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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had notxéceived ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical CommitteexISO/TC 150, Implants for surgery, Subcommittee

SC 2, Carg
Standard

Agreement on technical cooperation between ISO-and CEN (Vienna Agreement).

This seco
revised. Ti

iovascular implants and extracorporeal systems, in collaboration with the European Compmittee for
zation (CEN) Technical Committee CEN/TG205, Non-active medical devices, in accordancg with the

nd edition cancels and replaces the-first edition (ISO 23500-2:2019), which has been t¢chnically
he main changes are as follows:

— alterpative water treatment technologies (e.g. reverse osmosis pre-treatment with ultrafiltration) have

been

hdded;

— alteriatlves to classic microbial analytical methods [endotoxin testing using involving reqombinant

Fact

Alistof a

C (rFC)] have beenradded.

| parts of the JSO 23500 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing-ofithese bodies can be found at www.iso.org/members.html.
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Introduction

This document reflects the conscientious efforts of concerned physicians, clinical engineers, nurses, dialysis
technicians and dialysis patients, in consultation with device manufacturers and regulatory authority
representatives, to develop an International Standard for performance levels that can be reasonably achieved
at the time of its publication. The term “consensus,” as applied to the development of voluntary medical
device documents, does not imply unanimity of opinion, but rather reflects the compromise necessary in
some instances when a variety of interests should be merged.

This document applies to individual water treatment devices and to water treatment systems assembled
from one or more of these devices. This document is applicable, firstly, to the individual or company that

specifies

the {‘nmp]nfn water treatment system and, cpr‘nnd]y] tothe cnpp]ipr who assembles and ip

system. S
of this do
indicates

principall
many of if
is treated

chemical

single pat

Increasin
fluid are
systems

and ISO 2

nce systems can be assembled from a number of individual water treatment devices, theq

y to address water treatment systems for dialysis facilities treating multiple patients.
s provisions apply equally to water treatment systems used in applicationswhere a sing

ient or many patients are being treated.

becoming available and used clinically. The provisions dncluded in this document
hssembled from individual components. Consequently, some of the provisions in ISQ

ISO 2350

This docyment helps protect haemodialysis patients from.adverse effects arising from known chej
microbialfcontaminants found in water supplies. However, dialysis and patient safety is ultimately ¢

-3,1S0 23500-4[47] and 1SO 23500-5[481,

stalls the
rovisions

cument are also applicable to the manufacturers of these devices, provided that thesmanufacturer
that the device is intended for use in haemodialysis applications. This document is written

However,
le patient

, such as in a home dialysis or acute hospital dialysis setting. Specifically) requirements for the
hnd microbiological quality of water are considered to apply in all settifgs; regardless of fvhether a

bly, self-contained, integrated systems designed and validated to produce water anfl dialysis

apply to
23500-1

3500-2 do not apply to integrated systems, however stich systems are required to cofply with

mical and

ependent

on the quplity of the dialysis fluid. Since the manufaefurer or supplier of water treatment equipient does

not have

only and fot a requirement of the manufacturer«The responsibility for assuring that the dialysis f

contamin

for the pdtient under the supervision of theXmedical director. Requirements and recommendatid

preparati
ISO 2350

Since the
ISO 2350
shown in

Table B.3.

control over the dialysis fluid, any reference to dialysis fluid in this document is for clg

rification
uid is not

hted, mismatched or otherwise damaging to the patient rests with the clinical professionfals caring

ns on the

bn and handling of water and dialysis fluid in a dialysis facility are provided in ISO 23500-3 and

D-5[48] respectively. The ratiohale for the development of this document is given in Annex

chemical and microbialogical content of the water produced need to meet the requir
D-3, the maximum allowable levels of contaminants are given in Tables B.1 and B.2. T
lude the anticipatédncertainty associated with the analytical methodologies, which an

A

bments of
he values
e listed in
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Preparation and quality management of fluids for
haemodialysis and related therapies —

Part 2:
Water treatment equipment for haemodialysis applications

andr

1 Scop

This docu
water tre
individua
and installls the system. Since systems can be assembled from a number-of individual water
devices, t
that the

related t

This docu
to the wa
not neces
monitors)

This docu

Requirem

equip
dialy

dialy

sorbd
dialy

dialy
haem
syste

perit

sfated therapies

e

ment specifies requirements and recommendations for individual watef-treatment d¢
atment systems assembled from one or more of such devices. This document is direc
| or company that specifies the complete water treatment system and;the supplier who 4

he provisions of this document are also directed at the manufacturers of these devices
anufacturer indicates that the device is intended to be used to supply water for haemodi
erapies.

ment is applicable to all devices, piping and fittings between the point at which water is
rer purification system and the point of use of the purified water. Such components inclu

and piping systems for the distribution of purified water.
ment does not apply to

ment used in the preparation of concentrates from powder or other highly concentrated
bis facility either for a single patient(or multiple patients,

bis fluid supply systems that proportion water and concentrates to produce dialysis fluid

nt dialysis fluid regeneration systems that regenerate and recirculate small volum
bis fluid,

bis concentrates,
odiafiltration @r)haemofiltration systems,
s that procéss dialysers for multiple uses, and

nealidialysis systems.

vices and
red at the
issembles
reatment
provided
hlysis and

delivered
He but are

sarily limited to water purification devices, online@’water quality monitors (such as copductivity

nedia ata

es of the

ents for the ongoing monitoring of water purity in terms of chemical and microbiologid

al quality

are given in ISO 23500-3.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 23500-1, Preparation and quality management of fluids for haemodialysis and related therapies — Part 1:
General requirements

© IS0 2024 - All rights reserved
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ISO 23500-3, Preparation and quality management of fluids for haemodialysis and related therapies — Part 3:
Water for haemodialysis and related therapies

IEC 60601-1-11, Medical electrical equipment — Part 1-11: General requirements for basic safety and essential
performance — Collateral standard: Requirements for medical electrical equipment and medical electrical
systems used in the home healthcare environment

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 23500-1 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Olnline browsing platform: available at https://www.iso.org/obp

— IEC E]ectropedia: available at https://www.electropedia.org/

3.1
microfilter
filter designed to remove particles down to 0,1 pm in size

Note 1 to| entry: Microfilters have an absolute size cut-off and are available Gnyboth dead-end and [cross-flow
configuratfions. Some microfilters can reduce the concentration of endotoxins by.adsorption.

4 Requirements
4.1 Didlysis water quality requirements

4.1.1 General

The requirements contained in this document apply to the dialysis water as it enters the equipthent used
to preparp concentrates from powder or other concentrated media at a dialysis facility, to prepaye dialysis
fluid, or tp reprocess dialysers. As such, these-tequirements apply to the water treatment system ds a whole
including|the distribution network and nqt only to each of the individual devices that make up the|system.

4.1.2 Chemical contaminant reqdiréements

Dialysis water used to prepare dialysis fluid or concentrates from powder at a dialysis facility, or to feprocess
dialysers [for multiple uses, shall not contain chemical contaminants at concentrations in excess qf those in
ISO 23500-1:2024, Tables vand 2 (reproduced as Tables B.1 and B.2). The manufacturer or supplier of a
complete water treatmentysystem shall recommend a system capable of meeting the requirements gf Clause 4
based on the analysis ofthe feed water. The system design should reflect possible seasonal variatigns in feed
water quality. The-myanufacturer or supplier of a complete water treatment and distribution sygtem shall
demonstrfate that'the complete water treatment, storage and distribution system is capable of mg¢eting the
requiremgntg of this document at the time of installation.

For dispo bable water treatment and distribution cycfnmc that have heen validated to prnr]nr‘n dial¥sis water

meeting the quality requirements of this document for a specified time, incoming water shall be surveyed to
ensure that the input to the treatment system is in the range for which the system has been validated. The
manufacturer's recommendation for surveying the final dialysis water can be followed when the system is
operated according to the manufacturer's instructions. Alternatively, the quality of the dialysis water can be
closely observed as outlined for non-validated systems.

NOTE1 If the manufacturer or supplier does not install the water storage and distribution system, then the
responsibility of the manufacturer or supplier is limited to demonstrating that the water treatment system, excluding
the water storage and distribution system, meets the requirements of this document. If individual devices of the water
treatment system are provided by different manufacturers or suppliers, the person or organization specifying the
devices is responsible for demonstrating that the complete system meets the requirements of this document at the
time of installation.

© IS0 2024 - All rights reserved
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NOTE 2  Following the installation of a water treatment, storage and distribution system, the user is responsible for
continued surveillance of the levels of chemical contaminants in the water and for complying with the requirements of
this document.

