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Objective: To synthesize knowledge about hospital sustainability indicators and evidence
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| Universidade Federal do Rio Grande. Escola waste and emissions. All studies had nursing work directly or indirectly involved in hospital
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hospital must be taken into account and workers, especially nurses, should be involved.
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Hospital sustainability indicators and reduction of socio-environmental impacts: a scoping review

INTRODUCTION

Climate change is one of the greatest health hazards of the
21 century. It is affecting the health of many people, and cau-
sing deaths from diseases related to extreme weather events
such as storms, heat waves and floods, vector-borne diseases,
damage to food systems, among others®. Given this scenario,
all industries need to develop strategies to reduce the emission
of greenhouse gases (GHG) and other pollutants®. There is a
growing interest in issues related to environmental sustainability
in companies, especially in hospitals, which are considered major
polluters of the environment and this reflects on the quality of
life and health of the population®.

Health services in the United Kingdom, for example, are
responsible for 3.5% of the total GHG emitted in the world and
more than half of these are indirectly caused by the consump-
tion of pharmaceutical products and medical devices, while in
the United States, these same services represent 10% of GHG
emissions and other atmospheric pollutants®.

Therefore, health professionals around the world need to
have more knowledge and be aware of their work, the excessive
expenditure on materials and implications of climate change
on public health®. Environmental pollution is leading to an
increase in average temperatures, sea level rise, drastic changes
in weather events, worsening air quality, exposure to heat-related
morbidity and mortality, increased cases of skin cancer, in addi-
tion to harmful effects on mental health®,

Workers on the front line of this health crisis have been
challenged by new pathologies and need to respond to new
health needs of the population”, such as optimally meeting
the needs of users, complying with legal requirements, keeping
the organization sustainable and causing the least amount of
impacts to the system. Managers use several indicators to better
understand these requirements and know the reality of their ins-
titution, but not only that. It is necessary to spread the concepts,
practices and sustainable actions in the routine of all sectors in
the organization®.

'The term indicator means estimating, showing, pointing, and
can be applied in different scenarios®. Sustainability indicators
began to be used as measurement tools after the Rio-92 confe-
rence with the aim to monitor, evaluate and measure the current
situation of a given society and based on the analysis, propose
actions for the promotion of sustainability through reflections
between what was planned and executed?.

Although there are no indicators currently assessing the
sustainability of hospitals in a multidimensional way, some
studies suggest the use of indicators from the perspective of
five dimensions: strategic, economic, social, environmental and
technical, and the environmental dimension is the focus of this
review®. In this regard, many companies use the guidelines of
the Global Reporting Initiative (GRI) (an independent interna-
tional organization that helps companies to report their impacts
through sustainability reports) to communicate their environ-
mental impacts. These are generally divided into two groups: the
first is aimed at optimization of resources (energy and water)
and the second at monitoring and mitigating the impact of its
activities (efHluents, waste and emissions)®?.

'The development of this review is necessary given the few
studies on hospital sustainability indicators, as well as the scar-
city of research on the subject authored by nurses, even though
these studies are directly or indirectly related to nursing work.

The relevance of this theme lies in the fact that from it,
managers will be able to know the reality of the place where
they work and make the best decisions based on the evidence
of socio-environmental impacts published in the studies and
later adjust their reality. In addition to allowing the deepening
of knowledge about hospital sustainability, it can promote more
environmental awareness to the nursing team, since they are
present in most hospital activities and have a relevant role in
terms of sustainability in this scenario. This scoping review will
allow the systematic and summarized grouping of the current
status of studies directed at hospital sustainability indicators.

‘The main question of the present study is: which studies deal
with indicators of hospital sustainability and evidence of reduced
socio-environmental impact? Hypotheses are national and inter-
national studies that refer water, energy and solid waste expen-
diture as indicators, having as evidence: savings with the use of
pedal-operated faucets, use of solar panels and waste recycling.

The aim is to synthesize knowledge about hospital sustai-
nability indicators and evidence of reduced socio-environmen-
tal impact.

METHOD

'This is a literature scoping review study based on the theo-
retical framework proposed and developed by the Joanna Briggs
Institute (JBI)*?. This review was conducted and reported in
accordance with the assumptions of the Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension or
Scoping Reviews (PRISMA-ScR)®.

'The scoping review is well suited to this study as it is not
intended to assess the quality of available evidence, but rather
to obtain a representative view of studies. The study was develo-
ped according to the following steps: development of the rese-
arch question (s); identification of relevant studies; selection
of studies; data extraction; synthesis and grouping of results;
and disclosure™,

IDENTIFICATION OF THE RESEARCH QUEST]ON

The guiding question of this review was developed using
the PCC strategy — population (P), concept (C), context
(C) — to define the criteria for selecting articles, with (P) as
hospital indicators; (C) socio-environmental sustainability
and (C), hospital environment. The guiding question defined
using this mnemonic combination was ‘Which studies deal
with hospital sustainability indicators and evidence of reduced
socio-environmental impact?’

Before starting the development of this study, searches
were carried out on the Open Science Framework, Database of
Abstracts of Reviews of Effects (DARE), The Cochrane Library
and the International Prospective Register of Ongoing Systematic
Reviews (PROSPERO) sites, in order to identify research of
similar reviews and avoid duplication of studies. As no similar
studies were found, this review was registered in the Open Science

Framework (OSF) under protocol number osf.io/5u716.
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Using the PCC acronym words, searches for articles related
to the topic were performed in Google academic and the more
prevalent descriptors in these articles were observed. Then, these
descriptors were selected for further research in databases, as
shown in Chart 1.

