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Abstract
Background: Propofol is a non-barbiturate sedative trained anesthesia providers use to induce and maintain anesthesia and sedation (Sahinovic et al., 2018). Wasting propofol in pharmaceutical disposal containers will lessen the amount released into the environment (Ring & Pfrimmer, 2021). Propofol harms the environment because it does not deteriorate naturally and is toxic to marine organisms (Mankes, 2012).
Problem: A large university medical center in the southeast currently needs pharmaceutical waste systems to dispose of propofol.
Methods: Anesthesia department staff was surveyed regarding propofol wastage habits prior to implementation. Staff education was provided on waste system usage and propofol’s negative effect on the environment. The pharmaceutical waste system was installed in anesthesia delivery areas. Lewin’s change model was used to unfreeze, change, and refreeze the usage of the pharmaceutical waste bins. Anesthesia staff was surveyed post-implementation to assess propofol wastage habits.
Results: After staff education and the pharmaceutical waste system installation, anesthesia providers' use of pharmaceutical waste bins increased from 0% to 54%.
Conclusion: Staff education and pharmaceutical waste bin accessibility are instrumental in decreasing propofol's potential negative environmental impact.
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Propofol Disposal in the Anesthesia Setting: Decreasing the Environmental Impact
	A large university medical facility in the southeast serves the area through education, research, and patient care. This facility is a nonprofit academic medical center with 14 hospitals throughout the state. The health system aims to improve lives by delivering the highest quality patient care while training healthcare providers. The facility has ongoing sustainability and recycling programs to reduce its environmental impact through efficient energy use, water conservation, and waste reduction (Medical Univerisity of South Carolina, n.d.). 
Purpose of Project
	The project site facility utilizes and follows the Centers for Medicare and Medicaid quality metrics. The healthcare system seeks to improve health across the state. System-wide policies that address the waste and disposal of controlled or hazardous substances into designated containers are in place. Currently, the facility does not have pharmaceutical waste disposal containers. An accessible pharmaceutical disposal system with activated charcoal is needed in the anesthesia department to dispose of propofol properly. Wasting propofol into activated charcoal decreases the risk of diversion and potential environmental impact (Ring & Pfrimmer, 2021). 
Propofol is a non-barbiturate sedative trained anesthesia providers use to induce and maintain anesthesia and sedation (Sahinovic et al., 2018). Propofol is used extensively throughout the facility's anesthesia department. The propofol dose during an anesthetic is individualized and calculated using patient weight in kilograms (Bravenec, 2022). Individualized dosing often produces the need to waste the excess from the 200mg standard supplied vial. Propofol is not classified as a controlled substance under the Controlled Substances Act (Drug Enforcement Administration, 2022). However, its disposal has potential negative environmental implications (Mankes, 2012). Currently, there are no national guidelines for the disposal of propofol (Schneider et al., 2017). It was observed that anesthesia providers wasted excess propofol in the sink, trash, and red sharps containers. The current state of the facility is that pharmaceutical waste systems are not used for the disposal of propofol.
Importance to Nursing
Approximately nine million people die because they live or work where they encounter harmful pollutants (Fuller et al., 2022). Respiratory diseases, heart diseases, cancers, and premature death can result from exposure to environmental hazards. Healthy People 2030 promotes healthier environments to improve population health (Office of Disease Prevention and Health, 2021). Healthy People 2030 includes core objectives to improve health over the next ten years. 
	Among the many benchmarks, Healthy People 2030 focuses on reducing health risks from environmental hazards like toxic pollutants released into the environment (Office of Disease Prevention and Health, 2021). Healthy People 2030 calls for increased laws and policies to track and reduce environmental pollutants. Healthy People 2030 labels this benchmark as improving. Without measurement of propofol metabolites, it is impossible to know the extent of the environmental impact propofol wastage is causing (Kostrubiak et al., 2020). Propofol is hazardous to the environment because it “does not degrade, accumulates in fat, is toxic to aquatic organisms, and requires incineration to be destroyed”(Mankes, 2012, p. 1091).
