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Disposal of Personal Protective Equipment during the
COVID-19 Pandemic in Sri Lanka
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Abstract: Personal protective equipment (PPE) is a critical step in preventing the spread of
COVID 19. It is a relatively new phenomenon in many countries, including Sri Lanka. However, used
PPE is classified as hazardous waste due to the possibility of pathogen contamination, and the
majority of them are made of PET, making them non-biodegradable waste. This study estimated the
daily disposal of PPE waste and gathered data on the disposal techniques used by people, ultimately
estimating the environmental impact of this newly added waste stream. Data collection was solely
based on a questionnaire circulated online. Almost 12 million face masks, 0.2 million gloves, and 0.3
million face shields are used in a single day in Sri Lanka. In addition, as empty sanitizer bottles, 0.7
million PET (polyethylene terephthalate) bottles are discarded. The estimated annual climate change
impact of PPE use across the country was nearly 100 kT CO> eq. Open burning is the most common
method of disposal for face masks and gloves used by households; nearly half of all used face masks
and gloves are burned. Transferring waste to municipal solid waste collections also results in waste
ending up in open dumps with other waste. As a result of the toxins released into the air during open
burning and the release of microplastics during photovoltaic degradation, PPE disposal practices in
Sri Lanka have a massive environmental and public health impact. Nevertheless, PPE can be used to
generate energy through incineration or pyrolysis, reducing environmental impacts while providing
economic benefits if proper plans and policies are in place.
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1. Introduction resulted in a relenting the control of plastics use
[3]. PPE use adds to Sri Lanka's already-existing
Control of spread of COVID-19, the deadly problems with managing polyethylene and
infectious disease, was one of the major plastic waste. However, because most of them
challenges human kind faced during last two are sin.gle—use plasticsf more serious and long-
years and it still continues at different scales in term 1ssues may arise as a re51.11t of the
different regions of the world. People living all generation of PPE-associated waste in the long
over the world had an immense concern on the run [4,5]. Almost all of the above are usable for
disease spread and personal protective a Shf)rt period ar}d made of polythene and
equipment (PPE) use was encouraged by plastic, hence leaving heaps of non-degradable
authorities to prevent individuals from waste [1,6]. )
spreading the disease. Face masks are the main There are two man concerns on man-agemer.lt
PPE in use to control the spread of COVID-19 of waste associated with PPE use. First, this
from person to person, but face shields and waste may contribute to the spread of the
gloves were also used globally [1,2]. According disease if safe disposal practices were not
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adopted because viruses can remain alive on
the PPE materials for several days [7,8]. The
second concern is that the majority of this waste
is single-use plastics, resulting in the release of
micro-plastics into the environment as they
degrade if left in the environment. This is a
more prolonged impact [6]. Many studies
report improper waste disposal practises by the
general public, such as roadside dumping,
abandoning face masks on the ground,
dumping them into the marine environment,
and so on [1,56]. In global rich countries,
household PPE related waste disposal may not
be an issue, because of well-established
municipal solid waste management practices
and availability of sanitary landfilling or
incineration of municipal solid waste [8].
However, regarding developing countries,
which have poor solid waste management
systems, household waste management is a
significant issue even under normal
circumstances [9]. Hence, developing countries
are in a more vulnerable situation in the
pandemic because solid waste collection is not
well established and waste disposal techniques
are not always environmentally safe and sound
[8,9]. Therefore, under pandemic conditions,
the fate of PPE related waste generated in
household level has a significant impact on the
country’s environment and public health.

Hence, this study aims to estimate waste
generation associated with PPE usage thorough
collected data and investigate disposal methods
employed by households in Sri Lanka. Then the
study attempts to evaluate the potential
environmental impact of PPE use and to
propose possible mitigation measures.

