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Abstract

The COVID-19 pandemic has resulted in an unprededesurge of production, consumption,
and disposal of personal protective equipment (Rifi)ding face masks, disposable gloves,
and disinfectant wipes, which are often made dflsinse plastic. Widespread public use of
these items has imposed pressure on municipditiproperly collect and dispose of potentially
infectious PPE. There has been a lack of structomauitoring efforts to quantify the emerging
trend of improperly disposed of PPE debris. In #tigly, we present a baseline monitoring
survey to describe the spatial distribution of RIeEris during the COVID-19 pandemic from
the metropolitan city of Toronto, Canada. Our otiyas were to: (1) quantify PPE debris types
among surveyed areas and; (2) identify PPE debnsities and accumulation of surveyed areas.
A total of 1,306 PPE debris items were documeniith, the majority being disposable gloves
(44%), followed by face masks (31%), and disinfegtivipes (25%). Of the face masks, 97%
were designed for single use while only 3.0% weresable. Of the surveyed locations, the
highest daily average densities of PPE debris wesr@rded in the large and medium-sized
grocery store parking lots and the hospital distd0475 items/f 0.00160 items/fm and
0.00133 items/Arespectively). The two surveyed residential areabthe following highest
PPE densities (0.00029 item$/amd 0.00027 items/)) while the recreational trail had the
lowest densities (0.0002@ms/nf). Assuming a business-as-usual accumulation, tmatsd
14,298 PPE items will be leaked as debris in juststurveyed areas annually. To facilitate
proper disposal of PPE debris by the public wemauend development of municipal efforts to
improve PPE collection methods that are informedhieydescribed PPE waste pathways.
Keywords: Plastics; Single-Use Plastics; Personal Prote&op@pment (PPE); COVID-19;

SARS-CoV-2



39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

S7

58

59

60

1. Introduction

The use of personal protective equipment (PPE}hpgorted significant advancements in
public health, especially during pandemics (Larand Liverman, 2011). According to the
World Health Organization (WHO), PPE includes dsgde gloves, surgical masks, and N95
facepiece respirators (World Health Organizatiddi2(da). These are made of primarily single-
use plastics that serve to reduce contaminatiorsprehd disease. Originally, intended to protect
health-care workers from infection and injury (Pateal., 2017), PPE is now being widely
consumed by the public in response to the COVIpdr®demic.

The coronavirus (SARS-CoV-2) initially broke outWWuhan, China in late 2019,
resulting in COVID-19, a severe acute respiratgrnydsome (Rothan and Byrareddy, 2020).
COVID-19 has high rates of human transmission thinowespiratory droplets (van Doremalen et
al., 2020; Zhou et al., 2020) and the virus hasils®wn to persist for up to 3 days on inert
plastic surfaces (Kampf et al., 2020; Perlman, 2026 Doremalen et al., 2020). Precautionary
measures aimed to reduce spread have been impkarigngovernments worldwide to limit
physical contact by restricting travel and closiag-essential store front businesses (Centers for
Disease Control and Prevention, 2020a; Europeam@ssion, 2020; Government of Canada,
2020a). Effective methods to avoid contracting CDAIB include diligent hand hygiene and
washing (Centers for Disease Control and Preven®i©®a0b), disinfecting surfaces (Centers for
Disease Control and Prevention, 2020c), and thelfsee coverings in public places (Leung et
al., 2020). Although single-use PPE items are petiically recommended for use in the above
guidelines for the public, global demand and corstion for PPE by the public has greatly

increased (Prata et al., 2020; Zambrano-Monseetaé, 2020).
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PPE is produced from a variety of different polysnand materials: polyacrylonitrile,
polypropylene and/or polyurethane face masks (@zigénd Ronkay, 2020; Leonas and Jones,
2003), latex, vinyl, synthetic polymers, and/orifetdisposable gloves (Government of Canada,
2020b), and other synthetic fibers (e.g. disinfectipes; Sattar and Maillard, 2013). Leakage
and improper disposal of PPE can cause stresfréstiructure and waste management systems.
PPE waste generated by medical sectors moves tintmidly regulated and specialized waste
management systems that often involve waste g@&tidin and incineration (Qian et al., 2016;
Windfeld and Brooks, 2015; World Health Organizafig017). In contrast, publicly generated
PPE waste from this pandemic is a new phenomentbnwiiich we have no previous
experience or waste management strategy. We dknoot how much, what types, and the
environmental effects that this waste will havee Bnnacis Island Wastewater Treatment Plant
of Metro Vancouver has observed an increased nuofliscarded masks, disposable gloves,
and disinfectant wipes coming from household seveagee the beginning of the COVID-19
pandemic. The plant estimates that due to thesamamants, Canada-wide maintenance costs
could exceed $250 million per year (Rasmussen, 2020