4.1.3 Organic carbon, pesticides and other chemicals

The impact of organic compounds, such as pesticides, polycyclic aromatic hydrocarbons and other chemicals
such as pharmaceutical products and endocrine disruptors with respect to haemodialysis patients are
difficult to specify. Consequences of exposure are probably of a long-term nature and it is technically difficult
and costly to measure these substances on a routine basis. Furthermore, there is an absence of evidence of
their widespread presence in water although it is recognized that inadvertent discharges are possible. In
view of this, it is not possible to currently specify limits for their presence in water used in the preparation
of dialysigftuid:

Nanofiltration and reverse osmosis are capable of significant rejection of many such compounds] Granular
activated| carbon (GAC) is also highly effective at removing majority of such compounds. However, as
granular pctivated carbon is widely used in the removal of chlorine/chloramine, their use in th¢ removal
of organi¢ carbons, pesticides and other chemicals depends on the size of the carbon-filters and/or beds,
and userq shall be aware of appropriate dimensioning since the majority of carbon valences can Qe already
occupied pnd unavailable for further removal activity.

4.1.4 Microbiology of dialysis water

Dialysis water used to prepare dialysis fluid or concentrates from powder at a dialysis facility, or to reprocess
dialysers ffor multiple uses, shall comply with the requirements specified in ISO 23500-3.

The manyfacturer or supplier of a complete water treatment and distribution system shall demongtrate that
the complete water treatment, storage and distribution system meets the requirements of this document,
including|those related to action levels at the time of installation.

For dispofable water treatment systems validated by;the manufacturer to produce dialysis watef meeting
the quality requirements of this document for a specified time, the incoming feed water shall be|surveyed
to ensure| that the input to the treatment systemis in the range for which the system has been yalidated.
The manyfacturer's recommendations for surveying the dialysis water can be followed when the|system is
operated pccording to the manufacturer'sinstructions. Alternatively, the quality of the dialysis wafer can be
observedas outlined for non-validated systéms.

NOTE1 |[If the manufacturer or supplier does not install the water storage and distribution systen], then the
responsibillity of the manufacturer or stupplier is limited to demonstrating that the water treatment system} excluding
the water §torage and distributiomrsystem, meets the requirements of this document. If individual devices of the water
treatment|system are provided-by different manufacturers or suppliers, the person or organization spegifying the
devices is fresponsible for demonstrating that the complete system meets the requirements of this docurhent at the
time of insftallation.

NOTE 2 |Following-inStallation of a water treatment, storage and distribution system, the user is resppnsible for
continued [surveillahee of the water bacteriology of the system and for complying with the requirements of this
documentfincluding those requirements related to action levels.

4.2 Water-treatmentequipmentreqtirements
4.2.1 General

4.2.1.1 Water treatment system

The supplier of the feed water or the supplier of the water treatment system or a laboratory specified by the
user shall perform chemical analyses on the feed water to determine the compatibility of the system with
the feed water and the suitability of the system for providing dialysis water meeting the requirements of
4.1.2. The result of the chemical analyses shall be available to the user in charge of dialysis. In the case of an
individual device, the person incorporating the device into the water treatment system is responsible for

© IS0 2024 - All rights reserved
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ensuring that incorporation of the device does not compromise the ability of the overall system to deliver
dialysis water capable of meeting the requirements of 4.1.2 and 4.1.4.

The water treatment and distribution system should include appropriate pressure gauges, flow meters,
sample ports and other ancillary equipment necessary to allow surveillance of the performance of individual
system devices and the system as a whole.

Valves can be included in the water treatment system to allow individual devices to be bypassed when
there is device failure or to facilitate replacement of a device. Bypass valves should have a physical lockout
installed and be labelled with a warning notifying the user of the result of its removal.

If it is possible to bypass a device of the water treatment system, then the manufacturer or installer of that
component shall inform the user of the risks associated with bypassing that device and the need for clearly
defining the responsibility for operating the bypass. Where such valves are installed, howevella means
should be|included to minimize the likelihood that the device will be inadvertently bypassed-durifig normal
operation| of the system.

Bypass valves should not be used to bypass deionization tanks, carbons and other crifical compdnents e.g.
reverse ogmosis (RO) systems. They should not be used on ultrafilters used in conjunction with dejonization
tanks for patient treatment.

Operating controls shall be positioned so as to minimize inadvertent resetting.

Electricallcircuits shall be separate from hydraulic circuits and adequatelyprotected from fluid lepks.

4.2.1.2 |Materials compatibility

Materials|that are in contact with dialysis water (including matebials used in piping, storage and digtribution
systems) [shall not interact chemically or physically with that water so as to adversely affect fits purity
or quality. Water-contacting surfaces shall be fabricated ‘from non-reactive materials (e.g. plastics) or
appropridte stainless steel. The use of materials knowfi‘to cause toxicity in haemodialysis, such as copper,
brass, galvanized metal or aluminium, are specifically’prohibited at any point beyond the water freatment
device us¢d to remove contaminating metal ions,most commonly a reverse osmosis system or a d¢ionizer.

The matefials of any water treatment devices fincluding piping, storage, and distribution systems) shall be
compatible with the means used to disinfect those devices. Chemicals infused into the water i the pre-
treatment section, such as chlorine, acid, flocculants and complexing agents, shall be adequately removed
from dialysis water before they reachrany point of use. Monitors or specific test procedures to verifly removal
of additivgs shall be provided.

4.2.1.3 |Regenerated or reconstituted devices

All devices that are regenerated or reconstituted at a site remote from the dialysis facility, such as
deionizerg, shall be disinfected at the time of regeneration or reconstitution so that contaminatefl water is
not reintjoduced into the system after regeneration or reconstitution. Separate processes shall be used to
ensure nd intermixing of devices or their component parts between devices returned from medicgl or other
non-medifal fe)g-domestic or industrial) water users.

4.2.1.4 Disinfection protection

When the manufacturer recommends the use of chemical disinfectants, means shall be provided to
restore the equipment and the system in which it is installed to a safe condition with respect to residual
disinfectant presence prior to the dialysis water being used for dialysis applications. When recommending
chemical disinfectants, the manufacturer shall also recommend methods for testing for residual levels of the
disinfectants. When disinfection is accomplished automatically by chemical disinfectants, including ozone,
or by high temperature procedures, the activation of the disinfection system shall result in the activation of
a warning system and measures to prevent patient exposure to an unsafe condition.

If sodium hypochlorite (bleach) is used for cleaning or disinfecting the internal pathways of dialysis
equipment, including but not limited to water treatment loops, concentrate containers, mixers and delivery

© IS0 2024 - All rights reserved
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systems, the post rinse water residual level of free chlorine shall be as specified by the manufacturer’s
instructions.

4.2.2 Backflow prevention

A backflow prevention device e.g. pipe disconnector, system separator or free fall section to isolate the
water treatment system from the water supply according to local plumbing codes should be fitted to all
water treatment systems.

NOTE The testing frequency of backflow prevention devices is specified by local plumbing codes or regulations.

4.2.3 Tempering valves

Temperinlg valves, if used, shall be sized to accommodate the anticipated range of flow rates of hoL and cold
water. They shall be fitted with a mechanism to prevent backflow of water into the hot and-¢old water lines
and with p means to measure the outlet water temperature.

4.2.4 Sediment filters

Sediment|filters should have an opaque housing or other means to inhibit proliferation of algge. Filters
should be| fitted with pressure gauges on the inlet and outlet water lines toameasure the pressurg drop, AP,
across the filter.

NOTE Sediment filters are also known as multimedia or sand filters.

4.2.5 Chartridge filters
Cartridge| filters should have an opaque housing or otherdmeans to inhibit proliferation of algge. Filters

should be| fitted with pressure gauges on the inlet and outlet water lines to measure the pressurg drop, AP,
across the filter during use.

4.2.6 Softeners

Water softeners should be fitted with a me¢hanism to prevent water containing the high concgntrations
of sodiun chloride used during regeneration from entering the product water line during reggneration.
Automatif regeneration can be performed on a volume schedule or on a time schedule. For softeneys that are
regeneratled automatically on a time-schedule, the face of the timers used to control the regeneration cycle
should be{visible to the user. Operating controls shall be positioned so as to minimize inadvertent fesetting.

4.2.7 ion exchange resin tank

Anion exdhange resin,sometimes referred to as an organic scavenger, can remove organic matter and other
contaminpnts from thée'source water and protect carbon media from fouling, which can shorten it$ effective
life for chlorine/chloramine removal. If an organic scavenger is installed to protect the carbon rhedia, the
scavengel should be installed upstream of the carbon beds. Anion exchange resins can also bje used to
remove contaminants that can otherwise foul the reverse osmosis membrane.

4.2.8 Carbon media

Carbon is used to remove small organic compounds, chlorine and chloramine. At least one carbon bed or
filter should be installed even if the water supply is from a well and no chlorine is present. Carbon removes
organic contaminants from ground water, including solvents, pesticides, industrial wastes and substances
leaking from underground storage tanks.

To mitigate possible risks, due to depletion of available valences in activated carbon, regular replacement
of activated carbon shall be undertaken, even when chlorine breakthrough hasn’t occurred. Replacement
frequency is typically based on manufacturer’s instructions or activated carbon performance indicators
(e.g. total organic compounds). Potential risks and dialysis treatment practices should be considered when
choosing the replacement frequency.