2. Methodology

The study is based on a questionnaire survey.
The questionnaire was distributed via email
and social networks using the referral-sampling
method. People living in all nine provinces of
Sri Lanka participated in the survey and the
participation was entirely voluntary. Care was
taken to reach all income groups because
income determines the affordability of PPE. The
study was focused on collecting data on the
number of face masks, face shields, gloves, and
sanitizer bottles utilized by a family during a
month and the disposal method used for each
item, separately. The monthly use of fabric cloth
masks, surgical masks, and N95 masks by a
household unit was separately recorded. In
addition, province of residence, family income,
number of family members and number of
family members leaving home on a daily basis,

as well as socio-demographic characteristics of
the respondent (gender and age) are also
included. The questionnaire was conducted
during April - September 2021. The sample size
required for this survey was determined
according to Kotrlik and Higgins [10].
Accordingly, when population size is more than
100000, approximate sample size required is 400
(with a 95% confidence level and 5% marginal
error). Incomplete responses were disregarded
before the analysis and study was conducted
with 851 valid responses.

Table 1 - Socio-Demographic Characteristics
of the Sample (n=851)

Characteristic Ratio (%)
Respondent’s age

18-24 years 52.64
25-34 years 41.83
35-44 years 223
45-54 years 2.82
Above 55 years 0.47
Respondent’s gender

Female 51.23
Male 48.77
Family size

3 members or less 15.86
4 members 36.19
5 members 34.55
6 or more members 13.28
Income of the family

Below 25000 LKR 13.32
Between 25000-50000 LKR 28.42
Between 50000-100000 LKR 35.91
Above 100000 LKR 22.35
Province of residence

Western province -W 20.80
Central province - C 9.05
Southern province - S 9.75
Northern province - N 9.28
Eastern province - E 8.46
North Western province - NW 7.99
North Central province - NC 5.99
Uva province - UVA 20.33
Sabaragamuwa province - SA 8.34

2.1 Estimation of Daily Use of PPE

In this study, we collected the number of family
members and monthly PPE use of the
corresponding family. Thereafter, we used the
following equations to estimate the daily face
masks, face shields, gloves and hand sanitizer
bottles use in Sri Lanka.
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Total daily use of PPE = Monthly PPE use in a
household*Population /(Number of household
members*30) (assuming a month has 30 days)

(D).

2.2 Carbon Footprint and Energy Recovery
Calculations

Sri Lanka produces almost all of the masks
needed by the country [11]. Hence, energy use
for the production of face masks was estimated
considering production of one face mask
utilizes 0.01 kWh of energy [12]. Carbon
footprint of PPE use was estimated considering
the life cycle assessment made by Rizan et al,,
Klemes et al. and Mejjad et al. [12-14] adopted
as appropriate for this case study: 0.05 kgCO»
eq. per KN95 mask [11], 0.017 kgCO: eq. per
surgical mask (Klemes et al. [12] modified by
Rizan et al. [13] excluding transport). For other
PPE, values estimated by Majjad et al. [14] were
used (0.231 kgCO: eq. for a face shield, 0.026
kgCO: eq. per pair of gloves and 1.54 kgCO» eq.
for a empty sanitizer bottle).

Potential energy recovery via incineration of
face masks was calculated based on the
estimation of Klemes et al. [12]. Klemes et al.
[12] estimated that potential energy recovery
from incineration of a face mask is 0.04
M]/unit. Potential energy recovery via
incineration of other PPE was not calculated
since they are not disposed regularly.

2.3 Statistical Analysis

Multiple correspondence analyses were used to
evaluate the provincial variation of used PPE
disposal. All the analysis was carried out using
R statistical software.

3. Results and Discussion

Socio-demographic information of the sample is
shown in Table 1 (n=851). Because the survey
was conducted online, the majority of
respondents were young people. The younger
generation is more likely than the older
generation to use social media and engage in
other online activities. However, each
respondent provided information about their
own family's behavior regarding the use and
disposal of PPE. There were respondents from
every province in the country.

3.1 Estimation of daily use of PPE in Sri Lanka
Daily per capita face mask use in Sri Lanka is
135 = 1.05, when the number of family
members who leave the home on a regular basis
is considered. This population seems equivalent

to economically active population because
schools and higher education institutes were
closed during the period we conducted the
study. Calculations result in an estimate of
nearly 12 million face masks per day is used in
Sri Lanka (Table 2). However, this includes
fabric/cloth masks, hence single-use face masks
per day being used in Sri Lanka is 10 million. A
leading face mask manufacturer was contacted
by the authors to obtain the manufacturers’
estimate of market demand and he stated that
expected demand of surgical and N95 masks
together in Sri Lanka varies between 10-12
million per day. Besides, Selvaranjan et al. [1]
estimate that the Sri Lankan population uses
14 - 70 million face masks per week, and our
estimates reach the maximum of their estimate,
reaching 70 million per week. According to the
estimates made by other researchers, face masks
usage in Sri Lanka varies from 6 -17 millions
per day [4,17].

