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Introduction

The Royal College of Surgeons Ireland suggests that implementation of sustainable waste
practices within dentistry is a small but significant step to tackle the profession’s
environmental burden. Poor waste segregation can lead to increased atmospheric
methane gas which is one of the largest contributors to climate change.

Objectives

To measure staff perceptions/ knowledge on health-care waste management.
To improve staff knowledge of appropriate waste management in dentistry and their
understanding of the environmental impact of incorrect disposal of dental waste.

Methods

Within a UK secondary care dental hospital setting, a questionnaire was issued to staff to
ascertain current knowledge and opinions on dental waste management. Several methods
aiming to improve staff knowledge were implemented prior to issuing a second survey.

Results

Of initial respondents, 73% answered that they think about environmental sustainability
daily/ weekly. However, 56% lacked confidence in their knowledge of waste segregation.
They perceived the biggest health-care contributors to carbon footprint were lack of
recycling facilities, patient/ staff travel and plastic disposal. Following teaching, 95% of
those who attended had increased knowledge and awareness.

Conclusions

This project highlighted that many dental staff do not feel that they have appropriate
training on correct waste management as part of their induction. The benefits of
improving staff knowledge on the sustainable waste practices, cannot be under-estimated
due to growing global concern of climate change. This project has highlighted that
teaching led to improvement in staff knowledge and confidence.

INTRODUCTION

Climate change is a global crisis and is one of the major
threats to human health. It has caused rising temperatures,
which have led to an increase in mortality, reduced biodi-
versity within many species, and acidification of oceans.!
One of the main contributors to this is human activity and
associated waste production, with 40 billion tonnes of man-
made carbon dioxide (CO,) released globally in 2021.2Ina
questionnaire of public perception in 50 countries, it was
reported that 64% of people believe climate change is a
global emergency.3 The global annual production of munic-
ipal solid waste is two billion tonnes, and by 2050, this is
expected to rise to three billion tonnes.# The breakdown of
waste results in release of the potent greenhouse gas (GHG)
methane (CH,). While there has been increased pressure

from governments and societal bodies to reduce the atmos-
pheric release of CO,, the effects of CH, have been over-
looked, although it has been reported to be more potent
and contributes to around one-third of global warming.4
In 2023, the Environmental Protection Agency (EPA) re-
ported that Ireland’s GHG emissions were around 55 mil-
lion tonnes of CO, equivalent.5 Although this is a 6.8% re-
duction from 2022, the population in Ireland is estimated
to grow to 5.5 million in 2030 and to 6.2 million in 2050. As
the emission of GHGs is directly related to human activity,
there is a still a need to reduce emissions significantly. The
National Health Service in England produces 22.8 million
tons of carbon emissions annually, which equates to 2% of
the carbon footprint of the whole country; equivalent ser-
vices in the USA and Austria are 10% and 7%, respectively.®
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Dentistry is resource heavy, with a considerable negative
environmental impact.” Contributing factors include waste
disposal (namely plastics), inappropriate use of electricity,
transportation of materials, and patient/staff travel. This
article will discuss a recent project that primarily focused
on improving dental staff knowledge on waste manage-
ment.

Waste from landfill may result in bacterial breakdown
of municipal soil resulting in release of GHGs such as CH,
and CO,. In Ireland, the overall CH, emissions from landfill
sites peaked at 2,461 kilotons CO, equivalent in 2009 and
have reduced by 29% from reports in 2018. However, with a
need for further reduction, the Waste Framework Directive
has set a target, by 2025, to recycle and prepare for reuse
55% of municipal waste.8

Waste management guidance? states that those involved
in waste disposal should ensure that waste segregation
should “promote high quality recycling”. The benefits of re-
cycling include reduced demand on raw materials, and less
need for landfill disposal of waste. Recycling can be low
cost, if efficiently and effectively managed. Poor waste seg-
regation can lead to non-clinical waste being disposed of
in the clinical waste stream, increasing the overall cost and
potentially causing harm to the environment from inciner-
ation.’

It is estimated that up to half of clinical waste contents
are incorrectly disposed of!0; therefore, by increasing staff
knowledge on appropriate waste segregation, this should
not only cut costs but have a less detrimental environmen-
tal impact.

