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  Due to the increasing scarcity of water worldwide, 
questions are beginning to be raised as to whether some 
of this water may be reused  [2, 4, 6] . With regard to con-
servation and reuse of water, 2 aspects need to be consid-
ered: can less water be used during the treatment, and can 
water rejected by reverse osmosis (RO) and the spent di-
alysis fluid be reused?

  Hemodialysis water conservation projects have been 
shown to be associated with important environmental 
and financial savings  [2, 7–9] . However, the published lit-
erature on this subject is very limited. This article reviews 
the current water conservation measures in hemodialysis 
and potential financial and environmental benefits of us-
ing these techniques.

  Water: A Valuable Resource under Threat 

 Water is one of our basic resources, but it is often in 
short supply. Estimates have shown that the total amount 
of water available would be sufficient to provide the pres-
ent world population with only the minimum amount of 
freshwater required. However, the uneven distribution of 
water among regions has made the adequate supply criti-
cal for a growing number of countries  [1] . Rapid popula-
tion growth and increasing consumption rates of water 
per capita have aggravated the problem  [1, 10] . This ten-
dency is likely to continue as water consumption for most 
uses is projected to increase by at least 50% by 2025 com-
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 Abstract 

 Water conservation refers to reducing the usage of water 
and recycling of wastewater for different purposes such as 
irrigation, laundry and sanitation. As water scarcity increases 
worldwide, dialysis facilities should be focused on salvaging 
water. However, most of them still ignorantly discard to the 
sewer huge volumes of this reusable resource. This article 
reviews the current water conservation techniques in hemo-
dialysis and the potential benefits drawn when using this 
technology.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Water is becoming a dwindling natural resource due 
to global warming, climate change and recurring 
droughts; in fact, it is too valuable to waste  [1–3] . Hemo-
dialysis uses large volumes of water. In a patient undergo-
ing weekly dialysis treatment 3 times for 4 h, about 18,000 
liters of dialysis fluid is used  [4] . In addition, for each liter 
of usable water to make up the dialysis fluid, up to 25% of 
the water entering the water treatment system may be 
sent to the drain  [5] .
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pared to the 1995 level  [1, 10] . One additional reason for 
concern is climate change, which may lead to increased 
drought in many places  [10, 11] .

  By 2025, 1.8 billion people will live in countries or re-
gions with absolute water scarcity. Most countries in the 
Middle East and North Africa can be classified as having 
absolute water scarcity today. By 2025, these countries 
will be joined by Pakistan, South Africa and large parts 
of India and China. This means that they will not have 
sufficient water resources to maintain their current level 
of per capita food production from irrigated agriculture 
and also to meet reasonable water needs for domestic, in-
dustrial and environmental purposes  [10, 11] . As result, 
water should be sourced carefully.

  Water Utilization and Management in Hemodialysis 

 Hemodialysis uses large amounts of water. Water is 
required to prepare dialysate, clean and reprocess ma-
chines and membranes. Prior to its use in hemodialysis, 
water has to be treated to remove particles, reduce hard-
ness and remove inorganic ions from municipal water. 
The most commonly used water-purification systems in 
hemodialysis units consist of several components which 
are connected in line in order to improve water quality 
step by step. Water for hemodialysis generally requires 
RO treatment and a deionizer for ‘polishing’ the water. 
Organic materials, chlorine and chloramines are re-
moved by charcoal filtration  [5] .

  In hemodialysis, assuming a dialysate flow rate of 500 
ml/min, a patient is exposed to 120 liters of purified water 
during a typical 4-hour dialysis session. Including prim-
ing and rinsing volumes, and depending on the efficiency 
of the RO system, approximately 500 liters of tapwater are 
required to produce sufficient high-grade water  [2, 12] . 
However, despite the increasing scarcity of water, most 
dialysis facilities still ignorantly discard huge volumes of 
this reusable resource to the sewer daily  [2, 3, 6, 7, 13] .

  Water Consumption in Hemodialysis and Projected 

Potential Needs 

 As our planet’s population continues to grow, so does 
the sustainable growth rate of the dialysis patient popula-
tion. The dialysis patient population growth annual rate 
is now expected to be 6%, which will give us roughly 4 
million patients by 2025  [14] . As the number of patients 
on dialysis continues to grow, so does the amount of nat-

ural resources consumed and waste produced by dialysis 
facilities.

  In the United States, the 5,000 dialysis clinics (which 
represent 26% of the global dialysis market) perform over 
50 million dialysis treatments per year, consuming over 
5 trillion liters of fresh water per year, based on its 325,000 
patients in 2007  [12] . In Australia, an estimated 400 mil-
lion liters (0.4 gigaliters) or 400 olympic-sized swimming 
pools of water disappear down the drain each year  [13] . 
In Morocco, water consumption exceeds 190 million li-
ters (50 million US gallons) of fresh water per year at he-
modialysis facilities  [2] . Therefore, due to this huge water 
consumption, dialysis centers should be focused on water 
conservation.