Table 2 - Population Statistics and Estimated
use of Face Masks, Gloves, Face Shields, and

Hand Sanitizer Bottles (Nationally and
Provincially)

Total population in Sri Lanka (2020) 21.92
(Millions) 2

Economically active population (%) b 38.60

Estimated daily use of each PPE item (in millions)

Face masks 11.76
Gloves 0.22
Face shields 0.29
Empty sanitizer bottles 0.73

Sources: a- [16]. b - [17].

Although face masks usage is mandatory, use
of other PPE is not. Hence, face shields are not
used by 38% of families, and gloves are not
used by 66% of families (Figure 1). Therefore,
the usage of gloves as a safety measure is very
low. However, use of face shields and hand
sanitizers is much higher. Monthly per capita
use of gloves and face shields can be estimated
as 034 £ 0.69 and 043 * 0.63, respectively.
Hence, 0.2-0.3 million gloves and face shields
are used in Sri Lanka within a day (Table 2).
Moreover, 0.7 million empty sanitized bottles
are added to the waste. Despite the fact that
many studies only estimate the use of face
masks, Haque et al. [19] estimate that
Bangladesh discards 1.6 million empty hand
sanitizer bottles, 6.3 million surgical gloves, and
40.5 million single use polythene gloves per
day.
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3.2 Disposal Practices of used PPE in
Household Level
The main focus of this study was to evaluate
the disposal methods of used PPE in household
level. Open burning is the most common
disposal method of used face masks, followed
by handing over to municipal solid waste
collection (Figure 1). The only exception is the
Eastern Province, where 55% of families
handover used face masks to municipal solid
waste collection and only 30% burn them. Only
a small percentage of households bury their
waste in pits. MCA plots reveal that open
burning at home is practised in almost all of the
provinces, except Northern and Eastern
provinces. Burying in pits is mostly associated
with the Northern Province, which has the

lowest population density (Figure 2). Yet, out of
the families who use gloves, face shields and
sanitizer bottles, 51% of families burn used
gloves, 18% of families burn used face shields
and 13% of families burn hand sanitizer bottles,
island wide. Very small percentages of people
declare that they throw away PPE related waste
without care (3%), while it is raised to 8% when
it comes to empty sanitizer bottles (Figure 1).
However, considering the number of items
used daily in Sri Lanka, the impact of just
throwing away is also not small. For instance,
nearly 30000 face masks are thrown away per
day, island wide.

m Do not use

® Burn at home

® Hand over to the waste
collectors

m Bury them in a pit at
home

2 Just throw them away

® Do not dispose regularly

» Refill and reuse

Figure 1 - PPE use and Disposal Methods, a) Face Masks, b) Gloves, c¢) Face Shields, d) Sanitizer
Bottles (Values Shown in the Graphs are Percentage of the Population)
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In fact, Sri Lanka already has so many
problems in managing municipal solid waste.
Different provinces in Sri Lanka have different
municipal solid waste collection rates, leading
different percentages of people who are left
out to manage solid waste on their own. The
western province has the highest municipal
solid waste collection rate in Sri Lanka at 51%,
and the second highest is the Eastern Province
at 44%. Thereafter, the Northern Province has

varying from 16-23%, with the North-Central
Province having the lowest, at 15% [18].
Higher rate of handing over used face masks
to municipal solid waste in Eastern Province
may be related to many respondents are from
urban areas of the province, considering the
fact that the questionnaire survey was
conducted online as well as due to the fact that
Eastern Province has the second highest waste
collection rate in the country.
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Figure 2 - First Two Axes of Multiple Correspondence Analysis Plot - Provincial Variation of PPE
Disposal Methods in Households: a) Face Masks b) Gloves, ¢) Face Shields, d) Empty Sanitizer

Bottles
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Within a particular province, solid waste
collection rates vary dependent on the type of
local  authority  controlling the area.
Accordingly, municipal solid waste collection
services are provided to 50-90% of the
population living in municipal council and
urban council areas, while 20-75% of people
receive solid waste collection facilities when
they are living in divisional council areas
(Unpublished data). This situation may lead
people to burn their used PPE at home.
Moreover, among the people who burn used
face masks, 41% declare that they separate the
used PPE from other household polythene
waste. Prolonged waiting periods for solid
waste collection lead them to burn PPE waste
and their easily burnable nature support the
process. Out of the people who handover their
PPE waste to municipal solid waste stream,
17% state that they separate it from other
waste. Therefore, at least part of the
population is already used to separate PPE
waste from other household waste, which is a
support in separate collection plans if
implemented.