The aim of this paper is to provide a short overview of
the impact of incorrect dental waste disposal on the envi-
ronment and discuss a recent quality improvement project
conducted within a secondary care dental setting, which
aimed to:

1. Measure staff perceptions/knowledge on healthcare
waste management.

2. Improve overall understanding of appropriate waste
disposal practices.

In completing this project, the barriers to implementa-
tion of change within the workplace were also considered.

BACKGROUND

Dental waste falls into three categories: non-clinical; clin-
ical; and, energy waste. Hazardous clinical waste requires
specialised heat treatment/incineration to render it safe be-
fore disposal; however, this contributes a small proportion
of overall healthcare waste. Non-clinical waste makes up
75-90%11 of all healthcare waste, and many of the dis-
posed-of items are recyclable. However, due to challenges
with recycling facilities within healthcare settings, these
items often end up in landfill or are incinerated instead. In-
cineration results in the emission of GHGs such as CO, and
nitrogen oxides, which contribute to rising global temper-
atures and air pollution. Air pollution is the biggest envi-
ronmental health risk in Europe, contributing to more than
400,000 premature deaths each year, and it has been re-

ported that one in eight deaths are linked to pollution.12
In attempting to tackle this problem, recent guidance by
the EU has stated that by 2030, carbon emissions in Ireland
should have reduced by up to 30% compared to 2005 lev-
els.13

Dental waste places a huge burden on environmental
sustainability.” One of the initiatives to aid promotion of
appropriate waste management within dentistry is ‘Reduce,
Reuse, Recycle and Rethink’:

* Reduce: Reducing the demand for dental care and re-
sources by prevention will ultimately reduce the vol-
ume of waste produced.

e Reuse: A reduction in the use of single-use equip-
ment, which is often used out of convenience. The
Covid-19 pandemic led to an increase in the use of
single-use personal protective equipment (PPE). For
example, disposable face visors have been reported to
release five times more CO, equivalent emissions and
three times more fossil fuels than the reusable equiv-
alent.14

+ Recycle: Recycling benefits include reduced demand
on landfill and ultimately reduced production of
GHGs.

» Rethink: Stakeholders are encouraged to adopt a uni-
fied and collaborative approach to review and im-
prove waste disposal. As a profession, we should em-
bed sustainable practices within the workplace as we
have a duty to care for our patients’ holistic well-be-
ing as well as their oral health.15

Wilson et al. recommended that improving education
on waste management should start at undergraduate level
with compulsory training as part of the curriculum.!5 Pub-
lic awareness of climate change has peaked; however, this
is not emulated within dental training. Dental professionals
have a duty of care to keep up to date with current practices
and regulations, and this should include appropriate waste
segregation. It is our hope that this project highlights the
benefits of improving staff knowledge in clinical waste dis-
posal as a first step in tackling the global environmental
crisis.

AIMS

The aim of this project was to gauge current staff knowl-
edge of appropriate healthcare waste segregation within a
Glasgow dental hospital and school. It was then hoped to
improve staff knowledge and understanding in the follow-
ing areas:

1. appropriate waste management; and,
2. the environmental impact of incorrect waste dis-
posal.

MATERIALS AND METHODS

Approval for this project was gained locally from the Clin-
ical Governance Committee. No ethical approval was re-
quired as this project was gauging staff perceptions only.
All clinical, radiology and laboratory staff within the sec-
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ondary care dental hospital setting were invited to par-
ticipate. Information regarding the survey was emailed to
all staff and participation was voluntary. Departments that
agreed to participate included orthodontics, restorative,
paediatric, radiology, oral surgery, oral medicine, and the
laboratories.

A 17-question online questionnaire (Appendix 1) was
issued to all participants to gauge staff knowledge on sus-
tainability. Participants were given three weeks to complete
the survey between January 15, 2024, and February 5, 2024.
Following an arranged meeting with the Head of Sustain-
ability for the health board to discuss methods for improv-
ing staff knowledge, the following was planned:

1. Showcase of posters to promote a recent sustainabil-
ity campaign launched locally within the health
board.

2. In-person teaching from the local health board sus-
tainability team and committee.

3. Pop-up stall to improve staff engagement and pro-
mote sustainable practices.

A pop-up stall was set up within the hospital by the
local sustainability team. This was well received and al-
lowed staff members to engage with the sustainability
team, receive written information and ask questions.
Teaching was delivered in person on two occasions and, im-
mediately following this, attendees were asked to complete
a second online questionnaire (Appendix 2) to ascertain if
knowledge had improved.

