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Abstract
A massive increase in the use and production of masks worldwide has been seen in the current COVID-19 pandemic, 
which has contributed to reducing the transmission of the virus globally. This paper aims to evaluate the life cycle 
environmental impacts of disposable medical masks to identify the life cycle stages that cause the highest impact on the 
environment. A further goal is to estimate the total environmental impacts at the global level in 2020. The inventory 
data was constructed directly from the industry. The system boundary of the study is from cradle to grave comprising 
raw material extraction and processing, production, packaging, distribution, use, and disposal as well as transport and 
waste management along the supply chain. Eleven environmental impacts have been estimated. The results suggest 
that the global warming potential of a disposable medical mask is 0.02 g  CO2-eq. for which the main contributor is the 
raw material supply (40.5%) followed by the packaging (30.0%) and production (15.5%). Sensitivity analysis was car-
ried out to test the environmental impacts. In total, 52 billion disposable medical masks used worldwide consumes 22 
TJ of energy in 2020. The global warming potential of disposable medical masks supplied in a year of the COVID-19 
pandemic is 1.1 Mt  CO2 eq. This paper assessed the hotspots in the medical mask. The findings of this study will be of 
interest to policymakers, global mask manufacturers, and users, allowing them to make more informed decisions about 
the medical mask industry.
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Abbreviations
ADP  Abiotic depletion potential of elements
ADP  Fossil abiotic depletion potential of fossil fuels
AP  Acidification potential
CML  Centrum Voor Milieuwetenschappen
DCB  Dichlorobenzene
EP  Eutrophication potential
FAETP  Freshwater aquatic ecotoxicity potential
GWP  Global warming potential
HTP  Human toxicity potential
ISO  International Standardization Organization
LCA  Life cycle assessment
MAETP  Marine aquatic ecotoxicity potential
ODP  Ozone layer depletion potential
POCP  Photochemical ozone creation potential

PP  Polypropylene
TETP  Terrestrial ecotoxicity potential
WHO  World Health Organization

Introduction

In Wuhan, China, the World Health Organization (WHO) 
China was informed of cases of unknown aetiology of 
pneumonia detected at the end of December 2019. The 
WHO first announced on 12 February 2020 that the cause 
of these symptoms was a new form of coronavirus (2019-
nCoV), and on 11 February 2020, the epidemic was named 
the “COVID-19” pandemic (WHO 2020c). The disease 
quickly acquired an international dimension and infected 
the entire world (WHO 2020e; Zheng 2020). COVID-19 is 
mainly a respiratory disease. The WHO confirmed person-
to-person transmission of COVID-19 through respiratory 
droplets. Respiratory droplets move through the air as you 
breathe, sneeze, or speak. These droplets can then fall in 
the mouths or noses of those near you or be breathed in 
(WHO 2020a).
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Different proposals have been put forward by govern-
ments at all levels to avoid the spread of the virus, including 
lockdown, social distancing, restriction of movement, isola-
tion, avoiding public, or crowded spaces, as well as the use 
of personal protective equipment such as face masks (Fadare 
& Okoffo 2020). The WHO suggests wearing a face mask 
in public, where social distance interventions are difficult to 
sustain, and in places of substantial community-based dis-
semination (WHO 2020a, b). Face masks protect the nose 
and help to block exhaled droplets and particulate matter to 
avoid further spread of COVID-19, which is caused by the 
SARS-CoV-2 virus (Liu and Zhang 2020; WHO 2020b). 
Mask usage has established a new normal in many countries 
as a result of its effectiveness in containing communicable 
diseases during the COVID-19 pandemic.

A face mask serves as a physical shield in front of the 
nose and mouth (WHO 2020a). When worn correctly, this 
type of mask prevents the sick person’s respiratory droplets 
from spreading to the mouth and nose (Leung et al. 2020). 
Several different kinds of face masks provide users with 
various degrees of protection. Masks may be disposable or 
reusable. Industrial half-or full-face respirators with attached 
cartridge filters and handmade or consumer fabric masks are 
reusable; disposable ones include N95 respirators and surgi-
cal masks. The filtering capability depends on the materi-
als used and the design of the engineering equipment, and 
therefore the level of protection (Chua et al. 2020).