Problem Statement
	The operating rooms lack liquid pharmaceutical waste containers for use by anesthesia providers. Propofol, frequently used in anesthesia, should be wasted in a designated container to avoid potential diversion and groundwater contamination (Ring & Pfrimmer, 2021). Propofol does not break down naturally and is toxic to aquatic life if leaked into wastewater (Waspe & Orr, 2023). 
Purpose Statement
	The proposed project aims to provide accessible pharmaceutical disposal containers and education on their use for the anesthesia staff. Disposal containers will be monitored and measured monthly for use and adherence to guidelines. Proper disposal techniques will decrease environmental, community, and population health risks. Disposing of propofol in charcoal-lined pharmaceutical disposal containers will reduce the environmental impact and promote a healthier environment. Promoting a healthier environment to live and work in is an objective outlined in Healthy People 2030 (Office of Disease Prevention and Health, 2021).
Literature Review
Licensed anesthesia providers use propofol to induce and maintain anesthesia and sedation (Sahinovic et al., 2018). The propofol dose during anesthesia is individualized and calculated using patient weight in kilograms (Bravenec, 2022). Individualized dosing often produces the need to waste the excess from the 200mg standard supplied vial. Propofol is not classified as controlled under the Controlled Substances Act (Drug Enforcement Administration, 2022). However, its disposal has potential negative environmental implications (Lane, 2020). Mankes (2012) noted that propofol wastage accounted for almost half of the total drug wastage within an observed operating room. Currently, there are no national guidelines for the disposal of propofol (Schneider et al., 2017). Propofol harms the environment because it does not deteriorate naturally, is toxic to marine organisms, and must be incinerated (Mankes, 2012). Proper disposal of pharmaceuticals will decrease the per capita cost of health care by reducing exposure to toxic contaminants to populations. Promoting a healthier environment to live and work in is a component of the Institute for Health Care Improvement’s Quadruple Aim (Institute for Healthcare Improvement, n.d.).
In this paper, nine peer-reviewed scholarly articles are synthesized to provide current recommendations regarding the wastage and disposal of propofol and its potential environmental impact. Each article reviewed focused on propofol in various facets. All levels of evidence were included. Initial search phrases included "propofol and the environment", "propofol wastage", and "propofol and water pollution”. The search terms were altered to "propofol wastage and pollution". Some articles were specific to propofol use and anesthesia, while others focused on environmental concerns surrounding propofol wastage. The synthesis is organized into three themes related to the topic. The themes are propofol use, environmental concerns with propofol disposal, and current recommendations for propofol wastage and disposal.
Propofol Use
	Propofol is one of the most commonly used drugs in the anesthesia setting (Kostrubiak et al., 2020). Bravenec (2022) and Sahinovic et al. (2018) research and discuss propofol's pharmacokinetics and pharmacodynamics in depth. Both articles explain propofol's use, how it works in the brain, and its benefits and advantages. Sahinovic (2018) goes into more detail regarding the receptors propofol potentiate. Both articles synthesize propofol's uses well with extensive supporting scholarly references. Sahinovic (2018) discusses absorption, distribution, metabolism, elimination, and secretion in much more detail. Modeling and drug interactions are also examined. 
Environmental Concerns Surrounding Propofol
	Fuller (2022) presents findings on global pollution and its detrimental health consequences. Fuller provides extensive data to support the connection between pollution and its economic burdens and associated health effects. Fuller’s work is relevant because it elevates environmental pollution to a global rather than local issue. He calls for a global response to mitigate pollution, focusing on low-income and middle-income countries where pollution is at high levels. Fuller discusses climate change as a result of pollution. Lane (2020) also discusses global warming and climate change, specifically concerning propofol manufacturing, use, and wastage. Due to the use of soybean oil as the main ingredient, propofol's sustainability has been questioned regarding deforestation.
	Three extensive articles discuss propofol and its potential for environmental contamination. Mankes (2012) reports the correlation between propofol wastage and detrimental effects on aquatic life. Kostrubiak et al. (2019) further link propofol to water pollution and call for more research. Kostrubiak does state in his article that current evidence measuring propofol in the environment is limited, and more research is needed. The article by Waspe and Orr (2023) describes propofol waste as an environmental threat. Waspe and Orr (2023) estimated the environmental impact of propofol in their study but failed to factor in metabolism by the body before excretion. Mankes (2012), Kostrubiak et al. (2019), and Waspe and Orr (2023) all cite the need for further research into the issue and a need for more data.
