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ABSTRACT
Over the past 30 years excess hospital waste has turned into a significant environmental
problem. U.S. hospitals generate over 5.9 million tons of waste annually5,9,12 with operating
rooms contributing to 20-33% of all hospital waste.1,12 Although some operating rooms recycle
plastic bottles, paper, and ‘blue wrap;’ U.S. hospitals are not obligated to recycle by law, thus,
recycling is not standard practice in the U.S. Recycling programs have been shown to be both
environmentally and financially beneficial for hospitals.
Studies have been conducted that explored recycling practices of physician
anesthesiologists in the U.S and abroad. However, no study to date has explored recycling
practices of Certified Registered Nurse Anesthetists – the largest anesthesia provider workforce
in the United States. This survey study was emailed to a random sample of 3,000 members of the
American Association of Nurse Anesthetists. A total of 292 Certified Registered Nurse
Anesthetists of 3,000 responses were analyzed, a 9% response rate. Of the survey respondents,
40% recycled in their operating room. Of the survey respondents that had a formal recycling
protocol at their medical facility, 83% did not recycle in their operating room and over 80%
disposed of various plastic potentially recyclable items in the trash bin. Questions about the
availability of recycling bins found limited amenities available in operating rooms. Of survey
respondents, 16% had a recycling bin in their operating room. Conclusions from the study
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include that limited recycling amenities are available in operating rooms, and there is limited
information provided to staff about intraoperative recycling.
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CHAPTER 1
Introduction

Hospitals generate over 5.9 million tons of waste annually, with operating rooms (ORs)
producing 20-30% of a medical facility’s total waste.1 The literature available states that over
70% of hospital waste may be recyclable and is often improperly incinerated or buried in
landfills.1,2,3 Studies have shown that operating rooms are a top generator of hospital waste and
that over 40% of operating room waste may be recyclable.4 The recent spotlight on climate
change and environmental sustainability has shifted hospital focus to curbing waste production.
Studies have shown that anesthesia providers may play a significant role in the disposal of
recyclable waste in the operating room – a method of improving hospital environmental
sustainability and reducing hospital costs.4,15,17,36
This study will contribute to the body of evidence-based research that supports recycling
initiatives in operating rooms and helps foster environmentally sustainable hospital practices. It
will advance the Certified Registered Nurse Anesthetist (CRNA) profession by positioning
CRNAs as leaders in their field. CRNAs will have the opportunity to lead the development of
environmentally sustainable hospital initiatives and reduce the negative environmental impacts
of their anesthesia practice.
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Problem Statement

Operating rooms are a major source of hospital waste and the majority of operating room
waste may be recyclable. As part of the operating room team, anesthesia providers may play a
significant role in the disposal of recyclable solid waste in the operating room – a method for
improving hospital environmental sustainability and reducing hospital costs. Studies have been
conducted that analyze recycling views and practices of physician anesthesiologists. However,
no research studies have been conducted that examines the disposal practices of CRNAs’ in the
operating room and what barriers may prevent CRNAs from recycling in the operating room.

Purpose of Study

The purpose of this study is to examine Certified Registered Nurse Anesthetists’ (CRNA)
current disposal practices of recyclable solid waste in the operating room. This study will also
identify barriers that exists that prevent CRNAs from recycling in the operating room.

Research Questions

The research questions for this study are:
1. What are CRNAs’ current disposal practices of recyclable solid waste in the
operating room?
2. What barriers exist that prevent CRNAs from recycling in the operating room?
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Definitions

For the purpose of this study, the following terms and definitions were used.
Conceptual/Theoretical Definitions
1. Certified Registered Nurse Anesthetists’ disposal practices of recyclable solid waste:
The actions and habits of Certified Registered Nurse Anesthetists in sorting
recyclable solid waste items into various, specific, recycling amenities such as plastic,
paper, cardboard, and glass bags or bins. Recyclable solid waste includes disposable
solid waste that has the ability to be recycled such as plastic, paper, cardboard, and
glass. Recyclable solid waste in the operating room may include plastic wrapping and
packaging materials from medical equipment, plastic syringes, plastic IV bags, plastic
oxygen tubing, ‘blue wrap,’ ‘Tyvek – a plastic fiber,’ plastic basins, plastic anesthesia
drug trays, glass bottles, cardboard, and paper. Disposal practices may include
instructions on how to sort recyclable solid waste into recycling amenities. Recycling
amenities in the operating room include specific bags or bins used to sort and dispose
of various types of recyclable solid waste such as plastics, paper, cardboard, and
glass. Disposal practices may also include ‘sustainable effort’ initiatives or ‘green
taskforce’ programs to incentivize and encourage employees to recycle.
2. Barriers to recycling: Barriers to recycling are defined as obstacles that prevent
Certified Registered Nurse Anesthetists from recycling. These may include a lack of
recycling amenities, costs incurred by recycling, inadequate information about
recycling policies, lackadaisical attitudes about recycling practices by staff, a lack of
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time to recycle, a lack of education about recycling practices, and negative attitudes
by hospital administrators.

Operational Definitions
1. Certified Registered Nurse Anesthetists’ disposal practices of recyclable solid waste:
Certified Registered Nurse Anesthetists’ disposal practices of recyclable solid waste
will be assessed through select all that apply, yes/no/don’t know and Likert scale
questions on the Recycling in the Operating Room (OR) Assessment Tool.
2. Barriers to recycling: Barriers to recycling will be assessed through five yes/no/don’t
know, and select all that apply questions to the Recycling in the Operating Room
(OR) Assessment Tool to determine what prevents Certified Registered Nurse
Anesthetists from perioperatively recycling.
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CHAPTER 2

Review of Literature

In 2001, the United Nations Intergovernmental Panel on Climate Change (IPCC) declared
that the Earth’s warming temperatures over the past 50 years were caused by human activities.5-6
Various organizations such as the IPCC, the World Health Organization (WHO), and the U.S.
Environmental Protection Agency (EPA) have pointed to greenhouse gas emissions as a key
contributor to global warming and to climate change.6-8 More recently, climate change has been
linked to various public health disasters such as large wildfires, draughts, famine, and the spread
of infectious disease.1,6-8
Although meant to be a place of healing, hospitals are a major source of greenhouse gas
emissions and environmental degradation. Hospitals overconsume energy and water; they use
vast amounts of disposable medical products that contribute to waste production; and they also
dispose of their waste in landfills and incinerators emitting toxins into the air, soil and water.9-11
The U.S. is the 2nd largest emitter of greenhouse gases globally8 with its healthcare sector
accounting for over 8% of the total greenhouse gas emissions in North America.1 U.S. hospitals
generate 5.9 million tons of waste annually5,9,12 with operating rooms (ORs) contributing to 2033% of this hospital waste.1,12 Over the past 30 years, excess hospital waste production has
turned into a significant problem.9 Over 70% of hospital waste is incinerated or sent to landfill,
contributing to greenhouse gas emissions.1-2,9 Most of this waste includes food packaging, glass,
plastic, and paper – many items that are potentially recyclable.9 Likewise, most waste generated
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in the operating room (OR) includes plastic and paper packaging that maintains the sterility of
medical supplies. Over 40% of OR waste is potentially recyclable.7
In 1992, a historic, quantitative and qualitative study was conducted assessing surgical
waste in the operating room. Researchers found that 75% of operating room waste was
potentially recyclable.13 Similarly, a 2009 waste audit of 6 operating rooms at a university
affiliated hospital in Melbourne, Australia found over 60% of general waste was recyclable.15
Researchers noted approximately 50% of OR waste was plastic products generated by anesthesia
providers.15 Finally, a 2012 analysis on decreasing waste in Canadian hospital operating rooms
found the major contributor to OR waste was plastic packaging as most surgical and anesthesia
products are packaged in paper and/or plastic.16
Although some operating rooms recycle plastic saline bottles, paper, plastic trays and
‘blue wrap’ (material used to wrap sterilized equipment), the U.S. Department of Health and
Human Services offers little guidance for ecologically sustainable waste disposal practices1. U.S.
hospitals are not obligated to recycle by law thus, recycling is not standard practice in the U.S.17
This literature review examines current CRNA recycling practices in the operating room
and the barriers that exist that prevent CRNAs from recycling.

