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ABSTRACT

Dialysis plastic waste is a growing problem in India, with an
estimated 3 million kilograms generated each year. Effective
disposal of dialysis plastic waste is not uniformly addressed, and
there is a need for sustainable solutions.

This study evaluated a plastic pebble model made from surrogate
plastic equivalent to twice that generated during dialysis. The model
was evaluated for its potential to offset dialysis plastic waste and
its role in achieving sustainability in dialysis. Additionally, the model
was used to advocate for and carry forward a campaign for plastic
neutrality in dialysis.

The amount of dialysis plastic waste generated in one month by 25
patients was quantified. The sinkable plastic pebble aggregate
model was created by purchasing waste plastic, double the quantity
of calculated DPW, from the market. The purchased plastic was then
repurposed into sinkable plastic pebble aggregate to mimic blue
metal.

Various sample products were made in the form of slabs and bricks
using sinkable plastic pebble aggregate, and compared to those
made from blue metal and fired bricks. The stability and strength of
the different products were compared, and the costs were analysed.
The methodology was further used for advocacy and to campaign
for plastic neutrality.

The results showed that the sinkable plastic pebble aggregate
model is a feasible and effective way to reduce plastic waste in
dialysis. It is cost-effective, contributes to a circular economy, and
helps reduce mining for blue metal and fertile soil for bricks. The
model can also advocate for the use of plastic-neutral materials in
dialysis to reduce environmental pollution.

To conclude Sinkable plastic pebble surrogate model is a promising
solution for offsetting plastic waste in dialysis. It is cost-effective,
environmentally friendly, and it helps to campaign for plastic
neutrality in dialysis. Further study is needed to assess its impact on
a larger scale.

Keywords: green dialysis, plastic waste, Sustainable dialysis,
circular economy, plastic neutrality, environment pollution
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Introduction

Kidney care is a major contributor to climate
change, and we all have a role to play in making it
more sustainable. The Sustainable Development
Goals (SDGs) call for action on this issue, and the
Global Environmental Evolution in Nephrology and
Kidney Care GREEN-K initiative is working to
promote environmentally sustainable kidney care
through advocacy, education, and collaboration 1.
Ignoring the environmental dimension of sustainable
development can impact food production, clean
water, extreme weather, and vector-borne
diseases. Failure to engage in climate action will
further damage global kidney health 2.

Dialysis is a life-saving treatment, but it also has a
negative impact on the environment that could
affect the health and well-being of billions of
people 3. Dialysis produces a significant amount of
plastic waste 4. In India, an estimated 200,000
people undergo dialysis each year, generating an
estimated 3 million kilograms of plastic waste
annually 5. This plastic waste includes dialyzers,
tubing, and other disposable supplies. Plastic waste
is a major environmental problem, especially in low-
income and developing countries. It can pollute
waterways, harm wildlife, and contribute to climate
change 67:89,

Patients in India do benefit from government-
sponsored free dialysis under various schemes. Up
to 20.75 million dialysis sessions have been done
under the Pradhan Mantri Dialysis scheme alone so
far 10. However, the method of disposal of dialysis
waste (DPW) can lead to environmental problems
and contribute to many illnesses if not properly
disposed ''. Very often, courts intervene and issue
directions to follow the norms, which only shows the
gaps in the system 11,12,

Sustainable dialysis has several benefits, including
reducing the environmental impact, saving money,
and improving patient care 314, The challenges of
disposing of medical plastic waste are significant,
but there are a number of promising practices and
policies that could help to reduce the environmental
impact of dialysis 1316, Advocacy for plastic
neutrality in dialysis is the promotion of practices
and policies that aim to produce zero net plastic
waste in the dialysis process 17:18.19,

The disposal of medical plastic waste is a challenge,
as there are no recommended models or long-term,
sustainable guidelines for safe disposal. This could
lead in the future to stricter regulations and
penalties for improper disposal, and make it more
difficult to provide dialysis services 14.

