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Abstract

Background

The healthcare sector contributes directly to global warming and environmental
decline. This is in part due to disproportionally large waste generation compared to
other sectors, and the environmental consequences of incineration of medical
waste 457.9, Waste separation and recycling decreases total waste generation of
the theatre complex, decreasing the cost of waste disposal, and if properly
implemented can generate revenue 61016, Waste separation is not performed
uniformly, and no recycling programs exist in the theatre complexes of the
academic hospitals in Johannesburg. Potentially recyclable anaesthetic waste is

not identified in our setting.
Methods

Recyclable anaesthetic waste items were identified. Anaesthetic waste was
collected after every anaesthetic case. General and medical waste were weighed
respectively and inspected for correct separation. Recyclable items were

separated from general waste and weighed.
Results

107.6kg of anaesthetic waste was evaluated. Per anaesthetic, 74.6% (65.0-84.2%)
was medical waste, and 25.4% (15.8-35.0%) general waste. Of the general waste,
68.8% (57.7-78.8%) was recyclable. Only 6.8% of medical and 61.4% of general
waste bags inspected, were correctly separated. Within each medical waste bag
6.9% (2.3-15.5%) of waste was incorrectly placed general waste. Similarly, each
general waste bag contained 6% (0-21.6%) incorrectly placed medical waste.

Waste generated per surgical discipline was significantly different.



Conclusion

Correct waste separation, a key step in decreasing the burden of health care
waste, was poor. The study demonstrated that most general anaesthetic waste is

recyclable.
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Section 1: Review of the literature

1.1 Introduction

Global warming and environmental decline pose an imminent and significant
danger to public health. Global warming and the resultant climate change threaten
the basic needs to sustain health, namely clean air and drinking water, adequate
and sustainable food sources, and secure shelter (1, 2). Watts et al (1) highlights
that those who will suffer most from the environmental and economic effects of
climate change are the young, the elderly and those residing in low income

countries.

The burning of fossil fuels results in carbon dioxide (CO2) emission, which is the
greatest contributor to greenhouse gas emissions and effective global warming (1,
3). All manufactured products use finite natural resources during manufacture and
emit greenhouse gasses, such as COz2, during their production. The 2019 Lancet
commission on climate change has shown the health sector to be responsible for

4.6% of global carbon emissions (1).

The effect of the health sector on our environment is not just limited to its carbon
emissions. Recent studies have found healthcare waste to be the second largest
contributor to national waste in the United States of America (USA) and Australia
respectively, surpassed only by the food industry (4, 5). This phenomenon is
reflected in the United Kingdom (UK) (5).

An Australian review of healthcare greening initiatives have found a recent surge
in healthcare waste, and its disproportional contribution to national waste to be
multifactorial (5). Concerns about possible cross-infection of diseases such as
hepatitis B and human immunodeficiency virus have demanded the use of
disposable, single use plastic devices. A growing, aging population results in an
increased burden on the healthcare system, resulting in more admissions every
year. Furthermore, the evolution of the field of medicine has resulted in increasing

numbers of operations performed worldwide every year (4-6).



Healthcare waste is generally separated into general waste and regulated medical
waste. General waste, disposed of in clear bags, is comparable to domestic
waste. It does not require specialized biohazardous handling and has the
potential to be recycled (5, 7). The World Health Organization (WHO) estimates
non-hazardous healthcare waste, i.e. general waste, to range from 75% to 90% of
total healthcare waste generated (8). General waste, if not recycled, is disposed

of at landfill sites.

In comparison, medical waste, disposed of in red bags, are items that have been
contaminated with blood, bodily fluids or human tissue. Medical waste requires
specialised handling and disposal, such as incineration (5, 7, 9). The disposal of
medical waste carries significant environmental consequences. The incineration of
1kg of medical waste generates approximately 3kg of carbon dioxide (5).
Incineration of waste not only increases our carbon footprint but also results in the
emission of harmful pollutants such as dioxins, furans and mercury (4). These
toxins have been linked to numerous harmful effects ranging from infertility to
increasing acid content in our water and soil (10). Other forms of hazardous
healthcare waste include chemical waste, pharmaceutical waste, radioactive

waste and sharps (9).

The cost comparison for disposing general waste versus medical waste is also
significant. An Australian study described waste management costs at a 780 bed
tertiary hospital. They found that medical waste disposal costs seven times more
than general waste disposal (6). After implementation of waste separation within
their operating theatres, they found a 60% reduction in waste disposal costs. A
frequently cited American review by Axelrod et al (11) estimated the costs of
medical waste management to be five times more than that of general waste.
Another study done in the USA found their medical waste to cost 10 times the
amount of general waste to dispose of (12). Appropriate waste separation is a
crucial step in reducing the financial and environmental cost of healthcare waste
(10).



Studies done in high income countries, show that the operating theatre contributes
20% to 30% of total hospital waste. Anaesthetic waste forms approximately 25%
of operating theatre waste (5, 10, 13, 14). Recent research from both the USA
and Australia estimates that up to 90% of operating theatre waste is incorrectly
labelled as medical waste and therefore sent for unnecessarily expensive waste
disposal (5, 10). This improper sorting is partly due to ignorance of the importance
of separating waste, or a fear of reprimand for incorrectly disposing a
contaminated item into general waste (5).

An audit, done in 2008 at a 320 bed Australian hospital, reiterated that anaesthetic
waste contributed a quarter of total operating theatre waste (15). They further
stated that up to 60% of general anaesthetic waste is potentially recyclable. This
was mirrored in practice after a recycling initiative was implemented at the
previously mentioned 780 bed Australian hospital, resulting in a reduction of more
than 50% in total operating theatre waste (6). The high potential for recycling is
likely due to a large proportion of operating theatre waste consisting of disposable

packaging and wrapping materials (6).