© IS0 2024 - All rights reserved
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When carbon is used for the removal of chloramine, it shall be adapted specifically to the maximum
anticipated water flow rate of the system and the level of chloramine in the feed water.

If small cartridge filters are used, the data sheet of the manufacturer regarding chlorine rejection capacity
has to be observed.

Due to the risk of harm to a patient in the event of total chlorine breakthrough in cases where the water is
known to be continuously chlorinated or chloraminated or subject to organic contamination, the system
shall be designed to prevent patient exposure to unsafe product water in the event of a single point failure.
Protective measures can be incorporated into the system design through several means, including:

— the use of two carbon beds in series with off-line analysis or testing of product water from the first bed in
each series (see off-line testing in [SO 23500-1:2024, 7.3.5); each of the carbon beds shall have an empty-
bed dontact time (EBCT) of at least 5 min at the maximum product water flow rate (a total BCT of at
least {10 min);

— the upe of redundant means of chloramines removal with off-line analysis or testing of product water
after the primary device (see off-line testing in ISO 23500-1:2024, 7.3.5); possible @lternativeq include a
granular activated carbon bed followed by a dense carbon block or two carbon bleck filters in|series;

— the Use of carbon systems used to prepare water for portable dialysis systems are exempt from
the requirement for the second carbon and a 10 min EBCT, provided-/that there is a redundant
means of chloramine removal with off-line sampling after the primatry“device (see off-line festing in
ISO 2B500-1:2024, 7.3.5);

— the use of batch systems used to prepare water for portable\dialysis systems are exempt|from the
requirement for the second carbon and a 10 min EBCT, provided that there is a redundant|means of
chlorpmine removal with off-line sampling after batch.production (see chlorine test mgthods in
[SO 2B500-1:2024, 7.3.5);

— the yse of carbon media with duration or procéss volume limitation in conjunction with online
survdillance of the product water and diversion.@f the product water to drain or a blocking yalve with
system shutdown if the total chlorine level in"the product water exceeds 0,1 mg/1 (see online testing
in ISQ 23500-1:2024, 7.3.5). Periodic testing.of the online monitor and the frequency of the|testing is
specified per the system manufacturer’s instructions. If an online monitor failure occurs, manyal testing
can b implemented to observe for chlorine and chloramines for 72 h, similar to dual carbon ¢lesigns in
[SO 2B500-1:2024, B.2.5.

To avoid ¢verly large beds, carbon béds are sometimes arranged as parallel sets, each set consisting of two
beds in sqries. The beds are equally’sized and water flows in parallel through each set. In this situgtion, each
bed shall have a minimum EBCT of 5 min at the maximum flow rate through the bed. When parallel sets of
beds are psed, the piping should be designed to minimize differences in the resistance to flow from inlet
and outlef between each-parallel set of beds in order to ensure that water flows equally through 4ll beds. A
means shpll be providedto sample the product water from the first bed in each series-connected pair and
a sample port should’be installed following the carbon beds for use in the event of total chloring breaking
through the first bed in a series-connected pair.

In situatigns'where chloramine is not used to disinfect the water and the ammonium (NH,*) [fornjed by the
protonatiTm of ammonia (NH;)] level in the water is low, one carbon bed or a carbon cartridge filter with a
shorter EBCT can be sufficient. Exhausted carbon media shall be discarded and replaced with new media
according to a replacement schedule determined by regular surveillance. For example, with two beds, when
testing between the beds shows that the first bed is exhausted, the second bed should be moved into the
first position, the second bed replaced with a new bed and the exhausted bed discarded.

Granular activated carbon with an iodine number greater than 900 is considered optimal for chlorine/
chloramine removal. However, some source waters, such as those with a high organic content can require
alternate types of carbon that are more resistant to organic fouling. These types of carbon can have iodine
numbers less than 900. When other forms of carbon or granular activated carbon with an iodine number of
less than 900 are used, the manufacturer shall provide performance data to demonstrate that each adsorption
bed has the capacity to reduce the total chlorine concentration in the feed water to less than 0,1 mg/l when
operating at the maximum anticipated flow rate for the maximum time interval between scheduled testing
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of the product water for total chlorine. Regenerated carbon shall not be used. Automatically backwashed
carbon beds should be fitted with a mechanism to prevent water containing chlorine or chloramine from
entering the feed water line of downstream purification devices, such as reverse osmosis, while the carbon
beds are being backwashed. For carbon beds that are backwashed automatically on a time schedule, the face
of the timers used to control the backwash cycle should be visible to the user and the timer should be set so
that backwashing occurs when dialysis is not being performed.

In some instances, activated carbon cannot provide adequate removal of chloramine. Inadequate removal
of chloramine can occur when the pH of the water is high or when municipal water contains high levels of
organic material or additives, such as orthophosphate for lead and copper control. Inadequate removal of
chloramine can also appear to occur when naturally-occurring N-chloramines are present in the water. N-
chloramines are relatively large molecules and are removed by reverse osmosis; however, they test positive

: h " 1.1 - 4=l . . =l . - i 1 e 1.1 . 1
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In these ¢ircumstances, other strategies for chloramine removal can be needed. One approaclf that has
been usedl successfully is the injection of sodium bisulphite prior to the reverse osmosis/syst¢m. Other
approaches include installing anion exchange resin before the carbon beds to remove organic njatter and
other confaminants that can foul the activated carbon, or the injection of a mineral @cid before the carbon
beds to rgduce the pH of alkaline feed water.

If carbon|beds fitted with an online monitor for measuring total chlorine i the product water|are used,
there shopld be a means of preventing patient exposure to unsafe product-water, such as the diyersion of
the prodyct water to drain or a system shutdown, if the total chlorine level in the product watgr exceeds
0,1 mg/l.

The volunpe of the audible alarms in the event of diversion of the préduct water to drain or a system shutdown
should exfeed the background or ambient noise level in the patient environment, for example, dialysis ward,
intensive [care unit or home haemodialysis room, to such an extent that it is reliably perceived and it shall not
be possible to audio pause (mute) the alarm for more than.3-min (180 s) following activation. Alarns shall be
situated tp ensure a prompt response by personnel in the patient care area.

NOTE IEC 60601-1-8 indicates that audible alarms between 48 dB and 85 dB (“A” scale) are reliably pg¢rceived in
most setti‘Lgs without being intrusive.

If the online monitor is placed between two garbon filters in series, a low-priority alarm can be aqcepted as
long as mpnual surveillance is performed@fter the last filter or bed in the event of an alarm.

4.2.9 Chemical injection systems

Sodium Hisulphite injected into :the source water can be an effective means of reducing chlprine and
chloramine concentrations. Ascoerbic acid has also been used for this purpose. In addition, reducing the pH of
alkaline feed water by thednjéection of mineral acids can enhance the efficiency of granular activatgd carbon.
Chemical [injection systéms shall include a means of regulating the metering pump to control th¢ addition
of the chgmical. This_eontrol system shall be designed to tightly control the addition of the cherpical. The
control system shalhénsure that the chemical is added only when water is flowing through the pre-freatment
cascade ajnd that:itis added in fixed proportion to the water flow or based on some continuously|observed
parametej, such as pH, using an automated control system. If an automated control system is usefl to inject
the chemicalthere shall be an independent monitor of the controlling parameter. Monitors shall bg designed
so that the monitor canno 1Sabled while a patientis at TSk, EXCEPT 0T briet, necessary periods of manual
control with the operator in constant attention.

4.2.10 Reverse osmosis

When used to prepare water for haemodialysis applications, either alone or as the last stage in a purification
cascade, reverse osmosis systems shall be shown to be capable, at installation, of meeting the requirements
of 4.1, when tested with the typical feed water of the user, in accordance with the methods described in 5.1.

Reverse osmosis devices shall be equipped with online monitors that allow the determination of product
water conductivity and should be equipped with monitors that determine the rejection rate based on
conductivity. Monitors that display resistivity or total dissolved solids (TDS) can be used instead of

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=d27fbf296565d838087d328b996dc5e1

ISO 23500-2:2024(en)

conductivity monitors. Resistivity, conductivity or TDS monitors shall be temperature-compensated,
generally to 25 °C. Monitors shall be designed so that the monitor cannot be disabled while a patient is at
risk, except for brief, necessary periods of manual control with the operator in constant attention.

When a reverse osmosis system is the last chemical purification process in the water treatment system,
it shall include a means of preventing patient exposure to unsafe product water, such as diversion of the
product water to a drain or system shutdown, in the event that the product water conductivity exceeds a
pre-set limit.

The volume of the audible alarms in the event of diversion of the product water to drain or a system
shutdown should exceed the background or ambient noise level in the patient environment e.g. dialysis

ward, intensive care unit or home haemodialysis room to such an extent that it is reliably perceived and it
shall not be pnccih]n toaudio p:\ncnd (mnfr:x) the alarm for more than 3 min (1 80 c) Fn]]nmn'ng activation.