INFORMATION SOURCES AND INCLUSION AND EXCLUSION
CRITERIA

Inclusion and exclusion criteria for each element of the
PCC acronym were outlined as follows: Population (P), all
studies involving hospital indicators of the environmental
dimension were considered. Studies dealing with other dimen-
sions (strategic, economic, social and technical) were exclu-
ded; Concept (C), all studies focusing on socio-environmental
sustainability were considered, and studies referring to other
concepts of sustainability (economic, public and private law,
for example) were excluded; Context (C), all studies related to
the hospital environment were considered. Studies referring
to other contexts (community outpatient clinics, home care
services, for example) were excluded.

The criteria defined for the selection of databases (Public
Medical Literature Analysis and Retrieval System Online
(PubMed); Science Direct, Elsevier database; Scientific
Electronic Library Online (SciELO); Latin American and
Caribbean Health Sciences Literature (LILACS) was the avai-
lability of articles for consultation through search engines with
support of Boolean descriptors and operators, as these are up-to-
date databases. Studies published in English were selected, as it
is considered the preferred language for scientific articles in the
health area. However, relevant studies in other languages were
also considered. After this stage, the references of all included
articles were reviewed to identify other studies that could also
meet the selection criteria.

General inclusion criteria comprised articles in all languages
published in the last 10 years, as they are more recent studies.
General exclusion criteria were incomplete articles, articles not
available in full and gray literature (theses and dissertations,
conference proceedings, reports, government documents, among
others). Note that gray literature was not prioritized in view of
its various publication interests (theses and dissertations, con-
ference proceedings, reports, government documents, among
others), in addition to scientific literature corresponding to the
unitary focus of the present study. Even though theses and dis-
sertations, for example, are in academic and therefore scientific
contexts, they were not included, given the understanding that
the level of academic and scientific equity is reached in the
publication of articles in peer-reviewed journals.

SEARCH STRATEGIES

The electronic search was performed from April to July 2022,
using health sciences descriptors (DECS) in English, or medical
subject headings (MESH) for searches in the Public Medical
Literature Analysis and Retrieval System Online (PubMed),
together with the Boolean operator ‘AND’ and quotation
marks in compound terms. The search for scientific produc-
tion was performed in journals indexed in databases through
the portal of the Coordination for the Improvement of Higher
Education Personnel (Portuguese acronym: CAPES) and the
Virtual Health Library (VHL) in the Public Medical Literature
Analysis and Retrieval System Online (PubMed); Science
Direct, Elsevier database; Scientific Electronic Library Online
(SciELO); Latin American and Caribbean Health Sciences
Literature (LILACS), as shown in Chart 2. After each search for
descriptors/keywords/search strategies, the titles of the articles
found were read, looking for words related to the researched
topic, according to the PCC strategy (hospitals, conservation of
natural resources, sustainability indicators, water consumption,
health services waste, water consumption, environment, environ-
mental health, sustainable development, environmental impact,
energy consumption, conservation of natural resources, socio-
environmental, green hospital). When the title was unclear, the
abstract of the article was read.

SELECTION OF STUDIES

'The step of data description and summarization was per-
formed by two independent reviewers (DMG and MRCV),
who read the abstracts and keywords in order to identify if the
studies met the inclusion criteria. In case of any disagreement,
a third reviewer was called to analyze and decide on whether
or not to include the articles.

DATA EXTRACTION

Data extraction (database, search criteria, journal, authors, year
of publication, country of origin, title, digital object identifier —
DO, research question, objective, research approach, type of
study, indicators of hospital sustainability used to measure the
effectiveness of sustainability practices, evidence of reduced
environmental impact, other observations) was performed and
entered into a spreadsheet in Microsoft Office Excel, version

2016 for further analysis.

SYNTHESIS OF DATA

After filling out the worksheet, the two reviewers checked
if their extractions were similar and any disagreement was sent

Chart 1 — Descriptors or keywords identified and in line with components of the research question according to the PCC strategy — Rio

Grande, RS, Brazil, 2022.

Terms

Keywords/descriptors

P: sustainability indicators

conservation of natural resources, sustainability indicators, water consumption, healthcare waste

C: socio-environmental impact

water consumption, environment, environmental health, sustainable development, environmental impact, energy
consumption, conservation of natural resources, social and environmental, green hospital

C: hospital environment hospital

www.scielo.br/reeusp
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Chart 2 — Databases, descriptors and search strategies — Rio Grande,
RS, Brazil, 2022.