A Model for Plastic Neutrality in Dialysis

Reusing plastic and using it in construction or road
making are two methods that have been adopted
for its disposal 20. This would reduce the amount of
plastic waste going to landfills and incinerators, and
create a new market for repurposed plastic.
However, these methods are not widely used, and

dumping or using plastic as landfill is still the norm
21

New technologies, such as biodegradable materials
and water minimization, can help to reduce dialysis
waste. However, these technologies are not yet
widely available. Additionally, the number of
people who need renal replacement therapy (RRT)
is increasing every year. This means that even if new
technologies are developed, they may not be able
to offset the waste generated by RRT.

To date, no workable or time-tested model for
disposing of dialysis waste has been developed.
Although many studies have been conducted, no
single model is available to emulate that can be
used to advocate for awareness creation and
influence policy makers.

We need to develop a model for disposing of DPW
that is both acceptable to stakeholders and meets
the principles of the circular economy that includes
energy fuel or waste to construction 22,23,

This study is to develop a model to assess offsetting
strategies for plastic neutrality and sustainability in
RRT. The model will be apprised for its ability to
reduce plastic waste, cost-effectiveness, and
acceptability to stakeholders. It will also be
analysed for its potential to reduce plastic waste in
RRT and promote plastic neutrality. The study's
findings could help raise awareness of
environmental impacts and lead to more sustainable
practices.

Methods

1) To assess the plastic waste generated in
hemodialysis and peritoneal dialysis, the plastic
waste generated by 25 end-stage renal failure
patients on dialysis will be estimated and
calculated per dialysis session, and the plastic
waste generated per month will be expressed.

2) Surrogate plastic waste will be sourced from the
used plastic market in a quantity that is one and a
half to twice the amount of calculated DPW. The
plastic will be a mixture of high-density
polyethylene (HDPE), polypropylene (PP), low-
density polyethylene (LDP), and non-recyclable
plastic in the following proportions: 70% HDPE,
20% PP, 5% LDP, and 5% non-recyclable plastic
3) Shredding, extrusion, and conversion to sinkable
plastic pebble: DPW will be shredded using a
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plastic shredder and extruded in an extruder. The
extruded plastic mass will then be reprocessed into
sinkable plastic pebbles by adding salt fo mimic the
shape of blue metal, with a size of 2-6 centimetres.
4) The control group included three types of
products: a slab, pavement blocks, and bricks. The
slab and pavement blocks will be made using
cement, sand, and blue metal in a 1:2:2 ratio. The
kiln-baked bricks will be purchased from the
market. The slab will be made using a mould with
dimensions 10.5 x 13 x 2 inches, pavement blocks
with dimensions 6 x 4.5 x 2 inches, and fired kiln
bricks with dimensions 9 x 4.5 x 2 inches. Same-
sized products will also be made from plastic
pebbles, replacing blue metal.

6) The cost and strength of the plastic pebble, slabs,
pavement blocks, and bricks will be analyzed after

A Model for Plastic Neutrality in Dialysis

a 3-month curing period. The cost will include the
cost of materials, the cost of hiring a plastic unit, and
the cost of labor. The cost will be compared to the
market cost of blue metal and the cost of making
the control products. The strength will be measured
by the compressive strength and flexural strength,
which will be done in a government-approved
standard laboratory.

7) Advocacy of this model: Various platforms, such
as social media, small group meetings, and
awareness handouts, will be used for advocacy.
Direct interaction with dialysis staff and nurses will
be conducted. Feedback from more than 30 senior
nephrologists will be collected using a questionnaire
shown in Table 1.

Statistical analysis used was two-sample t-test and chi square test.

