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Introduction

Planetary health has been influenced by the rapid 
growth of human civilisation and advancing 
industrialisation, which has increased the usage 
of natural resources, such as freshwater, minerals 
and metals and fossil fuels.1 The world population 
has rapidly increased from less than 1 billion in 

1800 to 7.7 billion in 2019.2 The industrialisation 
era is responsible for increasing the carbon dioxide 
in the atmosphere by increasing the combustion 
of fossil fuels. In 2018, the greenhouse gas 
emissions level reached 400 ppm, a 42% increase 
over the 1980s level (280 ppm).3 The build-up of 
carbon dioxide equivalent emissions (CO2-eq) 
has been shown to trap heat and has increased 
the Earth’s temperature by approximately 1 °C 
compared to pre-industrialisation levels.3 If the 
carbon emissions continue at this current rate, 
the increase in Earth temperature will be at least 
1.5 °C but potentially 4 °C.3 The environmental 
impact will be on a global scale, for example, 
climate change and ozone depletion, but also on 
a local scale, for example, water or soil pollution.4

Standards and guidelines have been developed 
to provide comparable metric measurements of 
a product’s environmental impact, such as ISO 
14040 and ISO 14044.5,6 These International 
Organisation for Standardisation (ISO) 
standards provide guidance and a framework 

for a process called life cycle assessment (LCA). 
The LCA is ‘a comprehensive and widely 
accepted method that captures the total life cycle 
emissions of a product or process from “cradle 
to grave” depending on its system boundaries’.7

The carbon footprint is one of the 
measurement factors used to estimate the 
environmental impact of a product or activity 
on climate change. The CO2-eq represent the 
total amount of direct and indirect greenhouse 
gas emissions caused by a product or event.8 
The global healthcare sector is a notable 
contributor to greenhouse gas emissions and 
is responsible for 5% of total carbon dioxide 
emissions in developed countries.9 In Ireland, 
health services account for 9.7% of the national 
carbon footprint.10 In England, the NHS is 
responsible for 25% of the public sector carbon 
dioxide emissions.11 Between 2014–2015, more 
than 64% of the carbon dioxide emissions in 
NHS dental services came from patients and 
staff transportation, 19% was related to product 

Understanding that PPE used in dental clinics has 
an impact on Earth’s environmental health.

Impact may vary based on PPE materials, country 
of origin, method of transportation and disposal 
process.

The findings may help inform PPE procurement 
decisions of dental clinics in the future.

Key points
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and services procurement and more than 15% 
was related to electricity and gas usage.12

In 2019, a novel respiratory infectious disease 
caused by the coronavirus SARS-CoV-2 virus 
started to spread in December 2019 in China, and 
in March 2020, the World Health Organisation 
(WHO) labelled the disease as a pandemic and 
COVID-19.13 The pandemic led to a revision of 
the clinical guidelines regarding using personal 
protective equipment (PPE) in healthcare 
settings. The European Centre for Disease 
Prevention and Control published new guidelines 
in February 2020 with recommendations on PPE 
usage when treating suspected or confirmed 
COVID-19 patients.14 However, the guidelines 
do not recommend sterilising PPE unless used 
in a sterilised environment.

Due to the pandemic, there has been a 
significant increase in the use of PPE materials 
by health workers and others to decrease the 
possibilities of infections.15 To meet the increase 
in PPE international demand, the WHO 
called for an increase of PPE manufacturing 
by 40% in the early months of the COVID-
19 pandemic in 2020.16 PPE typically includes 

masks, gowns, pants, shoe covers, gloves and 
goggles, usually consisting of more than 50% 
plastics, such as polypropylene, polycarbonate 
and polyvinyl chloride.17

The carbon footprint of PPE distributed to 
the health and social care system in England 
during the first six months of the COVID-
19 pandemic resulted in 106,478  tonnes of 
CO2-eq, an estimated 239 disability-adjusted 
life years (DALYs) damage to human health 
and an estimated $12.7 million cost in resource 
depletion.18 Researchers modelled a scenario 
that excluded: international travel during supply; 
eliminating glove use; reusing gowns and face 
shields; and maximal recycling and estimated a 
reduction in the total carbon footprint by 75%, 
with an estimated 183 DALYS and $7.4 million 
saved due to resource depletion.18 The modelled 
scenario looks promising but it did not consider 
the increase in PPE prices that might result due 
to UK manufacturing and whether domestic 
producers would be able to compete with 
international competitors.