Propofol Disposal
	Ring and Primmer (2021) found that propofol is a commonly diverted drug by anesthesia providers. The authors primarily focused on the potential for abuse but did reference the ecological impact of the drug. Proper disposal of propofol into pharmaceutical disposal containers will decrease the potential for abuse and lessen the amount released into the environment. Mankes (2012) found that providing propofol in only 20ml bottles, rather than 50ml or 100ml bottles, reduced waste, cost, and environmental impact. Schneider et al. (2017) presented the most relevant argument for properly disposing of propofol in anesthesia. Providers were given a bottle opener and a carbon pouch to decrease the potential for diversion and lessen environmental impact. Barriers to change were identified. Schneider et al. (2017),  Ring and Primmer (2021), and Mankes (2012) all had very anesthesia-specific articles with excellent supporting data.
Implementation Model
	Kurt Lewin was a psychologist who studied group dynamics and organizational change. In the 1940s, Lewin developed his change model, which consists of three stages: Unfreezing, changing, and refreezing (Hussain et al., 2018). Unfreezing consists of identifying a need or problem. The facility needed proper pharmaceutical disposal bins in the anesthesia areas. The hospital administration was made aware of the identified problem. A sense of urgency ensued due to policy non-compliance and potential fines from the Department of Health and Environmental Control. Consistent with Lewin’s unfreezing stage theory, equilibrium was disrupted (Shirey, 2013). Internal forces were then in motion to drive change. 
	Changing is the second stage in Lewin’s change theory (Hussain et al., 2018). Creating a plan to secure the pharmaceutical disposal bins, installing the bins in reachable locations, and educating and engaging the anesthesia providers occurred within this stage. Utilizing the proposed containers required anesthesia providers to change current waste practices. Effective communication, empowering the anesthesia staff, and involving stakeholders were critical to decreasing resistance to change. 
	Refreezing, the third stage in Lewin's change model, occurs when changes are maintained and reinforced (Hussain et al., 2018). Positive feedback will help solidify the change. Support of the anesthesia staff in the form of continuing education and training is key for locking in the habit of using the bins and ensuring the sustainability of the change. Using the pharmaceutical disposal bins will become standard practice with successful refreezing.
Implementation 
Communication
	Communication plans for informing all key stakeholders consisted of in-person meetings, phone calls, emails, and texts. Initial meetings were with the Anesthesia Department Clinical Site Coordinator and the Chief Certified Registered Nurse Anesthetist. Problem identification was discussed and agreed on by all parties. The Chief Quality Officer was engaged via in-person meetings, emails, and phone calls. Meetings with the Operating Room (OR) Director followed. From the meeting with the OR Director, the project was directed to the Regional Pharmacy Director. In-person meetings with the Regional Pharmacy Director occurred multiple times, resulting in emails and texts regarding potential contracts for pharmaceutical disposal bins with the facility. A survey link was sent to all anesthesia providers to document current disposal practices before project implementation.
Unit-by-unit inspections were necessary to determine how many bins were needed and where to locate them. For status updates on the funding of the contract, emails were the primary mode of communication. The bins were ordered once the project was funded and a project implementation date was set. Multiple emails were sent informing all stakeholders of pending project implementation. Phone calls, texts, and emails were made before implementation day to ensure a smooth implementation of the containers. 
	Once the containers were installed, follow-up emails were sent to all stakeholders and staff. Printed education materials remain in the anesthesia lounge and above each bin for correct usage, with a QR code for further information. In-person meetings have been held with the staff post-implementation to address misuse. Follow-up emails and texts were sent to staff to reeducate them on bin use. A post-implementation survey was sent to all anesthesia staff via text to assess project acceptance and bin utilization. The pharmaceutical bins were also visually inspected monthly for usage and adherence to guidelines.
