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ABSTRACT

This paper introduces a novel approach to recycling electrolytes from used dialysate, offering a potential pathway to reduce the high costs and
environmental impact of hemodialysis. By applying a uniform electric field to selectively separate the ionic components from non-ionic wastes,
this method aims to retain valuable electrolytes while eliminating urinary by-products. It proposes the use of a uniform electric field generated
between the plates of a capacitor to control the movement of electrolyte ions, while allowing regular diffusion so as to facilitate the motion of
urinary wastes, which are primarily covalent and hence virtually unaffected by electric field. Such an approach could significantly decrease the
need for new electrolyte solutions in dialysis, particularly benefiting resource-limited settings. This conceptual framework suggests a path forward
for experimental validation and optimization, potentially paving the way for a sustainable, cost-effective advancement in dialysis technology.
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INTRODUCTION

“The Kidney may be the only essential organ that a man can sustain
without for years. This modern miracle is a result of the invention of
the dialyzer” (Kloff, 1943). 1Each year, approximately 220,000 new
cases of End-Stage Renal Disease (ESRD) arise in India, creating an
increased need for around 34 million dialysis sessions annually. The
high costs associated with dialysis place a severe financial burden on
nearly all affected families. 2In a prevention study conducted in
Chennai, chronic kidney disease (CKD) prevalence was found to be
8600 cases per million population (pmp) within the study group,
compared to 13,900 pmp in the control group. A separate study in Delhi
reported a CKD prevalence, defined by serum creatinine levels over
1.8 mg%, of 7852 pmp. Another study from Bhopal indicated an
incidence of 151 pmp for end-stage renal disease (ESRD). 3Dialysis is
an expensive treatment primarily due to the ongoing need for medical
supplies, skilled staff, and maintenance of facilities. In many low- and
middle-income countries, including India, these high expenses limit
access to dialysis for much of the population. For instance, in the U.S.,
dialysis care for the small ESRD population (less than 1% of all
patients) consumes approximately 2-3% of the national healthcare
budget. This financial strain is echoed worldwide, often pushing
patients and their families into severe financial distress. Cost-saving
innovations, like electrolyte recovery, could enhance the sustainability
and affordability of dialysis by reducing the need for frequent
electrolyte replacement and minimizing essential component waste.
Efforts to reduce the cost of dialysis have been common for decades
now. But there cannot be much development in this aspect as long as
millions of liters of used dialysate are drained off into the sewage every
year. In order to improve the situation, the dialysate must be recycled to
create a more self-replenishing system. This paper proposes a
conceptual framework for recycling electrolytes from used dialysate
through an electric field-driven separation technique. 4While
extensive studies have been conducted on the recycling of dialysate,
they mainly focus on retrieving water from the used dialysate via
reverse osmosis and dealing with and reusing the reject water (Agar,
2015). Unlike conventional methods that focus solely on water
retrieval, this approach selectively isolates ionic components from
covalent waste molecules, allowing for a more comprehensive
recovery of dialysate components. This concept has the potential to
reduce the costs and environmental impact while preserving essential
electrolytes for reuse.

Concept Description

The proposed approach uses a uniform electric field applied across a
container of used dialysate, which contains both electrolytes (ionic)
and non-ionic waste products like urea and creatinine. The electric
field serves to separate the solution into positively and negatively
charged ions by polarizing the dialysate, while non-ionic waste
components are unaffected and thus can be removed by simple
diffusion. After polarization, each half-solution is treated with distilled
water to diffuse out non-ionic wastes selectively. Through successive
cycles, the ionic components can be retained while the waste is washed
out.

The advantage of this approach lies in its potential to recover nearly all
electrolytes, minimizing the need for costly replacements. Further,
because non-ionic wastes are selectively removed, this process aligns

with sustainable and cost-effective treatment principles, offering a
promising alternative to conventional dialysis protocols that dispose of
all dialysate components

Method

The concept development included two stages. First, a scoping review
of the literature in this field was conducted. The literature review
included peer-reviewed articles, grey literature, academic reports and
conference reports. The second stage saw the validation of the
framework by a multidisciplinary expert panel in cities of Pune,
Mumbai and Ahmednagar. This expert panel was composed of five
experts in the fields of nephrology, public health, electrochemistry and
other disciplines.