This study aimed to assess the environmental 
impact of different PPE before and after 

COVID-19 that were used at Dublin Dental 
University Hospital (DDUH). A free LCA 
software (OpenLCA) was used for the LCA.19

Methods

LCA is a method used to measure and 
understand the environmental impact of 
a product system or process. The product 
system’s life cycle includes different steps that 
include raw material extraction and production 
and the manufacturing, transportation and 
disposal processes of the product system.5 
OpenLCA is a software created and maintained 
by GreenDelta in which LCA can be modelled 
and environmental impacts calculated.19 The 
Ecoinvent 3.7.1 cut-off unit database was 
chosen, which offers well-documented data 
about thousands of products and which can 
be used to study the environmental impact of 
the products included in this research.20

The products included in this research were 
chosen based on PPE guidelines in the DDUH 
clinics comparing the differences in guidelines 
before COVID-19, such as using reusable gowns, 
or after COVID-19, using disposable gowns.14,21 
The PPE products were collected from DDUH 
clinics which were used at the beginning of the 
academic year 2020/2021 (Table 1).

The PPE were divided into three groups 
with different functions for compression, as 
mentioned in Table 2. The LCA assessed all the 
processes that were involved in manufacturing, 
packaging, transportation and disposal for 
single-use products. Requirements for reuse, 
such as washing and disinfection processes, 
were added to the LCA where required. 
OpenLCA was used to conduct the analysis of 
the seven different reference flows, presented in 
Table 2. Appendix 1, 2 and 3 show the system 
boundaries diagram for each PPE category.

Th e reusable gowns were assumed to be 
used 60 times before disposal. For the visors, 
the reusable visor is reused 600 times and 
requires two disinfectant wipes/session. One 
wipe is used to disinfect the headband and one 
for the face shield. While the other visor, the 
headband, is reusable for 2,000 times and the 
face shield is single-use. It only requires one 
disinfecting wipe to disinfect the headband/
session. All transportations were assumed to be 
taking the most direct and shortest route from 
manufacturers to DDUH and from DDUH to 
washing or disposable facilities. Google maps 
were used to estimate all land distances within 
Ireland and manufacturing countries (Google 
Maps, 2021), while Searates, an online freight 

Product Product weight (without package) Country of origin

1. Disposable gown 71.02 g China

2. Reusable gown 392.9 g Ireland

3. Visor with disposable face shield 47.54 g China

4. Reusable visor 189.61 g Ireland

5. Respirator FP2SLw 9.54 g China

6. Respirator FFP2 5.53 g Ireland

7. Surgical mask 2.52 g Germany

Table 1  PPE included in the study with their weight and country of origin

Product 
category Product Functional unit Reference flow

Body 
protection

•	 Disposable gown
•	 Reusable gown

•	 The PPE use for 
body protection to 
treat one patient 
within one clinical 
session

•	 The use of one single use gown for the 
duration of one patient treatment

•	 The use of one reusable gown for the 
duration of one patient treatment (knowing 
that they can be used for 60 times)

Eye 
protection

•	 Visor with 
disposable face 
shield

•	 Reusable visor

•	 The PPE use for 
eye protection to 
treat one patient 
within one clinical 
session

•	 The use of one visor for the duration of 
treating one patient (knowing that the 
headband can be reused for 2000 times 
and face shield is single used)

•	 The use of one reusable for the duration 
of treating one patient (knowing that the 
headband can be reused for 600 times)

Respiratory 
protection

•	 Respirator 
FP2SLw

•	 Respirator FFP2
•	 Surgical mask

•	 The PPE use 
for respiratory 
protection to treat 
one patient within 
one clinical session

•	 The use of one respiratory or mask for the 
duration of treating one patient

Table 2  Functional units of PPE products and their corresponding reference flow of the 
three comparison categories
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marketplace website, was used to estimate sea 
distances to Dublin Port and the shortest route 
was chosen.22,23

Inventory
For the body protection PPE, the disposable 
gown weighed 71.02 g and was made of 50% 
polyethylene and 50% non-woven polypropylene. 
The packaging materials weight for one gown was 
calculated based on the number of items in one 
package. Therefore, 3.56 g of corrugated board 
and 0.79 g were used for one disposable gown in 
the packaging process.