Waste management protocols for PPE disposal ang leveloped in response to the
pandemic on regional levels. Consequently, they iraapproach (i.e. collection containers)
(World Health Organization, 2020a). In Toronto, @da, the city’s waste management division
releasedecial Waste Disposal Instructions to inform residents of how to dispose of personal
hygiene and sanitary waste during COVID-19 (ewipes, tissues, napkins, paper towels and
other sanitary and hygiene products” (City of Tamr2020a). These instructions advise the
public to dispose of PPE in garbage bags along tétdomestic waste that is diverted to

municipal waste management facilities (City of Tridm 2020a). As the integration of COVID-
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19-related debris through regular waste manageprenesses is new and because of the
potential for both environmental and infrastructdegradation, implementing an effective
collection system with proper disposal is necessargduce the release of COVID-19
contaminated plastic into the environment (GeoRgpartment of Natural Resources, 2020).
Since the early start of the pandemic and despateagement efforts and announcements, there
have been worldwide anecdotal reports of impropsgrasal and littering of PPE by the public in
environmental spaces (Canning-Clode et al., 20efiafet al., 2020; The Observers France 24,
2020). An estimated 2% of pre-pandemic plastic eastnismanaged by littering (Forrest et al.,
2019; Jambeck et al., 2015; Lebreton et al., 2049¢cent (and conservative) estimate of the
global mismanagement of PPE found that a monthéyasge of 129 billion face masks and 65
billion gloves contributed to environmental plagimlution (Prata et al., 2020). Given the global
scale of consumption of PPE, our aquatic and mamv&ronment will likely be subjected to
more plastic pollution from these emerging deligms.

Although initial estimates offer insight into theoomting problem of PPE on a global
scale, little empirical data have been collectethbise the pandemic has restricted the ability for
individuals and organizations to conduct field stgdespecially those in coastal areas (e.qg.
OSPAR Commission, UNEP, NOAA) (Canning-Clode et2020). In addition to the lack of
debris data collected during the pandemic, thea¢sis a growing need to identify key debris
items within the emerging PPE category (Canningd€let al., 2020). There should be a focus
on identifying macroplastics (<5mm) so that we batter understand the way in which
fragmentation can eventually lead to microplastignim) generation (Fadare and Okoffo, 2020;
Rochman et al., 2019). Recently it has been sugdéisat the degradation of single use

disposable face masks in the environment can teagléase of microplastic fibres which would
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contribute to the mounting problem of microplagtatiution (Fadare and Okoffo, 2020).
Therefore, the COVID-19 pandemic offers a uniqueasfunity to monitor and characterize
environmental spillage from a pulse-like event tlesults in plastic polluting our environment
(McCleery et al., 2020).

In this study, we conducted a PPE monitoring suteegssess debris abundance of face
masks, disposable gloves, and disinfectant wipatswbre improperly disposed of and present in
the urban environment. Surveys took place in Taro@anada, a metropolis of approximately
2.9 million people (2018) located in Southern Oiaté&City of Toronto, 2020b). We conducted
an accumulation survey over 4 weeks in a varietsettings including two residential areas, a
recreational trail near a major river system int8etn Ontario, two commercial grocery store
parking lots and the downtown hospital district. Wae established the baseline of PPE
accumulated during the pandemic. Our objective®uer(1) quantify PPE debris types between
surveyed areas, and (2) identify PPE debris dessiind abundance of surveyed areas. This
research will examine the prevalence and distrdoutif PPE debris in different contexts and can

help to inform PPE management during pandemic svent

2. Materials and Methods

2.1. Data Collection

Surveys were conducted in six different locatidmetighout metropolitan Toronto, Ontario,
including two residential areas in the same comtyune., long residential and short
residential), two commercial grocery areas (ig&gé¢ and medium sized), a recreational trail, and

a hospital district to include a range of humaiivaygt(see Supplementary Material Table S1 for
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detailed descriptions of each). Locations werecsetein order to adhere to shelter-in-place
orders from the provincial government that werelace at the time of sampling (Government of
Ontario, 2020a). Surveying took place between Magi2d June 30, 2020 with the grocery and
hospital surveys occurring every seven days, aaddsidential and recreational trail surveys
occurring every two and five days.

Data were collected using a citizen-science tovkliged at the University of Georgia

New Materials Institute called the Marine Debrisdker:_https://marinedebris.engr.uga.edu,

which is a mobile application that is used to doeuntrdebris in any environment (e.g., coastal,
inland, aquatic and urban) and features an opercaaatabase. The application records time
and geospatial coordinates associated with uset ohgbris items based on material type (i.e.,
glass, metal, plastic, etc.) and item type (ia,, pottle cap, plastic bag, etc.). Each data cezbr
had an individual location accuracy, which rangeanf4.7 to 2000 m. The average accuracy
was 97 m. Out of 1,126 data points, 83% had anracgtof at least 100 m and 95% had an
accuracy within 200 m.