Municipal Solid Waste

Municipal solid waste (MSW), otherwise termed garbage, is defined as unusable or
unwanted material that is discarded after use. MSW includes food, packaging, furniture, yard
trimmings, and electronics.18 Sources of municipal solid waste includes businesses, schools, and
hospitals (EPA). In 2017 approximately 268 million tons of MSW was generated in the U.S. Of
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this, 67 million tons (25%) was recycled, 33 million tons (12%) was incinerated, and 137 million
tons (51%) was buried in landfills.18-19 Of the recycled MSW, paper and cardboard accounted for
the majority (65.7%) of MSW. Glass followed with 4.5% of MSW and plastics with 4.4% of
MSW. Of the MSW buried in landfills, food accounted for 22%, plastics for 19.2%, and glass for
4.9%.18-19
MSW collected from hospitals is typically divided into two categories: general waste,
otherwise known as non-regulated medical waste; and clinical waste, referred to as regulated
medical waste (RMW). 21-22 General waste does not require special processing prior to burial in
landfill. Regulated medical waste (RMW) on the other hand, is potentially infectious due to
contamination by blood or bodily fluids, sharps, radioactive material and/or pharmaceuticals.
RMW requires special processing prior to burial in landfill that may include incineration,
autoclaving, chemical processing or sterilization.21-22
The majority of RMW generated in the operating room often consists of disposable
surgical supplies. In a 2017 case report that audited segregated RMW in operating rooms at the
Iha University College of Medicine in Incheon, South Korea, researchers found that many items
incinerated along with RMW included plastic, paper and cardboard – items that were
recyclable.21 According to the Center of Disease Control and Prevention, only 2-3% of total
hospital waste should be disposed of as clinical waste or RMW.1 This is a significantly smaller
figure than the amount of RMW that is normally generated in hospitals.1 Unfortunately, many
facilities inappropriately dispose of recyclables and general waste in ‘red bags,’ otherwise
termed, clinical waste.
The average cost of incinerating RMW is approximately 6-10 times more than processing
RMW.2,23 A 2011 prospective study of RMW in operating rooms demonstrated the cost of
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processing clinical waste in an academic medical center was 24.5 cents/pound as opposed to 4
cents/pound for general waste.23 After implementing of a segregation program to separate
recyclable waste from RMW, researchers decreased their disposal costs from $151,442 per
month to $105,930, saving a total of $45,512 for the hospital.23

Incineration and Landfills

Incineration of RMW destroys biohazardous or infectious waste through burning.
Although incineration remains a popular waste disposal method, it emits greenhouse gases such
as CO2, mercury, dioxins and furans into the atmosphere.16,18,24 The EPA once considered RMW
incineration to be the second largest source of dioxins, a known carcinogen into the
environment.21 Today, incineration is used to manage 7-19% of MSW generated in the U.S. at
‘waste-to energy’ facilities where energy is extracted from the burning of MSW.18-19,24 In 1998
the EPA published a report exposing medical waste incineration as a major source of toxic air
emission in the U.S.9 Today, the incineration of waste is the fourth largest releaser of mercury
into the atmosphere.24 CO2 and mercury emissions from the incineration of waste has risen 34%
since 1990.24 Mercury emissions from the incineration of waste are carried by winds into soil and
water systems. Mercury then enters the food chain and becomes concentrated in fish. Mercury
has been shown to damage the nervous system,24-26 while exposure to dioxins and furans, also
released from the incineration of waste, has been linked to hormonal alterations, infertility, and
decreased fetal weight.16
Aside from incineration, the most popular waste disposal method in the U.S. is the burial
of MSW in landfills. Every year, approximately 220 million tons of MSW is buried in landfills.19
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Decomposing garbage in landfills releases methane and CO2 – potent greenhouse gases into the
atmosphere. In 2016, landfills accounted for 16.4% of methane emissions, the third largest
emitter of methane in the U.S.24 Methane (CH4) is 25 times as effective as CO2 at trapping heat
in the atmosphere contributing to greenhouse gas emissions and warming Earth’s
temperatures.18,24
According to the EPA, greenhouse gases such as CO2, methane, nitrous oxide, fluoride,
chlorine and bromine, are byproducts of human industrial activities.7,18-19 When released into the
air these gases absorb the energy radiating from Earth, trapping heat in the atmosphere and
warming Earth’s temperatures.7 The last 30 years have each been the warmest decades on Earth
since 1850.6-7 Average temperatures in the U.S. are expected to increase about 2.5 degrees F over
the next few decades regardless of future greenhouse gas emissions.7 The warming of Earth’s
temperatures is consistent with the recent extreme weather events humans are seeing around the
world. Heavy floods, draughts, and large wildfires are increasing in frequency; glaciers, rivers
and lakes are disappearing; and there have been vast disruptions of wildlife habitats.1,6-8
The financial cost of sending waste to landfill has been steadily increasing an average of
1% per year since 2004.18 The difference in monetary fees correlates with landfill capacity and
fluctuates between various regions of the U.S. For example, areas with vast space for landfills
such as Texas, Montana or Nevada charge an average of $48.27/ton of MSW; while areas in the
northeast charge double at $74.75/ton.18
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The Case for Recycling

Currently, hospitals are increasingly utilizing disposable medical supplies, thus
generating more waste which eventually ends up in landfills or incinerators.5 Landfill sites are
reaching capacity and as of January 2018 China stopped importing recycling from foreign
nations.14 Legislation such as the landfill tax in the UK are making it more expensive to dispose
of waste in landfill.27 As burying and incinerating waste becomes increasingly more expensive
and citizens become more environmentally conscious, hospitals are seeking environmentally
sustainable and cost- effective means of waste disposal. Recycling programs have been shown to
be both environmentally and financially beneficial for hospitals.
Recycling cuts down on waste that’s sent to landfill and incinerators. It conserves natural
resources such as water, and wood.29,30 Likewise, recycling saves energy by creating new
commodities from reprocessed materials. This process requires less energy input than making
new products from scratch.28-30 In 2001, the EPA conducted a national recycling ‘life-cycle’
assessments calculating the energy consumed from the time a potentially recyclable product was
picked up until it was manufactured into a new product.28 Recycled plastic bottles use 76% less
energy to manufacture from recycled materials than to produce from scratch.28-29 Newspapers
use approximately 45% less energy and can be remanufactured into new products four to six
times over.20 Recycling minimizes the need to manufacture new products and reduces the
volume of waste that ends up in landfills and incinerators. According to the EPA, the amount of
waste that was recycled and composted in 2017 is equal to the amount of emissions reduced by
taking 39 million cars off the road for one year.18 A 2013 study that implemented a green
committee to reduce OR waste at the Carolinas Medical Center in Charlotte, demonstrated a 65%
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reduction in OR waste by converting to reusable products.2 Researchers noted that switching to
reusable materials in the operating room could potentially divert 25 tons of medical waste from
landfills annually, saving thousands of dollars by reducing the volume of waste produced.2
Aside from helping conserve natural resources, recycling is also an important driver of
the U.S. economy.28 In the 2019 the EPA found that in a single year recycling accounted for the
addition of 757,000 jobs, $36.6 billion in wages, and $6.7 billion in tax revenues.28 Recycling
programs are financially beneficial for hospitals because they decrease the volume of waste
disposed and thus, the cost of waste disposal. A 2012 case study on sustainability initiatives in
the operating room cited the cost of recycling operating room plastic was approximately half of
that of disposing of general waste ($68/ton for plastic vs $12/ton for general waste).16 Likewise,
a 2018 implementation of a sharps recycling program at a surgery center in Paradise Valley,
yielded a 10% cost savings for waste disposal. According to researchers, extrapolating these
savings over 1 year would result in $820 savings for 3 operating rooms while instituting such an
initiative at a large facility such as the Mayo Clinic could potentially result in $33,000 savings
per year.31 Similarly, a study by Reidel and colleagues, demonstrated that implementing a
recycling program at Mercy Mt Airy Hospital in Cincinnati, Ohio saved the hospital $4,672.30
Finally, a 2016 quality improvement project introducing a recycling program at the Princess
Alexandria Hospital in Queensland, Australia reduced waste disposal costs by 60% and saving
the facility $7,600 AUD ($5,790 USD).20 The data reflects a financial incentive for increasing
recycling initiatives in operating rooms. As the cost of burial in landfill increases and the
healthcare industry moves toward decreasing its environmental impacts, alternate sources of
waste disposal such as recycling will become essential.27
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Potential Recyclables