A recent study has shown that medical masks can prevent 
symptomatic individuals from transmitting common cold 
coronaviruses and influenza viruses in actual conditions 
(Greenhalgh et al. 2020). The disposable medical mask is 3 
times more effective than a cloth mask at preventing trans-
mission (Howard et al. 2020). The disposable medical mask 
will also not provide maximum protection if it does not fit 
the face correctly. In the case of contamination, moisture, or 
wear, masks should be changed for new ones (WHO 2020a).

Since the early 1900s, masks have been used by health-
care workers to avoid surgical wound infection (Oberg and 
Brosseau 2008). In Asian countries, masks are widely used 
by the public. Since the 2003 SARS outbreak, face mask 
use has become increasingly widespread. During the SARS 
outbreak, 76% of the population in Hong Kong used a face 
mask (ECDC 2020).

A growing number of countries make it obligatory to 
wear face masks outside the home (WHO 2020a, d). The 
global consumption of face masks has seen a sixfold rise 
since the beginning of the COVID-19 pandemic (WHO 
2020d). China’s daily production of medical masks had 
climbed to 14.8 million by February 2020. In Japan, almost 
600 million face masks were required by April 2020 (Sel-
varanjan et al. 2021).

The increased use of face masks has drawn attention to 
the amount of plastic waste and the other environmental 

issues that will be generated by the use of face masks. The 
increased use of masks results in a significant increase in 
mask production, as well as higher consumption of energy 
and raw materials (Selvaranjan et al. 2021). If every indi-
vidual in the UK wore a new single-use surgical face mask 
every day for a year, the UK would generate around 128,000 
t of non-recyclable plastic waste (Allison et al. 2020). For 
that reason, a new environmental problem has been created 
by the rise in the manufacture and the use of face masks 
worldwide.

Globally, disposable medical masks are used millions 
of times a day, and yet and environmental impacts of this 
product are scarcely known. There are a limited number 
of studies that assess the environmental sustainability of 
face masks (Akarsu et al. 2021; Allison et al. 2020; Davies 
et al. 2013; Fadare and Okoffo 2020; Klemeš et al. 2020; 
Lee et al. 2021; Schmutz et al. 2020; van Straten et al. 
2021). Some of the papers compared the environmental 
impacts of the selected type of masks such as reusable 
masks and disposable medical masks (Davies et al. 2013; 
Lee et al. 2021; Schmutz et al. 2020; van Straten et al. 
2021). The scope and selected mask type vary across the 
papers. Most of the papers only focus on the solid waste 
problem of the masks (Akarsu et al. 2021; Allison et al. 
2020; Fadare and Okoffo 2020). Although the information 
was available regarding the waste problem at the end of 
their life cycle, very little information was supplied con-
cerning the life cycle environmental impacts of medical 
masks.

This study aims to assess the life cycle environmental 
impact of the disposable medical face masks and identify 
hotspot activities and key substances for improvement. This 
LCA study has been performed using real and detailed data 
obtained from a producer in Turkey. The entire value chain 
from extraction of raw materials to the end of life is con-
sidered. For 2020, total life cycle environmental impacts 
resulting from the total manufacturing of disposable medical 
face masks have been estimated in the global dimension.

The methods, assumptions, and inventory data used in the 
study are detailed in the following parts.

Methodology

In this paper, life cycle assessment (LCA) has been used 
as a tool to quantify the environmental impacts of dis-
posable medical face masks. LCA is the most common 
tool for quantifying the environmental effects associated 
with a product, process, or service’s entire life (Baumann 
and Tillman 2004). LCA was performed in accordance 
with the international standards of the ISO 14040 and 
ISO 14044 series (ISO 2006a, b). These standard series 
describe the LCA’s four steps: goal and scope definition, 
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inventory analysis, impact assessment, and interpretation. 
The purpose of the study, the functional unit, the bound-
ary conditions, and the assumptions for the context in 
which evaluation is being made are defined in the goal 
and scope definition stage. The second step of the LCA 
is inventory analysis. The inventory analysis specifies the 
processes required for raw materials production, use of 
auxiliary materials, water, and energy during manufactur-
ing, emissions to air, water, and soil during manufacturing, 
transport of raw materials, and packaging materials. The 
LCA modelling was carried out in GaBi v10.5 software 
package (Sphera 2021). Based on inventory data and sys-
tem boundaries, this software calculates the environmental 
impact potentials of a product, service, or manufacturing 
system resulting from material inputs and outputs such as 
energy use or air emissions. Characterisation methods for 
environmental impact categories such as global warming 
potential, acidification potential, and abiotic depletion 
potential are included in GaBi (Sphera 2021). The impact 
assessment step evaluates the potential impacts on the envi-
ronment using the inventory data. The life cycle environ-
mental impacts have been quantified using the CML 2001 
impact assessment method (Guinée et al. 2002). Finally, 
the interpretation step sets out the conclusions and recom-
mendations for the study.