  Water Conservation Measures in Hemodialysis 

 Approaches in configuring conventional water treat-
ment equipment to meet water conservation, reduction 
and reuse can vary from one dialysis facility to another 
depending on the type, design of the installed RO system 
and the amount of water that the RO system processes. 
Approaches and techniques for salvaging water may 
range from simple methods such as RO system selection 
and design to redirection of reject water by RO or other 
more complicated techniques such as recycling of waste-
spent dialysate.

  RO System Selection 
 Accurate RO system design, selection of membrane 

and proper pretreatment is critical to getting the most 
from your water treatment system. The amount of wasted 
water will vary with the configuration of the system. An 
oversized RO system can result in excessive waste of 
treated water and reject RO water  [15] . Also, an oversized 
RO membrane needs high output and requires corre-
spondingly high reject flow  [16] . As a result, these factors 
must be considered when installing water treatment 
equipment.

  The efficiency of an RO system is also dependent upon 
the nature of the feed water and temperature  [4] . Tem-
perature has an inverse effect on product flow through 
the membrane: high temperature increases product flow, 
low temperature decreases product flow. This can be re-
duced by the use of a dual-pass system in which the re-
jected water passes through the RO process before being 
discarded to waste  [4] . Moreover, modern RO systems are 
generally more efficient and reject less water to drain  [12] .
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  Water Flow Regulation 
 A flow regulation device means a system fitted to the 

distribution loop to automatically adjust the flow of water 
to match the actual usage. As a result, less water is con-
sumed and less reject is drained to the sewer by the RO 
system.

  In hemodialysis, the fluid demand of machines is not 
constant and varies with the cycling of the machine  [17] . 
Thus, flow regulators such as a valve (direct acting or pi-
lot operated) could be used to regulate the flow rate of 
water according to water consumption by machines  [15, 
17] . As result, the RO module reduces water wastage by 
adjusting water production accordingly  [15] .

  Printz  [15]  reported the benefits of using this technol-
ogy in reducing waste from RO systems. Given an exam-
ple of a facility working with 20 machines, on 2 sessions 
(4 h each) per day, 6 days per week, and on 50% of capac-
ity 3 times per week, the reject RO water could be esti-
mated at 1,372.8 m 3 /year, although when using a motor-
ized triple-way valve, the reject RO water decreased to 
917.28 m 3 /year, which results in direct water savings of 
455.52 m 3 /year  [15] .

  Recirculation of Excess Product Water 
 Measures whereby the excess product water by RO 

system can be recirculated using a recirculation loop 
can also help conservation  [5] . In direct water distribu-
tion systems that ‘directly’ deliver the product water 
from the RO unit to the loop for distribution, unused 
product water can be recirculated before the RO unit. In 
indirect water distribution systems which involve a stor-
age tank that accumulates the product water and deliv-
ers it to the distribution loop, unused portions of the 
product water can be recirculated back into the storage 
tank. The RO unit will stop and start filling the tank by 
receiving signals from the high and low level switches 
on the storage tank which can result in water savings  [5] . 
The recirculation of excess product does not only help 
conserve water, but also helps reduce stress on the RO 
membranes, increase permeate quality and lower oper-
ating costs  [5] .

  RO Reject Water Redirection or Reuse 
 Rationale 
 RO is an important step in the water purification pro-

cess. RO systems vary in efficiency, but commonly reject 
25% of water presented to them  [5, 18] . In the current 
worldwide hemodialysis practice, considerable reject wa-
ter is lost to drain. In the United States, the annual equiv-
alent reject water generation would be approximately 27 

gigaliters, which would be sufficient to provide all of the 
yearly water requirements for a city of approximately 
175,000, e.g. Salt Lake City, Utah  [13] .

  Reject water is remarkably good water. Although this 
high-grade grey water is not legally acceptable for drink-
ing, it commonly meets potable water criteria. It does not 
at any stage come into contact with the patient and there-
fore poses no infection risk  [7] . As a result, dialysis facili-
ties must be wise to pay attention to their water wastage, 
and particular consideration should be given to the pos-
sibility to benefit from this reject water.

  Description of a Reusing/Redirecting Water System 
 In a typical water redirecting system, reject water from 

the RO unit generally flows to a storage tank and is then 
pumped for redistribution. The system is regulated by 
float switches and surplus water can be diverted to drain 
if there is no demand  [6, 14] .

  Today, a number of dialysis facilities in Australia  [7, 9, 
19–24] , the United States  [25, 26] , Canada  [27] , the Unit-
ed Kingdom  [28] , China  [8, 29] , France  [30, 31] , Spain 
 [32]  and Morocco use the reject water for irrigation, 
laundry, sanitation or for the generation of steam for
the sterilization of hospital instruments and other ster-
ile materials. Also, in home hemodialysis, reject RO wa-
ter can be recycled at home installations to tank storage 
or for laundry use, toilet flushing, showering, livestock 
or garden/crop care, etc., according to patient’s prefer-
ence  [6] .