Recycling results in cost avoidance by reducing total general waste. A paper and
cardboard recycling initiative in a UK operating theatre resulted in a total saving of
£0.51 per case as well as a reduction of 25kg of CO2 emissions per 20 cases (16).
Research has also shown a potential to generate financial revenue by recycling
items from the operating theatre. A recent study done in the USA estimated a
$5000 annual profit and a $174 240 saving via cost avoidance by recycling the
plastic polypropylene material that is used in operating theatres in the USA to wrap
instrument trays for sterilization (10). Introducing recycling into the operating
theatre has also shown to reduce the overall amount of medical waste generated.
This may be due to greater staff awareness of waste management and separation
(5, 10).



In addition to the potential profit generation and the established cost avoidance,
recycling has environmental benefits. It reduces the amount of general waste
ending up on our already limited landfills and it decreases the amount of medical
waste needing energy-intensive and pollutant producing treatment and disposal
(17). Furthermore, producing products from recycled materials has a lower carbon

footprint compared to production from raw materials (5, 17).

No publications describing recyclable anaesthetic waste within a South African
setting, nor its potential financial effects were found. There is currently no
recycling of non-contaminated anaesthetic waste within the major academic
hospitals in Johannesburg, South Africa. In addition to this, waste separation is not
performed uniformly amongst these hospitals, despite the obvious financial and

environmental benefit.
1.2 Summary

With increasing evidence linking climate change and environmental decline as a
direct threat to public health, healthcare providers have a responsibility to explore
all options to mitigate these effects (1, 2). As several studies and interventions in
high income countries have shown, proper waste separation, and operating
theatre recycling significantly decreases the overall waste generation of the
theatre complex (5, 6). Waste separation and recycling can decrease the cost of
waste management and if properly implemented can generate revenue for the
hospital (5, 6, 10, 16). From studies done in high income countries we know that

up to 60% of anaesthetic general waste is recyclable (15).

Waste separation is not performed uniformly, and there are no recycling programs
set up in the operating theatre complexes of the academic hospitals in
Johannesburg. Anaesthetic waste items that are potentially recyclable are not
identified in our setting. Lastly, the financial impact of recycling these items is not

known.
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Abstract

Background

The healthcare sector contributes directly to global warming and environmental decline.
This is in part due to disproportionally large waste generation compared to other sectors,
and the environmental consequences of incineration of medical waste >"°, Waste
separation and recycling decreases total waste generation of the theatre complex,
decreasing the cost of waste disposal, and if properly implemented can generate revenue
56.10.16 ‘\waste separation is not performed uniformly, and no recycling programs exist in
the theatre complexes of the academic hospitals in Johannesburg. Potentially recyclable

anaesthetic waste is not identified in our setting.
Methods

Recyclable anaesthetic waste items were identified. Anaesthetic waste was collected after
every anaesthetic case. General and medical waste were weighed respectively and
inspected for correct separation. Recyclable items were separated from general waste and

weighed.
Results

107,6kg of anaesthetic waste was evaluated. Per anaesthetic, 74.6% (65.0-84.2%) was
medical waste, and 25.4% (15.8-35.0%) general waste. Of the general waste, 68.8% (57.7-
78.8%) was recyclable. Only 6.8% of medical and 61.4% of general waste bags inspected,
were correctly separated. Within each medical waste bag 6.9% (2.3-15.5%) of waste was
incorrectly placed general waste. Similarly, each general waste bag contained 6% (0-
21.6%) incorrectly placed medical waste. Waste generated per surgical discipline was
significantly different.

Conclusion

Correct waste separation, a key step in decreasing the burden of health care waste, was

poor. The study demonstrated that most general anaesthetic waste is recyclable.
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Introduction

There is increasing evidence linking climate change and environmental decline as a direct
threat to public health®2. It threatens the basic needs to sustain health, namely clean air and
water, adequate and sustainable food sources, and secure shelter. Those residing in low
income countries are likely to suffer the most from the economic and environmental effects

of climate change.*

All manufactured products use finite natural resources during manufacture, and emit
greenhouse gases, such as carbon dioxide (CO.), the greatest contributor to global
warming, during their production.t® The 2017 Lancet commission on climate change has
estimated the health sector to be responsible for 4.6% of global carbon emissions. The
effect of the health sector on our environment is not just limited to its carbon emissions.
Recent studies in high income countries have found healthcare waste to be the second

largest contributor to national waste, surpassed only by the food industry.*®

Healthcare waste is separated into general waste and medical waste. General waste is
comparable to domestic waste. It does not require specialized biohazardous handling and
has the potential to be recycled.>®” The World Health Organization (WHO) estimates
general waste to range from 75% to 90% of total healthcare waste generated.® General

waste, if not recycled, is disposed of at landfill sites.

Medical waste are items that have been contaminated with blood, bodily fluids, or human
tissue. Medical waste requires specialised handling and disposal, such as incineration.>"°
Incineration of waste not only increases our carbon footprint but also results in the
emission of harmful toxins.*!° Other forms of hazardous healthcare waste include chemical

waste, pharmaceutical waste, radioactive waste, and sharps.®

The cost comparison for disposing general waste versus medical waste is significant, with
medical waste disposal costing five to 10 times that of general waste disposal.®''? One
centre found a 60% reduction in waste disposal costs after implementing waste separation.®
Appropriate waste separation is a crucial step in reducing the financial and environmental

cost of healthcare waste.°
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The operating theatre contributes 20% to 30% of total hospital waste, with anaesthetic

waste forming approximately a quarter of operating theatre waste.>1013-15

Recycling has been shown to reduce total general waste, resulting in cost avoidance, and
has the potential to generate financial revenue for the hospital 1> Introducing recycling
into the operating theatre has also shown to reduce the overall amount of medical waste

generated, likely due to greater staff awareness of waste management and separation.>°

Recycling reduces the amount of general waste ending up on already limited landfills and
it decreases the amount of medical waste needing energy-intensive and pollutant producing
treatment and disposal.}” Furthermore, manufacturing products from recycled materials has

a lower carbon footprint compared to production from raw materials.>*’

Despite the financial and environmental benefit, there is currently no recycling of non-
contaminated anaesthetic waste within the major academic hospitals in Johannesburg,
South Africa. In addition to this, waste separation is not performed uniformly amongst
these hospitals. Anaesthetic waste items that are potentially recyclable are not identified in
our setting. Since 2020, publications focussing on anaesthesia’s contribution to climate
change has grown exponentially, culminating in a consensus statement from the World
Federation of Societies of Anaesthesiologists.'® This 2022 consensus statement
acknowledges that to protect public health, anaesthesia needs to incorporate sustainable
practices to limit their contribution to global warming.'® Despite the increased interest, no
local publications nor comparable low to middle income country publications evaluating

anaesthetic waste were found.
Methods

This prospective, descriptive study was conducted in 2021 at Helen Joseph Hospital (HJH)
theatre complex. HJH is an academic, public, secondary level hospital in Auckland Park,
Johannesburg. An ethics waiver was obtained from the Human Research Ethics Committee

(Medical) and the Graduate Studies Committee of the University of the Witwatersrand.