The methodology, goal and scope of this research, inven-
tory data and assumptions, and results are detailed in the 
following parts.

Aims and scope

The goal of this paper is to estimate the life cycle environ-
mental impacts of the disposable medical face mask and to 
identify the life cycle stages that cause the highest impact 
on the environment. A further goal is to estimate the total 
environmental impacts at the global level in 2020.

The functional unit is considered as “a 3-layer single-use 
medical face mask with nose wire”. Authorities recommend 
these types of face masks, and they are widely used around 
the world. In total, 52 billion face masks were manufactured 
in 2020 globally (OceansAsia 2020).

The system boundaries included all activities from cradle 
to grave including raw material extraction and processing, 
manufacturing, packaging, distribution, use, and disposal as 
well as transport and waste management along the supply 
chain. The life cycle of disposable medical face masks along 
the supply chain is outlined in Fig. 1.

The disposable medical face mask manufacturing stage 
consists of body making and ultrasonic vending steps. The 
waste generated during the production is included in the 
system boundary. For the face mask production stage, the 
manufacturing of the equipment used in the facility and 

construction and decommissioning of the buildings are not 
included due to a lack of specific data.

Inventory analysis

Primary data were collected from a face mask manufacturer 
in Turkey and data gaps were filled using inventories from 
the Ecoinvent database (Ecoinvent 2021). Detailed and real 
manufacturing data was used for life cycle modelling.

Medical face masks are classified in the European 
Standard EN 14,683 into two types (type I and type II) 
based on bacterial filtration efficiency, with type II fur-
ther subdivided depending on whether the mask is splash 
resistant. Splash resistance is denoted by the letter “R” 
(CEN 2019). The specifications of the medical masks are 
presented in Table 1.

The focus of this research is on disposable medical face 
masks, type I. These types of masks are described as masks 
that are flat and attached to the head with straps that go 
around the ears. Type I medical masks are used to reduce 
the risk of infection spread, especially during epidemics 
or pandemics. The selected types of masks are manufac-
tured using plastic variants such as polypropylene to protect 
against various types of infections. They do not contain latex 
or PVC material. They are manufactured using three layers 
of protection (CEN 2019).

The details of the inventory data for the raw materials 
used have been presented in Table 2. Primary data were col-
lected on raw materials directly from the manufacturer in 
Turkey. The raw materials are extracted and processed then 
transported. The background data of the non-woven fabrics, 
plastic-coated aluminium, and polyurethane flexible foam 
were obtained from the Ecoinvent v3.7.1 (Ecoinvent 2021) 
but has been adapted as far as possible to Turkey’s condi-
tions by using the country-specific energy and transportation 
data.

The structure of a disposable medical face mask is 
divided into three parts. That is the 3 layers of non-woven 
fabric part, nose strip, and ear loops. The selected type of 
disposable medical face mask is produced from polypro-
pylene (PP) spun bond and melt-blown non-woven fabrics, 
20–25 g/m2 in density. PP is one of the most widely manu-
factured plastics in the world and can easily be supplied 
as an oil-based polymer. Spun bond fabrics are produced 
in one continuous process from extruded filament fibre. 
Melt-blown fabric is produced by using high-speed hot air 
to extrude a polymer melt through a series of fine holes, 
resulting in fine, self-bonded fibres. The melt-blown fabric 
has a smaller pore size than spun-bond fabric, allowing 
for improved filtration effectiveness. Due to the lack of 
data, the same energy consumption was assumed for the 
production of spun bond and melt-blown non-woven fab-
rics based on literature (Faist Emmenegger et al. 2018). 
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The nose wire is used to create the nose frame in the face 
mask, which keeps the medical face mask tightly attached 
to the nose. The nose strip is made of 0.5 mm diameter 
aluminium that has been white plastic-coated. The earloop 
used in each mask is produced from spandex. As given in 

Table 2, flexible polyurethane foam is used as a raw mate-
rial for the production of earloops.