RESULTS

The initial survey was issued to 388 staff including dental
nurses, dental trainees, registrars, healthcare support
workers, administrative staff, consultants, and university
staff. The total number of responses was 135, providing a
response rate of 35%.

From this, 73% answered that they think about sustain-
ability daily or weekly, indicating the importance of sus-
tainability to our staff members. Additionally, 32% were
unaware of the cost implications of the disposal of health-
care waste, while 38% felt that they had not had appropri-
ate training on waste management within the healthcare
setting (Table 1). Of those who answered no to this ques-
tion, most found that online modules (elearning) would
be the most useful form of learning, followed by informa-
tion sheets (posters) and face-to-face teaching. When asked
what staff felt was the biggest contributor to the carbon
footprint within the NHS, there were several responses, in-
cluding waste disposal and lack of recycling (12%), disposal
of single-use items (8%), and patient and staff travel (7%).
Staff responses to current waste management efforts within
the workplace are illustrated in Table 2.

Regarding current confidence in knowledge of waste
management in healthcare, participants were asked to rate
themselves on a scale of one to ten. Some 56% answered
one to four, indicating a lack of confidence. Only 5% an-
swered 10 in terms of current confidence.

Do you feel that you have had appropriate training on waste
management within the healthcare setting?

ves I
No =
Maybe — L

Percentages total >100% due to rounding.

Table 1. Initial survey - staff responses regarding their
current level of training on waste management.

Do you feel within that the environment you work in makes the effort
to be environmentally friendly?

Strongly disagree _ 18%
Agree _ 18%
Neither agree nor disagree _ 22%
Disagee R
Strongly agree - 5%

Table 2. Initial survey - staff responses to current
waste management efforts within the workplace.

ROUND TWO FINDINGS

Following the teaching session and pop-up event, a second
round of data was collected at an orthodontic staff meeting
by an online questionnaire to ascertain if knowledge had
improved. The survey was distributed to 109 participants
with 70 responses, giving a response rate of 64%.

Some 95% of those who responded had increased knowl-
edge and awareness of appropriate waste segregation. A to-
tal of 59% answered ‘somewhat confident’ regarding their
current confidence/knowledge on waste management, and
30% answered ‘extremely confident’. A total of 11% an-
swered either ‘neutral’ or ‘lacking confidence’ and, reassur-
ingly, no one answered ‘extremely lacking confidence’ (Fig-
ure 1). Some 77% felt that further teaching in the form of
online learning would be useful to consolidate and revise
knowledge.

In terms of future changes, 64% said that they would like
more recycling bins within the secondary care setting, and
some of the suggestions to further improve our sustainabil-
ity practice included: dedicated sustainability teams within
each department; and, the creation of a short step-by-step
guide on what should be placed in each bin.

DISCUSSION

Although a seemingly high percentage of respondents
(73%) answered that they think about sustainability reg-
ularly, the response rate to our survey was only 35% and
therefore there may be an element of response bias. We are
aware that this is a relatively low response rate and there-
fore the views may not be representative of all staff. Poor
staff engagement may therefore be one of our barriers to
implementation of new policies and procedures to improve
sustainability practices within the hospital environment.
Other barriers may include staff perception of the perceived
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Figure 1. Confidence change in knowledge between first and second surveys.

scale and complexity of change, conflicting priorities and
limited resources.!®

To improve our response rate, we could have targeted
staff at departmental meetings, advertised on social media
platforms, and had various ways of accessing the question-
naire, i.e., QR codes displayed on posters and paper copies,
as the use of multiple methods of distributing surveys has
been shown to improve response rates.!” The survey was
initially only emailed to all participating colleagues with an
outline of the timeframe to complete. The use of personally
addressed email reminders has been shown to increase sur-
vey response rates by up to 50% and a follow-up email close
to the deadline may therefore have been beneficial. Ques-
tionnaires that are short, convenient and quick to complete
have also been demonstrated to have a better response rate.
The survey consisted of 17 questions, and this could likely
be condensed to include only pertinent questions that yield
clinically relevant information.1” One of the other limita-
tions of this project relates to the lower distribution rate
of the second survey. This was due to clinical commitments
and timetabling, which limited the number of staff able to
attend the in-person teaching. Some 109 staff attended the
teaching, and the survey was completed by 70 people. By
the time of the second survey, we were only able to deliver
two teaching sessions due to logistical challenges; however,
since then online modules are now available for staff to
complete, which specifically focus on waste handling.