The operating room is rife with recyclables. Recyclable waste generated in the operating
room that can be recycled includes plastic (IV fluid bags, bottles, oxygen masks and tubing),
paper, linen, glass, metal, cardboard, and surgical ‘blue wrap.’ Plastics form approximately 50%
of operating room waste generated by anesthesia providers15. Equipment used by anesthesia are
typically wrapped in plastic or paper packaging that maintains the sterility of medical supplies.
The majority of this waste is potentially recyclable.16 The operating room also generates a
plethora of cardboard from packaging, glove boxes, and equipment boxes.8 Cardboard is fully
recyclable as long as it remains dry.8 Operating room generated plastics often end up in landfills
rather than recycling due to poor waste segregation.33
Multiple studies corroborate that over 50% of waste generated in the operating room is
potentially recyclable.14-15,34,35 A 2009 audit of potentially recyclable operating room waste
demonstrated that 60% of waste generated by anesthesia providers was potentially recyclable15.
Likewise, a 2017 audit of operating room recycling showed 67% of OR waste was recyclable
paper and cardboard27. A paper by Tieszen and Gruenberg, found that operating room waste
could be reduced by 93% by segregating linen, paper and plastic by recycling13.

Barriers to Recycling

The literature addresses various barriers that prevent hospital staff from recycling in the
operating room. Numerous surveys across the U.S., United Kingdom, New Zealand and
Australia show that staff attitudes towards recycling in the operating room depend on the
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individual’s interest and practice of recycling at home.17,23,36 In a 2018 survey of recycling
perceptions on four Mayo Clinic campuses, researchers reported that participants were concerned
about the amount of garbage that was produced at their medical facilities and had positive
attitudes towards recycling.31 Although over 89% of survey respondents reported recycling at
home, they indicated that they recycle less than 25% of waste generated in the operating room.31
Likewise, in a 2012 survey of anesthesiologists (n=780) in Melbourne, Australia, over 90% of
respondents reported recycling at home, and over 90% expressed desire to recycle in the
operating room.4 However, only 11% of respondents reported recycling programs were
implemented at their medical facilities.15 Similarly, in a 2016 survey of American
anesthesiologists (n=2036), 81.4% of respondents reported recycling at home, 80.1% stated they
wished to recycle in the operating room, and 27.7% responded they recycled at their
workplace.36 Although these studies show a desire to recycle in the workplace, the data is at odds
with the low rates of recycling practices in operating rooms.
Another barrier to recycling addressed in the literature was the limited information and
education provided about recycling and environmental sustainability efforts. In a 2015 random
sample survey emailed to members of the American Society of Anesthesiologists (ASA)
(n=2036), the majority of respondents (67%) surveyed reported there was insufficient
information about how to recycle in the operating room.36 Likewise, in a 2012 survey of
anesthesiologists’ attitudes towards operating room recycling in Australia, New Zealand, and
England (n=780), researchers reported that the greatest barrier to recycling was staff education
and motivation.4,14 Similarly, in a 2015 study conducted in operating rooms at the University of
Pittsburgh Medical Center (n=53), researchers cited a general lack of knowledge surrounding
waste disposal policies and environmental initiatives by hospital staff37. A survey of hospital
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staff in Saudi Arabia also pointed to a broad lack of awareness about generated waste and waste
disposal policies.38 Likewise, in 2018 Azous & colleagues conducted a survey and cost- savings
analysis program that was implemented on 4 Mayo Clinic campuses. It showed that 56.7% of
respondents were unclear about which OR items to recycle and 47.7% thought the greatest
barrier to recycling was a lack of knowledge.31
The handling of infectious or contaminated materials and the concern for crosscontamination of waste also permeates in the literature. One of the biggest barriers to recycling
remains a concern about infectious cross contamination in the recycled bins.15 In a 2012
qualitative survey of anesthesiologists from Australia, New Zealand, and England (n=780),
researchers reported that only 43.8% of anesthesiologists answered correctly when asked what
items were appropriate to place in the red clinical waste bin or RMW bin.3-4 The authors’ audit of
OR recycling showed similar results when the majority of survey respondents incorrectly
(56.2%) assumed that anything that had come into contact with a patient or had a drop of blood
on it was to be placed in red waste bags.15 Likewise, a 2015 audit of operating rooms at the
University of Pittsburgh Medical Center (n=53), indicated that staff wrongly placed recyclable
materials such as IV fluid bags into RMW or ‘red bag’ waste due to concern for infection.37
Although these assumptions are unfounded, they prevail in the literature. Over 90% of red bag or
RMW waste doesn’t meet criteria for red bag waste.39 Common items mistakenly disposed of in
red bags include IV fluid bags, vent tubing, and urinary catheter foleys.39 According to McGain
and colleagues, in actuality there is minimal cross contamination of infectious material and over
60% of RMW waste can be recycled with proper education.15
Another barrier to recycling cited in the literature was the challenge of instituting hospital
wide ‘environmental sustainability’ or ‘green initiative’ programs.2,36,40 Hubbard et al. identified
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a lack of hospital environmental initiatives as a significant barrier to waste reduction.37 In a 2010
article on environmental sustainability, authors cited difficulty in changing hospital culture
without directed leadership from hospital administration.40 Similarly, in a 2015 random sample
survey of the ASA (n=2036), anesthesiologists specifically noted inadequate hospital leadership
concerning environmental initiatives.36 Only 12.6% of the anesthesiologists surveyed in the
study indicated that hospital administrators encouraged recycling initiatives and only 18% of
respondents reported there were ‘green initiative’ or environmental sustainability programs
implemented at their medical facilities. According to authors, the biggest barrier to recycling was
not attitudes held by staff, but hospital administrators reluctant to change facility culture.36
Prior studies have also suggested that the success of environmental hospital programs
depend on committees composed of a diverse staff – a combination of physicians, nurses, techs,
and administrators.2,9,40 In 2013 researchers at the Carolinas Medical Center in Charlotte, NC
formed a ‘Green OR Committee’ aimed to reduce operating room waste through a recycling
program.2 They composed their committee of surgical staff, residents, research personnel,
nursing, and environmental services personnel.2 Results from the study found that involving
multiple stakeholders from various hospital sectors fostered an environmentally conscious
culture which translated into practice.2,40 According to researchers, changes in hospital culture
must occur at both the administrative and organizational levels to translate into widely accepted
hospital practice.40 Patients are quickly becoming better informed about environmental issues
and hospitals are becoming aware of the benefits of marketing themselves as ‘green’ or
ecologically conscious.
Other barriers to recycling noted in the literature included a lack of recycling amenities,
lackadaisical attitudes about recycling by staff, a lack of time to recycle, and negative attitudes
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by hospital administrators.15 In the 2015 random sample survey of the ASA (n=2036), only 18%
of anesthesiologists reported there was a ‘green task force’ in their hospital36. Authors discussed
the need for greater attention to environmental issues in anesthesia literature and a need to
incorporate environmental education into medical education36. The lack of education in medical
and nursing school curriculums is also discussed in Kaiser’s ‘Solutions to healthcare waste: lifecycle thinking and green purchasing’ analysis and points to medical providers lacking
environmental health knowledge when choosing health care products for their patients.41
Despite the barriers to recycling noted in the literature, numerous successful
environmentally sustainable and cost-effective recycling programs have been implemented in
medical facilities around the world. Successful operating room recycling programs in the U.S.,
Australia, New Zealand, and U.K. have been shown to be both environmentally and financially
beneficial for hospitals.