  Recycling Spent Dialysate Effluent 
 In arid countries, water is becoming scarcer, and in 

fact too valuable to waste. In renal care practice, the di-
alysate effluent is uniformly drained to the sewer by all 
dialysis services worldwide. Tarrass et al.  [2, 3] , from 
Morocco, assessed the feasibility of using membrane 
technology to produce recycled hemodialysis wastewa-
ter suitable for use in irrigation  [6] . The authors found 
that dialysate effluent is characterized by its high con-
ductivity content. Otherwise, the chemical composition 
and bacterial biomass meet the standards set by the 
World Health Organization and the United Nations 
Food and Agriculture Organization for water used in 
irrigation  [2, 3, 6] .

  To attain the low conductivity values needed, the use 
of membranes (RO and ultrafiltration) to treat hemodi-
alysis effluents for reuse appears very promising. Such 
processes are currently widely used for treating various 
types of wastewaters and are effective in the elimination 
of trace organic compounds, bacteria and viruses  [2, 33, 
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34] . The cost-benefit of this technology appears promis-
ing. The cost for treating hemodialysis wastewater to 
achieve quality suitable for irrigation using nanofiltra-
tion and RO is USD 0.70/m 3  and USD 0.74/m 3 , respec-
tively. Given the average cost of USD 1.00/m 3  for seawa-
ter desalination, this could result in cost savings (or bene-
fit) of 20–30% in comparison to desalination of seawater 
 [2, 3] .

  Future Approaches for Water Conservation 
 Newer dialysis processes such as sorbent dialysate re-

generation and online dialysate generation may help to 
dramatically reduce water use. Currently, one emerging 
sorbent system has been proven to reduce total dialysis 
related water use to 6 liters/treatment  [5, 35, 36] . As these 
advances prove viable and/or become widely applicable, 
simple water conservation methods applied to standard 
dialysis equipment are essential.

  Benefits from Salvaging Water in Hemodialysis 

 Financial Savings 
 Dialysis facilities are significant users of water. Reduc-

ing water use can lead to major capital savings  [2, 3, 6, 12] . 
Connor et al.  [14] , studied the saving potential of a 800-
l/h redirecting RO reject water system in Canterbury, 
UK. According to the authors, this system allowed a sav-
ing potential of GBP 7,500 each year. Also Tarrass et al. 
 [2, 3] , reported that treating spent dialysate for use in ir-
rigation could result in cost savings of 20–30% in com-
parison to the desalination of seawater.

  The financial costs will vary from unit to unit, and 
may dictate whether a water conservation project is via-
ble. When performing a cost-benefit analysis, a number 
of parameters must be considered: capital equipment, op-
erating and maintenance costs, and the volume of saved 
water  [2, 3] . In most cases, the costs will be small and the 
potential savings great.

  Environmental Impact 
 Reducing Discharge of Wastewater 
 Wastewater generated by hemodialysis may have a sig-

nificant impact on the environment due to its high con-
ductivity and salinity  [2, 3] . However, the risk resulting 
from its discharge in bodies of water remains still under-
explored. In the context of hemodialysis wastewater dis-
posal in the ocean without treatment, pollution by hemo-
dialysis effluents can be reduced substantially through 
recycling of water. Moreover, limiting discharge can in-
directly help in maintaining water quality  [2, 3] .

  Reducing the Carbon Footprint 
 The carbon footprint of dialysis is defined as the total 

amount of greenhouse gases produced to directly and in-
directly support the dialysis facility’s activities, usually 
expressed in equivalent tons of carbon dioxide (CO 2 )  [14] . 
The carbon footprint of the United States healthcare sec-
tor is estimated to be 546 million tons of CO 2  per year, 
while that of the NHS in England is 18.6 million tons of 
CO 2  (3% of all greenhouse gas emissions in England)  [37] .

  The contribution of kidney care to these footprints is 
presently unknown. However, wise use of water can help 
decrease carbon emission  [38] . In the United Kingdom, 
Connor et al.  [14]  reported that the use of 14,400 liters of 
reject hemodialysis water per day in place of tapwater can 
result in saving 1,239.88 kg of CO 2  equivalents per year.

  Conclusion 

 Water is a vital aspect in hemodialysis. Using water 
wisely, through the approaches mentioned, will help us 
conserve this precious resource. Raising awareness of this 
concept among nephrologists is the crucial first step for 
achieving this goal. The International Society of Ne-
phrology and other regional or national societies can play 
leadership roles in promoting awareness for this green 
initiative in order to reduce our impact on our planet.
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