Database Descriptors and keyword/search strategies

hospital and “conservation of natural resources”
and environment

hospital and “conservation of natural resources”
and “environmental health”

hospital and “conservation of natural resources”
and “sustainable development”

hospital and “conservation of natural resources”
and “environmental impact”

hospital and “conservation of natural resources”

Pubmed e N
and “indicator environmental”

hospital and “conservation of natural resources”
and “conservation of energy resources”

hospital and “conservation of natural resources”
and “conservation of water resources”

hospital and “conservation of natural resources”
and “green hospital”

hospital and “conservation of natural resources”
and “medical waste”

hospital and “conservation of natural resources”
and environment

hospital and “conservation of natural resources”
and “environmental health”

hospital and “conservation of natural resources”
and “sustainable development”

hospital and “conservation of natural resources”
and “environmental impact”

Science direct,
scielo, lilacs

hospital and “conservation of natural resources”
and “indicator environmental”

hospital and “conservation of natural resources”
and “energy consumption”

hospital and “conservation of natural resources”
and “water consumption”

hospital and “conservation of natural resources”
and “green hospital”

hospital and “conservation of natural resources”
and “waste from health services”

to a third reviewer for analysis. After selecting the studies, the
percentage of table data (year of publication, language, design
and research approach) was calculated to present the results.
Next, the data related to the hospital sustainability indicators
used to measure the effectiveness of sustainability practices, and
the evidence presented in these studies were analyzed.

Environmental sustainability indicators generally point to
two groups of attention: optimization of resources (energy and
water) and monitoring and mitigation of the impact of its activi-
ties (efHuents, waste and emissions)V. For this reason, the arti-
cles were presented according to these categories in the results
section. Another category was added for evidence of reduction
of the socio-environmental impact in order to respond to the
objective of the study.

RESULTS

In the data search, 1,513 studies were identified with des-
criptors and another 97 studies through other sources, totaling

1,610 studies. Of these, 166 were excluded because they were
duplicated in databases. After reading and analyzing the title
and abstract, 803 out of the 1,444 studies were excluded because
they were not aligned with the object of study. Then, another
614 studies were excluded for other reasons. At the end of the
selection, 28 articles remained, as shown in Figure 1.

Regarding the language of articles, 75% (21 articles) were
published in English. Articles in Portuguese, German and Arabic
languages represented 7.14% (two articles) of publications each,
and 3.57% (one article) were published in Italian. Most articles
(85.71%, corresponding to 24 articles) were quantitative and the
remaining four articles (14.29%) were qualitative/quantitative.

The time interval of retrieved studies was between years
2012-2020; 25% of the articles (7) were published in 2012,
21.43% (6) in 2017, 10.71% (3) in 2015, and 14.29% (4) in
2016. In years 2013, 2014 and 2018, 7.14% of articles (2) were
related to the research object, and between 2019 and 2020, one
article for each year, which corresponds to 3.57%

With regard to the type of study, 12 of them (42.86%) were
applied research, 21.43% (6 articles) were non-randomized
clinical trials and experimental research studies, respectively;
3 (10.71%) were case studies and 1 (3.57%) was a literature
review, as shown in Chart 3.

Nursing is present in these studies through its work, from
choosing which material to use during a procedure to its disposal
in the environment. However, nurses were the authors in only
five studies (2 Brazilian studies)'>, one from Canada® and
two from the United States of America®'”, The other authors
were from the areas of biology®, biostatistics®
geology®®, chemistry™”), medicine®71*30 marketing®?, engi-
neering12022253038) and administration®”202239),

Environmental sustainability indicators generally point to
two attention groups; optimization of resources (energy and
water) and monitoring and mitigation of the impact of its acti-
vities (effluents, waste and emissions)'?, such as an integrated
system of composting, incineration and recycling of materials®®.
From the selection of articles in this scoping review emerged
two empirical categories for indicators, and another category
was added for evidence of reduced socio-environmental impact.

‘They are explained in Chart 4.

), biochemistry™?”),

DISCUSSION

There is a significant environmental impact of activities
involving the health sector. Therefore, it is necessary to know the
reality of sustainability where the hospital is located. Indicators
can be used for this purpose, as they allow managers to have a
multidimensional view between the current state of sustainabi-
lity of hospitals and their level of excellence. Through indicators,
it is also possible to identify sustainability-related strengths and
weaknesses of the hospital, enabling a more assertive definition
of public policies®.

Many studies have been developed to improve the sustai-
nable structure of the hospital, reduce energy and water con-
sumption, and waste generation®”). Regarding the optimization
of resources (water and energy) in hospitals, indicators related
to electric power consumption, water consumption and solar
energy consumption were cited in the studies included in this
review!16:27),
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Articles identified by the data
search
n=1,610

Identificatino

Articles after removing duplicates
n= 1,444

l

Articles analyzed with filters
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=
=
o
‘;, (reading of titles and keywords)

n= 1,444
l

Articles analyzed by reading the
abstract, introduction and
conclusion

!

Complete articles analyzed with
reading in full
n=110

|

Articles included in the review
n=28

Eligibility

T

c
=
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Articles excluded
n= 803

Articles excluded with reasons
n=531

Full articles excluded with reasons
n= 82

Figure 1 - Diagram of the process of inclusion and exclusion of studies — Rio Grande, RS, Brazil, 2022.

With regard to water consumption, the hemodialysis sector
is one of the most harmful in the health sector. It is estimated
that patients who use this therapy for four hours a week consume
an average of 500 liters of water per treatment and another 500
liters for sterilization, priming, pre- and post-hemodialysis“".

Hand washing in the operating room is another activity
where water is wasted. The installation of a pedal-activated
intermittent flow system can reduce waste by up to 14 liters of
water per hand wash®?.