Alarms shall be situated to ensure a prompt response by personnel in the patient care area.

NOTE IEC 60601-1-8 indicates that audible alarms between 48 dB and 85 dB (“A” scale) areeliably pérceived in
most settipgs without being intrusive.

4.2.11 Deionization

Deionizatjon systems, when used to prepare water for haemodialysis applications, shall be|observed
continuoysly with a temperature-compensated (to 25 °C) monitor, to produce water of 1 MQ:cm ¢r greater
specific resistivity [or conductivity of 1 pS/cm (0,1 mS/m) or less]. The monitor used, shall be dgsigned so
that it carjnot be disabled while a patient is at risk, except for brief, necéssary periods of manual coptrol with
an appropriately trained operator in constant presence.

The voluthe of the accompanying audible alarms should excéed the background or ambient noige level in
the patient environment (e.g. dialysis ward, intensive careZunit or home haemodialysis room) tp such an
extent thgt it is reliably perceived and it shall not be possible to audio paused (mute) the alarm for fnore than
3 min (18P s) following activation. Alarms shall be situated to ensure a prompt response by personnel in the
patient cqre area.

Feed watgr for deionization systems shall be pre=treated with activated carbon or a comparable alternative,
to prevenf nitrosamine formation. If a deionization system is the last process in a water treatment|system, it
shall be fgllowed by an endotoxin retentive filter or another bacteria and endotoxin-reducing devige.

NOTE1 |[IEC 60601-1-8 indicates thataudible alarms between 48 dB and 85 dB (“A” scale) are reliably pg¢rceived in
most settipgs without being intrusive.

NOTE 2 |Therequirements givén'above for deionization do not always apply to electrodeionization (EDI) echnology,
which canjbe used as an alternative to deionization following reverse osmosis in haemodialysis application.

4.2.12 Bpacteria and€ndotoxin retentive filters

When bagteria aiid Jendotoxin retentive filters are used in a water treatment system for haemodialysis
applicatidns, thexmanufacturer of the filter shall disclose the performance of the filter and the donditions
under which’that performance can be obtained. It is recommended that filters be configured in a qross-flow
mode. HoLvever, dead-end filters that have validated endotoxin and microbial removal charactenistics can
also be used.

Filters should have an opaque housing or another means to inhibit the growth and proliferation of algae and
should be fitted with a means of assessing filter integrity and fouling, such as surveillance of the pressure
drop, AP, across the filter using pressure gauges on the inlet and outlet water lines.

4.2.13 Storage and distribution of dialysis water

4.2.13.1 Piping systems
The dialysis water distribution system shall not contribute chemicals (such as aluminium, copper, lead

and zinc) or microbial contamination to the product water. Dialysis water distribution systems should
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be designed to minimize microbial proliferation and biofilm formation, such as by using a continuous
recirculation loop with flow in the return line. Areas of stagnant flow (dead zones) in the loop system shall
be avoided. Direct feed systems shall include a means of verifiably preventing retrograde flow of water into
the distribution loop from the feed side of the reverse osmosis unit.

4.2.13.2 Storage tanks

When used, storage tanks should have a conical or bowl-shaped base and should drain from the lowest point
of the base. Bladder tanks and pressurized surge tanks should not be used in the dialysis water distribution
system. Storage tanks should have a tight-fitting lid and be vented through a hydrophobic 0,45 pm or less air
filter. Sight tubes should be avoided due to the possible growth of algae and fungi. If an overflow pipe is used,
it shall be fitted with a means of preventing contamination. Means shall be provided to effectively disinfect
any storage tank 1nstalled 1n a dialysis water distribution system. An endotoxin retentive filtef or some
other formn of microbial control device should be installed distal to the storage tank.

4.2.13.3 |Ultraviolet irradiators

When usgd to control microbial proliferation in dialysis water storage and distribution systems, yiltraviolet
(UV) irragliation devices shall emit light at a wavelength of 254 nm and providesa dose of radiant|energy of
30 mW s/gm?. If the irradiator includes a calibrated ultraviolet intensity meter;thé minimum dose jof radiant
energy should be at least 16 mW s/cmZ2. The device shall be sized for the @xaximum anticipated|flow rate
according|to the manufacturer's instructions. UV irradiators should be followed by an endotoxin retertive filter.

Ultraviolgt irradiation can also be used to control bacteria in the pre-{r¥eatment section of a water freatment
system, sfich as following carbon beds to reduce the microbial burden presented to a reverse osmgsis unit.

To prevent the use of sub lethal doses of radiation that cantlead to the development of resistapt strains
of bacter]a, UV irradiators shall be equipped with a calibrated ultraviolet intensity meter, as described
above, or|with an online monitor of radiant energy output that activates a visible alarm, which|indicates
that the ifradiation source should be replaced. Alterndtively, the irradiation source should be replaced on
a predetdrmined schedule according to the manufaeturer's instructions to maintain the recommended
radiant eflergy output.

When ultfaviolet irradiators are dipped in.acstorage tank, to control bacteria, they should be dgsigned to
keep the ffequired energy at the farthest position in the tank considering the flow situation during ¢peration.
The requ];ed energy depends on whether sterilization or bacteriostasis is aimed for.

The recoinmendations provided in this subclause relate to UV irradiators used specifically for microbial
control. UV irradiators also can be.ised for other applications in a water treatment and distributidn system.
If an ultrdviolet irradiator isutilized for reduction of chlorine or chloramine as an adjunct to carbjon media,
it is impqrtant that the mandfacturer verifies the performance of the device and supplies ingtructions
regarding minimum radiant energy and wavelength for continuing performance.

4.2.13.4 |Hot water, disinfection systems

When usg¢d toeentrol microbial proliferation in water treatment, storage, and distribution syqtems, the
water hedter of a hot water dlsmfectlon system shall be capable of dellvermg hot water at the temperature
and for th : equipped
with a surveillance system that mdlcates 1f the temperature at the point farthest from the water heater
drops below the manufacturer's recommended minimum temperature during the disinfection cycle. When
disinfection is accomplished automatically by high temperature procedures, activation of the disinfection
system shall result in activation of a system indicating that disinfection is in process. Operating controls
should be positioned so as to minimize inadvertent resetting.

NOTE For dialysis water distribution loops, the point farthest from the water heater is where the water re-
enters the storage tank (indirect feed systems) or where the water returns to the reverse osmosis system (direct feed
systems).
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4.2.13.5 Ozone disinfection systems

When used to control microbial proliferation in dialysis water storage and distribution systems, an ozone
disinfection system shall be capable of delivering ozone at the concentration and for the exposure time
specified by the manufacturer. An ozone concentration of 0,2 mg/l to 0,5 mg/l, combined with a contact
time of 10 min, measured at the end of the distribution loop, is capable of killing bacteria, microbial spores,
and viruses in water. Following sanitation, the residual ozone level should be reduced to less than 0,1 mg/1.

Bromate formation has been identified as a significant barrier in the application of ozone during water
treatment for water sources that contain high levels of bromide. Bromate formation in dialysis water is
influenced by factors such as bromide ion concentration, pH, the amount of ozone and the reaction time
used to disinfect the water. Currently there is no requirement to monitor for bromate, however if bromide
is presentinthe feed water there should be awareness that the RO system removes 93 04 £t6 94 % of the
inlet condentration raising the possibility of low levels of bromate in the distribution loop if ozonelis used to
sanitize the system.

When ozpne disinfection systems are used, surveillance of the ambient air ozone levels in the area of
the ozong¢ generator shall be performed to ensure conformity with exposure limits)established by the
appropridte health and safety organization.

Activation of an ozone disinfection system shall result in activation of a systemto’indicate that difinfection
is in procg¢ss and in the activation of measures to prevent patient exposure té-an unsafe condition. Pperating
controls ghall be positioned so as to minimize inadvertent resetting.

4.3 Electrical safety of water treatment equipment for haemodialysis applications and
related therapies

Water trgatment systems for haemodialysis applications and related therapies that are used in fhospitals,
clinics orfin the patients home, are the subject of electrical'safety requirements specified in IEC standards,
namely I§C 60601 deals with the basic safety and essential performance requirements of medical|electrical
equipmerlt, and serves to ensure that no single electrical, mechanical or functional failure shall pose an
unacceptgble risk to patients and/or operators and*ISO 13485[43] sets out the requirements for{a quality
managemlent system and quality assurance systems relating to the design, development, production,
installatign and servicing of equipment.. Additionally, for equipment used in a home enyironment
IEC 60601-1-11 shall apply regardless of whether the equipment is intended for use by a lay operftor or by
trained h¢althcare personnel.

5 Testjng

5.1 Conformity with dialysis water quality requirements

5.1.1 General

This clauge specifies test methods by which conformity with the requirements of Clause 4 shall be|verified.