For this research, a material category for PPEisl@as added to the “University of
Georgia New Materials Institute Debris Trackert ts record specific items including
disposable gloves, face masks, disinfecting wiped,associated PPE packaging such as
disinfectant wipe packaging (Figure 1). Data ralateother, non-PPE debris items were not
recorded for this study. Face masks were then cagegl into different types: surgical masks,
dust masks, high grade medical masks (i.e. N95Kfb), and reusable masks. We classified
disposable gloves based on their material typesigir visual examination of colour and texture:
nitrile (black or blue), vinyl (translucent), latéwhite) and polyethylene (transparent with a

larger fit than vinyl). It was not possible to fgriwhat purpose disinfectant wipes were initially
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used for prior to becoming debris. To identify tiesn, we tested their ability to tear to ensure
they were not paper-based tissues or paper towdlaked for indicators such as patterns on
the wipes (i.e. square or honeycomb) (Bliss, 2016).

We looked for debris at ground-level with a gazerfrthe standing height of the
researcher (~1.7 m from the ground). As we survégepk areas that varied in size and design
with unique human-made and environmental elememsjeveloped protocols to record PPE
debris in a standardized approach for each surviegagion (e.g., consistent area lengths, widths
and surface areas). Within our surveys, we meagheedidth of sidewalks, recreational trails
and streets (except for major arterial roads wigi liraffic). We collected debris that was ~1 m
and ~5 m from the closest edge of the sidewalksidential driveways and commercial parking
lots, respectively. By contrast, we surveyed thelelsurface area of recreational trail parking
lots and small greenspaces (e.g., parks, parketteshospital green spaces). For recreational
trail surveys, if there were open and wide gragsgsasurrounding the trail, we recorded debris
up to 10 m from the closest edge of the trail wasnse surveyed between ~1 or 5 m off trail
(depending on visibility) if the trail was surrowettiby vegetation. Lastly, we assessed the entire
surface area of two grocery store parking lotsuryeying PPE debris around the building and
down every parking aisle. We recorded debris froen cars if they were visible from eye-
level and also from the inside of shopping carte.Wére sure to examine infrastructure features
like garden beds as these often contained discaleleris. All survey distances were measured
through Google Earth Pro, Version: 7.3.3.7699 éittpww.google.com/earth/versions/).

Given the health risk associated with data colbecturing a pandemic, appropriate
safety measures were taken, and local recommendatiere followed. Survey locations aligned

with essential activities that were permitted tacbaducted during shelter-in-place rules. To
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reduce exposure, physical distancing was maintasredl monitoring was conducted after 17:00
when there were fewer people outdoors. PPE delasssafely collected by using a specialized
metal stick equipped with a hand-held claw (DriveWbdel #rt15020) to prevent direct contact.
Hand sanitizer was carried at all times and usegukntly throughout surveys. Following
surveys collected PPE was double bagged and sedigelbefore being placed in the

researcher's residential garbage.

2.2. Data analysis and visualization

Marine Debris Tracker data are open source allofiongata associated with the PPE debris
surveys to be downloaded directly from the webditee data were further aggregated by the
survey locations. Abundance was measured by reaptte count data on every survey day at
each location to determine the total amount of Beliis. Debris density was determined by
dividing the item counts by the area covered irheagvey and reported in itenfinfror each
location, the minimum, maximum, mean, and standardation (SD) were determined for all
survey counts and densities. Total counts and tlesisvere also determined for each survey
location and the entire dataset (Table 1). Accutrariaates for each location were determined
by dividing the mean counts and mean densitiefiéyrequency of sampling per week (Table
1). Abundance, density, and accumulation were alsaméted for each PPE type for the entire
dataset and for each survey location. Data weragofated over time to estimate the annual
accumulation of PPE debris in the surveyed aredaligg the survey frequency and
multiplying it by the mean survey count resultimgai daily accumulation rate. This value was
then extrapolated to an annual debris value foatkas surveyed (Table 1). All data points were
used for analysis since the quantity of items isafiected by the accuracy of geospatial

coordinates provided by MDT. For PPE debris wittorded subcategories like types of face



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

masks (e.g., surgical, dust, etc.) and disposdbleegnaterials (e.g., nitrile, vinyl, etc.), the
proportion within each PPE category was calculated.

MDT data were visualized geospatially using ArcM#p8 and overlaid with data
provided from the City of Toronto Open Data Po(tdtps://open.toronto.ca) for watercourses,
roads, neighborhoods and major water bodies. Datshtad > 100 m accuracy were excluded

from these visualizations. Graphs were generatet) tise software program Prism 7.0.