Municipal solid waste collected by many local
authorities in Sri Lanka is dumped in open
dumps; there are only very few exceptions
where sanitary landfills are used. The Greater
Colombo and Colombo Metropolitan areas in
western province generate the largest amount
of waste and dispose the waste into
Aruwakkalu sanitary landfill and
Kerawalapitiya incineration plant. Therefore,
in most of the occasions, disposal of used PPE,

especially face masks with other municipal
solid waste, may pose a threat to public health
in different ways. Handling solid waste by
collection crews may expose them to the virus,
openly dumped waste may be accessed by
waste pickers for recyclable materials, stray
animals may gain access to waste dumps, and
contact with contaminated PPE will increase
the risk, as suggested by Nzediegwu and
Chang [8].

3.3 Potential Environmental Impact of PPE
Use and Disposal Methods Used by
Households

PPE use is a newly emerged trend in Sri Lanka
unlike in some other countries. Therefore,
potential environmental impact is also an
added one to the existing problems in waste
management in Sri Lanka. Potential
environmental impact of PPE wuse was
estimated considering the carbon footprint,
energy use in the face mask production process
and possible energy recovery by incineration
of PPE. Sri Lanka generates 65 MT per day face
mask waste and 88.5 MT of plastic waste daily
(Table 3) and nearly 50% is subjected to open
burning. Estimated annual climate change
impact was nearly 100 kT CO> eq. due to only
the PPE use within the whole country. In
addition, face mask production utilize 35000
kWh of energy annually. However, Sri Lanka
does not use the opportunity of converting the
waste face masks to energy back via
incineration or pyrolysis, which provides the
opportunity to recover that energy.

Table 3 - Estimate of Generation of Waste in Sri Lanka due to PPE use, Carbon Footprint, Energy

use and Energy Recovery Possibility

Weight of a Waste generated Waste open burnt
Item Material unit (g) (Metric ton/day) (Metric ton/day)
Surgical Face masks Polypropylene 2.85b 26.95 14.82
KN 95 Face masks Polypropylene 18.142 38.09 20.95
Face shield LDPE 33.6° 9.97 1.69
Single Use gloves Nitrile Rubber 2.5¢ 0.53 0.27
Sanitizer bottles PET 18.5¢ 12.95 1.68
PPE Energy
Waste consumption Possible energy
generated  Carbon footprint  for production recovery by
(Metric (kgCOzeq. per (MWh incineration (MWh
Item ton/ year) year) annually) annually)
Face masks 23741 84924000 35280 39514
Face shield 3638 6286896
Single Use gloves 192 1965600
Sanitizer bottles 4728 7179480

Note: Weights were as given by Slevaranjan et al. [1] (a), AI-Omren et al. [22], Haque et al. [19](c).
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Most of the PPE 1is produced using
polypropylene (PP) or polyethylene (PE). Open
burning of polypropylene and polyethylene
generates polynuclear aromatic hydrocarbons
(PAHs), which are known carcinogenic
compounds [12,20]. In addition, open burning
of PP and PE may release heavy metals into the
environment [12]. Further, open disposal of
PPE made of PP and PE will release
microplastics to the environment upon their
degradation [3,21]. Therefore, emerging
challenges in managing waste associated with
PPE need to be addressed during the
pandemic as well as after the pandemic. Thus,
improvements to waste handling policies as
well as clear guidelines on separation,
collection, and disposal of PPE-associated
waste should be added to the pandemic
control guidelines.