A capacitor is used to create and maintain an electric field through a
container holding the used dialysate. The electric field polarizes the
dialysate mixture, separating the anions and cations in the solution,
until a used dialysate solution of volume X litres is separated into two
solutions of X/2 litres volume each having one ionic half of the
solution (+ve or —ve). Each of these ionic halves is then decanted into a
separate container, such that, in the end there are two containers each
containing one half of the water of the net solution and one type of ion
(positive or negative). The electric field is reapplied separately on each
container in the same direction as before. Each container is then
brought into contact with distilled water of the same volume (X/2
litres) through a completely permeable membrane. The electric field
holds the ions of each container in its original half solution, opposing
their diffusion into the distilled water. However, the urea and
creatinine, being primarily covalent in nature, are not affected by the
electric field and follow the conventional direction of diffusion- from
high concentration to low concentration- and thus migrate from the
original half solution to distilled water. The distilled water must be
changed periodically so as to maintain a gradient of concentration
across the membrane. In the end, each half solution contains a single
type of ion(+ve or —ve) while the wastes have been drained off. Finally,
the distilled water, now containing urinary wastes can be recycled by
reverse osmosis, hence reusing the water and only disposing the
wastes.
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Setup 2: Positive ions
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Setup 3: Negative ions
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RESULT

At the end of the process, the ionic components of the dialysate are
retrieved and urea and creatinine are disposed off. Mixing solutions 1
and 2 returns the original dialysate solution. If the process of dialysis
included correcting ionic imbalance in the blood, the final mixture
although devoid of urea and creatinine will not have the right molarity
of each type of'ion to be directly reused for another session of dialysis.
The final solution must then be balanced to the right molarity by
addition of water and electrolytes in required proportions. Also the
non-ionic buffers, such as glucose, must be replenished in the final
solution as they cannot be retained via the use of an electric field.
Although the process ends with addition of extra components, it still
maintains an edge over the convention as the ions aren't drained out
along with the wastes and the net usage of electrolytes significantly
reduces as none of it is wasted.

Potential Impact and Application

567This concept has significant implications for both cost reduction
and sustainability in hemodialysis. By recovering electrolytes from
used dialysate, it addresses the single largest cost factor in
dialysis—continuous electrolyte replenishment. Electrolyte
replenishment is a major cost factor in dialysis due to the large amounts
of dialysate required for each session. Dialysate solutions, which
contain critical electrolytes like sodium, potassium, calcium, and
bicarbonate, need frequent replacement to maintain appropriate blood
chemistry for patients. Each dialysis session can use around 120-160
liters of water for dialysate, and the electrolyte components are
essential to regulate acid-base balance and prevent metabolic issues,
which adds to the expense of ongoing dialysis treatments. Therefore,
methods that allow for electrolyte recovery from used dialysate could
significantly reduce these costs and make dialysis more affordable and
sustainable, particularly in resource-limited settings.

This emphasis on cost-reduction aligns with efforts to address the
economic burden of dialysis globally, where it represents a high
expenditure for healthcare systems and patients alike, especially in
low- and middle-income countries. Addressing the environmental
impact of waste from dialysis treatments further strengthens the case
for electrolyte recovery, as it could help decrease the considerable
water and energy usage associated with frequent dialysate production
and disposal.

Beyond cost and sustainability, this concept could inspire further
innovations in dialysis technology, potentially leading to more
resilient, resource-efficient healthcare practices.

Future Research Directions

To advance this concept toward practical application, further research
should focus on laboratory-based validation of the electric field's
effectiveness in separating ions from non-ionic wastes.

Key Areas for Investigation Include:

*  Optimization of electric field parameters to achieve maximal
separation efficiency.

*  Development ofa prototype system for controlled ion recovery.

» Assessment of electrolyte stability post-recycling to ensure patient
safety.

CONCLUSION

This concept paper presents an innovative approach to electrolyte
recycling from used dialysate, leveraging electric fields to enable
selective retention of ionic components while eliminating waste. With
the potential to cut costs, reduce waste, and enhance dialysis
accessibility, this concept addresses critical needs in both healthcare
affordability and environmental sustainability. The framework laid out
here serves as a basis for future experimentation and development,
potentially shaping a new era of cost-effective dialysis solutions.
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