Table 1

Questionnaire for Senior Nephrologists

Do you prescribe both hemodialysis and peritoneal dialysis to your patients2 (Yes/No)

Do you perform more than 300 dialysis sessions per month2 (Yes/No)

Do you dispose dialysis waste as per the prescribed norms2 (Yes/No)

dialysis waste? (Yes/No)

Do you follow sustainability in dialysis, which means to protect the environment by safe disposal of

dialysis waste is included? (Yes/No)

Are you aware that the Indian government has formulated certain rules in biowaste disposal, and that

(Yes/No)

Are you aware of how the dialysis plastic waste is finally disposed of, and are you tracking it?

kidney disease? (Yes/No)

Do you know that plastic waste that is disposed of can be a source of pollution and can lead to more

trash? (Yes/No)

Does your CAPD patient dispose plastic bags after each exchange in a sealed red bag or in the

Is the nephrologist responsible for the safe disposal of CAPD plastic waste? (Yes/No)

economy, would you participate? (Yes/No)

L If you need to spend Rs 80 for each dialysis to repurpose dialysis waste that can help in circular

aware of this2 (Yes/No)

Law stipulates that before bioplastic waste is disposed of, it must be shredded and sterilized. Are you

(Yes/No)

Does your dialysis unit have a shredder? If not, how is shredding done (manually or don't know)?

Does your unit maintain a dialysis waste generation register? (Yes/No)

Results

Table 2 shows the details of the dialysis plastic
waste (DPW) generated in one month. Of the 25
patients, 20 were on twice-weekly dialysis and
generated 204 kilograms of plastic waste from 160
dialysis sessions. The remaining 5 patients on CAPD
generated 112.5 kilograms of DPW from 450
exchanges per month.

The surrogate plastic waste purchased from the
market was 634 kilograms, which offset the 316.5
kilograms of DPW generated by the 25 patients in
one month. The cost was ¥37,560 (US$450) or
approximately ¥60 (US$0.6) per HD session and
%20 (US$0.25) per CAPD session to offset the
plastic waste. There was no significant difference in
the plastic waste generated between HD and
CAPD.
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Table 2. Details of the plastic waste generated, surrogate plastic used, and cost.
Type of | Pt number Session DPW Market Cost of Cost of DPW
Dialysis | N=25 per generated | surrogate Plastic surrogate | disposal
month per month | Plastic purchased | plastic per
purchased session

HD 20pts 160 204 kg 408 Kg 28,560 Re | 60 Re Red Bag
To
licence
holder

CAPD 5 pts 450 112.5kg 226kg 9,000 Re 20 Re Home

3 time (3x30x5) disposal
exchange/d
Total 25 Pts 610 316.5Kg 634Kg 37,560Re | --- | —m-mee-
Table 3. Details of products made from surrogate plastic.
Product type | Size Weight mean Comp.St. P Value Density
random compared to
water

P.Pebble 2-3Cm 2-4Gms - - Sinks

Blue Metal 2-3 cm 6-10Gms - Sinks

Slab

P.Pebble 10.5x13x2 in 9.1Kg(n=25) 217N/mm?2 NS -

Blue Metal 10.5x13x2 in 10.12Kg(n=22) | 218N/mm?2

Pav. Block

P.Pebble 6x4.5x2 in 1.3Kg(n=30) 283N/mm?2 NS _

Blue metal 6x4.5x2 in 2Kg(n=22) 234N /mm?2

Dry Wet Dry P<0.005
Plastic Brick 9x4.5x2 inn=30 | 3.1Kg | 3.2Kg | 12N/mm2 _
Fired Brick 9x4.5x2inn=40 | 2.9Kg | 3.3Kg | 3N/mm2

Abbreviations: P: Plastic CM: Centimeter gms: Gramme Comp St: Compression strength Pav: Pavement In:

inches N/mm Newton/millimetre Kg: Kilogram

All DPW generated in the HD unit was disposed of
in accordance with the Indian government's
regulations. However, in CAPD, the patients
disposed of the waste plastic bags and accessories
in their household trash.

As shown in Table 3, the size of the plastic pebble
was matched to that of the same-sized blue metal,
and both were denser than water. The weight of the
blue metal was more than four times heavier than
that of the plastic pebble. Table 4 shows the

products made from the plastic pebbles. Products
made from sinkable plastic pebble (see Figure 1)
included slabs with dimensions of 10.5 X 13 X 2
inches (n = 25) (see Figure 2), slabs with dimensions
of 6 X 4.5 X 2 inches (n = 30) (Figure 1), and slabs
made from blue metal with dimensions of 10.5 X 13
X 2 inches (n = 22) and 6 X 4.5 X 2 inches (n =
22). Bricks made from plastic with dimensions of 9
X 4.5 X 2 inches (n = 30) were compared to fired
kiln bricks with dimensions of 9 X 4.5 X 2 inches (n
= 40).