Prior to data collection, anaesthetic items from the anaesthetic stock room, anaesthetic
trolleys and medication room were catalogued. With the assistance of a Buhle Waste

representative, the company currently tendered for medical and hazardous waste
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management at all the academic hospitals in Johannesburg, these items were reviewed, and
recyclable items were identified (Appendix 1).

Data was collected over a three-week period, on weekdays from 07:30 until 16:30. A
consecutive convenience sampling method was used. The sample size consisted of 132
anaesthetic cases, providing a 95% confidence interval with a 5% margin of error, to be
representative of an average amount of cases done per month. The sample size was

determined in consultation with a biostatistician, using Raosoft™ sample size calculator.

On the completion of every anaesthetic during the data collection period, the waste bags
attached to the anaesthetic workstation were collected (Figure 1). This consisted of a clear
general waste bag, and a red medical waste bag. Sharps waste was excluded. Other theatre

waste bags were excluded.

Waste bags were taken to a dedicated sorting and weighing station. Weighing was done on
a standard domestic digital scale, with a minimum reading of 1 gram. The scale was
calibrated at its production factory and did not require repeat calibration. All samples were

weighed with the same scale.

Waste analysis and weighing was done immediately after every anaesthetic case. Theatre
number and surgical discipline was noted. Medical, red bag waste was weighed and then
visually inspected for any general waste. Any general waste found in the medical waste
bag, was separated, and weighed. General, clear bag waste was then weighed and visually
inspected for any medical waste. Medical waste found in the general waste bag was
separated and weighed. Thereafter, the general waste was separated into recyclable and
non-recyclable waste. The recyclable waste was then weighed. Both medical and general
waste was returned to respective appropriate waste bags and discarded as per normal

theatre protocol.
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. *Red medical waste bag
Collection

*Clear waste bag inspected for incorrectly placed medical waste
f *Red waste bag inspected for incorrectly placed general waste
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station
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*Total general waste

Weighing +Incorrectly placed waste from each bag
station *Potential recyclables

A

Figure 1: Data collection process

Data was captured electronically per anaesthetic case and transcribed on an Excel®
spreadsheet. Data analysis was done by a statistician. The Shapiro-Wilk test was used for
normality, and results from the test indicated that the data was not normally distributed,
therefore median and interquartile range (IQR) was used to describe the data. For the
correctly sorted waste bags, frequencies and percentage were used to describe the data. To
compare the amount of waste produced per case, by speciality, the non-parametric Kruskal

Wallis test was used.
Results
Waste generated

A total of 132 anaesthetic cases, with total waste accumulating to 107.6kg, was analysed.
As shown in Table 1, 84.5kg (78.5%) was medical waste, and 23.1kg (21.5%) general
waste. Of the general waste produced, 16.5kg (71.4%) was potentially recyclable.
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Table 1: Total waste produced

Waste Category Total Weight in kgs
Total =107.6 kg

General waste 23.1

Recyclable waste 16.5

Per anaesthetic, the median percentage of medical waste produced was 74.6% (65%-
84.2%), and the median percentage of general waste 25.4% (15.8%-35%). Of the general
waste, per anaesthetic case a median of 68.8% (57.7%-78.8%) consisted of recyclable

material. These results are summarised in Table 2.

Table 2: Waste generated per anaesthetic

Waste Category Median weight in | Median

grams (IQR) percentage (IQR)

Incorrectly discarded | 6 (0 — 29) 6.0 (0.0 - 21.6)

medical waste items
General Waste bag

Correctly discarded | 93 (45.5 - 176.5) 94.0 (78.4 — 100)

general waste items

True general waste 137 (89.5-220.5) | 25.4 (15.8-35.0)
produced

Recyclable general 94 (53.5 - 168.5) 68.8 (57.7 — 78.8)
waste
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Waste separation

Only nine medical waste bags (6.8% of all medical waste bags) did not contain any general
waste items. Of the general waste bags, 51 (38.6%) were correctly sorted, and 81 (61.4%)
contained medical waste items (Figure 1). Table 2 summarises waste separation per
anaesthetic. Of each medical waste bag weighed, 23.5g (10.5 — 62g) was the median
weight of incorrectly placed general waste. Cumulatively, a total of 5.5kg of general waste
was found within the inspected medical waste bags. Similarly, each general waste bag
consisted of a 6g (0-29g) median weight incorrectly placed medical waste, totalling 3.4kg

of incorrectly placed medical waste within all general waste bags inspected.