Summary

Numerous studies cite the environmental and financial benefits of recycling in operating
rooms. Although data exists reflecting the views and recycling practices of anesthesiologists in
the operating room, the literature is void of data about Certified Registered Nurse Anesthetists
(CRNA’s) recycling practices. CRNA’s annually administer 43 million anesthetics in operating
rooms across the U.S., however there is no research to date that analyzes their recycling
practices, and the barriers that exist which prevent them from recycling in the operating room.
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CHAPTER 3

Methodology

This chapter outlines the methodology that was used to answer the following research
questions: (1) What are CRNAs’ current disposal practices of recyclable solid waste in the
operating room? (2) What barriers exist prevent CRNAs from recycling in the operating room?
The methodology outlined in this chapter discuss the instrumentation, procedure, data analysis,
and protection of human subjects used to conduct this study. The study hypothesized that
CRNAs have limited access to recycling amenities in the operating room, thus, CRNAs often
dispose of all anesthesia waste in one single trash bin close to their workstation. It is also
hypothesized that facility culture, education, and a facility wide environmental sustainability
program plays a significant role in OR recycling practices.

Research Design

This study was conducted using an exploratory, descriptive quantitative research design
which will evaluate CRNAs’ disposal of recyclable waste. This methodology examined CRNAs’
disposal practices of recyclable waste in operating rooms and barriers that prevented CRNAs
from recycling in operating rooms.
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Sample

The population for this study was active CRNA members of the AANA, the professional
organization for nurse anesthetists. Currently there are 44,611 active CRNA members in the
American Association of Nurse Anesthetists (AANA). From this population, the AANA
Research Surveys Services and Assistance Department carries out a systematic randomized
sample of CRNA participants from their database of 44,611 active CRNA members. This
selection was based on computer generated numbers with a uniform distribution. There was
equal probability of getting any one randomly selected member as another. The inclusion criteria
for this study was active, board certified or recertified CRNA members of the AANA. The
exclusion criteria for this study was currently non-practicing CRNAs or Student Registered
Nurse Anesthetists (SRNAs). Also excluded were members who opted out of mass email
communication from the AANA.
Using the Raosoft Inc. software to obtain a power analysis, the recommended sample
size for this study was 377 subjects. The power analysis was obtained using a 5% margin of
error, a 95% confidence level, a population size of 44,611, and a response distribution of 50%.
According to the AANA, typical email surveys generate a response rate of 3-7%. Thus, to ensure
a sample size of 377 subjects with a 5% response rate, the survey data tool would have been sent
to 7,540 members. The maximum number of mailings by the AANA was 3,000, which was a
limitation to the study.
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Instrumentation

Data collection for this study was conducted using the ‘Recycling in the Operating Room
(OR) Assessment Tool,’ developed by the study’s researchers (See Appendix D). The survey
tool contained 20 questions divided into two sections. The first section contained five questions
about study participants’ demographics. The second section contained fifteen questions about
study participants disposal practices of recyclable solid waste in their medical facility’s operating
room and barriers to recycling in the operating room. The survey questions ranged in format and
included multiple choice, yes/no/I don’t know, and select all that apply questions. There were ten
questions that addressed study participants disposal practices and five questions that addressed
barriers to recycling. The instructions for the survey were outlined in the beginning of the data
tool and the survey took approximately five minutes to complete.
Five content experts evaluated this data tool for content and validity. Experts included
were two CRNA professors of the Doctorate of Nurse Anesthesia Practice program at
Georgetown University, each with over ten years of clinical and teaching experience. The third
expert was a PhD professor at Georgetown University’s School of Nursing who is a scholar and
researcher in environmental health and public health. The fourth expert was a biomedical science
expert and researcher at the U.S. Department of Defense. The fifth expert was a statistician and
researcher at Georgetown University’s Department of Human Sciences.
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Procedure

After IRB approval, the researchers applied to the AANA Research Surveys, Services
and Assistance Department to send the survey tool to its members. Documents in the application
included a cover letter with a consent script (see Appendix C), the official IRB approval letter
(see Appendix E), and the research methodology including the data collection tool ‘Recycling in
the Operating Room (OR) Assessment Tool’ (see Appendix D). The data collection tool was
formatted by the AANA using SurveyMonkey, a secure data platform tool and survey link. This
hyperlink was electronically emailed to randomly selected survey participants which were
members of the AANA. These randomly selected participants received an email with the cover
letter and consent script. If they chose to participate, they clicked a hyperlink to the secure online
data survey tool.
The cover letter (see Appendix C) contained the purpose of the study, instructions on
how to complete the survey, and the consent manuscript ensuring informed consent of the study
participants. Clicking the hyperlink to access the survey implied consent. Study participants were
informed there were no risks or benefits associated with participating in the study and they
would not be penalized if they chose to opt out of the study. Study participants were informed
that they could withdraw from the study at any time prior to submission of the data collection
survey tool. However, once the data was submitted through SurveyMonkey the data could not be
withdrawn from the study. The cover letter also notified participants that the data collection
survey tool was accessible for up to two weeks through SurveyMonkey and that the survey would
take approximately five minutes to complete. A reminder email was sent to study participants
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after seven days before the survey closed to all non-respondents and respondents who did not
finish the survey.
The survey was accessible for two weeks. A reminder email was sent to study
participants seven days before the survey closed. The AANA emailed an electronic reminder to
study participants approximately seven days prior to the survey deadline. This reminder was sent
through the same secure, encrypted hosting network that provided encryption for the original
email, cover letter, and data collection survey tool. After completion of the data collection survey
through SurveyMonkey, study participants clicked submit to verify completion. An automated
thank you note was generated on the screen to inform participants that they had completed the
survey. After submission of this data collection survey, study participants did not have access to
the survey again. Study participants could not change answers once the survey was submitted
since no participant identifiers were recorded. Partially completed surveys were not counted
towards the data analysis. All data gathered for the study was taken from completed surveys
only.
Neither Georgetown University, nor the AANA, had access to study participant
information. The AANA formatted the survey data results in Excel spreadsheets and delivered
these to researchers electronically. These Excel spreadsheets contained no identifying study
participant information. Excel files were secured on a password protected personal computer
only the principle researchers could access. Data will be stored for 3 years per IRB guidelines.
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Data Analysis

This section contains information regarding the statistical tests performed. Statistical tests
performed included Chi square, and Fisher’s Exact tests.