Leadership Engagement
	The initial leader of the liquid pharmaceutical disposal bin project was the Chief Nurse Anesthesiologist. The Chief Nurse Anesthesiologist assigned a project site champion. The Project Site Champion was instrumental in guiding the project and promoting acceptance among the anesthesia staff. The Regional Pharmacy Director facilitated the funding of the project. A contracted waste disposal company provided and installed the propofol disposal bins.
	Staff facility-wide has been engaged with planning, implementation, and usage of the bins with emails, texts, and in-person visits. Staff nurses and nursing leaders in each unit have been empowered by being involved in each stage of the project process. 
Education
	A multi-modal approach to education and training was implemented over a month-long period and included emails to the anesthesia staff regarding the planned installation of the pharmaceutical disposal containers. Questions or concerns were welcomed in response. Educational materials in a portable document format (PDF) were then emailed to the Regional Pharmacy Director and the Chief Certified Registered Nurse Anesthesiologist for approval. Approval by these two key stakeholders was critical to successfully implementing the project. Once approved, educational materials were distributed to all anesthesia staff via email. Again, questions or concerns were welcomed in response. One week before the practice change was installed, the same education materials were printed, laminated, and made available for staff in the anesthesia lounge. 
	On implementation day, printed, laminated education materials were available in the form of an education book in the anesthesia lounge. Breakfast was provided on the table in the lounge where the educational materials were placed. All providers signed a log stating that they had read the disposal policy and bin education materials. Texts were sent to all anesthesia providers notifying them that the implementation team would be coming into the anesthesia areas to install the pharmaceutical bins and welcoming their questions and input. Education materials in a printed, laminated form were attached to the wall above where each bin was to be installed.
Policies, Processes, and Procedures
	A pharmaceutical disposal policy was in place system-wide before implementing the project. Organizational support was obtained when the project was presented to the Chief Compliance Officer. The facility is now in compliance with the system-wide pharmaceutical disposal policy.
	Propofol wastage is squirted into the installed pharmaceutical waste disposal bins by anesthesia staff, and the lid is then secured. The propofol is absorbed into the charcoal sludge mixture. This procedure deactivates the propofol and decreases the risk of diversion. The containers are locked onto the metal mounting bins. The keys to the locks are kept in the pharmacy and accessible when needed.
	Misuse by depositing vials and syringes into the pharmaceutical disposal bins violates the healthcare system’s drug waste policies. Misuse was addressed in the anesthesia department via emails, texts, and additional fluorescent signage on the bins. Misuse was primarily attributed to providers' habit of depositing vials and syringes into other types of bins.
Barriers and Barrier Management
	An initial unanticipated barrier to installation was tile on the walls in three areas. Orders were placed via the online portal to have holes drilled by hospital maintenance staff. Several trips to these three areas were required to check for work order completion before the holes were drilled and brackets were installed. Locked containers were placed once the brackets were installed in the lacking areas. Emails were sent to the anesthesia staff, informing them that bins were now available in all anesthesia areas.
	Other barriers included habits of disposal formed over years of practice and resistance to change. Resistance to change was identified by several staff members' vocalized resistance to utilizing the bins. One anesthesia staff member did not want to unscrew the lid, and another said they did not care about the environment and would not use the bins. Resistance to change was addressed by education, change model application, and continued staff support.
Implications and Conclusions
	Propofol harms the environment because it does not deteriorate naturally, accumulates in adipose tissue, is toxic to marine organisms, and must be incinerated (Mankes, 2012). Disposing of propofol in charcoal-lined pharmaceutical disposal containers will reduce the environmental impact and promote a healthier environment. 
Before project implementation, anesthesia providers had a 0% pharmaceutical disposal bin usage rate. Once an accessible pharmaceutical waste disposal system was installed, bin usage increased to 54% among surveyed providers. With proper education on bin usage and availability, staff easily adapted and utilized the disposal containers. This project could improve drug wastage habits and compliance throughout the facility. The project's potential impact could be even greater by increasing education efforts to include additional facilities. 
Quality of care is increased by living and working in a healthier environment. Proper propofol disposal techniques will decrease environmental, community, and population health risks. As healthcare's impact on the environment increases, providers could have a positive impact with small interventions. Wasting propofol in neutralizing containers could decrease its carbon footprint (Lane, 2020). More research is needed to quantify these interventions' effects on the environment. 
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