NOTE The test methods listed do not represent the only acceptable test methods available but are iptended to

1 ] £ ralal oo Maoitload £l £l £l fatad L < i dad it £l
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appropriately validated and are comparable to established test methods.

The requirements of ISO 23500-3; apply to the dialysis water as it enters the equipment used to prepare
concentrates from powder at a dialysis facility, to prepare dialysis fluid, or to reprocess dialysers. As such,
these requirements apply to the water treatment system as a whole including the distribution network, and
not only to each of the individual devices that make up the system.

Tests for conformity with water quality requirements should be performed when the system is operating
under stable conditions representing normal operation.
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5.1.2 Microbiology of dialysis water

Surveillance shall be accomplished by taking samples from distribution loop and outlets supplying reuse
equipment, bicarbonate mixing tanks and concentrate mixing tanks. Sample from distribution loop is taken
from point prior to where the dialysis water returns to the reverse osmosis system or from the last outlet. In
case of multiple loops, each loop should be sampled.

Samples should be analysed as soon as possible after collection to avoid unpredictable changes in the
microbial population. If samples cannot be analysed within 4 h of collection, they should be stored at <10 °C
without freezing until ready to transport to the laboratory for analysis. Sample storage for more than 24 h
should be avoided, and sample shipping should be in accordance with the laboratory’s instructions.

Total viable counts (standard plate counts) shall be obtained using the membrane filter technique, spread
plates or pour plates. The calibrated loop technique shall not be used.

Accurate |microbiological surveillance is important in indicating the microbial content ofjdialysis water.
Culture results obtained using the methods outlined in this document are only a relative-indicator of the
bioburdei and do not provide an absolute measure of the burden.

Recommended methods and cultivation conditions are tryptone glucose extract agar(TGEA) and Reasoner’s
Agar No. Two (R2A) incubated at 17 °C to 23 °C for a period of 7 d and tryptic soy agar (TSA) at an ihcubation
temperatfyire of 35 °C to 37 °C and an incubation time of 48 h, (see ISO 23500-3:2024, Table 3). Therationale
for the in¢lusion of TSA is detailed in ISO 23500-3:2024, Clause A.4.

Different [media types and incubation periods can result in varyingscolony concentrations and types of
microorggnisms recovered. The use of Reasoner’s 2A agar (R2AJ\has been reported to result|in higher
colony counts than TSA in dialysis water samples and dialysis:fltids.[211[22] [n a more recent pyblication,
the authofs indicated that there were no significant differences)for comparisons of microbial burflen in the
proportion of dialysis water and standard dialysis fluid yielding colony counts 250 CFU/ml wheh assayed
using R2Q\ and TSA at the conditions stated above whencused for indicating microbial burden in samples
taken fropn dialysis water used for standard dialysis flaid[23]. TGEA has also been reported to yi¢ld higher
colony copints than TSAIZ1l, Maltais et al.[23] in and sgandard dialysis their comparison of this medium with
TSA when quantifying the microbial burden in dialysis water and dialysis fluid used for standand dialysis
treatment also showed that the proportion of, dialysis water samples yielding colony counts =50 CFU/ml
quantifie(]i]using TGEA incubated at 17 °C to(23 °C for a period of 7 d was significantly differenf from the
proportion established by TSA at an incubation temperature of 35 °C to 37 °C and an incubation tige of 48 h
(P =0,001). The proportions of dialysis fluid samples in which the microbial burden was 250 CFU§J/ml were
not signifjcantly different when comparing the TGEA and TSA methods.

The user should determine which-of these methodologies is appropriate for the circumstance, taking into
account the advantages of each-

The cultufre medium and~incubation times selected should be based on the type of fluid to be anglysed, for
example, ptandard dialysis fluid, water used in the preparation of standard dialysis fluid, ultrapure dialysis
fluid, watler used forythe preparation of ultrapure dialysis fluid or fluid used for on line therapigs such as
haemodidfiltration:The method selected should be based on the analysis of the advantages, disaflvantages
and sensitivity'of-each of the suggested methods. It should also ensure that patient safety is safeguarfled, allow
for consideration of local laboratory working practices, and that reimbursement requirements can He met.

Alternative incubation conditions and colony counting times can be used if they have been appropriately
validated and proven to be comparable to the recommended methods and cultivation conditions in
[SO 23500-3:2024, Table 3. Blood agar and chocolate agar shall not be used.

Currently, there are no requirements for routine surveillance for the presence of fungi (i.e. yeasts and
filamentous fungi) which can co-exist with other microbial species. If a test for their presence is required,
membrane filtration is the preferred method for the provision of a sample suitable for analysis. Culture
media used should be Sabouraud or malt extract agar (MEA) with a 7 d incubation period at 20 °C to 22 °Cl[24],
Alternate techniques validated against Sabouraud or MEA, with a 7 d incubation period at 20 °C to 22 °C, can
also be used provided it has been demonstrated that such methods have been appropriately validated and
are comparable to the cited methods.
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Microbial endotoxins are assayed using the Limulus amoebocyte lysate (LAL) test based on the endotoxin-
activated factor C-mediated clotting cascade using lysate of blood cells (i.e. amoebocytes) from the
Atlantic Horseshoe Crab. There are three methods for this test: the gel-clot technique, which is based on
gel formation; the turbidimetric technique, based on the development of turbidity after cleavage of an
endogenous substrate, and the chromogenic technique, based on the development of colour after cleavage of
a synthetic peptide-chromogen complex. Concern over the declining population of the species, has resulted
in the development of alternate approaches for endotoxin testing involving recombinant Factor C (rFC)[23]
Compared to the LAL test, the rFC test has proven to be at least as sensitive and reliable, but less susceptible
to certain interfering factors and batch fluctuations. The commercial availability of this approach is also
reflected in the inclusion of methods based on rFC into national pharmacopoeias.[12].[15].[16]

5.1.3 Maximum level of chemical contaminants

Dialysis water shall not contain substances at levels greater than those listed in ISO 23500-1¢2024, Table 1
and 2 (reproduced as Tables B.1 and B.2).

Conformify with the requirements listed in Tables B.1 and B.2 shall be shown in one ofithrée ways

a) using analytical methods in References [1], [2], [3], [4], [5], [17], [19] and [26];-or other appropriately
validgted and comparable analytical methods;

b) wherg testing for the individual trace elements listed in Table B.2 is net-available and the source water
can be demonstrated to meet the standards for drinking water as specified in Reference [18], ah analysis
for total heavy metals with a maximum allowable level of 0,1 mg/f may be used;

c) if neither of the options a) and b) is available, conformity with.thé requirements of Table B.2 cpn be met
by usfng water that can be demonstrated to meet the drinking water requirements of the World Health
Organisation (WHO) and a reverse osmosis system with \a rejection of >90 % based on corlductivity,
resisfivity or TDS.

Samples ghall be collected from sampling points situated at the end of the water treatment cascadg or at the
most distpl point of at least one of the water distribution loops.

5.2 Conformity with water treatment equipment requirements
5.2.1 General

5.2.1.1 |Water treatment system

The need|for tests to deterniine’the quality of water used to feed water treatment equipment is dependent
upon spe¢ific features of the-devices. Suppliers of water treatment devices should select and perform such
tests (e.g.|iron, pH, silica, total dissolved solids, alkalinity and total hardness) as are necessary to gnsure the
reliable performance.of their devices.

5.2.1.2 |Materials compatibility

Biocompdtibility testing should begin with a risk analysis. Using the results of that risk analysis| a testing
rationale should be developed using, for example, methods described in applicable pharmacopoeia or other
appropriate documents.

5.2.1.3 Regenerated or reconstituted devices

The adequacy of disinfection procedures can be demonstrated by culturing a sample of the device's product
water following the disinfection procedure. Where regenerated or reconstituted devices are provided by a
vendor as medical devices, the disinfection and intermixing requirements of 4.2.1.3 may be demonstrated
by confirmation that the device has been disinfected using validated procedures during regeneration or
reconstitution and that validated procedures have been used to ensure that the devices and their component
parts have been kept separate from devices and component parts used in non-drinking water applications.
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Disinfection protection

Conformity with the requirements of 4.2.1.4 for chemical disinfection procedures can be determined by
testing for the residual disinfectant in the product water at the end of the disinfection procedure.

If a commercially available chemical disinfectant such as peracetic acid is used, an established test for
residual disinfectant shall be used in accordance with the test manufacturer’s instructions, and the residual
level shall be that recommended by the manufacturer of the disinfectant and/or manufacturer of the
equipment.

When formaldehyde is used, residual levels can be determined by the Hantzsch reaction, Schiff's reagent, or

by an equivalent test. Residual levels shall not exceed 3 mg/1.

NOTE1 [Local requirements can apply.

When using sodium hypochlorite for disinfection, test strips with a minimum indicationef 0;1
chlorine ghall be used.

NOTE 2 |Local requirements can apply.