3. Results and Discussion

The presence of PPE debris was recorded in 43 stid£ys. A total of 1,306 items were
surveyed over a cumulative area of 245,18Ganthe six sampled locations (Table 1; Figure
2A). The smallest sampling location by area waskeium-sized grocery store (8,148)rand

the largest was the recreational trail (72,45}, mith the average size of sampling areas being
40,865 M. The number of surveys carried out in each locatimged from 4 to 10, with four
surveys carried out at the hospital district, Sugveys carried out at the large and medium-sized

grocery stores, and ten carried out at the recmaltirail and the long and short residential areas

3.1. Quantify PPE debris items and associated cagsgbetween
surveyed areas

The average count in a given survey was 30 iterds88), with individual survey counts
ranging from 0 to 202 items (Supplementary MateFable S2). The highest total count of items

was found at the large grocery store (4584584; Figure 3A), followed by the hospital district

(20%; n=256; Figure 3F), and the long residentiahg15%; 1194, Table 1; Figure 3C).

10



217  Throughout the recreational trail 143 items wemrded (10%; Table 1; Figure 3E). The

218 smallest overall counts seen at the short resigesrtea (5%n=64; Figure 3D) and the medium-
219  sized grocery store (5%7=65; Figure 3B). The most reported item was diaptesgloves,

220 representing 44% (n=571) of all items, followedfage masks (31%; n=403), and disposable
221  wipes (25%; n=331). Packaging associated with RieBumted for < 1% (n=1) of all items

222 (Supplementary Material Table S2). Cumulative désiitems/r) for PPE from the different

223  surveyed locations closely reflect the above figdi{Figure 2B).

224 Across the six survey locations, the proportionlisposable gloves ranged from 27 to
225  54%, with an average of 41% (SD=8.9%). The largegry store had the highest proportion of
226  disposable gloves at 54%; n=307), followed by theglresidential area (48%, n=94), and the
227  short residential area (42%; n=27, SupplementarieN& Table S2). Of the 571 recorded

228  gloves, most (59%; n=337) of gloves were identi@iscdhitrile, followed by vinyl (27%; n=154),
229  polyethylene (7.2%; n=41), and latex (6.8%; n=39y(re 4A). The high proportion and

230 abundance of disposable gloves were surprisingigive absence of government guidelines
231  from both local and national levels recommending afsthis PPE item by the general public.
232 Within the province of Ontario, it was only reconmded that disposable gloves be used outside
233 the medical sector by personal care industriesfagid workers (i.e. salons, tattoo studios, etc.)
234  (Government of Ontario, 2020b). Despite recommeadsatiike those from the Centers for

235 Disease Control and Prevention in the United Stéi@sexplicitly state “in most other situations,
236 like running errands, wearing gloves is not neagsg&enters for Disease Control and

237  Prevention, 2020d), it is evident that memberdefgublic are choosing to use gloves. Wearing
238 gloves can lead to a false sense of security girotection against COVID-19 despite the fact

239 that the virus can remain inert on plastic surffeas Doremalen et al., 2020), and it has been

11
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repeatedly advised by multiple levels of governmmemtd health organizations that hand washing
is the most effective way to combat COVID-19 (Cesfer Disease Control and Prevention,
2020e; City of Toronto, 2020c; World Health Orgatian, 2020b). As shown by our data
(Figure 1; 4A), gloves come in a variety of diffetenaterials and are made for different
industries beyond the medical sector such as jalitculinary, and mechanical automotive
(Dolez et al., 2010). Therefore, because glovesrane readily available than other forms of
PPE, this could contribute to the availability andss consumption resulting in the highest
percentage of improperly disposed PPE we recomiéus study. The lowest proportion of
gloves by survey location was recorded in the hakgistrict (27%, Supplementary Material
Table S2) which might be because face masks arglyre@andated to be used by patients,
visitors and medical professionals and of highenaed in medical institutions as opposed to

gloves.

Face mask proportions ranged from 15 to 64% amio&igik survey locations, with an
average proportion of 32% (SD=17%). The highespprtion of face masks was in the hospital
district (64%; n=165) while the lowest proportioasvseen in the medium-sized grocery store
(15%; n=10, Supplementary Material Table S2). Tigh krolume of masks from the hospital
district was generally expected because of the atangimeasures in place to wear face
covering (Sick Kids, 2020; University Health Netwp2020). By type, most face masks were
surgical masks (95%; n=381), followed by reusabdesks (3.0%; n=12), and dust masks (2.0%;
n=8) (Figure 4B). Only two high grade medical facasks (i.e., N95 and KN95) were found in
the survey (<1%), with the remaining masks beiagadard surgical masks that were made
available to incoming patients and visitors at saihe hospitals. Overall, the majority of face

masks found were intended for single use (i.egisal, dust and respirator masks) (97%, n=391)

12
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with a small portion being reusable (3.0%, n=12Q{Fe 4C). It is important to note that
although reusable masks are less likely to be discawhen compared to single-use masks,

pollution and debris generation from this categergiready happening.