In addition to damage to the environment, there is also
unnecessary expense to hospitals. In a hospital in Australia, it
was identified that the simple deactivation of two material ste-
rilizers without changing the number of cycles and saving elec-
tricity, water, labor and reagent tests would generate a saving of
170 kWh of electricity per day, equivalent to savings of A$9,400
per year®¥,

A similar study in a hospital with six operating rooms iden-
tified that for a 57% reduction in the anesthesia circuit sterilizer
loads, there was an annual saving of 2,760 kWh of electricity
and 48,000 1 of water. The use of photovoltaic solar energy
powered by the sun is among the energy saving alternatives,
as this an abundant source with inexhaustible incidence on the
earth’s surface®.

A study conducted in Australia demonstrated that in one
year of implantation of a solar panel in a hemodialysis service,
the energy cost reduced by 76.5%, with a prediction of free
service, including installation costs, in 7.7 years®.

As for monitoring and mitigating the impact of its activi-
ties (effluents, waste and emissions) in hospitals, the selected
studies®111218.19.23,28.29.313435) hrought indicators related to the
quantification of waste before and after interventions, recycling
of hospital waste, effectiveness of infectious waste treatments,
life cycle of solid waste, carbon footprint in surgeries and iden-
tification of pharmaceutical residues in effluents.

Improper solid waste handling at any stage of management
processes can cause impacts and pollute water, soil and air,
altering chemical, physical and microbiological environmental
factors®?. The National Solid Waste Policy was instituted in
2010 with the aim to preserve public health and environmental
quality in the sense of non-generation, reduction, recycling and
treatment of urban solid waste and waste from health services“*.

A study developed in a hospital in Brazil in 2016 analyzed
environmentally sustainable actions in the medication process
from receipt of the prescription by the pharmacy until the dis-
posal of waste by nursing professionals, and identified a 74.8%
reduction in chemical, infectious and sharps after educational

www.scielo.br/reeusp
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Chart 3 - Characterization of publications retrieved in the search in electronic databases and search by references - Rio Grande, RS, Brazil,

2022 (n = 28).
Database Study design Country Objective Sample
Other Experimental study® | Canada | To estimate the carbon footprint of hospital operating rooms in three 67 operating rooms in
sources healthcare systems. 3 hospitals
Other Experimental® Australia | To evaluate if the installation of solar energy in a hemodialysis sector is a hemodialysis sector
sources feasible.
Pubmed Non-randomized Australia | To quantify hospital steam sterilizer resource consumption to provide 1 hospital steam sterilizer
clinical trial™ basic environmental data and identify potential efficiency gains.
Pubmed Non-randomized Italy To analyze how the systemic approach adopted by the University Health | Waste, chemicals and
clinical trial"® Network (UHN) and the Energy and Environment program improve the energy in a University
hospital’s environmental performance and provide significant cost savings. | Health Network (UHN)
Pubmed Non-randomized Brazil To analyze sustainable actions from an environmental point of view in the | Waste from pharmacy
clinical trial"® medication process, from receipt of the prescription by the pharmacy to and nursing services in
waste disposal by nursing. a medical-surgical clinic
unit.
Pubmed Experimental” United To compare reusable stainless steel laryngoscope handles and tongue 1 reusable stainless steel
States depressor as alternatives to single-use metal and plastic disposables. and 2 rigid laryngoscope
handle and depressor
alternatives
Pubmed Non-randomized Brazil To assess how the correlation between the characteristics of professionals | 99 nursing professionals
clinical trial™® and the practice of training and awareness can promote sustainable
practices in the nursing team at the hospital.
Pubmed Non-randomized Canada | To help Muskoka Algonquin Healthcare (MAHC) work towards a Two MAHC hospitals
clinical trial™® sustainable future and make it a leading hospital in making responsible
environmental choices.
Pubmed Applied research® | United To develop trainers as institutional resources to support current and future | 11 hospital employers in
States training in their departments and across hospitals. 4 US regions
Pubmed Applied Research®” | Canada | To examine the strategies and outcomes of an environmental sustainability | one hospital in Canada
plan for a hospital from 2008 to the present, including the best strategies, | (Joseph’s Healthcare
lessons learned, and what lies ahead in the new world of limiting GHG Hamilton (SJHH))
emissions.
Pubmed Non-randomized United To evaluate the improvement in waste reduction and recycling after the a non-profit teaching
clinical trial® States implementation of a Green Operating Room Committee (GORC) in an hospital
institution.
Other Case study®®® Pakistan | To determine the environmental aspects of medical waste management one of the largest hospitals
sources using the life cycle analysis approach. in Pakistan
Other Case study®® Australia | To know the feasibility and effectiveness of recycling in operating rooms. | 6 operating rooms in a
sources hospital
Other Case study®®® Australia | To determine the weight and proportion of recycled ICU waste, the 11 beds inan ICU ata
sources proportion of incorrect waste disposal (including infectious waste hospital in Australia
contamination), the opportunity for additional recycling, and the financial
effects of the recycling program.
Other Applied research®® United Life cycle assessment of 2 airways with laryngeal mask airway (LMA); one | 2 laryngeal masks; one
sources States single-use disposable, and one reusable. single-use disposable and
one reusable
Other Applied research®” Denmark | To compare the environmental impacts of reusable bedpans versus reusable and disposable
sources disposable bedpans. bedpans
Other Applied research® | United To provide quantitative comparisons of environmental impacts and reusable, single-use, metal
sources States total cost of ownership between reusable, single-use, metal and plastic and plastic laryngoscopes
laryngoscope options.
Other Applied research®’ Iran To select the best alternative for the treatment of infectious waste using 4 hospitals
sources the modified methodology of Sustainability Assessment Technology (SAT),
developed by IETC-PNUMA.
Other Applied research®” United Life cycle assessment (LCA) and life cycle cost analysis (LCCA) to model 7 medical devices
sources States the environmental and economic impacts of supply chains for medical
devices used at the Phoenix Baptist Hospital (PBH).
Other Applied research®” | United To evaluate the environmental and economic impacts of reusable and Two adult size cuffs
sources States disposable blood pressure cuffs. (one disposable and one
reusable)
Other Applied research® | Germany | Comparison of life cycle and total cost of ownership of disposable scissors | Scissor case (one reusable
sources made of stainless steel or fiber reinforced plastic and reusable stainless and one disposable)
steel scissors.
Other Applied research® | Australia | To quantify the rates of aerobic microbial contamination of the anesthetic | 100 reusable breathing
sources circuit when changed every 24 h, 48 h and 7 days. circuits from a teaching
hospital
continue...
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...continuation