As shown in Table 3, the transportation stage covers 
all relevant raw materials and packaging materials trans-
port from producers to the facility, transportation of the 
masks from facility to customer, and transportation of 
the waste from facility or customer to the incineration. 
All transport is assumed to be by road using a lorry of 
Euro IV emissions class. The production facility for the 
masks is located at Bilecik. Transport distances from raw 
material sites to production facilities are obtained from 
the manufacturer. The data comprises the extraction and 
production of site locations, transportation distances, and 
types of transport used. Medical face mask materials are 
produced in Turkey. Nonwoven fabrics are manufactured 
in Gaziantep, materials for nose strips and packaging are 
manufactured in Istanbul, and earloop materials are manu-
factured in Bursa.

Fig. 1  Life cycle stages of dis-
posable medical face mask

Table 1  Performance standards 
for medical face masks (CEN 
2019)

Test Type I Type II Type IIR

Bacterial filtration efficiency (BFE), (%)  ≥ 95  ≥ 98  ≥ 98
Differential pressure (Pa/cm2)  < 40  < 40  < 60
Splash resistance pressure (kPa) Not required Not required  ≥ 16,0
Microbial cleanliness (cfu/g)  ≤ 30  ≤ 30  ≤ 30

Table 2  Inventory data on raw materials and packaging materials

Raw material Amount (g/
mask)

Source

Fabric: spun bond polypropylene 1.50 Manufacturer
Fabric: melt-blown polypropylene 0.80 Manufacurer
Nose wire: plastic-coated aluminium 0.38 Manufacturer
Aluminium 0.10 Manufacturer
Plastic 0.26 Manufacturer
Earloop: polyurethane flexible foam 0.32 Manufacturer
Packaging: oriented polypropylene 1.79 Manufacturer
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The manufactured mask is transported to Europe. Turkey 
is one of the leading producers of nonwoven textile products 
(EDANA 2021) and one of the suppliers of face masks to 
Europe. In 2020, disposable medical mask exports to Tur-
key increased by approximately 123 times over the previous 
year, totalling nearly US$217 million. Turkey exported the 
most disposable medical masks to Germany, with US$31.4 
million worth of products. Germany was followed by France 
with US$25 million (TUIK 2020).

Medical face masks are manufactured in specialised 
facilities, on a machine line that assembles nonwoven 
fabric, ultrasonic welds of three layers of non-woven 
fabric, and stamps mask body with plastic-coated nose 
wire and elastic ear loops. Ultrasonic welding is then 
used to join different layers of nonwoven fabric. Electric-
ity is consumed during the production of the mask. The 
energy consumption of each production step is presented 
in Table 4.

Data for electricity grid mix specific for Turkey were 
used based on the latest version of Ecoinvent v3.7.1 
(Ecoinvent 2021). This dataset describes the electricity in 
Turkey for the year 2008. In this year, the share of natural 
gas, lignite, hard coal, and hydropower in the electricity 
mix was 49%, 21%, 7%, and 17%, respectively. Further 
electricity is generated from other renewables such as 
wind, geothermal, and solar power (Itten et al. 2014).

Medical face masks are supplied in sterile packs. Each 
of the masks is packed with transparent oriented poly-
propylene (OPP) packaging bag for disposable face mask 
individual packaging. The packaging stage includes the 
packaging raw material and energy consumption for the 
packaging of a mask. Details on the packaging data have 
been given in Tables 2, 3, and 4.

Table 5 compiles the type and amount of waste and 
waste management methods. The waste management stage 
includes incineration of the solid waste generated from 
production, packaging, and disposal mask and package. 
The waste is collected and transported to the waste dis-
posal site. It is assumed that all the wastes are treated as 
municipal waste and incinerated with energy recovery. The 

background data for municipal solid waste incineration is 
obtained from the database (Doka 2013).