Protection of Human Rights

Permission to conduct this study was granted by Georgetown University’s Institutional
Review Board (see Appendix E). The Georgetown University IRB required all researchers to be
certified in the Collaborative Institutional Training Initiative (CITI) Human Resources
Curriculum (see Appendix A). The AANA’s research department, who deployed the survey to
participants in this study reviewed and approved the data tool, the cover letter, survey agreement,
survey order form for protection of participants, and authentication that research participant’s
email addresses was kept confidential. All participants’ contact information was kept
confidential by the AANA. The survey tool was emailed to a randomly selected, computer
generated sample of AANA members. Members that opted out of mass e-mail communication
from the AANA were not included. Their responses remained anonymous. The AANA achieved
this anonymity by periodically reviewing and updating the survey site with security measures to
ensure protection for personal data. The survey site stores personal information of AANA
members in secure databases protected by passwords and network firewalls to prevent the loss,
misuse, or alteration of personal or survey information. The network operations staff perform
regular security audits on the servers and the hosting facility conducts regular and ongoing
independent security audits. Survey data is stored at a secure hosting facility with both physical
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and software-based security systems. The survey site also provides SSL encryption for survey
participation. At no time did the researchers have access to AANA member e-mail addresses or
any members’ identifying information. Only authorized personnel from the AANA in charge of
the survey have access to these files. All responses and surveys will be destroyed 12 months after
the survey launch. No hard copies of electronic surveys are kept by the AANA.
Participants in the survey were allowed to withdraw from the survey at any time prior to
submission by closing their internet browser window or tab where they survey was displayed.
However, once submitted, there was no mechanism to withdraw the survey since no identifying
information was collected. If a participant chose not to participate, the choice to withdraw from
the survey was not recorded.
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CHAPTER 4

Findings

This chapter presents the collected and analyzed results of the Recycling in the Operating
Room (OR) Assessment Tool. The study surveyed randomly selected CRNAs through the
American Association of Nurse Anesthetists (AANA) to examine disposal practices of
recyclable solid waste and to identify barriers to recycling in the operating room. Results of the
statistical analyses are summarized below along with relevant figures and tables.

Sample

The Recycling in the Operating Room (OR) Assessment Tool was emailed to a total of
2,866 randomly selected AANA CRNAs. A total of 315 responses were received, resulting in a
9% survey response rate. Of the 315 responses, 292 surveys were returned to the researchers
fully completed, while 23 were returned partially completed. Out of the 315 surveys returned, 23
were disqualified from the data analysis for omitting the essential survey question of whether the
survey participant recycled in the operating room. A total of 292 surveys were analyzed using
descriptive, quantitative statistics.
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Table 1. Demographics of CRNA Research Participants.

The first five questions of the Recycling in the Operating Room (OR) Assessment Tool
addressed participant demographics which included gender, work facility type, facility location,
years providing anesthesia services, and number of anesthetic cases per week. The majority of
participants were female (65.8%) with over 20 years of CRNA work experience (28.5%).
Respondents practiced in all 50 states with the majority of surveyed CRNAs employed in
medical facilities in the southeastern United States (32.3%).
The study found no statistically significant difference between the percentage of male
CRNAs who recycle (37.2%) and the percentage of female CRNAs who recycle (42.1%) in the
operating room, X2(1) = 0.619, p = 0.431. The percentage of CRNAs who reported recycling in
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their operating room ranged from 28.6% in the southwest to 45.8% in the midwest. The
differences by region were not statistically significant, X2(4) = 2.390, p = 0.664. By facility type,
pain clinics had the lowest percentage of recycling in the OR at 0.003%, followed by university
hospitals at 1% and then outpatient surgery facilities at 3%. Community hospitals had the highest
percentage of recycling at 59.2%. percentage of recycling in the operating room at 37.9%,
followed by university hospitals at 40.7%. These differences by facility type were not
statistically significant, X2(3) = 2.151, p = 0.542.

Research Question 1

After demographics information, survey items 6-10 of the data collection tool addressed
Research Question 1: what are CRNAs’ current disposal practices of recyclable solid waste in
the operating room?
Of the 289 analyzed CRNA responses, 40% reported recycling in their operating room,
while 59% denied recycling in their operating room. Survey participants were further questioned
about the presence of a recycling protocol at their medical facility. Out of 289 respondents, 33%
indicated that their medical facilities had formal facility wide recycling protocols, while 43%
reported a lack of facility wide recycling protocols. Twenty-three percent of CRNAs said they
‘did not know’ whether they had recycling protocols at their facilities. Chi Square analysis of
independence found a statistically significant association between having a formal facility wide
recycling protocol and recycling at that medical facility, X2(2) = 70.533, p < .001. Of the survey
respondents that indicated they had a recycling protocol at their medical facility (n=96), 71.9%
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also recycled in their operating room. Of those CRNAs that did not have a recycling protocol at
their facility, 16.1% still reported recycling while 83% said they did not recycle.

Table 2. CRNA Recycling Practices Vs. Presence of Hospital Wide Recycling Protocols.

A statistically significant association was found using a chi square analysis between years
in practice as a CRNA and having an awareness of a formal hospital-wide recycling protocol at
the medical facility, X2(3)=14.337, p=0.002. Survey results indicated that 36% of CRNAs
practicing 0-5 years reported that they were unaware of whether their medical facility had a
recycling protocol. Comparatively, 11% of CRNAs practicing over 20 years reported not
knowing whether their medical facility had a recycling protocol. No statistical significance was
found, however, between years in practice and whether CRNAs recycled in their operating room
at, X2(3)=1.239, p=0.744.
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Figure 1. Items Recycled By CRNAs in the Operating Room.

The study also surveyed CRNAs to determine which medical supplies they recycled in
the operating room. Figure 1 depicts all items survey respondents reported recycling. Items were
grouped into plastic, paper, glass and sharps recyclables. Various plastic recyclables such as
plastic wrapping, plastic syringes, and IV bags were grouped into one plastics category.
Similarly, items such as paper, cardboard, and Tyvek materials were grouped together into one
paper recyclables category. None of the respondents surveyed indicated that they recycled all of
the potentially recyclable items used by anesthesia providers in the operating room. The majority
of the respondents (58.9%) indicated that they did not recycle any items in the operating room.
Study analyses attempted to further distinguish between types of plastics recycled by CRNAs.
See Figure 2 for the various types of plastics recycled.
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Figure 2. Types of Plastic Items Recycled by CRNAs in the Operating Room.

Figure 3. Items Disposed of in Trash Bins.
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Figure 3 depicts items CRNAs reported throwing away in the trash bin in their operating
room. Of note, 73.6% percent of CRNAs (n=216) disposed of ‘anything that had come in contact
with the patient but was not visibly soiled’ in the regular trash bin. Of survey respondents, 10.3%
of CRNAs disposed of everything in the trash bin and the majority of CRNAs (over 80%)
disposed of various plastic items in the trash bin. These items included oxygen tubing, IV bags,
plastic wrap from IV bags, plastic syringes and wrapping from reprocessed equipment. All of the
items listed are in fact potentially recyclable.

Table 3. CRNA Recycling Practices Vs. Presence of Recycling Amenities.