100
1

Percent of waste bags
40 60 80
1 1 1

20

Medical Waste General Waste

|_ Correctly sorted [l Inorrectly sorted

Figure 2: Sorting of waste bags
Waste generated per case, by speciality

Anaesthetic waste generated for the different surgical specialities, per case, is presented in
Table 3. There was a significant difference between the anaesthetic waste produced for
surgical specialities (p-value = 0.018). Neurosurgery (1042.5g (929g — 13399)) and ear,
nose, and throat surgery (1012g (4869 — 19664)) produced the most waste per case, while
ophthalmology (269.5g (199.5g — 4759)) produced the least waste per case.
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Table 3: Anaesthetic waste generated per case by speciality

Speciality Medical waste in General waste in Total waste in

grams grams grams

Median (IQR) Median (IQR) Median (IQR)
Neurosurgery 760.5 (515 — 963) 312 (185 — 597) 1042.5 (929 — 1339)
Ear, nose & throat | 874 (376 — 1876) 130 (125 - 336) 1012 (486 — 1966)
Plastic 427.5 (250 - 643) 187 (62 — 405) 740 (610 — 961)
General surgery 484 (272 — 1343) 128 (90 — 231) 611 (388 — 1464)
Orthopedic 385 (218.5 — 650) 104 (40.5 — 195) 550 (347 — 773.5)
Vascular 299 (188 — 427) 72 (45 — 236) 435 (361 — 527)
Urology 267 (117 — 395) 69 (53 — 103) 391 (246 — 556)
Ophthalmology 1575 (112.5 - 77 (44.5 — 186) 269.5 (199.5 — 475)

377.5)
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Discussion

As there is no local contextual research, this study’s results could only be compared to
those of high income countries. Furthermore, most waste audits published include the
entire operating room waste. Only one study, done by McGain et al in 2009 in Melbourne

Australia, focussed specifically on anaesthetic waste.

During the sample period consisting of 15 workdays, anaesthesia produced 107.6kg of
waste. This is proportionally less than McGain et al during their landmark study done in
Melbourne, where anaesthesia produced 90kg of waste over just five days of data
collection.’® They did not specify how many anaesthetic cases were performed during their
five day sample period. This discrepancy would be interesting to explore, with potential
contributors being the Covid-19 pandemic limiting the number of cases being done, theatre
inefficiency within a low-middle income setting, as well as more single use medical items

in a high income setting.

The majority (78.5%) of waste produced was medical, contaminated waste. This is
problematic as all contaminated waste is automatically precluded from recycling and more
expensive to dispose of. This high proportion of medical waste far exceeds that found by
McGain et al, who found in their Melbourne institution that only 26.6% of anaesthesia
waste consisted of medical waste.’ It also exceeds that of three studies that analysed entire
operating room waste who found it to consist of 33%, 32%, and 58.8% medical waste
respectively.5142°  Only one case report done in Korea describing the total waste produced
for five different surgeries, found similarly that medical waste contributes 74.4% to total

waste.’

Numerous intravenous fluid bags, commonly known as vaculitres, still containing fluid,
were observed within the medical waste bags. This fluid added greatly to the overall
weight of the medical waste bag and could explain the high proportion of medical waste
compared to general waste. Fortunately, this can easily be rectified with education to

empty the bags prior to discarding them.
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The remainder, 25.4% of waste produced, was general waste. Analysis of the general
anaesthetic waste generated has shown that the majority (68.8%) is recyclable. This figure
is in keeping with and exceeds that of the McGain audit done in 2012, that found 58% of
general anaesthetic waste recyclable.® It exceeds an earlier study done by McGain et al in
2008, looking at total theatre waste, that found only 43% potentially recyclable.!* Similar
to our results, a separate initiative in Australia implemented theatre recycling and found
that they were able to recycle up to 70% of their general theatre waste.® The high potential
for recycling is due to a large proportion of anaesthetic waste consisting of disposable
packaging and wrapping materials, and the ongoing trend towards single use items in
medicine.® Encouragingly, a recent survey of South African anaesthesia providers found
that 92% of respondents considered the environmental impact of anaesthesia important,

and 90.7% would like to recycle at work.*®

Of the 132 general waste bags inspected, 51 was correctly sorted, with the remaining 81
containing contaminated waste items. On average 6% of each general waste bag consisted
of incorrectly placed contaminated or medical waste items. This is in keeping with McGain

et al, who found within their general waste stream 7% was in fact infectious items.*®

Medical waste was poorly separated with only nine bags out of 132 not containing general
waste items. Each medical waste bag consisted on average of 6.9% general non-infectious
waste. This is in keeping with the 8% found by McGain et al.'®> Our study did not explore
the reasons for such poor waste separation, but it is likely to be similar to those identified
in other waste management studies. These include ignorance of the importance of waste
separation, lack of knowledge as to which items are classified as medical waste, and fear of
reprimand for disposing a perceived contaminated item into general waste.®> Again, this

could be improved easily with education and posters explaining correct separation.
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The study lastly identified that there is a significant difference in anaesthetic waste
generated for different surgical specialties. Anaesthesia for neurosurgery, ear nose and
throat surgery and plastic surgery generate the most waste. These areas should be targeted
first for any waste interventions. The reason for the increased waste production during
neuro- and ear nose and throat surgery could be that total intravenous anaesthesia is used
more commonly within these specialties. Analysis of the type of anaestetic done was not
an objective in this study, however this finding again demonstrates that the environmental
benefit of total intravenous anaesthesia vs volatile anaesthesia is still an ongoing debate.
No other studies were found comparing the waste production within different surgical
disciplines.

Limitations

The results discussed are for one hospital only and cannot be extrapolated to other health
care facilities. Glass ampoules and bottles, which are often included in recycling programs
in high income countries, were not included in this study as local practice is to place them

into the sharps bin with hazardous sharps.

The researcher attempted to estimate the total cost avoidance if recycling were
theoretically implemented for the sample time of 3 weeks, but after numerous enquiries
into current costs for general waste management, was unsuccessful. These enquiries

identified the need for a waste audit cycle to be implemented.

The study was conducted during the Covid-19 pandemic. This greatly impacted on the
number of cases being done and possibly made practitioners overly cautious, thereby
exacerbating the number of general items placed into medical waste bags for fear of

possible contamination.
Conclusion

Correct anaesthetic waste separation, a key step in decreasing the burden of health care
waste, was inconsistently performed. This would result in increased waste disposal costs

and unnecessary incineration of general waste.
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The majority of general anaesthetic waste was identified as recyclable. Correct waste
separation and a recycling programme could therefore reduce the amount of general waste
being sent to landfills. It may also provide an income and offset the cost of waste disposal.

This is particular pertinent to a financially strained health system.