If other chemicals are used, appropriate testing in accordance with the manufacturer’s recomm
shall be ufed.

Conformify with the requirements of 4.2.1.4 for high-temperature ‘disinfection shall be s

demonstrfating that the product water has returned to a safe temperagure:

Conformi

the ozonelconcentration in the product water has returned to a safe level (less than 0,1 mg/1).

Conformi

NOTE 3

5.2.2 Bpckflow prevention

Conformi

523 T

Conformi
manufact

524 S

Conformi

525 C

Conformi

L'y with the requirements of 4.2.1.4 for ozone disinfection‘shall be shown by demonstr

L'y with the patient protection requirements of 4.2.24 shall be demonstrated by inspectig

Some manufacturers of test strips use ppm instead,of mg/l (ppm is approximately equivalent to

[y with the requirements of 4.2.2 shall be determined by visual inspection.

bmpering valves

Ly with the requirements’/ of 4.2.3 shall be determined by visual inspection and
urer's specifications,

bdiment filters

Ly with therequirements of 4.2.4 shall be determined by visual inspection.

artridge filters

[y-with the requirements of 4.2.5 shall be determined by visual inspection.

ppm total

endations

hown by

hting that

n.

mg/1).

review of

5.2.6 Softeners

Conformity with the requirements of 4.2.6 shall be determined by inspection.

5.2.7 Anion exchange resin tanks

The performance of anion exchange resin tanks can be checked by periodically testing the feed and product
water for total organic carbon (TOC) or tannins. Proper regeneration of the resin tank can be determined by
observing salt usage and regeneration timer settings.
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5.2.8 Carbon media

Total chlorine removal can be used as an indication of carbon capacity. A DPD test kit selected for this
purpose or a similar method shall be used to detect breakthrough of total chlorine, carbon exhaustion or
both. DPD materials shall be those designed for total chlorine detection and shall be used in accordance with
manufacturers' instructions. Alternatively, online monitors or “dip and read” test strips based on Michler's
thioketone (MTK) can be used to measure the concentration of total chlorine. Tests for both free and total
chlorine may also be performed to determine if chloramine is present. The difference between total chlorine
and free chlorine is combined chlorine, which shall be considered as chloramine. The utility of any test is
dependent upon the sensitivity and detection limits of the analytical method used. Tests for total chlorine in
product water shall have a sensitivity of at least 0,1 mg/l1. Alternative tests (e.g. titrometry) should be used
to follow up questionable results. Tests are not required for organic or radioactive materials.

Conformify with the configuration requirements of 4.2.8 shall be determined by inspection.

NOTE In some instances, activated carbon cannot provide adequate removal of chloramine. Itadequafe removal

of chloranfine can occur when the pH of the water is high or when municipal water contains High levels|of organic

material of additives, such as orthophosphate for lead and copper control. Inadequate removal.of chloramihe can also

appear to pccur when naturally-occurring N-chloramines are present in the water. N-chlordmines are relatively large

moleculesfand are removed by reverse osmosis; however, they test positive in the assaysiised for chloraj'nine, thus
h

giving the|impression of inadequate chloramine removal. In these circumstances, othet strategies for dhloramine
removal cdn be needed. One approach that has been used successfully is the injection‘of sodium bisulphite prior to the
reverse osposis system. Other approaches include installing anion exchange resin before the carbon beds|to remove
organic matter and other contaminants that can foul the activated carbon or the\injection of a mineral acid|before the
carbon bedls to reduce the pH of alkaline feed water.

Conformity with the configuration requirements of 4.2.8 shall be determined by inspection.

5.2.9 Chemical injection systems

Conformity with the requirements of 4.2.9 shall be determined by inspection.

5.2.10 Reverse osmosis
Conformify with the performance requirement-of 4.2.10 shall be determined by the tests of 5.1.2 and 5.1.3.

Conductivity, resistivity or TDS measurements of product water of reverse osmosis devicds can be
accomplighed by using conventionalmonitors that incorporate temperature compensation| features.
Conformify with this requirement @nd the other configuration requirements of 4.2.10 shall be d¢termined
by inspecfion.

5.2.11 Deionization
Resistivity measureménts for product water of deionizers can be accomplished using conventional fesistivity

cells thatfincorporate’temperature compensation features. The presence of required safety systems can be
verified bl inspectien.

5.2.12 Epdetoxin retentive filters

Conformity with the requirements of 4.2.12 shall be shown using the test methodologies for determining
bacteria and endotoxin given in 5.1.2.

5.2.13 Storage and distribution of dialysis water

5.2.13.1 Piping systems

The absence of copper, lead and zinc and the configuration of a water treatment device or system can be
determined by visual inspection. Non-contribution of bacteria and specific chemical contaminants to the
water by the distribution system can be verified by using the tests described in 5.1.2 and 5.1.3.
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5.2.13.2 Storage tanks

Conformity with the requirements of 4.2.13.2 shall be determined by visual inspection.

5.2.13.3 Ultraviolet irradiators

Conformity with the requirements of 4.2.13.3 shall be determined by visual inspection.

5.2.13.4 Hot water disinfection systems

Conformity with the requirements of 4.2.13.4 shall be determined by measuring water temperatures
in the fluid pathway being disinfected at the most distal point for the disinfection time specified by the
manufactfirer.

Conformify with the configuration requirements of 4.2.13.4 shall be determined by inspectidm,

5.2.13.5 |0zone disinfection systems

Conformify with the requirements of 4.2.13.5 shall be determined by using an online monitor for|dissolved
ozone or by analysis of water samples using test kits based on indigo trisulfonate lor DPD chemistryy.

Conformify with the configuration requirements of 4.2.13.5 shall be determined by inspection.

6 Labelling

6.1 General

The term| “labelling”, as used in this document, includes\any written material accompanying gdny water
treatment device or system, such as instructions for_use and operator's manuals, or any instryctions or
control fepture markings attached to the device or syStem.

6.2 Deyice or system markings

The following information shall accompany each water treatment device or system:
a) the njme and address of manufacturer;

b) the trjade name and type of device;

c¢) the nmodel and serial number;

d) awartning that produgt literature should be read before use (if appropriate);

e) promfinent warnings about substances (e.g. germicides) needing to be removed from the devjce before
using the prediict water for dialysis;

f) the identification of fitting type or specification when necessary to prevent improper connectjons.

Items a) to c) shall be directly affixed to the device or system or, in the case of disposable elements, to the
immediate packaging, whereas items d) to f) can be provided in accompanying product literature.

6.3 Product literature

The manufacturer shall provide literature to each user which contains, but is not necessarily limited to, the
following information:

a) warnings that selection of water treatment equipment for dialysis is the responsibility of the user and
that product water should be tested periodically;
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a description of the device or system, including a list of monitors, alarms and ancillary devices provided
as standard equipment;

a schematic diagram of the device or system showing the location of any valves, online monitors or
sampling ports;

operating specifications, such as maximum and minimum input water temperature, pressure and flow
rate, limits on input water quality, pressure of product water at various flow rates, and maximum output
of product water;

detailed instructions for use, including initial start-up, testing, and calibration, operation and meaning of
alarms, operational adjustments to monitors, alarms and controls, and connections to other equipment;

for systems, the minimum quality of feed water required for the system to produce dialysis water
meet]ng the chemical requirements of this document;

for systems, a warning that although a water treatment system produces water of sufficient quality to
meet(the requirements of this document, distribution of that water can degrade its.quality to the point
wherp it no longer meets the requirements of the document if the distribution system is not maintained
apprqpriately;

safety features and warnings concerning the consequences if these features are circumvented,;

information pertaining to online monitors of water quality, including:eperational factors thatcan affect
monifor performance (e.g. temperature);

in the case of systems whose product water is proportionallj’rélated to feed water quality, [warnings
that feed water quality shall be monitored (since changes in‘product water can exceed acceptgble limits
if feeql water deteriorates significantly, the user is responsible for surveillance);

in th¢ case of activated carbon beds, a warning that exhausted or contaminated carbon jhould be
discarded and replaced with new beds;

for ddvices regenerated or reconstituted offsite, instructions on how to safely reconnect the deyice to the
water treatment system and how to remoye any contaminant or disinfectant in the device befdre use;

a stafement on regenerated or reconstituted devices, such as deionizers, confirming that thefe was no
intermixing of regenerated or reconstituted devices returned from medical or other water psers and
the devices returned from processito medical users originated from such users, and a statement that a
descrfiption of the methods used.to ensure that no intermixing occurred is available on requedt;

for aytomatically regenerated water treatment devices, identification of the mechanism (e.g. lock-out
valveg) that prevents excessive levels of contaminants entering the product water during regepneration;

in the case of deionizers, a warning that deionizers should be preceded by an activated cqrbon bed
and 4 recommenidation that they be followed by an endotoxin retentive filter or another ba¢teria and
endofoxin-reducing device;