In evaluating CRNAs with recycling bins in the operating room, chi square analysis
revealed an association between the presence of a recycling bin and the practice of recycling,
X2(2) = 54.9, p<0.001. Table 3 shows the majority of CRNAs (97%) that reported they did not
have recycling bins available in their operating rooms also did not recycle in the OR. Likewise,
only 2% of those that did not recycle had recycling bins in their operating room. However, the
data also showed that even if recycling amenities were provided, only 35% of CRNAs reported
recycling.
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Another statistically significant association that was found using Chi Square analysis was
between having a facility wide recycling protocol and having recycling bins available in the
operating room, X2(2) = 65.3, p<0.001. In facilities with a recycling protocol, 40.6% of CRNAs
had recycling bins in the operating room compared. Comparatively, 3.2% of CRNAs had a
recycling bin in their OR in facilities without a protocol. Nevertheless, the majority of facilities
with protocols (59.4%) still did not have recycling bins in the operating room.
This survey also assessed the types of waste disposal bins available for CRNAs to utilize
in their operating room. Out of 292 responses to this section, 85% of CRNAs reported having red
bins for clinical waste in their operating rooms; however, only 16% (n=46) of CRNAs reported
having recycling amenities to use.
The data tool also asked survey respondents whether recycling amenities were available
specifically for anesthesia providers, placed at their anesthesia workstations. Ninety-four percent
of CRNAs that reported having recycling amenities at their anesthesia workstation also reported
recycling in their operating room. Inversely, 36.1% of those without anesthesia-specific
recycling amenities reported recycling. Over 63% of survey participants that denied having
anesthesia-specific recycling amenities available in their operating room also did not recycle at
their workplace. The relationship between having anesthesia-specific amenities and recycling in
the operating room was statistically significant, X2(2) = 23.8, p<0.001.

Research Question 2

Survey items 11-20 addressed Research Question 2: what barriers exist that prevent
CRNAs from recycling in the operating room?

31

The study hypothesized that education of recycling may be a barrier to recycling
practices. Results revealed 72.8% of CRNAs were not provided with any education about
intraoperative recycling and 19.3% did not know if they had been provided with education. Only
7.9% of CRNAs surveyed indicated receiving any education on recycling in the operating room.
Those who had received education were significantly more likely to recycle than those without
education or those who did not remember being educated on recycling. Additionally, 36.4% of
those who did not have education or could not remember having education indicated that they
recycled in the operating room, compared to 82.6% of those who had received recycling
education, X2(1) = 18.84, p<0.001.
Survey participants were questioned about recycling amenities in the operating rooms.
The study found a statistically significant association between having recycling amenities in the
operating room and CRNA recycling, X2(1) = 54.91, p<0.001. Of the CRNAs surveyed, 89.1%
that reported having a recycling bin also reported recycling. Only 30.7% of those who did not
have recycling bins in the operating room reported recycling.
The study found limited recycling amenities available for CRNA use in operating rooms.
Only 15.9% of the CRNAs surveyed reported having a recycling bin in their operating room.
Meanwhile, 85% of the CRNAs surveyed indicated they had access to a red clinical waste bin. A
finding discussed earlier suggests that the lack of recycling amenities may be a barrier to
recycling practices. Also, the majority of CRNAs that had facility wide recycling protocols
(59.4%), also reported not having recycling bins available in their operating room. Likewise, out
of 290 respondents, 91.4% responded they would recycle if proper amenities were available in
their operating room, while 1.7% answered they would not recycle; 6.5% of respondents
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answered that they did not know whether they would recycle if proper amenities were available
to them.
CRNAs also answered questions on the availability of recycling amenities specifically for
anesthesia provider use. Only 6.2% reported having anesthesia specific recycling amenities.
Those with amenities specifically for anesthesia providers were significantly more likely to
recycle than those without such amenities or who did not know if they had such amenities, X2(1)
= 23.65, p<0.001. Nearly all (94.4%) of those with anesthesia specific recycling amenities
reported recycling compared with 36.4% of those without such amenities.
The presence of facility wide recycling protocols or ‘environmental sustainability’
initiatives had a statistically significant association with recycling in the operating room, X2(1) =
15.47, p<0.001. The majority of survey respondents (92.3%) that reported having a facility wide
recycling protocol or sustainability program also reported they recycled in the operating room,
compared to only 37.6% of those who did not have such programs. Only 4.5% of respondents,
however reported that their hospital had ‘green’ or ‘sustainability’ initiatives, 52.1% did not have
such initiatives, and 43.4% did not know.
Survey respondents in our study ranked their biggest barriers to recycling in the operating
room as (1) a lack of recycling amenities (84.9%), (2) inadequate information about/ how to
recycle (57.9%), and (3) a lack of education about recycling (54%), shown in Figure 4. In
assessing CRNAs perception of barriers to recycling in the operating room, majority of
respondents (84%) indicated a lack of recycling amenities in the operating room as the biggest
barrier that prevented them from recycling in their workplace. Inadequate information was cited
as the second largest barrier (57%) to recycling in the operating room. Finally, a lack of
education was indicated as the third largest factor (54%) that contributed to the lack of recycling
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in the operating room. Another barrier to recycling noted in the study was perceived infection
risk by CRNAs. Over 73% of CRNAs surveyed in this study reported disposing of anything that
had come into contact with a patient but was not visibly soiled in the regular trash bin.

Figure 4. Perceived Barriers to Recycling in the Operating Room.

The final question of our survey asked respondents to add additional comments about
recycling in the operating room. Of 289 survey respondents, 108 people left comments on the
survey which were grouped into three categories. The first category included comments
supportive of recycling practices in the operating room. Examples included: “I wish we did more
to recycle and eliminate waste,” “ …this is a good study and [I] hope you guys have a way to
help hospitals implement recycling efforts in the OR…” The second type of comment was not
supportive of recycling in the operating room. Examples included: “it is becoming expensive to
dispose of recycled waste.” The third type of comment described problems faced by CRNAs in
attempts to recycle in the operating room. Examples included: “I have asked our administration
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about recycling and have not heard anything regarding a program for our institution.” Other
problems described were costs of recycling, concern for cross contamination, and the
questionable effectiveness of recycling. The most common answer provided to the question of
‘to increase recycling in operating rooms, I am willing to do the following’ was to advocate for
more recycling amenities in their workplace (37%).

Summary

The majority of CRNAs in this study (59%) indicated that they did not recycle any items
in the operating room at their medical facility. A significant association was found between
having a formal hospital-wide recycling protocol and recycling in the operating room, X2(2) =
70.533, p < 0.001. Of the survey respondents that indicated they had a recycling protocol at their
medical facility (n=96), 71.9% also reported recycling in their operating room.
Survey respondents in our study ranked their biggest barriers to recycling in the operating
room as (1) a lack of recycling amenities (84%), (2) inadequate information about recycling
(57%), and (3) a lack of education about recycling (54%). A statistically significant association
was found between having recycling amenities in the operating room and CRNA recycling, X2(1)
= 54.91, p<0.001. In the survey, 15.9% of the CRNAs reported having a recycling bin in their
operating room and 7.9% of CRNAs reported education on recycling in the operating room.
Participants were given the option to write additional comments about intraoperative recycling
on their survey, resulting in 108 discrete qualitative responses. Twenty-eight of the 108 (25%)
responses described various barriers to recycling faced by CRNAs at their medical facilities. As
one participant wrote, “…so many materials used in the OR have the potential to be
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recycled…having enough receptacles and room for them would be tricky in some ORs due to
size and available space…also having staff on board to comply would be difficult seeing the
demands placed on them already for productivity, efficient turnover, etc.”
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CHAPTER 5