A review should be made of the classification of medical and pharmaceutical waste, as
many of these products are made from recyclable material. In observation during practice
of anaesthesia, these items commonly do not become contaminated with bodily fluid and
handling of empty pharmaceutical containers and vials are unlikely to pose any danger. A
further recommendation is a cost analysis study, to estimate the financial impact of

recycling anaesthetic waste.

Let this be encouragement for anaesthetists to be socially and environmentally responsible

and become leaders in the formidable task of reducing our sector’s carbon footprint.
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Global warming and environmental decline pose an imminent and significant
danger to public health. Global warming and the resultant climate change threaten
the basic needs to sustain health namely clean air and drinking water, adequate
and sustainable food sources and secure shelter (1, 2). Watts et al (1) highlights
that those who will suffer most from the environmental and economic effects of
climate change are the young, the elderly and those residing in low income

countries.

The burning of fossil fuels results in carbon dioxide (COz2) emission, which is the
greatest contributor to greenhouse gas emissions and effective global warming (1,
3). All manufactured products use finite natural resources during manufacture and
emit greenhouse gasses, such as COz2, during their production. The latest Lancet
commission on climate change has shown the health sector to be responsible for

4,6% of global carbon emissions (1).

The effect of the health sector on our environment is not just limited to its carbon
emissions. Recent studies have found healthcare waste to be the second largest
contributor to national waste in the United States of America (USA) and Australia
respectively, surpassed only by the food industry (4, 5). This phenomenon is
reflected in the United Kingdom (UK) (5).

An Australian review of healthcare greening initiatives have found a recent surge
in healthcare waste, and its disproportional contribution to national waste to be
multifactorial (5). Concerns about possible cross-infection of diseases such as
hepatitis B and human immunodeficiency virus have demanded the use of
disposable, single use plastic devices. A growing, aging population results in an
increased burden on the healthcare system, resulting in more admissions every
year. Furthermore, the evolution of the field of medicine has resulted in increasing

numbers of operations performed worldwide every year (4-6).

Healthcare waste is generally separated into general waste and regulated medical

waste. General waste, disposed of in clear bags, is comparable to domestic
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waste. It does not require specialized biohazardous handling and has the
potential to be recycled (5, 7). The World Health Organization (WHO) estimates
non-hazardous healthcare waste, i.e. general waste, to range from 75% to 90% of
total healthcare waste generated (8). General waste, if not recycled, is disposed

of at landfill sites.

In comparison, medical waste, disposed of in red bags, are items that have been
contaminated with blood, bodily fluids or human tissue. Medical waste requires
specialised handling and disposal, such as incineration (5, 7, 9). The disposal of
medical waste carries significant environmental consequences. The incineration of
1kg of medical waste generates approximately 3kg of carbon dioxide (5).
Incineration of waste not only increases our carbon footprint but also results in the
emission of harmful pollutants such as dioxins, furans and mercury (4). These
toxins have been linked to numerous harmful effects ranging from infertility to
increasing acid content in our water and soil (10). Other forms of hazardous
healthcare waste include chemical waste, pharmaceutical waste, radioactive

waste and sharps (9).

The cost comparison for disposing general waste versus medical waste is also
significant. An Australian study described waste management costs at a 780 bed
tertiary hospital. They found that medical waste disposal costs seven times more
than general waste disposal (6). After implementation of waste segregation within
their operating theatres, they found a 60% reduction in waste disposal costs. A
frequently cited American review by Axelrod et al (11) estimated the costs of
medical waste management to be five times more than that of general waste.
Another study done in the USA found their medical waste to cost 10 times the
amount of general waste to dispose of (12). Appropriate waste segregation is a
crucial step in reducing the financial and environmental cost of healthcare waste
(10).

Studies done in high income countries, show that the operating theatre contributes
20% to 30% of total hospital waste. Anaesthetic waste forms approximately 25%
of operating theatre waste (5, 10, 13, 14). Recent research from both the USA

and Australia estimate that up to 90% of operating theatre waste is incorrectly
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labelled as medical waste and therefore sent for unnecessarily expensive waste
disposal (5, 10). This improper sorting is partly due to ignorance of the importance
of segregating waste, or a fear of reprimand for incorrectly disposing a
contaminated item into general waste (5).

An audit, done in 2008 at a 320 bed Australian hospital, reiterated that anaesthetic
waste contributed a quarter of total operating theatre waste (15). They further
stated that up to 60% of general anaesthetic waste is potentially recyclable. This
was mirrored in practice after a recycling initiative was implemented at the
previously mentioned 780 bed Australian hospital, resulting in a reduction of more
than 50% in total operating theatre waste (6). The high potential for recycling is
likely due to a large proportion of operating theatre waste consisting of disposable

packaging and wrapping materials (6).

Recycling results in cost avoidance by reducing total general waste. A paper and
cardboard recycling initiative in a UK operating theatre resulted in a total saving of
£0.51 per case as well as a reduction of 25kg of CO2 emissions per 20 cases (16).
Research has also shown a potential to generate financial revenue by recycling
items from the operating theatre. A recent study done in the USA estimated a
$5000 annual profit and a $174 240 saving via cost avoidance by recycling the
plastic polypropylene material that is used in operating theatres in the USA to wrap
instrument trays for sterilization (10). Introducing recycling into the operating
theatre has also shown to reduce the overall amount of medical waste generated.
This may be due to greater staff awareness of waste management and

segregation (5, 10).

In addition to the potential profit generation and the established cost avoidance,
recycling has environmental benefits. It reduces the amount of general waste
ending up on our already limited landfills and it decreases the amount of medical
waste needing energy-intensive and pollutant producing treatment and disposal
(17). Furthermore, producing products from recycled materials has a lower carbon

footprint compared to production from raw materials (5, 17).
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No publications describing recyclable anaesthetic waste within a South African
setting, nor its potential financial effects were found. There is currently no
recycling of non-contaminated anaesthetic waste within the major academic
hospitals in Johannesburg, South Africa. In addition to this, waste segregation is
not performed uniformly amongst these hospitals, despite the obvious financial

and environmental benefit.