Within the initial survey, respondents were asked to
choose from a list of options on how they would dispose of
a variety of clinical items. Domestic stream was the most
commonly selected answer, with 87% of people answering
that they disposed of paper towels within domestic waste
bags that are disposed of by incineration or in landfill. This
was also the most answered for the disposal of drinks cans
(72%), cardboard boxes (62%), wastepaper with no identifi-
able information (70%), and rinsed hand gel bottles (66%).
This highlighted that several recyclable items are currently
being disposed of in non-recyclable stream waste, and this
has implications for both cost and carbon emissions, with
21kg of carbon emissions being released per tonne of do-
mestic waste. While this is less than healthcare risk waste,
there are items being disposed of within non-clinical waste
that are 100% recyclable.

It has been reported that within our health board, 95%
of waste classified as ‘regular healthcare risk waste’ is in-
correctly disposed of. Healthcare waste results in 273kg of

carbon emissions per tonne of waste in comparison to 21kg
for domestic waste, highlighting the detrimental effects of
incorrect waste disposal. There are also cost implications
to this, and nationally within Ireland, savings of between
€800,000 and €1,300,000 could be made each year in acute
hospitals by ensuring that only clinical waste is disposed
of within the ‘healthcare risk stream’.!® The teaching ses-
sion prompted discussion on how we could encourage staff
to use non-clinical waste stream or recycling where pos-
sible. Suggestions included reducing the number of clini-
cal waste bins, increasing the number of recycling bins, im-
proving staff knowledge with elearning, and ensuring that
mandatory training in relation to appropriate waste man-
agement is completed as part of the induction process.

While this project was conducted within a UK hospital,
the problems with incorrect waste disposal are also preva-
lent within Ireland. A study conducted in Ireland assessing
the contents of healthcare risk waste bags found that 19%
of the contents were obvious non-risk items (e.g., packag-
ing). Some 15% of the bags were uncontaminated materials
without any healthcare risk. In simple terms, the amount
of healthcare waste can be reduced by staff knowing what
should be disposed of in each waste stream.!® Within Ire-
land, the Waste Action Plan for a Circular Economy?20 out-
lines the roadmap for Ireland’s waste management. Within
the UK, the Health and Safety Executive published revised
guidance in 2021 on the effective management of health-
care waste.2l Qur local health board has outlined within
their Climate Change and Sustainability Strategy, that by
2025, a maximum of 5% of all healthcare waste produced
will result in landfill disposal and the recycling rate will in-
crease to 70%.22 Broadly, the implemented EU waste policy
is to improve waste management, promote recycling and
limit disposal in landfills.23

This project initially gauged staff knowledge on waste
segregation; however, one of the biggest contributors to
carbon footprint within healthcare is patient/staff travel.24
This therefore poses the question: can some appointments
be conducted remotely? The introduction of video consul-
tations in 2020 due to the Covid-19 pandemic has led to in-
creased acceptance of ‘virtual appointments’, with the ben-
efits of convenience, avoiding time off work and school, and
reduced travel. Although the acute implications of the pan-
demic have largely reduced, many believe that the contin-
uation of remote consultations may overcome some of the
barriers patients may face when accessing treatment. The
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results of a recent audit carried out in the orthodontic de-
partment in Royal Blackburn Teaching Hospital confirmed
that there is a high level of patient satisfaction with remote
consultations, with 76% of patients saying that they found
it more convenient than face to face. Furthermore, 66% also
said that they would like more virtual appointments in the
future.2’ In a study that aimed to understand patient/public
perception of sustainability within dentistry, Baird et al. ex-
plored the compromises patients would be willing to make
to have a positive impact on the environment. They found
that patients are generally keen to make changes to im-
prove sustainability within dentistry and would be willing
to compromise on some aspects (time, cost, and accessibil-
ity) but not on factors such as dental health and aesthet-
ics.24 With this in mind, this may therefore raise questions
among clinicians: are all of our face-to-face appointments
necessary?; and, would there be a benefit (for both patients
and environmentally) in moving towards a hybrid mix of in-
person and video appointments?