Fig 1: Image of Sinkable Plastic
Pebble mimicking blue metal
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Table 4 shows cost and utility analysis of the plastic related products
Cost Purchase/Making | Sale Price Additional Uses Of Product UspP
Analysis cost cost of
offset
Pebble 130 /kg Re V4 of Rs 80 /Kg, ° concrete Lighf weigh'r
Plastic blue metal per dialysis cont. Cheaper
session e Horticulture | Can be
e Roads quantified for
plastic neutrality
Blue Metal 30/Kg 4 times e Concrete Mining pollution
costly than e Roads Transport dust
plastic and water
pebble pollution
volume wise
Flamed Rs 3/brick Rs 8/brick e Building Mining of earth,
Brick e const loss of
agriculture land,
energy for
baking
Plastic Rs 6/Brick Rs 12/brick | Rs 30 per e Building No burning,
Pebble dialysis e const economy
brick stronger than
flame brick

Fig 2: Slabs and Brick made from Plastic Pebble

The slabs made from plastic pebble were on
average 1.5 kilograms lighter than the blue metal
slabs, and the pavement slabs made from plastic
pebble were on average 350 grams lighter than
those made from blue metal. The brick made from
plastic pebble weighed 3.1 kilograms in dry
condition and 3.2 kilograms after being wetted with
water, compared to the weight of the baked kiln
brick, which weighed 2.9 kilograms in dry condition
and 3.3 kilograms in wet condition. The compressive
strength of the slabs was comparable after two
months, but the fired brick was 2 newtons per

square millimeter compared to the brick made from
plastic pebble, which had a compressive strength of
12 newtons per square millimeter (p < 0.05).

The cost of the surrogate plastic, plus shredding,
extrusion, and reshaping into plastic pebble was
2130/kg (less than US$2) or T80 per dialysis
session. The cost of blue metal, compared in volume
to volume, was three times cheaper than the
sinkable plastic. The cost of the pebble brick was
the same as the market price of the baked brick,
and the cost of the slabs was cheaper than those
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made from blue metal. Plastic sinkable pebbles can
be used in horticulture to reduce water evaporation
from pots, in road making, and in place of blue
metal in all its uses.

Table 5 shows the results of the questionnaire
response. One hundred and forty senior
nephrologists participated. More than 90% were
aware of the law governing the plastic waste
disposal and were willing to participate in any

A Model for Plastic Neutrality in Dialysis

model that results in the sustainability of dialysis
and the circular economy. More than 75% of
nephrologists stated that CAPD patients dispose of
their plastic waste in regular trash, and 72.5% of
nephrologists agreed that nephrologists must be
held responsible for dialysis waste disposal. Almost
all dialysis units do not have a shredder or sterilize
their dialysis plastic waste prior to disposal. Manual
shredding was also used in 55% of units.

Table 5. The questionnaire was answered by 125 senior nephrologists.

pollution and can lead to more kidney disease

Question No Yes No

1. Do you prescribe both hemodialysis and peritoneal dialysis to 55% 45%
your patients

2. Do you perform more than 300 Dialysis sessions per month 98.2% 1.8%
3. Do you dispose dialysis waste as per the prescribed norms 82.5% 17.5%
4. Do you follow sustainability in dialysis which means to protect 92.5% 7.5%
environment by safe disposal of dialysis waste

5. Are you aware that the Indian government has formulated certain | 90% 10%
rules in bio waste disposal and it includes dialysis waste

6. Are you aware how the dialysis plastic waste is finally disposed 70% 30%
and are you tracking it

7. Do you know plastic waste that is disposed can be a source of 82.5% 17.5%

8. Does your CAPD patient dispose plastic bags after each exchange | 75% Trash 25% Red
in sealed red bag or trash can bag sealed
9. Is nephrologist responsible to safe disposal of CAPD plastic waste | 72.5% 27.5%