Results

This part presents and analyses the environmental impacts 
of disposable medical face mask first for the selected func-
tional unit related to the life cycle of a mask and then for 
the global use of this type of face mask in 2020. The results 
are shown in Table 6 showing the environmental impacts 
of the life cycle per mask. The contribution of different life 
cycle steps to the total impacts can be seen in Fig. 2. The 
comparison of the results with the literature is presented in 
the subsequent section followed by the total environmental 
impact results of the global use of disposable medical face 
masks in 2020 (Table 7). This is following the sensitivity 
analysis (Fig. 3) that considered the local use of masks and 
different packaging options.

The LCA software GaBi v.10.5 (Sphera 2021) was used 
to complete the study. The main modelled process based on 
GaBi software is presented in the Appendix. Eleven envi-
ronmental impact categories assessed in this paper include 
global warming, resource depletion, eutrophication, acidifi-
cation, ozone layer depletion, ecotoxicity, and human toxic-
ity based on CML 2001-January 2016 (CML 2017).

Environmental impacts per disposable medical 
mask

The life cycle environmental impacts of a disposable medi-
cal mask are presented in Table 6, with the contributions 

Table 3  Inventory data on 
transportation

Raw material Distance Lorry size class Source

Spun bond polypropylene fabric 1000 km 16–32 metric tons Manufacturer/Ecoinvent
Melt-blown polypropylene fabric 1000 km 16–32 metric tons Manufacturer/Ecoinvent
Nose wire 250 km 16–32 metric tons Manufacturer/Ecoinvent
Earloop 150 km 16–32 metric tons Manufacturer/Ecoinvent
Packaging material 300 km 16–32 metric tons Manufacturer/Ecoinvent
Mask 2800 km  > 32 metric tons Manufacturer/Ecoinvent
Production and packaging waste 50 km 16–32 metric tons Manufacturer/Ecoinvent
Mask waste 50 km 16–32 metric tons Manufacturer/Ecoinvent

Table 4  Inventory data on medical face mask production electricity 
consumption

Production stage Energy (Wh/mask) Source

Body making 3.1 Manufacturer
Ultrasonic welding 0.3 Manufacturer
Packaging 0.6 Manufacturer
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by considered life cycle stages provided in Fig. 2. The 
results reveal that the life cycle of raw material supply 
is the main hotspot for abiotic depletion potential ADP, 
ADP fossil, acidification potential (AP), global warming 
potential (GWP), ozone layer depletion potential (ODP), 
photochemical oxidant creation potential (POCP), and ter-
restrial ecotoxicity potential (TETP). Waste incineration 
is the major contributor to freshwater aquatic ecotoxicity 
potential (FAETP), marine aquatic ecotoxicity potential 
(MAETP), and human toxicity potential (HTP). Most of 
the eutrophication potential (EP) occurs due to the pro-
duction of the masks. Transportation is only a significant 
contributor ODP. Further discussion of the environmental 
impacts from the life cycle of disposable medical masks 
follows.

Abiotic depletion potential

As presented in Table 6, a disposable medical face mask 
depletes 35 g Sb-eq. of abiotic elements. The life cycle of 
raw materials contributes 76.3% to the total (see Fig. 2). 
The big contributors to this impact are the use of tellurium 

(40.0%), sodium chloride (29.3%), gold (9.7%), and copper 
(7.3%).

Abiotic depletion potential (fossil)

Fossil resource depletion at the considered type of face 
mask’s life cycle is estimated at 0.4 MJ per mask (Table 6). 
The life cycle of raw materials (50.0%), packaging of the 
mask (37.2%), and the production of the medical face mask 
(10.7%) are the major contributors to ADP fossil due to the 
manufacturing of PP.

Acidification potential

The disposable medical mask has an AP of 0.08 g  SO2-eq. 
per disposable medical mask. The emissions of  SO2, NOx, 
and  N2O to air contribute 66.4%, 14.8%, and 6.9% of the total, 
respectively. As can be seen from Fig. 2, raw material extraction 
and processing (38.3%), packaging of the product (%38.3), and 
production (22.2%) are the biggest contributors to the total AP.