The proportion of disinfectant wipes among the synocations ranged from 8.6 to 46%
with an average proportion of 27% (SD= 12%, Suppletary Material Table S2). The highest
proportion of disinfectant wipes found was at thediam-sized grocery store (46%; n=30),
followed by the recreational trail (34%; n=49), ahd long residential area (30%; n=59,
Supplementary Material Table S2). Given that desstdint wipes are commercially available
through multiple retail locations including the geoy stores surveyed, it is unsurprising that this
form of PPE debris made up the majority from this/ey. The widespread presence of
disinfectant wipes was also noted in urban dehmgeys in South Africa during the pandemic;
within surveys this PPE item exceeded the numbigisce masks and gloves that were recorded
(Ryan et al., 2020). Companies that produce sgrgtiad disinfectant products like Reckitt
Benckiser (major producer of disinfectant wipe prats) reported 2020 first quarter earnings
were up by 12.3%; there was an “exceptional demé&rdiygiene related products in March
and April (Reckitt Benckiser, 2020). Widespread okthese single-use plastics come with
listings from Health Canada as they are an effeatieans of disinfecting against COVID-19
(Government of Canada, 2020c). Given the prevalehdésinfectant wipes in our surveys we

recommend that future investigators include thgetgf PPE into their studies.

3.2. PPE debris densities and accumulations beta@®eyed areas

Among all 44 surveys, the daily density of PPE ehffom 0 to 0.00822 itemsfirwith a mean

of 0.00101 items/M(SD=0.00155, Table 1). If the null survey valuegmoved, the minimum

13



285 becomes 0.00007 items/nf\cross the six survey locations, the averageiteosPPE debris

286 area ranged from 0.00020 itemé/m 0.00475 items/Mmwith a mean of 0.00140 items/m

287 (SD=0.00159, Table 1). Despite repeatedly survegiiegs and removing the debris, there was
288 no PPE debris identified (i.e., short residentiabd in one case. The cumulative densities among
289  surveyed locations, ranged from 0.00475 iterisfmthe large grocery store parking lot to

290  0.00133 items/ffor the recreational trail. Overall, the averagenalative density was 0.04456
291 items/nf (Figure 2C). When taking into account time, acctatiah rates ranged from 1.8

292 items/day in the short residential area to 16 ifdmsat the large grocery store, with an average
293 rate of 6.5 items per day across all survey siths.extrapolated annual accumulation ranged
294  from 667 items in the short residential area t®6,items in the large grocery store. In total,

295 14,298 PPE debris items are estimated to be |laakieé surveyed areas on an annual basis

296 under business-as-usual management (Table 1).

297 The highest average density of PPE that was idedtifas the large grocery store

298  parking lot at 0.00475 itemsfniSD=0.00194, Table 1). This was unsurprising gitre this

299 was a high traffic area and that the province weBhase 1 and 2 lockdowns allowing grocery
300 stores to remain open to the public as an esseetigice during the time that the survey was
301 conducted (Government of Ontario, 2020b; Suppleargritlaterial Figure S1). In conducting
302 these surveys, there was an absence of signstingj¢eow to properly dispose of PPE in

303 general waste bins. In a number of instances, RPEwas discarded in shopping carts and
304 beside cars; it was unknown whether PPE were uttintelly or intentionally discarded from
305 shoppers. Furthermore, this grocery store wasddaata plaza that was enclosed and

306 surrounded by fencing from the neighboring provahand city expressway, allowing debris to

307 accumulate. Since commercial parking lots are nbtip property, they are not subjected to

14
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cleaning by the municipality and protocols for delsemoval vary. The trend of high PPE
densities in commercial parking lots was suppobythe medium-sized grocery store that had
the second highest average density of PPE debtieafurveyed areas (0.00160 itenfs/m
SD=0.00047; Table 1). Although this survey locatiees not as busy as the large grocery store
(i.e., parking lots never filled to capacity), thavere multiple entry points that could have also
contributed to PPE debris accumulation. Overafihtuld be noted that although parking lots are
developed and intended for commercial purposesinagiation of debris in these areas can be

the beginning of pathways to waterways and naaneds (Sheavly and Register, 2007).