10. If you need to spend Rs 80 for each dialysis to repurpose dialysis | 70% 30%
waste that can help in circular economy will you participate

11. Law stipulates before bio plastic waste is disposed it must be 67.5% 32.5%
shredded and sterilized are you aware of this

12. Does you dialysis unit have shredder if not how is shredding done | 55% Manual 45% Don't
Manual or don’t know? Know

13. Does your unit maintain dialysis waste generation register 80% 20%

Discussion

The global dialysis population is growing, and it is
predicted that chronic kidney disease will become
the fifth most common cause of death globally by
2040. In order to meet the increasing demand for
dialysis treatment, there is a need to develop new
processes, incentives, and competencies to reduce
the carbon footprint associated with clinical trials in
nephrology. Emphasizing the minimization of the
environmental impact of dialysis treatment is crucial
and active promotion of sustainable development is
key to future kidney health 1.2,

There is a need to better understand the
environmental impact of dialysis treatment and
develop green nephrology strategies to reduce this
impact by taking necessary steps 4. This urgency is
essential to ensure that dialysis treatment remains
available to those who require it 15, while also

Medical Research Archives | https:

minimizing its environmental impact due to plastic
waste 4.

Currently medical plastic waste generation is a
problem 21. The amount of plastic waste generated
by dialysis will confinue to rise alongside the
increasing number of patients 24, Consequently,
there is an urgent need to develop innovative
solutions to address the issue of dialysis plastic
waste management 25

Though there are efforts that focus on creating
sustainable dialysis machinery and accessories
using recycled or biodegradable materials, it is still
in research stage 7. Additionally, it is crucial to
increase recycling rates of waste from dialysis
procedures and promote circular economy models
26, develop innovative technologies that minimize
plastic waste 27. These initiatives align with the
medical principle of prioritizing patient health while
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also promoting environmental responsibility with
motto of “do no harm” to Kidney health 28,

In the present study, the calculation of dialysis
plastic waste was similar to that published by
Cherain et al. 25, The average amount of plastic
generated in hemodialysis was less than that in
CAPD. However, when single-use dialyzers and
tubings were taken into account, there was not much
difference in the waste generated. On average, the
plastic component of waste is always above 1 kg
and can vary between 1.5 and 3 kg, depending on
whether the dialyser is single-use or reusable.

A significant aspect of our study was determining
who would bear the cost of recycling or disposing
of the plastic waste. The burden of safe disposal of
waste falls on dialysis prescribers and performers.
If a circular economy model 26 is to be implemented
using surrogate plastic, each additional cost would
increase the dialysis charges by less than 10% of
the existing charges. This would go a long way in
the campaign not only for climate change and
kidney health, but also in changing the future
landscape of dialysis 2930 and rethink on cost
effectiveness of various forms of dialysis 31.

The UN Carbon Offset Platform allows companies
to offset their carbon emissions by funding projects
that reduce greenhouse gas emissions 32, However,
there is currently no similar model for plastic
offsetting in medical plastic waste 33. Critics argue
that plastic offsetting should be subjected to the
same scrutiny as carbon offsetting because they
believe that corporate polluters could use plastic
offsetting to buy their way out of environmental
responsibility especially in CAPD users who dispose
the waste into dustbins 34. In the present offset
model used in this study, double the calculated
waste was sourced to cover up for variations in the
calculation of DPW. This means that for every
kilogram of plastic waste generated by dialysis
patients, two kilograms of plastic waste were
sourced to offset this waste. CAPD patients in this
study produced more plastic waste than
hemodialysis patients due to their daily exchanges.
This is because CAPD patients need to replace their
peritoneal dialysis fluid several times a day,
generating a significant amount of plastic waste
that is often disposed of in regular trash cans. A lack
of compliance with the Biomedical Waste
Management Rules, 2016, is evident, as Bailie et
al's study found that 80% of CAPD patients
discarded their waste in garbage bags, posing
environmental and sanitation worker risks 35. This
study highlights the need for guidelines to be
established to address the inconsistent methods of
disposal of CAPD waste and the potential for

A Model for Plastic Neutrality in Dialysis

infection. Guidelines must be established to address
these concerns as soon as possible.