For the reusable gown, the raw materials 
were calculated for one item of 392.9 g and 
made of 65% polyethylene and 35% non-
woven polyester. The washing process included 
transportation to and from the washing facility 
(20 km) and new packaging materials.

In the eye protection PPE category, there 
were two visors. The first one had a disposable 
face shield and reusable headband, which 
means the face shield would be replaced with 
a new one after each session and the headband 
would be disinfected for the next session. The 
first visor was made of 21.13 g of polycarbonate 
for the face shield, 12.87 g of nylon 6 for the 
elastic band and 13.54  g of polyvinylidene 

chloride for the headband. To disinfect the 
headband between sessions, one wipe was 
used, made of 2.06  g of textile; non-woven 
polypropylene. The reusable visor was made 
of 164.1 g of polycarbonate for the reusable 
face shield and 25.51 g of polypropylene for the 
headband was assumed to be used 600 times. 
One wipe was used to disinfect the reusable 
face shield and another wipe for the headband.

The respiratory protection PPE category had 
two respirators and one surgical mask. They were 
all single-use which means one item was used to 
treat one patient during one dental visit. Firstly, 
the FP2SLw respiratory mask was made of 5.28 g 
of non-woven polypropylene and 1.69 g of non-
woven polyester. In addition, 1.55 g of nylon 6 
was used for the ear loops, 0.1 g of polyurethane 
for flexible foam around the headband and 0.92 g 
of aluminium for the adjustable nose bridge. The 
package raw material inputs for one product 
were 3.515 g of corrugated board and 0.268 g of 
packaging film; low-density polyethylene.

Secondly, the respiratory FFP2 mask was made 
of 4.11 g of non-woven polypropylene for the 
respiratory, 0.85 g of nylon 6 for the ear loops 
and 00.4 g of steel and 0.17 g of polyvinylchloride 
for the adjustable nose bridge. The packaging 
raw materials’ weights were divided on 25 for 

the corrugated board as one box had 25 masks 
and each respiratory had its packaging film (low-
density polyethylene). For one product, 2 g of 
corrugated board and 1.7 g of polyethylene were 
used for packaging materials.

Finally, the last PPE in this group was a 
surgical mask made in Germany. It was made 
of 1.68 g of non-woven polypropylene, 0.4 g of 
nylon 6 for ear loops and 0.28 g of steel wire, 
covered by 0.16 g of polyvinylidene chloride 
for the adjustable nose bridge. For one mask, 
0.0606 g of corrugated board and 0.8588 g for 
plastic packaging film were used because in 
each package there were 50 masks.

Impact assessment
As recommended by the European Commission 
within the Product Environmental Footprint 
(PEF) guidance, the environmental impacts 
calculated include the harm caused by any 
process in the product life cycle to population 
health, plants, animals, soil, or water, or affecting 
the future availability of natural resources.24 
The impacts could be on a global scale, such 
as climate change and ozone depletion, or on 
a local scale, such as water or soil pollution.4 
Table 3 shows the impact categories included 
in this study with their descriptions according 

Impact category Description Unit

Climate change – climate change total Alteration of global temperature caused by greenhouse gases kg CO2  – eq

Ecosystem quality – freshwater and terrestrial 
acidification

Reduction of the pH of water and soil due to the acidifying effects of anthropogenic 
emissions mol H+ – eq

Ecosystem quality – freshwater ecotoxicity Harmful effect of toxic substances on freshwater organisms CTU (Comparative 
Toxicity Unit)

Ecosystem quality – freshwater eutrophication Accumulation of nutrients in freshwater leads to increase of nitrogen and phosphorus 
concentrations kg P – eq

Ecosystem quality – marine eutrophication Accumulation of nutrients in marine leads to increase of nitrogen and phosphorus 
concentrations kg N – eq

Ecosystem quality – terrestrial eutrophication Accumulation of nutrients in soil leads to increase of nitrogen and phosphorus concentrations mol N – eq

Human health – carcinogenic effects Toxic effects of chemicals on humans leads to carcinogenic effects CTUh (Comparative 
Toxicity Unit for humans)

Human health – ionising radiation Effects of the radiation on human’s health kg U235 – eq

Human health – non-carcinogenic effects Toxic effects of chemicals on humans leads to non-carcinogenic effects CTUh

Human health – ozone layer depletion Diminution of the stratospheric ozone layer due to anthropogenic emissions of ozone 
depleting substances kg CFC 11 – eq