After the two commercial parking lots, the hospdadtrict survey had the third highest
average accumulation of PPE debris (0.00133 item&M®=0.00026; Table 1). Our survey
primarily focused on areas in proximity to medifzdilities (i.e. entrances and green spaces
from the street level) and although there was a ti@ume of general traffic, we found trends
consistent with this debris arising from the meliaailities themselves (see section below).
Similarly, PPE debris including masks and a higmber of disinfectant wipes were discarded
in proximity to a community health clinic in Durba®outh Africa (Ryan et al., 2020). As
hospitals have relatively contained and strict @@asanagement systems (Government of
Ontario, 2020c; Windfeld and Brooks, 2015) thiglfimg was unexpected. However, given that
most hospitals required visitors and patients tarmeasks as a safety precaution early in the
pandemic (Sick Kids, 2020; University Health Netlyd2020) the high quantities of PPE debris
are most likely derived from non-medical professigninterestingly, it was noted by a
representative from the University Health Netwalkhpspital network that includes some of
hospitals that were surveyed) that “the overaliflaf garbage hasn’t gone up even though more

personal protective equipment (PPE) is going ihettash” (Mcintosh, 2020). This might be
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because many people that would normally visit aioadacility were staying home while
COVID-19 patients were being treated. Althoughltgteantities of medical waste were not
directly influenced by COVID-19, the outdoor perters of these institutions exemplify an

increase in leakage from the local institutionghis area.

Both the long and short residential surveys haceld?PE densities than the commercial
parking lots and hospital district, with the lorggidential area having an average of 0.00029
items/nf (SD=0.00013) and the short residential area haaingverage of 0.00027 item$/m
(SD=0.00019, Table 1). Although residential are@ssisted mostly of housing structures there
were other types of infrastructure (e.g., small owrcial buildings, schools, a rehabilitation
hospital, bus stops, parks, etc.), which evideditiynot seem to contribute to higher quantities of
PPE litter in the area. Given the stay-at-homergrtg the provincial government and the
closure of many small businesses and cancellaibosmmunity events and activities during
this sampling period, this may have resulted indoaounts of PPE in the area. Similarly
closures of potential sources for debris (i.e.iratad government buildings) may have resulted
with reduced litter loads recorded in debris susveynducted in South African urban mixed-
residential areas during COVID-19 lockdowns (Rygaalg 2020). As closures varied at different
stages of the lockdowns it was suggested by authatditter loads would have been higher in
non-mixed residential areas. Generally during thetest lockdown litter loads of different
types of materials (e.g.. plastic, paper, metalsgl etc.) were the lowest but increased as
lockdown restrictions eased (Ryan et al., 2020ha&gh the presence and mass of PPE debris
increased with the duration of the pandemic ankdowns, overall, PPE consisted of a small
proportion of <1% of the total debris collected éRyet al., 2020). The low proportion of single-

use PPE could be attributed to the widespread fusisable items like cloth face masks.
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In early May, prior to the start of the surveysyés reported that the City of Toronto,
which collects and manages residential waste, npaiitacilities, and small organizations in the
city, had overall 17% less waste quantities thagthantity (by mass) collected from May 2019
(MclIntosh, 2020). The majority of houses directlghin the surveyed areas were detached
homes with a lower population density than multiriig housing (>5 stories) with more
residents. In addition, the municipality has beskirey residents to securely bag up their PPE

and other hygiene produce waste to prevent leaddgmtosh, 2020).

Lastly, the recreational trail survey was foundh&ve the lowest density of PPE debris
(0.00020 items/f SD=0.00010) after the short residential area igah Although the
recreational trail covered the largest surface afehe locations surveyed, it was restricted to
non-motorized modes of transportation (i.e. wallang cycling) which reduces traffic. In
addition, people can practice social distancingaveasily in the recreational area and may not
have a need for PPE like they do inside a stotespital, so use is likely less. The PPE
accumulation rate of the recreational trail wasitefhs/day, which was relatively lower than the
average for all surveys (6.5 items/day; Table YErEthough the accumulation of PPE was less
than that of the other surveyed areas, the traliwalirect proximity to the Humber River, the
largest watershed in the region of Toronto whiciw8 into Lake Ontario (Corcoran et al., 2015;
Toronto and Region Conservation Authority, n.d.gkmg it a higher risk region for
environmental degradation. Creeks and rivers gmafgiant pathways for plastics to be
transported which can increase plastic contamindtioough rainfall and wind conditions
(Corcoran et al., 2015; Hoellein et al., 2014).c0oan et al. (2015) found that plastic pellets
recovered from the Humber River bank were condistéound in the Humber Bay in Lake

Ontario, establishing the loading capacity of tiverrinto the lake. Therefore, any PPE debris
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within proximity of the river would pose an increasrisk to both aquatic and terrestrial

environments.