Database Study design Country Objective Sample

Other Applied research® | Germany | To evaluate the feasibility of eliminating pharmaceuticals from water Hospital effluent treatment

sources hospital waste in an economical and environmentally correct way. pilot plant

Other Experimental study®® | United To develop an 8-week pilot project to recycle the “blue wrapper” 1,247 pounds of blue wrap

sources States

Other Experimental United To evaluate the global warming potential (GWP) of both systems in a Disposable and reusable

sources research®® States large US hospital where disposable sharps containers were replaced with | sharps containers

reusable ones.

Other Experimental study Australia | To evaluate the entire financial and environmental structure, kit costs, Two central venous

sources research®” including the influence of the energy source used for sterilization. catheter kits (one reusable
and one single use)

Other Literature review®® United To compare reusable and single-use perioperative textiles (gowns and Reusable and disposable

sources States drapes) in relation to energy from natural resources. gowns and drapes

Pubmed Applied descriptive | Iran To select the best alternative for treating infectious waste using the 4 educational hospitals of

study®? Sustainability Assessment Technology (SAT) methodology. the University of Medical

Sciences of Ardabil

Chart 4 — Empirical categories that emerged from the studies included in the scoping review — Rio Grande, RS, Brazil, 2022 (n = 28).

Empirical category

Indicator

Evidence of reduced environmental impact

Optimization of

water)

Consumption of electricity and consumption of solar
energy"

In one year, the energy cost was reduced by 76.5%

resources (energy and

Consumption of electricity and water by the
sterilizer used in active and standby cycles, and

the relationship between consumption of electric
power and water and the mass and type of sterilized
items?

Deactivation of 2 sterilizers without changing the number of cycles and
saving electricity, water, labor and reagent tests. This generated savings
of 170 kWh of electricity per day, equivalent to savings of A$ 9,400 per
year.

Consumption of energy and water in cleaning
respiratory circuits''®

Annual savings for one hospital (six operating rooms) were US$4,846 and
a 57% reduction in anesthesia circuit sterilizer loads was associated with
annual savings of 2,760 kWh of electricity and 48,000 | of water.

Monitoring and

waste and emissions)

Quantification of waste before implementing
improvements and quantification of waste after
implementing improvements®"

In total, there was a 22.5% reduction in chemical, infectious and sharps
waste in the medical-surgical unit; 22.9% increase in common recyclable
waste; and a 20% increase in non-recyclable common waste.

Practices of ecologically sustainable actions before
and after formal education and training of health
professionals

When comparing before and after the intervention, there was an increase
in environmentally friendly actions with statistically significant differences
(p = 0.001).

Recycling percentages in the two hospitals before
and after education®?

Reduction to a level of 48% in the amount of waste going to the landfill
between years 2012 and 2015.

mitigating the impact

Recycling of hospital waste from the operating
room®?

A quarter of 1.3 tons of waste from operating rooms can be recycled,
which is equivalent to 13 tons per year.

of activities (effluents,

Recycling of hospital waste from an ICU®¥

Almost half (70 kg out of 145 kg) of material suitable for recycling was
actually recycled.

Sustainability effectiveness of infectious waste
treatment®”

According to the final score obtained, the hydroclave was the most
appropriate infectious waste treatment technology.

Identification of pharmaceutical residues in
previously treated hospital effluents”

Reduction of up to 40% of the infectious potential of drugs in effluents.

Recycling of “blue wrap” in surgeries?®®

In the 39 working days, 1,247 pounds of blue wrap were collected
(32 pounds collected per day). Thus, the amount of landfill space saved
was 31.2 cubic feet.

Carbon footprint by surgery and use of desflurane®

Preferential use of desflurane resulted in a ten-fold difference in anesthetic
gas emissions between hospitals.

Correct disposal of biomedical waste from the UHN,
identification and replacement of chemical products
(ethoxylated alkylphenol) that pollute effluents,
replacement of existing lighting with LEDs®”

Adoption of eco-certified products that are safer for employees, annual
energy savings of over US$80,000, correction of airflow issues in rooms
with over 40% reduction in energy cost.