Human health – photochemical ozone creation Type of smog created from the effect of sunlight, heat kg NMVOC – eq

Human health – respiratory effects, inorganics Respiratory effects caused by inorganic substances Disease incidence

Resources – dissipated water Used amount of water resources m3 water – eq

Resources – fossils Used amount of fuel resources MJ (Megajoule)

Resources – land use Used amount of land for extract resources or disposal Points

Resources – minerals and metals A mount of minerals and metals resources kg Sb – eq

Table 3  The description of impact categories
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to the PEF guidance.24 The impact indicator 
data were normalised according to the PEF 
guidelines in-person equivalents.24

A harmonised LCA method called ReCiPe 
2016 was used to measure the endpoint 
damage to human health, ecosystem and 
resource availability.25 ReCiPe 2016 provides 
a harmonised implementation of cause-effect 
pathways for calculating various environmental 
impacts, such as the impact of water use on 
human health, freshwater ecosystems and 
terrestrial ecosystems and the impact of climate 
change on freshwater ecosystems.25 The unit 
used for human health damage is DALYs, 
representing the years lost or that an individual 
is disabled because of an illness or accident.25

Results

Body protection PPE
The burden of the disposable gown was higher 
than the reusable gown across eight impact 
categories, including: photochemical ozone 
creation (102% higher); climate change total 
(101% higher); respiratory effects, inorganics 
(58% higher); freshwater and terrestrial 
acidification (57% higher); freshwater 
eutrophication (56% higher); ionising radiation 
(40% higher); and terrestrial eutrophication (25% 
higher). The results were normalised per person 
equivalents as recorded in Figure 1. They showed 
that the highest environmental burdens were 
found in the minerals and metals, fossil, climate 
change, freshwater eutrophication and dissipated 
water impact categories, with a normalised score 
superior to 1.12E-05 person equivalents. The 
reusable gown had higher impacts in two of the 
five highest categories, including minerals and 
metals and dissipated water (1.30E-04, 5.62E-05 
person equivalents).

ReCiPe 2016 results showed that 99% of the 
damage to human health came from global 
warming and water consumption. Water 
consumption was the main contributor to 
human health damage for the reusable gowns, 
while global warming was the main contributor 
for the disposable gown, as shown in Figure 2.

Figure 1 shows that the reusable gown had 
higher environmental effects in five categories: 
minerals and metals, dissipated water, marine 
eutrophication, ozone layer depletion and 
land usage. For the disposable gown, the 
disposal process accounted for the largest 
share of the minerals and metals effects at 
61% for ‘hazardous waste’, followed by 20% 
for ‘market for fleece, polyethylene (Cutoff, 
U – GLO)’ and 14% for ‘market for textile, 

non-woven polypropylene (Cutoff, U – GLO)’. 
The highest contributors in greenhouse gases 
emissions for disposable gown were 41% for 
hazardous waste incineration, followed by the 
market for polyethylene and polypropylene 
(27.26% and 24.51%). For the fossil effect, 

the manufacturing process was the main 
contributor for a disposable gown at 85% and 
especially for the market for polyethylene and 
polypropylene (43% and 40%).

Dissipated water was five times higher in 
reusable gowns than disposable (1.3E-01 m3 

Impact potential per person per year

0.00E+OO 2.00E-05 4.00E-05 6.00E-05 8.00E-05 1.00E-04 1.20E-04 1.40E-04

Land use

Ozone layer depletion

Ionising radiation

Respiratory effects, inorganics

Terrestrial eutrophication

Marine eutrophication

Photochemical ozone creation

Freshwater and terrestrial acidification 

Freshwater eutrophication

Dissipated water

Climate change total

Fossils

Minerals and metals

Reusable gowns Disposable gowns

Fig. 1  Normalised scores of body protection PPE in 13 environmental impact categories. 
Results are normalised per one person equivalents

DALY

0.00E+00 2.00E-071.00E-07 3.00E-07 4.00E-07 5.00E-07 7.00E-076.00E-07 8.00E-07

Disposable gowns

Reusable gowns

Water consumption - human healthGlobal warming - human health

Fig. 2  ReCiPe 2016 endpoint impact analysis of body protection PPE. Results are in DALYs