The density of PPE debris varied daily due to tifferg¢nces in survey locations on a
given day and time between surveys that allowednfmre accumulation between them. For
example, on Sample Day 3, only the recreationdlaral the short residential area were
surveyed resulting in lower quantities for that @ay23) and a density of 0.0057 item&/m
(Figure 5A). In contrast, on Sample Day 14, thgéagrocery, medium grocery, recreational
trail, and short residential areas were all surdeyesulting in a total of 141 items documented
that day and a combined density of 0.0156 iterh¢Rigure 5A). When cumulatively added over
time across all surveys, PPE debris densities asew linearly (=0.97), indicating that
consistent quantities were documented in each guwer time (Figure 4B). In terms of
accumulation by count, the average daily accunanadcross sites was 6.5 items/day, with the
smallest accumulation rate occurring at the shesitlential area and the largest occurring at the

large grocery store (Table 1).

We identified an atypical peak from the usual deesiof PPE debris found in the
parking lot of the large grocery store on day 34cihvas the day before a national holiday
(Canada Day, July 1st; Figure 5A). Although PPEsttezs were relatively higher for the large
grocery store compared to the other survey locafitirere were 88% more than the average
number of PPE debris items at this location than@amholidays. Other pulse events such as
festivals and events can also prompt large chaimg@aste management (i.e. more waste bins,
advertisements, etc.). In previous debris surveysaoastlines of Lake Michigan, it was observed
that tourism in the summer months were associatddhigh debris levels (Hoellein et al.,

2014). By contrast, during the tourist season im 8 Plata, Argentina litter loads were not
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drastically different from the non-tourist seas@spite high influxes of people. Although debris
was generally associated with areas of high pededtaffic and parked vehicles the lack of
debris during this period may have been due tolaegamoval from street cleaning (Pon and
Becherucci, 2012). Therefore, a pandemic is sinmldhat we need to adapt infrastructure and
increase communication to get the public to corimith good waste management practices
under dynamic conditions.

Over the course of this study, we faced severatdions. Firstly, our study focused on a
single category of debris which limited our abilibycompare PPE debris quantities in relation to
other debris materials and categories that wereraismanaged during the pandemic. Silva et al.
(2020) describes the potential of increased plastiltition due to delays on single-use plastic
bags, more demand for food packaging and the isetklikelihood of waste being mismanaged.
Therefore, it would be valuable to monitor PPE aeand other single-use plastics being widely
consumed during the pandemic to better quantifigddaplastics into the environment. In
addition, given the lack of international guideBreedapted for monitoring debris during
pandemic conditions, we were unable to use praosatait were adapted widely by different
organizations. It was challenging to establish nworitig standards that would accurately
measure PPE debris and determine the appropriatbenof survey locations. Similar to
previous investigations examining litter loads dgrCOVID-19 (i.e. (Ryan et al., 2020), we
were unable to collect pre-pandemic baseline ddaever in previous debris surveys based in
coastal environments, medical-related debris cargra relatively small proportion of the total
debris items recorded (~0.2%; Nelms et al., 20R83tly, our study could be improved by
conducting long-term surveys in different regiondbétter represent various demographics and

populations during this event.
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Overall, the abundance of PPE debris appears tespwnd to human activity, with
higher abundance and accumulation rates seen ebtheercial areas like the large grocery
store and the hospital district. It was noted Iroathe surveyed areas that only waste bins
placed before the pandemic were available to thdigQsuggesting that integration of targeted
waste management infrastructure for PPE waste dwifrlto address the challenge of managing
pandemic-specific debris. In addition, these ditlhave any accommodations for a touch-free
option for users to discard their waste, which dadcount for why people opted to discard their
PPE on the ground. In order to reduce cases ofliRBfihg, waste bin types and locations

should be modified to facilitate and encourageptoper disposal of PPE.

COVID-19 has elevated global dependency on plastiducts to facilitate safety against
infection (Vanapalli et al., 2021). Urgent attentis needed to address the threat of plastic PPE
litter, and strategies for management can range femlucing excessive use and consumption of
PPE items, shifting to sustainable alternatives,(reusable face masks), and prioritization of the
problem in political agendas throughout the wo8dva et al., 2021; Vanapalli et al., 2021). For
the duration of and following this pandemic glodapendency on plastics may be elevated from
pre-pandemic levels; therefore, we need to deteraiakage points and interventions so that

PPE debris leakage does not pose future problesnsapalli et al., 2021).

3.3. Conclusions

Our study demonstrates the differences in the apdistribution of PPE debris among different
surveyed areas. Generally, the most abundant dédaris were disposable gloves followed by
face masks and then disinfectant wipes. The highesber of disposal gloves were found in the

parking lot of the large grocery store while thestiiace masks were found in the hospital
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district; these surveyed areas also had the higleestities of PPE debris most likely due to high
traffic and public use. By contrast, the recreatldrail featured the lowest PPE debris densities,
but it is important to note this area may have nabrect pathways for debris to enter the aquatic
and terrestrial environment due to its proximityhe Humber watershed and for this reason

must be closely monitored.