CONCLUSIONS

The awareness of the public on the need to adopt more en-
vironmental practices is at an unprecedented level, which
highlights the need to tackle these issues. However, profes-
sional awareness appears to be lower and there appears to

be disparity between personal responsibility to be more en-
vironmentally considerate and professional practices.2>

Climate change is one of the biggest threats to human
health, and dental professionals should consider how ap-
propriate waste management can reduce the environmental
burden of the profession. This project highlighted that
there appears to be a deficiency within dental training on
appropriate waste segregation and management (38% of
our initial survey responders felt that they had insufficient
training).

By equipping staff with the appropriate resources and
education, we hoped to encourage them to consider what
changes can be made to their practice to be more sustain-
able. However, in ensuring that the professions’ knowledge
on sustainable practices, in particular appropriate waste
management, is maintained and updated, we should con-
sider other ways to provide teaching, e.g., mandatory in-
duction modules and within the undergraduate curriculum.
This project has made the first step in a secondary care
setting by improving staff knowledge on: a) the impact of
healthcare waste on carbon footprint; and, b) how to appro-
priately dispose of healthcare waste to minimise environ-
mental impact.

Submitted: October 28, 2024 GMT. Accepted: January 23, 2025
GMT. Published: March 26, 2025 GMT.
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APPENDICES

Waste management survey - Initial

1. Which department are you in?

2. Do you feel that your workplace tries to be environmentally friendly?
1=strongly disagree 2=disagree i=neutral 4=agree 5=strongly agree

o1 oz a3 04 as
3. How often do you think about sustainability within the workplace?
Daily, weekly, monthly, seasonal, yearly, never.
4. What do you think is the biggest contributor to healthcare carbon footprint?
[free text answer]

5. How confident do you feel on a scale of 0 to 10 with your current knowledge
on waste management within healthcare? (0: extremely unconfident. 10: being
extremely confident

1,2,3,4,5,6,7,8,9 10

6. Within your workplace, how environmentally friendly do you feel current
practices are regarding waste segregation? (0: not environmentally friendly.
10: very environmentally friendly)?

1,2,3,4,5,6,7,8,9,10
7. Please elaborate on your answer from question &.
[free text answer]

8. Do you find it difficult to dispose of waste correctly within your respective
department?

O Yes O Ne 0 Sometimes

9. If answered yes or sometimes to the question above, what do you think
is/are the cause(s) of this?

[Free-text answer]

10.Are there any problems regarding waste management in your department
that may require solving? If applicable, could you suggest any solutions?

[Free text answer]
11. Are you aware of the cost implications of disposal of healthcare waste?
O Yes O Somewhat ™ Mo O Maybe

12. Do you feel that you have had appropriate training on waste management
within the healthcare setting?

O Yes " No O Maybe
13. If answered no, what would you find helpful?

O Modules O Online teaching * In person teaching O Information sheets O
Other

14. Do you feel that there are enough recycling bins within your workplace?
O Yes " No O Maybe

15. Please select how you currently dispose of each of the following items
within the workplace within the bins available?

(a) paper hand towel, (b) drinks can, (c) clinical mask, (d) cardboard box, (e)
wastepaper with no identifiable information, (f) hand-gel bottle (rinsed)

16. When purchasing a new material for clinical use, could you rank the
follewing in order of importance to you as a healthcare worker? (1=most
important, 8= least important)

Patient and staff safety, User friendly, Time efficient, Durability,
environmentally friendly, Cheap/cost effective, Purchase source (local vs.
international), Aesthetics.

17. Do you have any suggestions on how your workplace could do more to be
more environmentally friendly/ reduce carbon footprint?

[Free text answer]

Appendix 1. Initial survey.

Follow-up Waste Management Survey

1. Following today’s teaching, do you have
increased knowledge and awareness of
appropriate healthcare waste segregation?

“Yes 0O Somewhat [ONo

2. How confident do you feel with your
current knowledge on waste management in
healthcare?

O Extremely confident O Somewhat confident
O Neutral O Lacking confidence
O Extremely lacking confidence

3. Are you aware of the cost implications of
healthcare waste disposal?

OYes ONo O Somewhat

4. Following the teaching, do you feel that
you have had appropriate training on waste
management?

“Yes DONo 0O Somewhat

5. If no, what kind of further training would
you find helpful?

O Online modules O Online teaching
O Information sheets available O
Other

6. What changes would you like see within the
hospital setting to improve sustainability?

[Free text answer]

7. Do you have any comments or feedback on
the teaching session today?

[Free text answer]

8. Please give any suggestions for
improvement on the teaching

[Free text answer]

Appendix 2. Follow-up survey.
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