The cost of purchasing plastic waste from the market
involves  sorting, transporting, storing, and
supporting the livelihoods of those in the informal
sector 36, Recycling dialysis waste plastic after
shredding and sterilization is recommended by
some countries, but in India and similar other
developing and low income countries it is
economically unviable and if implemented by law
may lead to increase in dialysis cost as investment
needs to be made on additional manpower and
space for shredder and sterilisers 37.

At present, all hospital plastic waste is considered
as end-of-life plastic waste and can only be used
for roads, construction, or pyrolysis. The only
method employed to dispose plastic waste are
landfill, or incineration 3839, Even in countries like
Malaysia only 12-20% plastic waste can be
handled by incinerators and land fill is still the
method employed which is cheaper than cost
involved in incineration. Pyrolysis is not available in
most major cities, making it a costly process 40,

Although many studies recommend the cradle-to-
cradle model for circular economy 4', a design
philosophy that aims to create products that can be
returned to the earth or recycled into new products
at the end of their life, no such model has been
widely adopted. This model has numerous benefits
over the traditional cradle-to-grave model, which
sends waste to landfills or incinerators 4042,
However, it cannot be used in countries where the
law treats hospital plastic waste as end-of-life
plastic. When plastics are exposed to prolonged
sunlight or UV light, they disintegrate into powdery
microplastics, which are major environmental
pollutants that can enter the food chain 43.

In our present study, we were able to produce a
product called sinkable plastic pebbles, which have
a wide range of applications. We also showed how
the cradle-to-cradle model can be implemented by
using sinkable plastic pebbles to replace blue metal
in making various products. The products made with
sinkable plastic pebbles were equally or even
stronger than the same products made from blue
metal. For example, the plastic pebbles were able
to replace kiln-baked bricks, and they were even
stronger than the bricks and did not absorb water.
Though many study has shown products made
directly from recycled plastic they still have a
shortened life and comes back to circulation 44, Thus,
this pebble model has the advantage of using it for
various construction purpose and economically
viable.
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These plastic pebbles help reduce the
environmental impact of traditional building

materials by reducing the need for mining and
quarrying. Though many studies still are not
provided specific guideline for use of plastic in
construction 4546, but come to common conclusion
that it is emerging economy 47 and answer to future
sustainability models 48. Overall, plastic pebbles
have the potential to create sustainable building
practices and generate revenue for recycling and
plastic manufacturing. However, the study is limited
because it is only a model and has not been tested
over time or in large quantities. Further research is
needed to determine their long-term durability and
performance in various applications.

The study did not include the cost of equipment used
or the long-term benefits of extending the model to
more centers. Further study is planned to assess
these factors.

Advocacy and Action for Dialysis Waste

A survey of 140 senior nephrologists found that
more than 80% are willing to join the campaign for
sustainability in dialysis. This includes educating
patients on continuous ambulatory peritoneal
dialysis (CAPD) to dispose of their plastic waste
properly, and developing innovative solutions for
recycling and reusing dialysis waste.

The survey also found that more than 75% of
patients on CAPD dispose their plastic bag waste
into regular trash. This is a major problem, as plastic
waste can take hundreds of years to decompose.
Additionally, almost all dialysis units do not have
mechanical shredders, so patients who do try to

A Model for Plastic Neutrality in Dialysis

recycle their plastic waste often have to use scissors,
which can contaminate the waste. These findings
highlight the need for urgent action to address the
problem of dialysis waste and use a model to
advocate for safe disposal 4

Nephrologists, patients, and healthcare providers
all have a role to play in ensuring that dialysis
waste is disposed of properly. By working together,
we can create a more sustainable future for dialysis
patients and the planet.

Conclusion

The sinkable plastic pebble model found in this
study is a useful model to advocate for plastic
neutrality in dialysis. It can be adopted to promote
sustainability in dialysis and has the potential to not
only help reduce the burden on incineration and
landfill of plastic waste, but also provide a circular
economy, especially in developing countries. Though
initial results are promising, further larger studies
are needed to formulate guidelines
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