Addressing and reducing the problem of PPE plastiltition requires transdisciplinary
collaboration between natural and social scientiicymakers, and waste managers on both
municipal and national levels. To facilitate propéeposal of the rapidly and continued growth
in volumes of PPE waste from the public, we recomuiri®e following: (1) encourage the public
to reduce the use of disposable gloves, and wastisHeequently instead, (2) encourage, and
make accessible, reusable face masks that caedpeefrtly disinfected, (3) develop proper PPE
disposal practices, learn about the nuances ofrRitagement pathways and implement
improved collection methods that are accessibteagublic and, (4) raise widespread
awareness on proper PPE disposal practices thtauggted government promotion and
education campaigns. In protecting ourselves ag@@¥/ID-19, we should not jeopardize the
integrity of environmental health and create areiilemma in the form of plastic pollution

from PPE consumption.
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a2 4. Figures

463
464  Figurel. COVID-19 related personal protective equipmentHPdebris recorded during

465  surveys: (A) surgical face mask, (B) N95 respirddae mask, (C) dust face mask, (D) reusable
466 face mask, (E) associated PPE packaging (i.e.fdctant wipe container), (F) nitrile glove, (G)

467  polyethylene glove, (H) nitrile glove, (1) vinylgve and, (J) disinfectant wipe.
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Figure 2. Personal protective equipment (PPE) debris recdirded surveys: (A) six survey

locations and the total number of PPE debris itegnsrded (e.g., face masks, disposable gloves,

disinfectant wipes and associated PPE packagieg}ifted from each surveyed location are

shown. Data points with an error radius > 100 mewemoved for clearer visualization. (B)

Cumulative density (items/fhof the combined PPE debris items for each sulvestion and,

(C) cumulative density (itemsfnof each PPE debris items (e.g., disposable g|daee masks

and disinfectant wipes) for each survey location.

23



476
ar7

478

479

480

PPE Debris by Type e \\|atercourses

® Disinfectant Wipes D Neighbourhoods
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Figure 3. PPE types by survey locations: (A) large groceoyest(B) medium-sized grocery
store, (C) long residential area, (D) short redidéarea, (E) recreational trail and, (F) hospital
district. Data Sources: City of Toronto Open Datat&® and Marine Debris Tracker. Data points

with an error radius > 100 m were removed for @earsualization.
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482  Figure4. Proportions of PPE debris types identified duringyeys such as: (A) disposable

483 glove materials; (B) masks types and, (C) singkeuwessus reusable mask types.
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485 Figureb. Total PPE debris density across all six surveytiona by: (A) daily rates and, (B)

486  cumulatively over the duration of the study.
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5. Tables

Table 1. Summary of surveys and results, including detismts, densities (item/)

accumulation rates (items/day) and estimated itggas/in survey locations. Also presented are

standard deviation (SD), daily minimum (min.) andximum (max.) counts.

Survey information Counts Densities (item/m?)

Survey Number  Survey Area Total  Daily Daily  Daily Daily Cumulative  Daily Daily Daily Daily SD  Accumulation Estimated

location days frequency surveyed count  min. max.  mean SD density min. max. mean density rate (items/day)  itemslyear
sampled  (number  (m?) (n) count count  count count (items/m?)  density density density (items/m?) :"5-',”’9)’

of surveys (n) () ) 0) (itemgm?)  (items/m?)  (items/m?) CEES
per week)

Large 5 1 24,574 584 91 202 117 48 0.02376 0.00370 02082 0.00475 0.00194 16 6,101

grocery

Medium- 5 1 8,149 65 11 18 13.4 3.4 0.00798 0.00110 0.002210.00160 0.00047 1.9 699

sized

grocery

Long 10 2 67,886 194 12 38 19.2 9.1 0.00286 0.00018 0660  0.00029 0.00013 55 2,002

residential

area

Short 10 2 23,932 64 0 17 6.40 4.5 0.00267 0 0.00071 02p0  0.00019 18 667

residential

area

Recreational 10 1 72,452 143 5 26 14.3 7.2 0.00197 0.00007 3G®00 0.00020 0.00010 4.1 1,491

trail

Hospital 4 2 48,197 256 47 75 64.0 13 0.00531 0.00098 06015 0.00133 0.00026 9.1 3,337

district

Total 44 245,190 1306 202 29.7 38 0.04456 0 0.00822 0.00101 0.00155 6.5 14,298
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Highlights
Public use of personal protective equipment (PPE) results with improper disposal.
Of the 1,306 PPE debris items recorded disposable gloves were the most
abundant.
We surveyed residential areas, grocery parking lots, atrail and ahospital district.
The grocery store parking lot and hospital district resulted with the most debris.
Policy decisions about PPE waste management should be informed by monitoring

surveys.