2. Problem statement

With increasing evidence linking climate change and environmental decline as a
direct threat to public health, healthcare providers have a responsibility to explore
all options to mitigate these effects (1, 2). As several studies and interventions in
high income countries have shown, proper waste segregation, and operating
theatre recycling significantly decreases the overall waste generation of the
theatre complex (5, 6). Waste segregation and recycling can decrease the cost of
waste management and if properly implemented can generate revenue for the
hospital (5, 6, 10, 16). From studies done in high income countries we know that

up to 60% of anaesthetic general waste is recyclable (15).

Waste segregation is not performed uniformly, and there are no recycling
programs set up in the operating theatre complexes of the academic hospitals in
Johannesburg. Anaesthetic waste items that are potentially recyclable are not
identified in our setting. Lastly, the financial impact of recycling these items is not

known.
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3. Aim
The aim of this study is:

¢ to evaluate the anaesthetic waste generated at Helen Joseph

Hospital (HJH), over a two week period.

4. Objectives
The primary objectives of this study are to:

e describe which general waste items generated during an anaesthetic
are recyclable.

e quantify the weight of recyclable general anaesthetic waste
generated, and the proportion it constitutes of the general
anaesthetic waste.

¢ quantify the weight of medical anaesthetic waste generated.

e quantify the weight and proportion of general anaesthetic waste
incorrectly placed into medical waste bags.

The secondary objective of this study is to:

e compare the weight difference of anaesthetic waste generated

between the different surgical disciplines.
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5. Research assumptions

The following definitions will be used in the study:

General waste: Any items placed in the clear plastic waste bag. This waste is
assumed to not contain any items that are hazardous, or any items that have been

contaminated with any bodily fluids or tissue.

Medical waste: Any items placed in the red plastic waste bag. These items are
assumed to have come in contact with bodily fluids and/or might be infectious or

hazardous in nature.

Anaesthetic waste: Any waste discarded into the waste bags allocated to the
anaesthetic trolley or station. This includes general waste and medical waste

bags.

Sharps: Any waste discarded into the yellow hazardous bin. These usually

include hypodermic needles, blades, guidewires and glass ampoules.

Recyclable waste: general waste that can be converted into reusable material.

6. Demarcation of study field

This study will be conducted in the theatre complex of HJH, affiliated to the
Department of Anaesthesiology at the University of the Witwatersrand (WITS).
HJH is a 500-bed central hospital. The hospital has 9 functioning theatres
performing neuro, general, plastic, breast, urological, ophthalmic, and orthopaedic
surgery. Since July 2020, an average of 200 anaesthetic cases are done per

month.
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7. Ethical considerations

Approval to conduct the study will be obtained from the Human Research Ethics
Committee (Medical) and the Graduate Studies Committee of the University of the
Witwatersrand. As this study involves no humans, | will apply for an ethics waiver.
Likewise, anonymity and confidentiality are not applicable.

Approval will be obtained from the Head of Department of Anaesthesia of HJH
(Appendix 1). Approval will be obtained from the CEO of HJH and the operational
manager of HJH theatre complex (Appendix 2).

If any contaminated items are found within the general non-contaminated waste,
these items will be removed and discarded with other contaminated waste. If a

significant amount of general waste is found within the medical red bags, a staff
education session will be given on waste segregation. A copy of my results and

analysis will be forwarded to the HJH operating theater management.

Data will be stored securely for six years after completion of study, electronically
on a password protected database. The study will be conducted according to the
principles of the Declaration of Helsinki (18) and the South African Guidelines for
Good Clinical Practice (19).

8. Research methodology

8.1 Research design
A prospective, descriptive research design will be followed in this study.
8.2 Study population

The study population consists of all anaesthetic waste generated during sampling

periods, excluding sharps and waste gas, in the HJH operating theatre complex.

39



8.3 Study sample

Sample method

A consecutive, convenience sampling method will be used. Consecutive,
convenience sampling in this study, refers to the attempt by the researcher to
include all accessible anaesthetic waste during the sample period, in a non

random manner (20).
Sample size

Due to the Covid-19 pandemic, elective cases have been limited, with an average
of only 200 anaesthetic cases being performed per month since July 2020. A
waste analysis of 132 anaesthetics will be representative of the study population,
providing a 95% confidence interval with a 5% margin of error. The sample size
was determined in consultation with a biostatistician, using Raosoft™ sample size

calculator.

Inclusion and exclusion criteria

The inclusion criteria for this study is:

e Anaesthetic waste generated within the HJH operating theatre
complex during working hours 07:30 — 16:30.

The exclusion criteria for this study are:

e Any sharps waste.

o Waste generated during local lists. These cases are done under
local anaesthetic administered by the surgeon, with no anaesthetist
present.

e Any scrub room and surgical waste generated

e Any waste generated during anaesthesia for Covid-19 positive
patients.
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8.4 Collection of data

Prior to data collection, identification of potentially recyclable items will be done
with assistance from a waste management company representative. The
company currently on tender to manage the hospital waste at HJH, Buhle Waste,
has agreed to assist me. Items commonly generated as waste during anaesthesia
will be catalogued as recyclable or not (example Appendix 3). These items have
been identified from the anaesthetic trolleys and anaesthetic stock room at HJH.

Potential cost of recycling versus normal waste management cost will also be

obtained from the waste management representative during this meeting.

Data will be collected over a two week period, during working hours from 07:30
until 16:30. Anaesthetic waste will be collected from both elective and emergency

theatres.

Anaesthetic waste comprising of a clear bag of general waste and a red bag of
medical waste will be collected at the end of each operation. These will then be
taken to a dedicated sorting and weighing station. Theatre number and surgical

discipline will be noted.

Medical, red bag waste, will be weighed and thereafter the general, clear bag
waste, will be weighed. Medical waste will be visually inspected and any general
waste found within the medical waste bag will be weighed separately. This
incorrectly placed waste is deemed contaminated and will be combined again with

the medical waste into its original red bag.