Impact potential per person per year

0.00E+00 1.00E-05 2.00E-05 3.00E-05 4.00E-05 5.00E-05 6.00E-05

Ozone layer depletion

Land use

Ionising radiation

Dissipated water

Marine eutrophication

Terrestrial eutrophication

Freshwater eutrophication

Photochemical ozone creation

Freshwater and terrestrial acidification 

Respiratory effects, inorganics

Climate change total

Minerals and metals

Fossils

Reusable gowns Disposable gowns

Fig. 3  Normalisation scores of eye protection PPE in 13 environmental impact categories. 
Results are normalised per one person equivalents
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water-eq; 6.4E-01 m3 water-eq, respectively). 
As part of the manufacturing process in the 
reusable gown, ‘market for textile, woven cotton 
(Cutoff, U – GLO)’ was alone responsible for 
84.15% of dissipated water while ‘market for 
textile, non-woven polyester (Cutoff, U – GLO)’ 
was only responsible for 1.7%. Moreover, the 
market for cotton was responsible for 37.3% 

of the carcinogenic effects, which was higher 
than the market for polyester (10.97%). This 
difference could be explained in part by the 
material ratio of the reusable gown (65% 
cotton). While polyester accounted for 14.52% 
of fossil effects, cotton was at 9.4%. However, 
the main contributor to fossil effects for reusable 
gowns was the washing process, at 73%. Notably, 

the fossil fuel impact of reusing (washing) a 
reusable gown was still far lower than that of 
manufacturing a new disposable gown.

Eye protection PPE
The burdens of the visor with a disposable face 
shield were higher than the reusable visor across 
all impact categories. One functional unit of the 
reusable visor released 19.44% of greenhouse 
gases of what the other visor releases. The 
reusable visor needed 24.29% of dissipated 
water, 31.12% of fossil, 13.92% land use and 
4.82% of metals resources used by the visor with 
the disposable face shield.

The normalised scores per person equivalents, 
as recorded in Figure 3, showed that the highest 
categories were minerals and metals, fossils, 
climate change and respiratory effects. The visor 
with a disposable face shield had the highest 
burdens in all environmental impact categories. 
In ReCiPe 2016, the results showed that the 
impact of the visor with a disposable face shield 
on human health was four times higher than the 
reusable visor in water consumption and five 
times more in climate change (Fig. 4).

For the fossil effect, the manufacturing 
process for the visor with disposable face shield 
was the main contributor with 66%, mainly for 
‘market for polycarbonate (Cutoff, U – GLO)’. 
Even though the environmental impact of 
transportation was as low as 0.23% for fossil use, 
transportation outside of Ireland was the main 
contributor (96%). However, the transportation 
of waste ‘transport, freight, lorry 3.5–7.5 metric 
ton, EURO6 (Cutoff, U – RER)’ was responsible 
for 19% of the fossil fuel usage.

Respiratory protection PPE
When comparing the normalised scores of the 
three respiratory protection PPE, it showed that 
the FP2SLw respirator had the highest-burden in 
all 13 categories, followed by the FFP2 respirator 
and then the surgical mask, as shown in Figure 5.

In ReCiPe 2016, the damage from global 
warming was the highest for the FP2SLw 
respirator at 7.92E-08 DALY, followed by the 
FFP2 respirator and then the surgical mask 
(5.43E-08, 1.80E-08 DALY, respectively). The 
impact of water consumption was also the 
highest for the FP2SLw respirator at 1.65E-
08 DALY, followed by the FFP2 respirator 
and then the surgical mask (1.65E-08, 1.19E-
08, 3.84E-09 DALY, respectively) (Fig. 6). As 
total damage to human health, the surgical 
mask could cause only 23% and 33% of the 
effects of the FP2SLw and the FFP2 respirator, 
respectively.

DALY

0.00E+00 1.00E-075.00E-08 1.50E-07 2.00E-07 2.50E-07 3.50E-073.00E-07 4.00E-07

Respirator FP2SLw

Surgical mask

Water consumption - human healthGlobal warming - human health

Fig. 4  ReCiPe 2016 endpoint impact analysis of eye protection PPE. Results are in DALYs

Impact potential per person per year

0.00E+00 5.00E-06 1.00E-05 1.50E-05 2.00E-05 2.50E-05 3.00E-05    3.50E-05

Land use

Ionising radiation

Ozone layer depletion

Dissipated water

Marine eutrophication

Terrestrial eutrophication

Respiratory effects, inorganics

Freshwater and terrestrial acidification 

Photochemical ozone creation

Freshwater eutrophication

Climate change total

Fossils

Minerals and metals

Reusable gownsSurgical mask Disposable gowns

Fig. 5  Normalised scores of respiratory protection PPE in 13 environmental impact 
categories. Results are normalised per one person equivalents