Table 5  Inventory data on waste 
management

Waste type Amount (g/
mask)

Waste management technique Source

Production waste 0.13 Municipal solid waste incineration Manufacturer
Spun bond polypropylene 0.06 Municipal solid waste incineration Manufacturer
Melt-blown polypropylene 0.03 Municipal solid waste incineration Manufacturer
Nose wire 0.02 Municipal solid waste incineration Manufacturer
Earloop 0.02 Municipal solid waste incineration Manufacturer
Packaging waste 0.13 Municipal solid waste incineration Manufacturer
Oriented polypropylene 0.13 Municipal solid waste incineration Manufacturer
Disposal mask 2.82 Municipal solid waste incineration Manufacturer
Disposal package 2.67 Municipal solid waste incineration Manufacturer

Table 6  Life cycle environmental impacts of a mask

Environmental impact category Total Raw material Production Packaging Transportation Use End of life

ADP (kg Sb eq.) 3.5E-08 2.7E-08 4.8E-09 6.5E-10 3.8E-09 -  − 9.2E-10
ADP fossil (MJ) 4.2E-01 2.1E-01 4.4E-02 1.6E-01 2.2E-02 -  − 1.2E-02
AP (kg  SO2 eq.) 7.9E-05 3.0E-05 1.8E-05 3.0E-05 5.4E-06 -  − 4.4E-06
EP (kg Phosphate eq.) 2.2E-05 7.4E-06 1.1E-05 3.3E-06 1.6E-06 -  − 1.2E-06
FAETP (kg DCB eq.) 2.0E-01 1.9E-03 2.0E-03 2.2E-04 2.0E-04 - 2.0E-01
GWP (kg  CO2 eq.) 2.1E-02 8.3E-03 3.2E-03 6.1E-03 1.4E-03 - 1.5E-03
HTP (kg DCB eq.) 3.7E-02 4.1E-03 1.6E-03 2.2E-04 7.0E-04 - 3.1E-02
MAETP (kg DCB eq.) 1.2E + 03 7.8E + 00 5.7E + 00 1.0E + 00 4.4E-01 - 1.1E + 03
ODP (kg R11 eq.) 7.4E-10 4.0E-10 8.1E-11 8.0E-12 2.6E-10 -  − 7.6E-12
POCP (kg Ethene eq.) 8.1E-06 3.9E-06 9.3E-07 2.9E-06 5.7E-07 -  − 2.1E-07
TETP (kg DCB eq.) 4.4E-05 2.8E-05 9.2E-06 1.2E-06 4.7E-06 - 8.8E-07
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Eutrophication potential

Table 6 and Fig. 2 reveal that the EP for a disposable medi-
cal face mask is equal to 0.02 g  PO4-eq. with 49.2%, 33.8%, 
and 14.9% arising from the production, raw material sup-
ply, and packaging step, respectively. The impact from the 
production is dominated by body-making step due to the 
high energy consumption. This impact is mainly due to the 
emissions of NOx and  PO4 to air and water.

Freshwater aquatic ecotoxicity potential

As presented in Table 6, a disposable medical face mask 
has an estimated FAETP of 0.2 kg dichlorobenzene (DCB)-
eq. Almost all this impact is due to the emissions to the 

freshwater of metals including nickel, beryllium, cobalt, 
vanadium, and copper mostly during the incineration stage 
(97.9%).

Global warming potential

As can be seen from Table 6, the estimated value for GWP 
for a mask is 21.5 g  CO2-eq. The  CO2 emissions account for 
89.5% of the total GWP, with contributions of 9.2% from 
 CH4. The biggest contributors to the greenhouse gas emis-
sions are the raw material supply (40.5%), packaging of the 
mask (30.0%), and the medical mask production (15.5%) 
parts. The next largest contributor to GWP is transporta-
tion (7.4%) (see Fig. 2). The raw materials’ contribution is 
mainly due to fabric part manufacturing.

Human toxicity potential

The HTP from the disposable medical mask is estimated at 
37 g DCB-eq. per mask (Table 6), due to beryllium (79.4%) 
to freshwater. The major source of this impact is the incin-
eration of the wastes, contributing 82.3% to the total. The 
second-largest contributor is the raw material extraction and 
processing stage (11.0%) due to the high energy consump-
tion of this stage (Fig. 2).

Marine aquatic ecotoxicity potential

As shown in Table 6 and Fig. 2, the MAETP of a disposable 
medical mask is equal to 1.2 t DCB-eq. of which 98.7% is 
due to waste incineration. As with other ecotoxicity poten-
tials, this impact is due to beryllium emissions (90%) to 
freshwater from this stage.