General waste will then be separated into recyclable and non-recyclable waste.
The recyclable waste will be weighed. Recyclable and non-recyclable general

waste will be combined again into its original clear bag.

Both the general and medical waste bags will be handed back to the operating
theatre complex cleaning staff, for disposal via the normal hospital waste

management route.
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Weighing will be done on a standard domestic digital scale, with a minimum
reading of 1 gram. The scale is calibrated at its production factory and does not
require repeat calibration. All samples will be weighed with the same scale. All
data will be collected onto electronic data sheets (Appendix 4) and thereafter

transcribed onto a Microsoft Excel™ spreadsheet.

Contaminated medical waste will be handled, which could pose an infectious risk
to the researcher. To negate this risk, | as principal researcher and data collector
will wear personal protective equipment including gloves, mask, scrubs and plastic

apron.

9. Data analysis

The appropriate data analysis was determined in consultation with a
biostatistician. All captured data will be recorded on a Microsoft Excel™
spreadsheet. The bulk of the analysis will be purely descriptive. Variables that are
normally distributed will be summarised using means and standard deviations and
those that are not normally distributed will use medians and interquartile ranges.
Categorical variables will be described using proportions and frequency tables.
Comparison of proportions will be done using the test of proportions. A test of
proportion assesses whether or not the proportion from my sample population
represents the true proportion from the entire population (21). Comparison of
anaesthetic waste generated between different surgical disciplines will be done
using the Anova test. A p value of <0,05 will be considered statistically significant.

10. Significance of the study

South Africa is a middle income country, putting us at greater risk for the
detrimental economic and public health effects of climate change. In addition to
the environmental benefits of recycling, in a resource limited setting such as ours,
any potential financial benefit of proper segregation and recycling of anaesthetic
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waste should be explored. The results of this study may change practice in that
appropriate waste segregation may be prioritized, and it may motivate for recycling

to become standard practice in our theatres.

A copy of my results and analysis will be forwarded to the HJH operating theater

management.

10. Validity and reliability of the study

A biostatistician has been consulted to advise on the sample size and data
analysis. Appropriate ethical approval will be applied prior to conducting this

study, including approval from local management.

| as single researcher will be the sole data collector. A single, factory calibrated
scale will be used for each sample. This scale will only be used for the study and
the same technique will be used during weighing. Items will be compared to a

predetermined catalogue of potentially recyclable items in our context and setting.

11. Potential limitations of the study

This study is contextual to our setting and results will therefore not be applicable to
any other hospital. Theatre waste segregation into general waste and medical
waste is not performed uniformly throughout the academic hospitals of the WITS

circuit, limiting extrapolation of my results.

As convenience sampling will be used, there is a risk that the data might not be
representative of the average waste generated in the HJH theatre complex.

All obstetric and gynaecological operations are performed at HJH’s sister hospital,
Rahima Moosa Mother and Child Hospital. These operations might have a

significantly different waste profile which will not be represented in my findings.
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Glass ampoules and bottles, which are often included in recycling programs in
developed countries, will not be included in my analysis as current practice in our
setting is to place them into the sharps bin with hazardous sharps. This will limit
the number of recyclables and potential financial benefit of recycling in our setting.

The aims and objectives of my study will not be shared with the anaesthetists at
HJH. However, they may become aware that my study focusses on waste
management and thereby change their practice, for instance separating waste

more appropriately.

12. Project outline
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Writing up

44




13. Financial plan

The Department of Anaesthesiology will bear the cost of printing and paper for the

proposal and research report.

Approximate printing costs:

Price Number i
Item Copies Total
per page of pages
Proposal 1 15 10 R 150
Post graduate form | 1 2 6 R 12
Complete report 1 100 4 R 400
Grand total R 812

| as principal researcher will pay for a calibrated digital scale to weigh the waste

products. An appropriate scale will be sought on the advisement of the waste

management representative, however a brief online internet search has identified

scales ranging from R200 - R550. Personal protective equipment, namely gloves,

surgical masks and plastic aprons will be obtained from HJH operating theatre

stock.
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Appendix 1: Anaesthetic general waste catalogue

ANAFSTHETIC SIENERAL WASTE CATALDGUE

RECYWCLABILE EECYCLASLE
ITEM ITEM
YES o] TES

Drugs Circuit

Cardooard packazing x Cirouit caps k4
Piastic amipowuke hodder Filfte=r wers ppeer

Podp=tyrans ampou ke holder x Elboaw = rtermsion

Plastic top owver nubb-sr stopp=s Cirouit tubing

Plastic arm poales '.'.'rup:lth-Dr-:I:uw."-cx'tl:nsfm

Papssr informmistion iniay x Cirouit tubing plastic wrapping o
Sharps Oxygemnation

Hesdi= packaging Ohuymen tubing

Plastic me=dle cap x Hasal canula
Syringes Fawce: miask

Used syringe Haszal canula wrapping

SyTinge wTapDer Face mask wrapping

Inzulin syrminge Meuraxial
Adrway dewices Spinal nesdie ap x
OF A wWrapoer Spinal nesdie wrapping

ETT werap pings, Epicural ==t packazing ES
Yankasuesr suckion wrapDer Miscellameous

Yankauer uctiom Emu't'r'l_l.l'E or defin 5=1 bottles =
Su pra-glotthc devioe wrapper Dpsite wrapper

Supra-giottic devioe: plastic holder HET wrapper

Soft nuction wrapoer Sterile pel sadhet o
I U=ad wes ool

I cEnule plstc oo x Web ool wrapper =
N cEnulE wTapping GaUTE pEper Wrapping

Extemnsion sat Uncontaminated sauze

Extemnsion sat wrapping Sloves

Giving et wraoping Starrile phOVE WS pRing
Giving/fextansion set ap x Hom-sterile glowe Dox b
Sway mp m:lpinE Emoty skesik centre =
CW'C et packasing x Herve-stion paciaging o
A-line set packasing x Eleckroacies