Cradle-to-Grave Life Cycle Assessment (LCA) and of
Life Cycle Costing (LCC) applied to reusable metal
and plastic laryngoscope handles and single-use
disposable and tongue blade alternatives at the Yale-
New Haven Hospital (YNHH)?®

There was a benefit of reusable laryngoscope, handles and blades over
single-use alternatives from an environmental perspective, with high-level
disinfection (HLD) being the least polluting reprocessing method.

continue...
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...continuation

Empirical category Indicator

Evidence of reduced environmental impact

Frontline workers trained and engaged in green
healthcare in hospitals; consumption of water,
energy; and amount of toxic recycling waste®”

Recycling went from 27.35 tons to 46.43 tons; there was a 10% reduction
in red bag medical waste, a cost savings of US$11,866 over a five-month
period; composting increased by 54.3%; decrease in water consumption
with the adoption of microfiber mops.

Battery recycling, number of disposable cups and
energy consumption with heaters, among others!

Since 2011, 929 tons of waste were recycled, saving US$55,000.
Conversion from a single-use sterile packaged product to multi-use in
operating rooms resulted in annual savings of $50,000; electricity savings
of over 13%

Recycling of single-use devices, biohazard red
bag consumption, battery recycling, energy
consumption, waterless hand washing®”

75% solid waste diverted, red bag waste reduction, 500 pounds of
alkaline waste diverted. Complete reduction of CO2 emissions from foam
waste, 234.3 tons 2.7 million liters of water saved. Annual savings of
158,000.00

Life cycle of single-use disposable laryngeal masks®"

The reusable mask had a more favorable environmental profile than the
disposable one given the polymer and packaging production and waste
management.

Life cycle of reusable and disposable bedpans®?
Life Cycle and Costing Methods for Device
Acquisition: comparing reusable and single use
disposable laryngoscopes®?

The “Waste Hierarchy” states that reusable is preferable to disposable
materials.

From an environmental perspective, there is a clear benefit of reusable
laryngoscope, handles and blades over single-use alternatives.

Life Cycle Assessment (LCA) and Life Cycle Cost
Analysis (LCCA) to model the environmental
and economic impacts of medical device supply
chains®?

Optimization of
resources + monitoring
and mitigating the
impact of activities

The use of reprocessed devices offers economic and environmental
benefits over the same devices used as disposables.

cuffs®4

Life cycle of reusable and disposable blood pressure

The results suggest that reusable armbands are environmentally preferable
in all scenarios considered.

Life cycle of disposable scissors made of stainless

steel scissors®

steel or fiber-reinforced plastic and reusable stainless

The eco-efficiency results indicated that the pair of reusable stainless steel
scissors is the cheapest option with the least environmental impact.

Life cycle of disposable versus reusable sharps
containers in a large US hospital"”

The hospital reduced annual gas emissions by 127 MTCO2eq (-83.5%)
and diverted 30.9 tons of plastic and 5.0 tons of cardboard from the
landfill. There was a reduction in the number of sharps containers
manufactured from 34,396 annually to 1,844 in the first year alone.

catheter kits used to aid the insertion of single-use
central venous catheters in operating rooms®®

Life cycles of single-use and reusable central venous

The environmental costs of the reusable kit were considerably higher than
those of the single-use kit.

Life cycle of reusable and single-use perioperative
textiles (gowns and surgical drapes)®”

Reusable gowns and drapes offer important sustainability improvements.

Effectiveness of infectious waste treatment by
Sustainability Assessment Technology (SAT)
methodology©®

“Autoclave with shredder” (64.53%) scored highest among the various
waste treatment technologies and was introduced as a superior
technology.

Life cycle of hospital solid waste®”

An integrated system (composting, incineration and recycling of materials)
was considered the best solution among the evaluated scenarios.

and routine interventions®. In another study, when comparing
before-and-after a waste disposal educational intervention, an
increase in ecologically correct actions was identified .

Another concern of hospitals in relation to waste is the selec-
tion of more sustainable practices for treating infectious waste,
with a view to reducing environmental risks and the spread
of diseases®®.

A study performed in Iran investigated the most sustainable
alternative for treating infectious waste; hydroclave, autoclave
with shredder, autoclave, central incineration and chemical tre-
atment. Based on technical, economic, social and environmental
aspects, the hydroclave was the most sustainable technique®.

In another study, also conducted in Iran, the “autoclave
with shredder” obtained the highest score (64.53%) among the
various waste treatment technologies and was introduced as a
superior technology. However, the study points out that it is

not mandatory to use the technology with the highest score.
'The specific conditions of each hospital in relation to environ-
mental, technical, social and economic aspects should be taken
into account®®,

Recycling is another approach adopted in relation to hospital
waste. The education of people involved in waste segregation is
one of its most important points. Once more, the importance of
awareness of the nursing team is emphasized, as this is usually
the category with the largest number of people in a health ser-
vice. A comparative study conducted in two hospitals in Canada
between 2012 and 2015 showed a 48% reduction in waste that
would go to the landfill after a continuing education program
on recycling in these hospitals®@?.

Unfortunately, not all medical waste can be recycled given
its infectious potential. A study performed in an intensive care

unit (ICU) in a hospital in Canada showed that only 14% out
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of 28% of waste that could be recycled were effectively recycled
given the cross infection of materials in the disposal®¥, demons-
trating the importance of continuing education for workers in
these services.