Fig. 2  Contribution of different 
life cycle stages to the total 
impact

Table 7  Total annual life cycle environmental impacts of global mask 
usage

Environmental impact category Value

ADP (kg Sb eq.) 1.8E + 03
ADP fossil (MJ) 2.2E + 10
AP (kg  SO2 eq.) 4.1E + 06
EP (kg Phosphate eq.) 1.1E + 06
FAETP (kg DCB eq.) 1.1E + 10
GWP (kg  CO2 eq.) 1.1E + 09
HTP (kg DCB eq.) 1.9E + 09
MAETP (kg DCB eq.) 6.0E + 13
ODP (kg R11 eq.) 3.9E + 01
POCP (kg Ethene eq.) 4.2E + 05
TETP (kg DCB eq.) 2.3E + 06
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Ozone layer depletion potential

The ODP of the disposable medical face mask is esti-
mated at 0.7 µg R11-eq. per disposable medical face-
mask. This is mainly due to the life cycle of raw materi-
als used for the mask production (53.7%) (see Fig. 2). 
The other biggest contributors are transportation (35.3%) 
and production (10.9%) stages. Halons 1301 (54.3%), 
carbon tetrachloride  (CCl4) (37.7%), and halon 1211 
(6.5%) releases are the main environmental burdens caus-
ing this impact.

Photochemical oxidant creation potential

The disposable medical face mask has a POCP of 8.1 mg 
Ethene-eq. per mask. As shown in Fig. 2, it is mainly due 
to raw material supply which contributes 48.7% to the 
total. The raw material supply stage adds to the POCP 
via the life cycle of the fabric part. The other main bur-
dens contributing to this impact include the packaging 
(35.3%), production (11.5%), and transportation (7.0%) 
stages. The emissions of  SO2 (25.7%), hydrocarbons 
(10.7%), and  CH4 (5.9%) are the main contributors to 
this impact.

Terrestrial ecotoxicity potential

The TETP of a face mask is estimated at 0.04 g DCB-
eq. (Table 6), respectively. Chromium (55.7%), mercury 
(22.2%), and vanadium (5.9%) emissions to air and soil are 
the main contributors. The life cycle of raw materials, pro-
duction, and transportation contribute 63.9%, 20.9%, and 
10.6%, respectively.

Comparison of results with literature

In this paper, CML 2001 updated January 2016 has been 
used for the calculation of the results. Due to the difference 
in the impact assessment methods used, the results of this 
work are compared only to the GWP estimated in other stud-
ies. The estimate by Lee et al. (2021) of 18.7 g  CO2 eq./mask 
is quite close to the present study’s values of 21.5 g  CO2 eq./
mask. Another study by Allison et al. (2020) estimated GWP 
at 58.8 kg  CO2 eq. per mask which is more than double the 
value found in the previous study. It is mainly due to the 
transportation of materials to the UK by air freight from 
China. In this study, raw material transportation accounts 
for a significant portion (71.3%) of GWP. Given the assump-
tions and countries of origin, the GWP findings of this study 
are comparable to those found in the literature.

Total environmental impacts of global use 
of disposable medical masks in 2020

This part of the study presents the total environmental 
impacts of the global use of disposable medical face masks 
in 2020, based on the impacts calculated for a single mask 
produced in Turkey discussed in the previous section.

Table 7 demonstrates the annual environmental effects of 
masks used worldwide. In total, 52 billion disposable medi-
cal masks being produced in 2020 globally (OceansAsia 
2020).

As indicated in Table 7, 52 billion disposable medical 
masks produced worldwide in 2020 consumed 22 TJ of 
energy. The total annual GWP is estimated at around 1.1 Mt 
 CO2 eq. from the global mask sector.

Textile manufacturing is one of the most polluting sec-
tors, emitting 1.2 billion tonnes of  CO2 eq. each year, more 

Fig. 3  Results for the sensitivity 
analysis
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than international aircraft and maritime transportation (Ellen 
MacArthur Foundation 2017). Greenhouse gases emitted by 
disposable masks used last year amounted to approximately 
1/1000th of the total annual greenhouse gases emitted by the 
global textile sector. These numbers demonstrate the magni-
tude of the environmental effects caused by the use of masks.

Sensitivity analysis

The sensitivity analysis investigates the impact of the 
selected parameters on the environmental sustainability of 
disposable medical face masks: transportation distance for 
the product and the type of packaging. The results of the 
sensitivity analysis are summarised and compared in Fig. 3 
and discussed below.