Fluis Elecirod=s pacieg= =
Emty I'V fiuid bags x Ey= pebchess

Fluids bay plashic wrapping x Ey= pebch wrapoing k4
Plastic top ower nubb-sr stoppsr x Carcisoard box =
Sherile water botthe ES Bair huggzer bimnket

Stevile waker ap x Bair hugzer packasing

Posidertm botthe x Amnesthetic apent bottle ap k4
Ciden/Endoryme botile x Ansesthe=tic agent cardoard
Hibitsne Dot El Sterile pown packaging ES
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Appendix 1: Letter to HOD

26 March 2020

Dear Dr Gardner

| am a registrar in Anaesthesia at the University of Witwatersrand and | would like to
complete a research project in the theatre complex of Helen Joseph Hospital (HJH). The
study’s title is: An evaluation of anaesthetic waste generated at a Johannesburg
academic hospital.

| want to describe what proportion of anaesthetic waste is appropriately segregated and

what proportion of general anaesthetic waste generated is recyclable.

Anaesthetic waste, comprising of a clear bag of general waste, and a red bag of medical
waste next to the anaesthetic trolley, will be collected at the end of each operation. These
will be taken to a dedicated sorting and weighing station. Each bag will be weighed, and
thereafter the clear bag waste will be separated into recyclables and non-recyclables.

The portion of recyclables will be weighed and then combined again with the non-
recyclable general waste into the clear bag. The medical waste bag will be visually
inspected and any general waste found within the bag will be weighed and placed back
into the medical waste bag. Both the general and medical waste bags will be handed
back to the operating theatre complex cleaning staff, for disposal via the normal hospital

waste management route.
The study will be conducted over a two week period.

The only financial cost to HJH will be the use of gloves, plastic aprons and surgical masks

from HJH theatre stock.

The study will be conducted pending consent from you, the Post Graduate Committee of
the University of the Witwatersrand and the Human Ethics Committee of the University of

the Witwatersrand.

For any queries please feel free to contact me at drim.email@gmail.com. Thank you.

Yours sincerely

Dr Jeanne-Marie Meintjes
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Appendix 2: Letter to CEO and Operational manager

26 March 2020

Dear Sir/Madam

| am a registrar in Anaesthesia at the University of Witwatersrand and | would like to
complete a research project in the theatre complex of Helen Joseph Hospital (HJH). The
study’s title is: An evaluation of anaesthetic waste generated at a Johannesburg
academic hospital.

| want to describe what proportion of anaesthetic waste is appropriately segregated and

what proportion of general anaesthetic waste generated is recyclable.

Anaesthetic waste, comprising of a clear bag of general waste, and a red bag of medical
waste next to the anaesthetic trolley, will be collected at the end of each operation. These
will be taken to a dedicated sorting and weighing station. Each bag will be weighed, and
thereafter the clear bag waste will be separated into recyclables and non-recyclables.

The portion of recyclables will be weighed and then combined again with the non-
recyclable general waste into the clear bag. The medical waste bag will be visually
inspected and any general waste found within the bag will be weighed and placed back
into the medical waste bag. Both the general and medical waste bags will be handed
back to the operating theatre complex cleaning staff, for disposal via the normal hospital

waste management route.
The study will be conducted over a two week period.

The only financial cost to HJH will be the use of gloves, plastic aprons and surgical masks

from HJH theatre stock.

The study will be conducted pending consent from you, the Post Graduate Committee of
the University of the Witwatersrand and the Human Ethics Committee of the University of

the Witwatersrand.

For any queries please feel free to contact me at drim.email@gmail.com. Thank you.

Yours sincerely
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Appendix 4: Data collection sheet

Date

Sample no

Theatre

Surgical speciality

Waste

Weight (grams)

Medical

Incorrectly labelled medical

General

Recyclable

Any contaminated items in general waste:

Yes | No | Weight
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Section 5: Annexures

5.1 Ethics approval

iR i HUMAN RESEARCH ETHICS
WITWATERSRAND, COMMITTEE (MEDICAL)

JOFIANMNESBURG

Office of the Deputy Vice-Chancellor {Research & Post Graduate Affairs)

2000572021
Rel W-CBP-210520-01
TO WHOM IT MAY CONCERMN

Waiver: This certifies that the following research does not require clearance from the
Human Research Ethics Committee (Medical)

Investigator:  Or J-M Meintjes
Student No. (if appropriate): 06 0371 9A
Staff No. (if appropriate). AQ0S5400

Supervisor: Oir L Gillidand
School: Clinical Medicine
Department: Anassthesia

Medical Schaol
Urnivearsity

Project title:  An evalualion of anaesthetic wasle generated &t &
Jatrannesburg scademic hospital

Reason: Study of unidentifiable waste matanal
Mo human participants will be invalved in the study

7

Dr CB Parffiy
Chairperson: Human Research Ethics Committes (Medical)

Research Office Secretariat:

Third Floor, Philip Tobias Building, cormer of St Andrews and York Roads, Parktown,
Johannesburg 2193

Postal address: Private Bag 3, Wits 2050

Tel Mos: +27 (0)11 717 12341 252/2656/2700

Office E-mail; HREC-Medical ResearchO ils.ac.2
Websibe:
h . ac.zaresearchiresearcher research-ethics/athi mittees !

5.2 Graduate studies approval
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Private Bag 3 Wits, 2050

UNIVERSITY OF THE Fax: 027117172118
WITWATERSRAND. Tel: 02711 7172076
JOHANNESBURG

Reference: Mrs Sandra Benn
sandra.benni@wits.ac.za

p E-mail:
24 March 2021
Dr J Meintjes Person No: 06037194
10 Bth Avenue PAG
Parktown North
2183
South Africa

Dear Dr Jeanne-Marie Meintjes

Master of Medicine in Anaesthesia: Approval of Title

Wa have pleasure in advising that your proposal entitled An evaluation of anaesthetic waste generation
at @ Johannesburg academic hospital. has been approved. Please note that any amendments to this title
have to be endorsed by the Faculty's higher degrees committee and formally approved,

Yours sincerely

L3 e cnn

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences
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