in thg case 6f UV irradiators, a requirement that the manufacturer disclose the effectiveness of the device
in killingspecific bacteria under specified operating conditions and a recommendation that UV ifradiators
be followed by an endotoxin retentive filter or another bacteria and endotoxin-reducing device;

in the case of hot water disinfection systems, a requirement that the manufacturer disclose the
effectiveness of the system in killing specific bacteria under specified operating conditions;

in the case of ozone disinfection systems, a requirement that the manufacturer disclose the effectiveness
of the system in killing specific bacteria under specified operating conditions and that the manufacturer
provide a warning that product water shall not be used until the minimum time required for ozone to
dissipate has elapsed;

in the case of hot water disinfection systems, a warning that appropriate heat-resistant materials be
used for the fluid pathways to be disinfected with hot water;
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in the case of ozone disinfection systems, a warning that appropriate ozone-resistant materials be used
for the fluid pathways to be disinfected with ozone;

materials of construction that are in contact with water, identified generically;

typical life expectancy, capacity or indication of the end of life of devices that are non-durable or require
periodic regeneration or reconstitution, and a statement that additional information on device life
expectancy or capacity relative to the user's typical feed water is available upon request; in the case
of carbon beds, manufacturers or suppliers should provide a warning that unexpected exhaustion can
occur because of variable feed water characteristics; the only safeguard against such unforeseeable
eventuality is diligent surveillance of carbon filter effluent by the user;

speci

fied water supply or operating conditions that can cause the device to fail;

infor
devic]

if apg
so thz
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other]
proce

for the user, service information, a recommended spare parts list, and\a warning of the conse
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dures and schedules, recommended surveillance schedules, troubléshooting guidelines

fenance instructions are not followed;
ning that if, after installation and subsequent use, any‘device in the water treatment
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mation on storage, if allowed, of devices while notin use, including appropriate packing ¢
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Annex A
(informative)

Rationale for the development and provisions of this document

A.1 General

The itemgt eparation
of concenfrates and dialysis fluid or for the reprocessing of dialysers for multiple uses, and the-déyices used
to store ahd distribute this water.

This document seeks to prevent the use of options that are hazardous to patients treated with haemodialysis
and relat¢d therapies. For example, this document is needed to prevent adverse effects\to the patignt caused
by formulation of dialysis fluid with water that contains high levels of certain contaminants.

Water treptment and distribution systems incorporate a variety of devices that'can be provided and installed
by differept vendors, making it difficult to assign responsibility for conformitywith this document fo any one
individua) or company. To address this concern, the primary responsibility:for conformity with this locument
has been [placed on the individual or company that specifies the water treatment and distributign system
installed |n a given situation. The responsibility can also lie with th€ yvendor who assembles and istalls the
system anjd with the manufacturer of any individual device of the\water treatment and distributi¢pn system
if that manufacturer specifies that their device is intended for haemodialysis applications. Additignally, the
physician{in charge of dialysis should have a sufficient understanding of water treatment for haemodialysis
to critically appraise the system. This is essential as the(physician in charge of dialysis has thg ultimate
responsilility for the care of the patient and for ensuring that the dialysis fluid is formulated coryectly and
meets thd requirements of all applicable standards.

A.2 Requirements

A.2.1 Djalysis water quality requirements

A.2.1.1 [General

Individual water treatment-devices do not always provide water that meets the requiremenjts of this
documentin its entirety. [ISO~23500-3 gives the requirement that a water system be maintained in ajcondition
to contingally meet the specified water quality without giving a method of accomplishing the requirements.
This docyment is diréected at the manufacturer of the dialysis water treatment systems and spdcifies the
requiremgnts that-the manufacturer should meet prior to the user assuming responsibility for the water
system. Howevermranufacturers of individual water treatment devices should be aware of the reqyiirements
for the final dialysis water and that they should be prepared to recommend other water treatment devices
that can rjeed to be used in conjunction with their device to produce water which meets the requirements of
this docuhrent:

A.2.1.2 Chemical contaminants
The rationale for the chemical contaminant requirements is set forth in ISO 23500-3:2024, Annex A.

Compounds indicated in Tables B.1 and B.2 should not be taken as a definitive list of harmful substances, but
as a partial listing of those that can reasonably be expected to be present and have clinical implications.

In addition to these substances which are known to harm haemodialysis patients, the WHO lists guideline
values for drinking water for 82 known toxic chemical contaminants, including organic substances18l,
Hazards associated with the presence of organic compounds, such as pesticides, polycyclic aromatic
hydrocarbons and other chemicals such as pharmaceutical products and endocrine disruptors for
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haemodialysis patients are difficult to specify and are probably of a long-term nature. Furthermore, their
measurement on a routine basis is costly. Accumulation of pesticides has been demonstrated in uraemia
and can be associated with toxic side-effectsl2¢l. The presence of pharmaceuticals and endocrine disrupting
compounds (EDCs) in the environment raises many questions about risk to the environment and risk to
human health. Researchers have attributed adverse ecological effects to the presence of these compounds,
particularly EDCs, though there is no consensus on what risk, if any, these compounds pose to human health.

The ability of a water treatment system to remove organic contaminants depends mostly on the structure and
concentration of the contaminant. Chemical oxidation, biological removal/transformation or nanofiltration/
reverse osmosis are the most commonly used technologies for pharmaceutical and endocrine disruptor
removall2Z], GAC is highly effective at removing the majority of organic contaminants in water. However,
breakthrough curves demonstrated that compounds with greater hydrophilicity breach activated carbon
faster thaprhydrophobtccompoundsamdbackwashingcyctes play amrimportant rote-Asactivatedycarbon is
usually uged in the dialysis water treatment setting for the removal of chlorine and chloramineyand if it is
also to befused for organic compound removal, it should be appropriately sized, since carbon.valénges can be
already ofcupied and therefore not available for removal.

Currently} dialysis related standards and guidelines do not specify recommendations ormaximum fallowable
levels for [organic compounds in dialysis water. The starting point to establish whether organic campounds
are a cauge for concern is the national drinking water requirement for such comppunds. If there ig evidence
that orgahic compounds in the feed water are above that permitted in drinking water, the agpropriate
dimensiofing of the GAC to reduce the levels to those for drinking water shotld be undertaken.

Iron is ndt included because it does not enter the patient's blood in sufficient quantities to caus toxicity.
[ron can, however, cause fouling of water treatment devices or dialysis fluid supply systems. While|a specific
limit has hot been set, water treatment equipment suppliers are_éncouraged to consider the iron fontent of
the feed water when recommending suitable equipment. Generally, to bind iron and manganese tojavoid the
staining df fixtures and clothing, formulated phosphates (known as polyphosphates) are added tq drinking
water. The presence of such compounds can cause significant problems in water treatment. To| establish
if this is [likely to be a problem, information from the water provider should be sought at the earliest
opportunjty.

To minimjze bacterial content in drinking waterxwhich forms the starting point of water treated f¢r dialysis
applicatidns, chlorine or chloramine in the fokm of monochloramine are added. Chlorine dioxide may be
used as afp alternate. The level of these compeunds in drinking water, has been set so that no adverse health
effects arfse from normal water intake (4'mg/1 or 4 ppm as an annual average for chlorine and chloramine,
and 0,8 mg/1 or 800 ppb for chlorine.diexide). The levels, for chlorine and chloramine however poge risks to
the patient receiving dialysis, and ¢onsequently maximum limits for dialysis water with respect tp chlorine
and chlorpmine have been set. Total chlorine is specified as the sum of free and combined chlorine] The total
chlorine thaximum allowable level is 0,1 mg/I.

Whereas maximum limit$-for chlorine and chloramine in dialysis water have been set in accordpnce with
clinical experience, a,maximum limit for chlorine dioxide, which breaks down in water to yield chlorite,
chlorate gnd chloride,ions has not been set. Currently, there is little information available to the| potential
health hazards associated with exposure to chlorine dioxide. A published study confined to 17 patients
unknowingly treated with water prepared by carbon and reverse osmosis from water disinfefted with
chlorine flioXide showed no evidence of adverse effects when, the water used to prepare dialysis fluid
contained 0;02 mg/1 to 0,08 mg/1 of chlorite ions and no detectable chlorate ions[28l. However, in fhis study
the patient population was small and potentially important haematological parameters were not measured.
Furthermore, there is only sparse data included on the removal of chlorine dioxide, chlorite ions and chlorate
ions by carbon and reverse osmosis, and it was not clear if sufficiently sensitive methods were available
for analysis. In view of this limited and incomplete information, the working group has not set maximum
allowable levels of chlorine dioxide, chlorite ions or chlorate ions in water to be used for dialysis applications
or make recommendations on methods for their removal. However, in specifying water treatment systems,
manufacturers of such systems should be aware of the possibility that chlorine dioxide can at some point be
used to control microbial contamination in the water.