DALY

0.00E+OO 2.00E-08 4.00E-08 6.00E-08 8.00E-08 1.00E-07 1.20E-07

Respirator FP2SLw

Respirator FFP2

Surgical mask

Water consumption - human healthGlobal warming - human health

Fig. 6  ReCiPe 2016 endpoint impact analysis of respiratory protection PPE. Results are in DALYs
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The highest respiratory protection PPE in 
the fossil impact category was the FP2SLw 
respirator at 1.17 MJ, followed by the FFP2 
respirator at 8.58E-01  MJ and the surgical 
mask at 2.57E-01  MJ. While the carbon 
footprints of the highest PPE were estimated 
as follow: FP2SLw respirator 8.53E-02 CO2-eq; 
FFP2 respirator 5.86E-02 CO2-eq; and surgical 
mask 1.94E-02 CO2-eq.

The main contributor to the FP2SLw respirator 
manufacturing process in the minerals and 
metals effects category was the ‘market for 
textile, non-woven polyester (Cutoff, U – GLO)’ 
at around 64%, followed by 17% for market 
for polypropylene. The main contributors to 
the FFP2 respirator in the minerals and metals 
effects category were 39% for the market for 
polypropylene, 13% for packaging film and 
11% for transportation as ‘market for transport, 
freight, lorry 3.5–7.5 metric ton (EURO6 | 
Cutoff, U – RER)’. While for the surgical mask, 
the main contributors were 38% for market 
for polyethylene, 20% for ‘hazardous waste, for 
incineration’ and 15% for the ear loop materials’ 
‘market for nylon 6 (Cutoff, U – RER)’.

The disposal process was the main 
contributor to human health-carcinogenic 
effects, non-carcinogenic effects and climate 
change in all three respiratory protection PPE. 
When comparing the packaging processes of 
respiratory PPE, the FFP2 respirator had the 
highest impact in all 16 categories, followed 
by the FP2SLw respirator and then the 
surgical mask.

Discussion

Body protection
The study findings were different in some 
categories compared to a previous study 
undertaken by Vozzola et al. 2020, which 
found that using reusable gowns had a 
lesser environmental impact than disposable 
gowns in all 16 impact categories.26 There 
are several plausible explanations for this. 
First, the disposable gown and the reusable 
gown used in DDUH was 12% and 63% 
higher, respectively, than the representative 
weights used in Vozzola’s study. These weight 
differences play an important role in increasing 
the environmental impact of the reusable 
gown in some categories and especially in 
water consumption, since most of the impact 
comes from the manufacturing process. 
Second, DDUH’s reusable gowns are made of 
65% cotton fabrics and 35% polyester, while 
Vozzola’s reusable gown are made of polyester.26

Cotton as a raw material has a higher 
environmental impact than acrylic or polyester, 
which could explain why the DDUH’s reusable 
gown had a higher impact on some environmental 
categories, such as water consumption, marine 
eutrophication, dissipated water and land use.27 
There is room to reduce the environmental 
impact of DDUH’s gowns by simply replacing 
them with lighter fabrics which use lesser 
resources in manufacturing and disposal; 
however, this would need to be compatible with 
infection prevention and control guidance.

Eye protection
Face or eye protection equipment was second 
to body protection PPE in its planetary health 
impact, which was consistent with previous 
studies, such as Rizan et al. 2020. However, 
Rizan’s study only included disposable face 
shields.18 Our findings showed that the reusable 
visor had a lesser effect on planetary health 
than the visor with a disposable face shield. 
The environmental impact of the visor with 
a disposable face shield was four times more 
than the reusable visor. The differences in the 
environmental impacts of the two visors could 
be influenced by the number of uses, total 
product mass weight and country of origin. 
For example, the weight of the visor with a 
disposable face shield was only 25% the weight 
of the reusable visor as products differed from 
47.53–189.61  g. The accumulated weight of 
the visor with a disposable face shield was 66 
times more than the reusable visor because of 
the difference in the estimated number of uses, 
especially for the disposable face shield. The 
effect of weight differences could be seen in 
all processes, especially in manufacturing and 
disposable.