3.4 Limitations of the Study

Because the study was conducted online, some
social groups, particularly the rural and
elderly, may have difficulty accessing it. The
age distribution shows that more respondents
are under the age of 35, but the limitations
were overcome to some extent by obtaining
data on PPE use of housing units rather than
individuals. Furthermore, sample distribution
was not proportional to province population
density, but PPE usage guidelines during the
COVID 19 pandemic were consistent across the
country. Nonetheless, this deviation may have
an impact on our findings regarding the PPE
waste disposal.

Aside from the removal of incomplete data,
there was no removal of unreliable data.
However, in terms of face mask usage, our
data falls within the range of other studies'
estimates of PPE use in Sri Lanka [1,4,17]. As a
result, data is less likely to be unreliable than
in other PPE types where there is no literature
to compare.

3.5 PPE Waste Management: Challenges and
Recommendations
Even before the pandemic, managing plastic
waste was a difficult task on a global scale. It is
one of the waste streams with the lowest
recycling rates, with nearly 16%. 25% of waste
plastic burned, 40% landfilled, and the
remainder released into the environment [23].
Furthermore, most PPE was made of non-
woven textiles, and recycling technologies for
them were very limited due to their
composition, despite the need for disinfection
before recycling. As a result, many parts of the

world regard the management of PPE waste
generated during the COVID 19 condition as
an additional challenge [8, 23]. PPE and other
infectious waste must be incinerated according
to WHO regulation [24]. However, this
recommendation has put more strain on the
incineration facilities. Therefore, the burden
was less in developed nations with sustainable
waste management practises, but sometimes
increased waste volume led to capacity issues.
For instance, incineration, which also involves
energy recovery from municipal solid waste, is
the most popular final disposal method for
municipal solid waste in northern Europe. PPE
waste was also incinerated or disposed of in
sanitary landfills in other developed countries
[25]. The challenge was much greater in
developing nations, where there was already
inefficient and unsustainable waste
management. However, some countries have
implemented some measures to address the
issue of PPE-related waste. Several Asian
countries [4] have practised introducing colour
coded bins (red or yellow) for disposal of PPE
(especially face masks) and issuing guidelines
to store them in double-layer bags or sealed
bags during the waste collection process. Non-
quarantined households in Chennai, India,
have been advised to store used face masks for
72 hours before disposal, and after collection,
they were treated as domestic hazardous
waste and incinerated [4].

The major drawbacks identified in the disposal
of PPE associated waste in household level in
Sri Lanka are discarding PPE related waste
with household waste, not using sealed bags,
not ensuring a 72-hour storage period before
handing over to collection facilities, and
improper disposal of this waste with collected
municipal solid waste with no precautions
taken. There is a guideline issued by the
Central Environmental Authority of Sri Lanka
[26] to handle healthcare waste generated in
households under self-quarantine, but no
guidance is provided to the non-quarantined
households on how to dispose of PPE-related
waste. In our survey, 66.5% of families
declared they separate their PPE-related waste
from other municipal solid waste; however,
separate  collection does not  occur.
Unidentified and symptomless infected people
exist in society, and contaminated PPE used by
them ends up in municipal solid waste as a
result of this practice.

In proposing mitigation measures, the most
important aspect that needed the attention is
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regulating the collection of face mask waste.
Pyrolysis is identified as a suitable method for
extracting energy from used face masks [27].
Small-scale  pyrolysis  units may be
implemented if private sector is provided with
relevant guidance and technology.

4. Conclusion

PPE use in social interactions is a new trend
emerged in Sri Lanka to control spread of
COVID 19. Nearly 10 million single-use face
masks are used daily in Sri Lanka. In addition,
substantial use of face shields and hand
sanitizers occur, while use of gloves is the
lowest as a PPE. Sri Lanka generates nearly 89
metric tonnes of additional PP, PE and PET
waste due to the PPE use on top of the other
plastic waste that were already there before the
pandemic. At household level, 55% burn their
used face masks and 51% burn their gloves.
Since the most common waste disposal
method is open burning of the used PPE,
additional public health issues are generated
due to the release of toxins into the air.
Moreover, most of the PPE waste handed over
to the municipal solid waste stream is also left
exposed to the environment, hence threatening
ecosystems due to the release of microplastics
when they are subjected to photovoltaic
digestion. In addition, used PPE can be easily
converted into energy via incineration or
pyrolysis through small-scale plants, hence
eliminating public health risks as well as
threats to ecosystems.
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