'The operating room, like the ICU, is another part of the
hospital with a large amount of infectious waste, but also with
a large amount of packaging and wrappings that can be easily
recycled. It is estimated that a quarter of every 1.3 tons of waste
produced in the operating room can be recycled, which is equi-
valent to something around 13 tons per year®. The “blue wrap”,
a number 5 polypropylene plastic material used in operating
rooms to pack instrument trays, is another example of material
that can be easily recycled and generate savings for the hospital,
and reduce the space for waste in landfills@®.

Another concern of hospitals in relation to sustainability
concerns the release of pharmaceutical waste in effluents. They
are excreted through human feces and urine, which, along with
other waste, are transported to municipal water treatment plants,
although these plants are not designed to remove these types
of waste. A study conducted in Germany demonstrated that
the use of ultraviolet irradiation (UV) is effective in the degra-
dation of more persistent drugs in effluents, which reduces the
environmental impact of their release™.

The other studies included in this scoping review®!%
13-15,2021,24-26.30.3233) deal with the optimization of resources (water
and energy) combined with the monitoring and mitigation of
the impact of their activities (effluents, waste and emissions)
as a way to reduce costs and reduce the environmental impact
at the same time. The indicators of these studies point to the
disposal of biomedical waste, replacement of chemical products
that pollute effluents, replacement of old lighting with light-
emitting diode (LED) lamps, assessment of life cycles, training
of health workers in sustainability actions, recycling of materials,
conscious consumption and carbon footprints.

'The life cycle of an activity or product evaluates the environ-
ment, the potential impacts of its products and processes around
its life cycle, from the extraction of the raw material (cradle), its
production, its use and the end of its life (grave)“**. This makes it
possible to identify opportunities for improving environmental
performance at each stage of the life cycle®). On the other hand,
the carbon footprint is a quantitative measure of direct and indi-
rect GHG emissions related to a process, product, institution or
industry. It is expressed in equivalent mass (kilograms) of carbon
dioxide (CO2) released into the environment”.

A study carried out in Pakistan between 2014 and 2015
evaluated the life cycle (regarding GHG emission) of a ton of
disposable hospital solid waste from its transport until treat-
ment, landfill disposal, incineration, composting and recycling
of materials. The most sustainable among the alternatives was
the performance of an integrated system between composting,
incineration and recycling®®.

A study evaluating the life cycle and costing methods for
the acquisition of reusable and disposable laryngoscopes was
carried out in the United States. The result was that reusable
handles of laryngoscopes had advantages in terms of cost and
environmental sustainability compared to disposable handles®®.

In 2017, another study evaluating the carbon footprint of
three operating rooms in different hospitals was carried out in

the United States. It was identified that the use of the anes-
thetic desflurane increased the carbon footprint in hospitals by
10 times, including the increase in energy consumption®.

'There are several published studies evaluating the life cycle
of products. One of them analyzed the life cycle of reusable and
single-use laryngeal masks and described that reusable masks
are less harmful to the environment®V. Another similar study
with bedpans identified that reusable bedpans are preferable to
disposable ones®?. Other studies with laryngoscopes™, pressure
cuffs®, scissors®, sharps containers''” and perioperative textiles
(surgical gowns and drapes)©” also correlated the use of reusable
materials with less damage to the environment compared to
single-use materials. However, there is a caveat; the excessive
use of reusable materials correlates with a greater environmental
impact than disposable materials®?.

Only one study that evaluated the life cycle of central venous
catheter kits was in agreement with all the previously cited life
cycle studies, reporting that reusable kits had higher environ-
mental costs than disposable kits. This is a result of the use of
electric power from brown coal in the studied hospital, which
is directly related to an increased environmental impact. This
study reinforces that the use of this method is reliable and helps
hospital managers in decisions about sustainability. However, the
particularities of each hospital must be taken into account®®.

Regarding the recycling of materials, a hospital in the United
States bet on a program to engage frontline workers to reduce
the consumption of water, energy and toxic waste. The result
was an increase of 19.08 tons in recycled materials and a 10%
decrease in infectious waste. There was also a reduction in water
consumption with the adoption of microfiber mops and the use
of smaller buckets by cleaning staft; reduction of energy con-
sumption with the practice of turning off computer monitors
that were not in use and replacement of cleaning products with
toxic components with ecologically acceptable products®.

Another study at a hospital in Canada also adopted eco-
certified products that are safer for staff and the environment,
and managed to save over US$80,000 in energy in one year
just by correcting airflow problems in inpatient rooms, which
generated savings of 40%17.

A US hospital created an operating room committee to
adopt sustainable practices in surgery, and they were able to
reduce 12,860 pounds of solid waste by recycling single-use
products; foam pads were replaced with reusable gel pads, saving
over $50,000 a year. Batteries were discarded, recovered and
distributed to the hospital or donated to charity (annual savings
of US$9,000)6,

'The initiative to turn oft all lights and equipment of anes-
thesia and the operating room that were not in use resulted in
savings of US$33,000 and 234.3 metric tons of CO2 emis-
sions reduced per year. Replacing soap with an alcohol-based
waterless exfoliant has shown savings of 2.7 million liters of
water annually®?.

Strategies used by another hospital in Canada included
recycling 929 tons of waste in three years, which generated
savings of US$55,000. Another action was the change from
single-use materials to multi-use in operating rooms, which
resulted in annual savings of US$50,000. In addition, energy

savings of over 13% were achieved just by turning the heater oft.
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Batteries began to be reused and disposable cups were replaced
by reusable ones™®.

