suchmasks can, through time, be washed into the swales or
down the drains that are omnipresent beside roads and streets (France,
2002). And once in the water system, physical entanglement (Hiemstra
et al., 2021) or ingestion of broken downmaterial (Neto et al., 2021) can
be a likely andworrisome scenario (Patricio Silva et al., 2021). The latter
occurs because disposable surgical face masks are composed of a 3-ply
of pleated cellulose, polypropylene, and polyester (Fadare and Okoffo,
2020), and that about 60% of the clothing materials used for fabric in
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non-surgical, reusable face masks also contains plastic (Okuku et al.,
2021). In both cases this is material sensitive to UV light fragmentation
and therefore enables the subsequent release of microplastic particles
(Aragaw, 2020).

Kutralam-Muniasamy et al. (2022) conclude their literature review
by stating that “more PPE surveys are urgently needed around the
world in order to have a comprehensive data structure for understand-
ing the magnitude and density of PPE pollution.” To which could be
added that more data are specifically needed on the ubiquity and sever-
ity of background levels of face mask littering on a landscape scale for
remote and largely uninhabited, just as for densely populated, locations.
Because systematic field surveys have hitherto been unrepresentative of
“the breadth of regions that were impacted by the COVID-19 pan-
demic,” Ammendolia and Walker (2022), in agreement with others
(Patricio Silva et al., 2021; Hiemstra et al., 2021), call for the public to
participate in collecting such data for a diversity of regions and habitat
types. Engagement of citizen scientists in data collection has proven in-
valuable for gauging anthropogenic environmental change (e.g. France,
2010b; Chandler et al., 2017), including the extent of coastal pollution of
plastic debris (e.g. Hidalgo-Ruz and Thiel, 2013; Ambrose et al., 2019).
Given the nontechnical simplicity involved in documenting PPE litter,
there is no reason to expect anything less in this regard. And as the
present exercise demonstrates, such data collection can easily be ac-
complished during a long-distance walk. The fact that every year thou-
sands of people traverse the medieval pilgrimage routes across Europe
(e.g. Mooney, 2012; France, 2014, 2020; Haigh, 2021) to visit a host of
different destinations (Bradley, 2009; Brabbs, 2017) means that there
is already an established contingent who could be mobilized toward
such an end. Equipped with a mobile phone and the University of
Georgia's GPS Marine Debris Tracker (as used by Ammendolia et al.,
2021) or simply conducted as in the present study, generation of such
data could, as Ammendolia andWalker (2022) phrase it in their subtitle,
provide “a way forward in tackling [or perhaps more accurately in
‘documenting’] the plastic pollution crisis during and beyond the
COVID-19 pandemic.” In this regard, reliance upon such participatory
collaborative engagement of the public is thought to be an important
strategy for future COVID-19 research (Provenzi and Barello, 2020;
Kishimoto and Kobori, 2021).
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