Discussion

This study explored the utilization of recycling among CRNAs and then examined the
potential barriers that may prevent implementation within the sample population. To the authors
knowledge, this is the first study that specifically explores CRNA recycling practices. The results
of this study showed that 40% of CRNAs reported recycling in their operating room. This
number was double the amount cited in prior surveys of anesthesiologists. However, the majority
of CRNAs (58.9%) continue to abstain from recycling any materials in the operating room.
These findings reflect the limited recycling practices published in the literature. For example,
2012 survey of anesthesiologists in Australia, New Zealand, and England (n=780), found that
only 11% of surveyed anesthesiologists reported recycling in the operating room.4 Likewise, a
2016 random sample survey emailed to ASA (n=2189) indicated that 27.7% recycled.36
Recycling behavior in the U.K.’s National Health Service was also noted to be relatively low in
comparison to the amount of recyclable waste found in its clinical waste stream.42 In all of these
studies, staff expressed high desire to recycle in the workplace yet actual recycling levels were
considerably low. This current study continues to reflect these findings. Surveyed CRNAs
expressed consistent desire to recycle in numerous questions of our survey, however, study
results point to various barriers that prevent actual recycling from occurring in the operating
room.
Although hospital-wide recycling programs as well as other environmental sustainability
programs are growing across the country, the CRNAs surveyed through this study were unaware
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of whether their facility had any facility wide recycling protocols, hospital environmental
sustainability programs, and/or ‘green initiatives.’ These findings are consistent with the
literature. The 2016 survey of ASA members (American Society of Anesthesiologists) reported
that the majority of physicians answered “I don’t know” to questions relating to the presence of
hospital sustainability programs.36 Their survey cited only 18% of respondents as having an
environmental initiative in their facility36. Similarly, a hospital audit in Saudi Arabia reported a
generalized lack of knowledge from hospital staff about waste disposal policies and
procedures.38 CRNA responses from this study do not differ from anesthesiologist responses
published eight years ago which may reflect various barriers to recycling.
Survey respondents in our study ranked their biggest barriers to recycling in the operating
room as (1) a lack of recycling amenities (84%), (2) inadequate information about recycling
(57%), and (3) a lack of education about recycling (54%). These findings differed from the
barriers identified in the first survey of American anesthesiologists (n=2189),36 but mirrored
those reported by the 2012 survey of international anesthesiologists (n=780). Ard cited the
biggest barriers to recycling as (1) insufficient information about how to recycle (67%), (2)
negative staff attitudes (47.5%) and, (3) a lack of time (47.4%).36 The perception that there was a
lack of sufficient information and/or education about intraoperative recycling continues to
permeate this study and may continue to contribute to low perioperative recycling by anesthesia
providers.
This study found limited recycling amenities available for CRNA use in the operating
room which correlated with limited recycling. Only 16% of the CRNAs surveyed reported
having a recycling bin in their operating room, while 85% of the CRNAs surveyed indicated they
had access to a red clinical waste bin. This may indicate that disposing of clinical waste is more
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widely accepted and is also expected of staff, unlike intra-operative recycling. The lack of
available recycling amenities in the operating room was also perceived as the greatest barrier to
recycling by CRNAs. When CRNAs were asked if they would be more likely to recycle if proper
amenities were provided, the majority (91%) responded yes, while 6% responded they did not
know whether they would recycle. This ambivalence about recycling may be due to inadequate
information about recycling in the operating room and/or a lack of education about recycling as
both problems were identified as the second and third largest barriers to recycling in our survey.
Moreover, the most common answer provided by CRNAs to the question of ‘to increase
recycling in operating rooms, I am willing to do the following’ was to advocate for more
recycling amenities in their workplace (37%).
The lack of education about recycling reflected in this study has already been established
in the literature. A 2012 survey administered through the ASA (n=2189) found the majority of
anesthesiologists lacked basic information on how to recycle in the operating room4. Similar
findings in a 2002 survey study administered to a waste management hospital committee in
Saudi Arabia showed a lack of awareness from hospital staff of generated waste and of policies
and procedures about recycling and proper waste disposal.38 A 2002 anesthesia related waste
disposal report also mirrored these findings, concluding that the biggest barrier to recycling was
a lack of knowledge by medical staff about waste disposal policies and hospital environmental
initiatives.37
Many anesthesia providers continue to believe that an item cannot be recycled if it has
come in contact with a patient, although it may not be visibly soiled.4,36 Likewise, the majority of
CRNAs surveyed in this study reported disposing of anything that had come in contact with a
patient but was not visibly soiled in the regular trash bin. This misconception is prevalent in the
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literature. McGain et al attributed it to perceived infection risk; their study concluded that staff
often err on the side of caution when disposing of materials that they believe may be
infectious.4,15 However, only 7% of general waste, 25% of anesthesia waste, and 16% of red bin
clinical waste was found to have cross-contamination with infectious materials.15 Authors of this
study emphasized that proper education and a motivated staff were unlikely to dispose of
contaminated waste into a recycling bin. Likewise, a 2019 study emphasized a need for improved
education surrounding proper waste disposal and recycling31. Over 56% of survey respondents
indicated it was unclear which items were recyclable.31 Thus, multiple studies corroborate this
study’s findings, which call for further education surrounding intra-operative recycling.15,16,26,36

Limitations

A limitation of this study included its sample size. The recommended sample size to meet
a 95% confidence interval and a 5% margin of error was 381, thus this study was underpowered
since we did not meet the minimum sample size. Another potential limitation of this study was
whether survey respondents were representative of AANA membership. Because our survey was
a convenience sample, our respondents may have been more enthusiastic about recycling and
environmental sustainability issues. Thus, there may have been biases in those who opted to fill
out our data survey. Other limitations to the study surrounded several questions on the survey
data tool. Questions that included select all that apply answers were limited in their statistical
analyses and thus, were not adequately analyzed.
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Implications

Current operating room recycling practices continue to need improvement. Sustainable
behavior changes are needed to promote environmentally sustainable operating room waste
disposal. Barriers to operating room recycling can be curbed through forced compliance with
green initiatives by hospital administration, improved sustainability education programs, and
mandating recycling bin use in operating rooms. Currently, hospital sustainability initiatives are
on the rise.
Another point to consider is that recycling is influenced by the current political and
economic climate. When a nation’s political agenda does not support environmental initiatives, it
is difficult to influence corporations to act in an environmentally sustainable manner. Currently,
American manufacturing companies do not bear the cost of waste disposal, thus there is no
incentive to manufacture products out of environmentally sustainable materials.
Consider also that in January of 2018 China banned its import of foreign recycling,
specifically most plastic recycling. Prior to this policy, China had handled most of the world’s
recyclable waste for over the last 25 years. Thus, current U.S. recycling is being sent to landfills
and incinerators as recycling companies scramble for new markets for their recyclable waste. If
the U.S. healthcare system is committed to doing no harm, it is time to improve current hospital
waste disposal processes and put pressure on manufacturing companies to make recyclable and
environmentally sustainable products.
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Future Recommendations