Sensitivity analysis of local use (S1)

The findings of this study were obtained by modelling dis-
posable medical mask production in Turkey using materials 
sourced from Turkey and the manufactured mask usage in 
Europe. The details related to transportation are presented 
in Table 3. The contribution of transportation of the raw 
materials and packaging materials ranges from 0.1 to 35.3% 
across the impact categories (see Fig. 2).

The manufactured masks are also used in Turkey. For 
sensitivity analysis, transportation distances for the product 
are decreased from 2800 to 100 km to assess the environ-
mental impacts of the mask usage in Turkey. As presented in 
Fig. 3, the biggest reduction (27.4%) as a result of using the 
masks in the country where they are manufactured is found 
for ODP. The results suggest that local use of the medical 
masks would cause a modest increase, 4–8% for seven envi-
ronmental impact categories. The effect on the rest of the 
impacts is negligible. Therefore, most impacts are sensitive 
to the transportation distances for the product.

Sensitivity analysis of carton packaging (S2)

In this part of the study, the effect of using carton packaging 
instead of individual plastic bag packaging is assessed. The 
face mask is assumed to pack in a group of 10 in a paper box 
weighing approximately 0.08 kg per mask.

The results in Fig. 3 show that packaging masks in a car-
ton instead of plastic result in GWP savings of about 25.4% 
or 5.2 g  CO2 eq. per mask; this is equivalent to around 270.4 
kilotons of  CO2 eq. based on the amount of global usage of 
the medical masks. Savings in other impacts range from 28.3 
(POCP) to 34.1% (ADP fossil). These reductions are due to 
lower energy and material consumption for the manufactur-
ing of paper boxes than plastic packaging. When compared 
to the current situation, FAETP and MAETP remain the 

same for this sensitivity model. The increase (up to 91.6%) 
is found for the ADP, EP, HTP, ODP, and TETP (see Fig. 3).

Conclusions

This study estimated the life cycle environmental impacts of a 
disposable medical face mask. Furthermore, it considered the 
total global effects of using this type of face masks in 2020. 
The system boundaries included all activities from cradle to 
grave. Local usage of the mask and different packaging types 
are considered in the sensitivity analysis to examine the effect 
of these parameters on the environmental impacts.

The results suggest that the greenhouse gas emissions of a 
disposable medical face mask are 0.02 g  CO2-eq. for which the 
main contributor is the raw material supply (40.5%) followed 
by the packaging (30.0%) and production (15.5%). Given the 
assumptions and countries of origin, the GWP findings of this 
study are comparable to those found in the literature.

Raw material supply is the main hotspot for ADP, ADP 
fossil, AP, GWP, ODP, POCP, and TETP. Waste incinera-
tion is the major contributor to FAETP, MAETP, and HTP. 
Most of the EP occurs due to the production of the masks. 
Transportation is only a significant contributor to ODP. The 
sensitivity analysis indicated that the transportation of the 
manufactured masks and carton packaging influences the 
considered environmental impacts.

In total, 52 billion disposable medical masks used world-
wide consumed 22 TJ of energy in 2020. The global warm-
ing potential of disposable medical masks supplied in 2020 
is 1.1 Mt  CO2 eq. Globally, the textile industry emits 1.2 
billion tonnes of  CO2 eq. per year. The significance of the 
environmental effects caused by the use of masks is demon-
strated in this comparison.

This study is expected to be useful for policymakers, 
global mask manufacturers, and users to identify hotspots 
and to find environmentally friendly solutions. Based on 
the findings, some actions for improving the environmental 
sustainability of medical masks throughout their entire life 
cycle can be proposed to reduce the life cycle environmental 
impact of the identified hotspots. The raw material supply 
stage’s impact could be reduced by using alternative raw 
materials to make the fabric body, ear loops, and nose wire 
parts. Recycling these parts after use may also help to reduce 
the disposable medical mask’s environmental impact over 
its entire life cycle. Other options would be reducing the 
amount of electricity used and the mask’s weight. Further-
more, as discussed in the sensitivity analysis, using masks 
locally and swapping the carton packaging would reduce 
some of the environmental impact categories.

The current work can be extended to compare the envi-
ronmental impacts of different face masks such as N95 res-
pirators or reusable fabric masks.
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