Respiratory protection
Respiratory protection PPE had the least effect 
on planetary health compared with body and 
eye protection categories and our results were 
consistent with Rizan’s findings.18 The surgical 
mask had the most negligible environmental 
impact among all three items in the respiratory 
protection category, while the FP2SLw 
respirator had the highest environmental 
impact in the respiratory protection category. 
The difference in effects among the three 
products could be because of the differences in 
their weights. The FP2SLw respirator was 72% 
higher in weight than FFP2 respirator, even 
though they both provide the same level of 
protection (minimum filter efficiency of 94%). 
This difference in weight was not necessary to 

increase the protection, so using the lighter 
weight respirator (FFP2) could reduce the 
environmental impact without compromising 
respiratory protection.

The package methods had also influenced the 
environmental impacts of the three products 
in the respiratory protection category. For 
example, individual packaging had increased 
the contribution of the packaging process 
in climate change to 0.01024  kg CO2-eq 
comparing with multiple items in one package 
for respirator FP2SLw and for the surgical mask 
(0.0048 kg CO2-eq and 0.00152 kg CO2-eq, 
respectively). The other reason was the country 
of origin, where Germany, Ireland and China 
produced surgical masks, FFP2 respirators 
and FP2SLw respirators, respectively. The 
difference in country of origin made differences 
in the required energy for transportation and 
source of electricity. For example, Germany 
used renewable energy, such as wind, solar and 
hydropower to produce 44.9% of its electricity 
in 2020, while China used renewable energy 
to produce 9.54% of its electricity in 2020 and 
Ireland had 33.3% of its electricity in 2018 
generated by renewable energy.28,29,30

Incineration is not the best way for medical 
waste management; however, during the 
COVID-19 pandemic, many countries 
used incineration because of the increase in 
medical waste, especially PPE, plastics waste 
and preventing spreading COVID-19 through 
handling the recycling materials.31,32

Recommendations
The environmental impact should be one of 
the criteria to select PPE for dental services. 
The manufacturer’s location also needs to 
be considered in the selection, as this might 
reduce the associated environmental impact. 
Many European countries, such as Germany 
and the UK, had introduced a scheme to 
support domestic PPE production. This would 
be an excellent chance to prioritise domestic or 
regional products in procurement.33

The efficiency in producing PPE is required 
by using the least number of raw materials and 
considering using recycled materials without 
compromising the PPE’s protection features. 
It would also be beneficial for planetary health 
to reuse PPE when feasible. For example, the 
healthcare sector could require that PPE be 
made of recyclable material, such as recycled 
polyester, (rPET) to facilitate medical waste 
recycling, especially for large products such 
as reusable gowns where the gowns could be 
recycled to make new gowns.
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Limitations of the study
This study may underestimate the planetary 
health impact of the dental services because 
our data were based on DDUH clinics. We 
also assumed that PPE was used by one 
clinician and did not include dental assistants 
or other staff as receptionists. In addition, the 
location of DDUH, which is very close to the 
Dublin port and incineration plant, may also 
underestimate the transportation effects since 
it does not reflect the average travel distances 
of PPE products to dental clinics across other 
countries.

The DDUH’s waste management company 
does not incinerate all decontamination waste. 
Instead, the products are shredded and then 
used for other purposes, including construction 
materials, but they are incinerated for energy 
use if there is no market. For this paper to 
be applicable to most international settings, 
incineration was modelled. This modelling 
may worsen the impact of PPEs in this study; 
however, to avoid COVID-19 transmission, 
incineration was the most straightforward 
and safest choice for waste management 
worldwide.34

Conclusion

The environmental impact of PPE requires 
strong consideration to mitigate its effects on 
planetary health. The COVID-19 pandemic 
produced national procurement guidelines 
for PPE. Future versions of these could be 
used to improve PPE selection based on their 
environmental impact, materials and country 
of origin. Manufacturers need to optimise PPE 
production by using an efficient number of 
materials with the least environmental impact 
and by considering recycled materials in 
manufacturing PPE. Prioritising reusable PPE 
where possible and considering reprocessing 
some PPE without compromising safety 
would help in reducing dental services’ effects 
on planetary health. Further studies may be 
needed to evaluate other PPE products within 
the market.
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Appendix 3  System boundaries of surgical mask, respiratory FP2SLw and surgical mask

Appendix 1  System boundaries of reusable and disposable gowns 
Appendix 2  System boundaries of visor with disposable face shield 
and reusable visor
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