Limitations of the present review are related to the nature of
the review itself, mainly in the indication of subsidies for the for-
mulation of policies, since its proposal is to provide an overview
of the socio-environmental indicators studied, which may not
be sufficient to structure the guiding elements for the decision-
making process in different instances, such as in the mana-
gement and governance of the organization. Furthermore, no
procedures were used to evaluate the evidence found. Therefore,
the deepening of findings through other review studies is sug-
gested. The relevance of this study is corroborated in view of
the synthesized content about hospital sustainability indicators
and reduction of socio-environmental impacts.

'The advances achieved with this study were to know which
indicators and evidence are being more used in hospitals and
help to reduce the socio-environmental impact, so these can
serve as reference for other hospitals, whether by repeating
successful actions or testing new technologies to reach better
financial, social and environmental results.

CONCLUSION

'The present study made it possible to synthesize knowledge
about hospital sustainability indicators and evidence on the
reduction of socio-environmental impact. The indicators of
this review pointed to the optimization of water and energy
resources and the monitoring and mitigation of the impact of
its activities (efluents, waste and emissions).

Resource optimization indicators (energy and water) were
related to the use of sterilizers, the processing and sterili-
zation of medical and hospital products, and energy savings

RESUMO

through the solar energy system. Evidence of reduced socio-
environmental impacts indicated energy savings with the use
of fewer sterilizers without compromising the cycles, reduction
in energy and water consumption by using larger loads of pro-
ducts without compromising their sterilization, and savings of
76% in spending of electric power by implanting a solar panel
in a health service.

On the other hand, the indicators for monitoring and miti-
gating the impact of its activities (effluents, waste and emissions)
were related to the quantification of waste before and after the
implementation of improvements, practices of ecologically sus-
tainable actions and recycling before and after formal educa-
tion, effectiveness of sustainability of the treatment of infectious
waste and hospital effluents, carbon footprint and life cycles of
surgeries and medical-hospital supplies.

Evidence of the reduction of socio-environmental impacts in
effluents, waste and emissions include a reduction in the amount
of infectious and sharps waste and an increase in the amount
of recyclable waste, identification of more appropriate and less
harmful technologies for the environment in the treatment of
infectious waste, reduction of carbon emissions in surgeries
and choice of disposable or single-use materials according to
lower environmental impact, such as pressure measurement cuffs
and laryngoscopes.

There are several up-to-date studies on the subject focusing
on optimizing resources and monitoring and mitigating the
impact of hospital activities. The results of the indicators of these
studies show good evidence of reduced socio-environmental
impact, which can help hospital managers to select the best
practices and apply them in their institutions with a view to
reducing socio-environmental impacts in hospitals.

Objetivo: Sintetizar o conhecimento acerca dos indicadores de sustentabilidade hospitalar e evidéncias de redugio do impacto socioambiental.
Método: Revisio de literatura, do tipo scoping review, utilizando as bases de dados Pubmed, Science Direct, Scielo e Lilacs. Foram incluidos estudos
com recorte temporal de 10 anos, publicados em qualquer idioma, que abordassem indicadores de sustentabilidade hospitalar e evidéncias
de redugio do impacto socioambiental. Resultados: Um total de 28 artigos foram incluidos, a maioria teve como tipo de estudo a pesquisa
aplicada, publicados em 2012, no idioma inglés. Os estudos demonstraram maneiras de economizar dgua e energia, bem como, formas de
monitorar e mitigar o impacto de atividades relacionadas a efluentes, residuos e emissées. Todos os estudos tinham o trabalho da enfermagem
envolvido de forma direta ou indireta na sustentabilidade hospitalar. Conclusdo: As possibilidades de gerar menos impacto ao meio ambiente e
aumentar a economia/eficiéncia de um hospital sio inimeras. Hé de se levar em consideragio as particularidades de cada hospital e envolver os
trabalhadores, em especial a enfermagem.

DESCRITORES
Conservagio dos Recursos Naturais; Meio Ambiente; Desenvolvimento Sustentével; Hospitais; Indicadores de Desenvolvimento Sustentavel.

RESUMEN

Objetivo: Sintetizar conocimientos sobre indicadores de sostenibilidad hospitalaria y evidencias de reduccién del impacto socioambiental.
Meétodo: Revision de literatura, scoping review, utilizando las bases de datos Pubmed, Science Direct, Scielo y Lilacs. Se incluyeron estudios
con un horizonte temporal de 10 afios, publicados en cualquier idioma, que abordaran indicadores de sostenibilidad hospitalaria y evidencias de
reduccién del impacto socioambiental. Resultados: Se incluyeron un total de 28 articulos, la mayoria de investigacién aplicada, publicados en
2012, en inglés. Los estudios mostraron formas de ahorrar agua y energia, asi como formas de monitorear y mitigar el impacto de las actividades
relacionadas con efluentes, desechos y emisiones. Todos los estudios tenian trabajo de enfermeria involucrado directa o indirectamente en
la sostenibilidad del hospital. Conclusién: Las posibilidades de generar un menor impacto en el medio ambiente y aumentar la economia/
eficiencia de un hospital son innumerables. Hay que tener en cuenta las particularidades de cada hospital y se debe involucrar a los trabajadores,
especialmente a los enfermeros.

DESCRIPTORES
Conservacién de los Recursos Naturales; Ambiente; Desarrollo Sostenible; Hospitales; Indicadores de Desarrollo Sostenible.
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