Future studies of operating room recycling should address hospital waste reduction
programs, purchasing practices of hospital materials management departments, and the lack of
environmental sustainability education found in both medical and nursing education.
Furthermore, despite the public’s increased awareness of recycling and environmentally
sustainable waste disposal, the volume of waste Americans produce continues to increase. Future
studies should further analyze hospital programs that implement waste minimization programs
and healthcare companies that produce environmentally sustainable materials.
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APPENDIX A
Citi Program: Collaborative Institutional Training Initiative
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APPENDIX B
Raosoft Sample Size Calculator
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APPENDIX C
CERTIFIED REGISTERED NURSE ANESTHETISTS’ DISPOSAL PRACTICES OF
RECYCLABLE SOLID WASTE IN THE OPERATING ROOM: AN EXPLORATION OF
PRACTICE
Number: IRB # STUDY00000078
INFORMED CONSENT SCRIPT
ANONYMOUS SURVEY
You are invited to participate in a research study titled “Certified Registered Nurse Anesthetists’
Handling of Recyclable Waste in the Operating Room: An Exploration of Practice”. This study
is being conducted by Tina Kushnir, Principal Investigator and Doctorate of Nurse Anesthesia
Candidate at Georgetown University. Co-Investigators are Dr. Catherine Horvath, DNAP and
Dr. Carrie Bowman-Dalley, Professors at the School of Nursing and Health Studies, Georgetown
University. The purpose of the study is to examine Certified Registered Nurse Anesthetists’
recycling practices, analyze Certified Registered Nurse Anesthetists’ views of recycling, and
identify barriers that exist to recycling in the operating room.
Participation in this study is entirely voluntary at all times. You can choose not to participate at
all or to leave the study at any time. Regardless of your decision, there will be no effect on your
relationship with the researcher(s) or any other consequences.
You are being asked to take part in this study because you are an active board certified or
recertified Certified Registered Nurse Anesthetist member of the American Association of Nurse
Anesthetists (AANA). If you agree to participate, you will be asked to answer questions on one
electronic survey that you will access online through SurveyMonkey – the link to the survey is
provided below. The survey will include two sections: demographics (gender, years of practice
as a Certified Registered Nurse Anesthetist, location of your medical facility); and your recycling
practices in the operating room. This survey should take approximately 5 minutes to complete.
Once completed, the survey questions and your responses will be submitted electronically
through SurveyMonkey and be sent directly to the Georgetown Principal Investigator.
All of your responses to this survey will remain anonymous and cannot be linked to you in any
way. No identifying information about you will be collected at any point during the study. The
SurveyMonkey system has been determined to be sufficiently protected/secure to allow for its use
by Georgetown University researchers. Once you submit your completed survey, there will be
no way to withdraw your responses from the study because the survey contains no identifying
information. Study data are returned to the researcher in a digital format that does not identify
individual responses. The digital, nonidentifiable, encrypted data will be kept by the AANA on
password protected computers. The aggregate, non-identifiable data will be shared with study
researchers.
There are no risks associated with this study. While you will not experience any direct benefits
from participation, information collected in this study may benefit others in the future by
contributing to our knowledge and understanding of recycling practices in operating rooms. This
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includes but is not limited to barriers faced by Certified Registered Nurse Anesthetists to
recycling in the operating room.
If you have any questions regarding the survey or this research project in general, please contact
the principal investigator, Tina Kushnir, at (443)-854-2771 or via email at
tk780@georgetown.edu, or Dr. Catherine Horvath at (202)-538-1790 or via email at
chh24@georgetown.edu. If you have any questions about your rights as a research participant,
please contact the Georgetown University IRB at (202) 687-1506 or irboard@georgetown.edu.
By completing and submitting this survey, you are indicating your consent to participate in this
study. There is no need for a signed consent to participate.
To start the survey, please follow this link:
We request that you submit the survey by:
Sincerely,
Tina Kushnir, BSN, RN
Doctorate of Nurse Anesthesia Candidate 2020
Georgetown University
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Catherine Horvath, DNP, CRNA
Assistant Professor
Georgetown University

APPENDIX D
Recycling in the Operating Room (OR) Assessment Tool
This survey questionnaire is a data tool to assess the prevalence of recycling practices of
Certified Registered Nurse Anesthetists in the operating room. Please answer the questions
below regarding recycling of disposable solid waste in your medical facility. The survey
must be completed in its entirety to be included the study and should take approximately 5
minutes to complete. Please note no personal information will be collected.
1. What is your gender?
a. Female
b. Male
c. Prefer not to say
2. What type of facility do you primarily work?
a. Community Hospital
b. University hospital
c. Outpatient surgery facility
d. Military facility
e. Pain clinic
f. Other
3. In what state is your facility located?
[Drop down selection of all states]
4. How many years have you been providing anesthesia services as a Certified Registered
Nurse Anesthetist?
a. 0-5 years
b. 6-10 years
c. 11-20 years
d. >20 years
5. On average, how many cases per week do you provide anesthesia services in your
medical facility?
a. 0-20 cases/week
b. 21-40 cases/week
c. 41-60 cases/week
d. 61-80 cases/week
e. >81 cases/week
Recycling Practices of Certified Registered Nurse Anesthetists
For questions 6 through 20, please select the answer choice(s) that apply to your personal
recycling practices in the medical facility at which you are primarily employed.
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6. Does your facility currently have recycling protocols?
a. Yes
b. No
c. Don’t know
7. Do you currently recycle any of the disposable solid waste items listed below in the
operating room? Please select all that apply.
a. Plastic wrapping from reprocessed equipment
b. Paper wrapping from reprocessed materials
c. Used plastic syringes
d. Unused plastic syringes
e. Plastic wrap from IV bags
f. Plastic containers
g. IV bags
h. Oxygen tubing
i. Glass bottles
j. Sharps needles
k. ‘Blue wrap’
l. ‘Tyvek’
m. Paper
n. Cardboard
o. All of the above
p. Do not recycle any items
q. Other, please list
8. What type of trash bin(s)/bag(s) are currently located in your operating room? Please select
all that apply.
a. Black bin(s)/bag(s)
b. Red bin(s)/bags(s)
c. Clear bin(s)/bag(s)
d. Trash chute
e. Recycling bin(s)/bag(s)
f. All of the above
9. What types of specific recycling amenities does your operating room provide? Please select
all that apply.
a. One recycling bin/bag for all recyclable items
b. Recycling bin(s)/bag(s) for plastic
c. Recycling bin(s)/bag(s) for paper
d. Recycling bin(s)/bag(s) for glass
e. Recycling bin(s)/bag(s) for cardboard
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f. There are no recycling bin(s)/bag(s) available in my operating room
g. Other (fill in the blank)
10. Which item(s) do you place in the regular trash bin in the operating room? Please select all
that apply.
a. Plastic wrapping from reprocessed equipment
b. Paper wrapping from reprocessed materials
c. Used plastic syringes
d. Unused plastic syringes
e. Plastic wrap from IV bags
f. IV bags
g. Oxygen tubing
h. Glass bottles
i. Sharps needles
j. ‘Blue wrap’
k. Anything that has come in contact with a patient but has no visible blood or bodily
fluids
l. All of the above
m. None of the above
11. Would you recycle if the proper recycling amenities were available in your operating
room?
a. Yes
b. No
c. Don’t know
12. Is education about recycling practices or protocols provided in your facility to operating
room staff?
a. Yes
b. No
c. Don’t know
13. Does your facility or department use financial incentives to encourage recycling?
a. Yes
b. No
c. Don’t know
14. Does your operating room have specific recycling amenities for anesthesia providers to
use?
a. Yes
b. No
c. Don’t Know
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15. Does your department or hospital have a sustainability or ‘green’ task force or committee?
a. Yes
b. No
c. Don’t know
16. I recycle at home
a. Always
b. Frequently
c. Sometimes
d. Rarely
e. Never
f. Don’t know
17. According to my observations, my Certified Registered Nurse Anesthetist colleagues
recycle in the operating room
a. Always
b. Frequently
c. Sometimes
d. Rarely
e. Never
f. Don’t know
18. What do you perceive as barriers to recycling in the operating room? Please select all that
apply.
a. Staff attitudes
b. Costs
c. Inadequate information about how to recycle
d. Potential infectious contamination/safety
e. Lack of time to recycle
f. Lack of education about recycling
g. Lack of recycling amenities
h. Other (fill in the blank)
19. To increase recycling in operating rooms, I am willing to do the following
a. Provide education to my co-workers on recycling
b. Become a member on a committee that promotes hospital recycling
c. Advocate for more readily available recycling amenities in the operating room from
hospital administrators
d. None of the above
e. Other (fill in the blank)
20. Do you have any additional comments about recycling in operating rooms (fill in the
blank)?
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