Water supplied to renal units can be via a direct feed to the water treatment plant from the public supply
(direct feed), or it can form part of a supply and distribution network of a building such as a hospital or
clinic (indirect feed). When the water does not come via a direct feed, there should be awareness that
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antimicrobial agents such as silver stabilized hydrogen peroxide, or chlorine dioxide may be added locally
to suppress the growth of legionella in the distribution network of the building. Haemolysis can result from
residual hydrogen peroxide left in dialysis water storage and distribution systems after disinfection with
hydrogen peroxide and inadequate rinsing leading to clinical complications[221.[39],

A.2.1.3 Microbiological contaminants

The supplier of water treatment equipment is responsible for recommending a method of cleaning the
equipment so that dialysis water meeting the microbial requirements of ISO 23500-3 can routinely be
produced when typical feed water is presented. Beyond this qualification, it becomes the responsibility of
the user of the system to observe the system for ongoing conformity in accordance with ISO 23500-5[48], The
rationale for such surveillance forms part of ISO 23500-3.

A.2.2 Water treatment equipment requirements
A.2.2.1 [General

A.2.2.1.1| Water treatment system

The supplier of the complete water treatment system is responsible for assuring that the water|produced
by the system can routinely meet the maximum allowable chemical eontaminant levels spgcified in
ISO 2350pP-3 and summarized in Tables B.1 and B.Z, or the prescription:of the physician, at inftallation.
Beyond this qualification, it becomes the responsibility of the physician in charge of dialysis to oljserve the
system to|ensure that the treatment device or devices maintain an-acceptable level of purity of thejwater. As
variation$ in water quality or the presence of as-yet-unidentified téxic substances compromise th¢ system's
safety andl while the supplier cannot be held accountable for the performance of the water treatment system
during sugh variations, the selection of water purification equipment should include careful consideration of
methods fo cope with such changes, many of which can be\anticipated through consultation with [the water
provider.

The resppnsibility for the selection and use of water treatment devices on the basis of the [supplier's
recommehdations, can rest with an individual okinumber of individuals working collectively. The|physician
in charge pf dialysis has the ultimate responsibility for the clinical care of the patient as well as resgonsibility
for ensuring that the dialysis fluid produced using water that has been treated meets the requirgments of
all applic@ble quality standards. Consequently, the physician in charge of dialysis should form part of the
selection |or decision-making process.\This person should understand enough about water treatment to
critically [appraise the system undep consideration. If the selected system does not provide an|adequate
margin of safety due to variability-in the quality of water used to feed the water treatment systenj, then the
supplier should recommend additions to the system or alternative systems that would address this. Continued
surveillarjce of the water supply is necessary to maintain treatment methods consistent with safety.

A.2.2.1.2| Materials eompatibility

Non-toxidity of censtruction materials for haemodialysis water treatment equipment is of major importance.

Some well-recognized non-toxic materials include certain stainless steel formulations, silic rubber,
borosilicqdteglass, polypropylene, polyvinylchloride (PVC), chlorinated PVC (CPVC), polyvinylidenje fluoride
(PVDF), p =H . are now

available that demonstrate that materials once regarded as inert can in fact be toxic in this application
(e.g. copper leaches from copper conduits, especially in the presence of low pH, which can occur when a
deionizer is exhausted). Other materials have been documented as being hazardous to the patient (e.g.
brass, zinc, iron and aluminium), and these materials should also be avoided. The hidden hazard with
respect to construction materials derives from long-term cumulative toxicity. Haemodialysis is a long-term
chronic treatment modality and this fact should be acknowledged when selecting construction materials.
A risk analysis according to ISO 14971[46] should be used to establish the suitability of materials based on
existing data. If that analysis suggests the need for additional testing, that testing should be based on the
approaches outlined in the ISO 10993 series[44l. Users of this document should be aware of the requirements
in ISO 14971[46] and the ISO 10993 series[44l.
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Repeated exposure to ozone or hot water can have a deleterious effect on some plastic or metal materials.
Therefore, manufacturers are required to include warnings that only ozone- or heat-compatible materials
be used in piping systems intended for use with ozone or hot water disinfection devices, respectively [see
6.3 s)and 6.3 t)].

A.2.2.1.3 Regenerated or reconstituted devices

Regenerated or reconstituted devices are subject to microbial contamination that can cause excessive
microbial counts in product water (see 4.1.4). Disinfection procedures are required to minimize this risk.
When devices are regenerated at a central facility, there is a risk of cross-contamination and improper
disinfection and rinsing. Some exchange-type deionizers are used for both dialysis and industrial recovery
of plating metals, such as chromium and silver, from effluent process water. In some regeneration facilities,
resins frqm both medical and non-medical users are regenerated together as a batch. As tracjs of toxic
metals will remain bound to the resins used in industrial processes and can be eluted into‘water during
subsequeht use, such mixed use is prohibited in this document.

A.2.2.1.4| Disinfection protection

Disinfection procedures can render product water unsafe because of toxi¢ ‘themicals or |excessive
temperatyires. Therefore, a provision has been created for restoring the watér treatment sy$tem to a
safe condition after disinfection. Although the user is responsible for cafrying out manual difinfection
procedures, the manufacturer should demonstrate that recommended disinfection procedures|meet the
requiremgnts of 4.2.1.4.

A.2.2.2 Backflow prevention device

Abackfloyv prevention device isolates the water treatment system from the water supply, thereby protecting the
water system from possible contamination in the event of a:sudden reduction in pressure in the watef supply.

A.2.2.3 [lempering valves

The perfqrmance of many water treatment deviees is temperature sensitive. In less temperate| climates,
seasonal fluctuations in cold water temperature can impact the performance of these devices. A fempering
valve can|be used to blend hot and cold water to provide a constant feed water temperature indegendent of
any seasonal changes in feed water temperature. Excessive water temperatures resulting from malfunction
of a templering valve can damage downstream devices, including reverse osmosis membranes ahd plastic
pipes and|pipe fittings. For that reason, consideration was given to requiring that tempering valveg be fitted
with a water temperature moniter’'that activates an audible alarm in the event that a high tempgrature is
sensed. While recognizing the potential for equipment to be damaged by hot water, no consensjus can be
reached on the need for such @’requirement.

A.2.2.4 BSediment filters

Accumulgtion of-organics, bacteria and algae in filters can lead to proliferation of bacteria to thie point of
overloadihg downstream devices or producing dangerous endotoxin levels. The use of opaque hqusings to
reduce the dight that promotes algae growth and differential pressure surveillance can reduce thiq risk.

A.2.2.5 Cartridge filters

Accumulation of organics, bacteria and algae in filters can lead to proliferation of bacteria to the point of
overloading downstream elements or producing dangerous endotoxin levels. The use of opaque housings
to reduce the light that promotes algae growth and differential pressure surveillance can reduce this risk.
In the pre-treatment cascade, transparent filter housings can be useful because they allow any carbon or
resin leakage to be seen without the need to break the integrity of the system. The housing can be cleaned
to remove any growth when the filter cartridges are changed. For this reason, the use of opaque housings
for cartridge filters is recommended but not required. If transparent housings are used, they should not be
exposed to natural light in order to minimize proliferation of algae.
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A.2.2.6 Softeners

The process by which “hard” water (containing high levels of calcium and magnesium) is made “soft”,
involves the exchange of sodium ions for calcium and magnesium in the water supply. The resin should be
regenerated with brine to sustain capacity for exchange. Regeneration can be either manual or automatic
with a timer. During regeneration, the excess sodium can enter the product water stream if there is a
temporary interruption of power, a malfunction in regeneration control or inadequate water pressure. There
are no monitors on a softener to detect excess sodium in the product water stream and the physiological
effects of excess sodium in the patient are severe. Therefore, a protection against such excessive levels of
sodium, as can occur during the regeneration of a water softener, shall be put in place. An automatic bypass
valve most easily provides this protection during the regeneration cycle.

A.2.2.7 JAnion exchange resin tank

High levels of organic matter in the source water can foul carbon media. Organic molecules)(uspally very
large) ar¢ attracted to carbon and become attached at the pore sites, effectively blocking the|pore and
sealing offf the surface area within that pore. As organic molecules accumulate on the surface of the carbon,
there is l¢ss surface area available for removal of chlorine. Organic scavengers operate similar o a water
softener, ¢xchanging anions and organic matter for chloride ions. Source water teSting for organiqs (TOC or
tannins) ¢an indicate whether an organic scavenger will help protect carbon media.

A.2.2.8 [Carbon media

Carbon bg¢ds are particularly prone to microbial growth because of their porosity and affinity forjorganics.
More strihgent requirements for the installation of carbon beds and their surveillance are includef because
of continyed reports of clusters of haemolysis related to insufficient removal of chloramine from municipal
water sugplies[31-[33]. Public health measures designed to elitninate lead and copper from tap water have
reinforcefl the need for careful surveillance of carbon beds because the increase in water pH that can
accompar)y the institution of these changes and decrease the capacity of carbon for chloramine.

Activated| carbon can be regenerated by a number oftechniques, including oxidation at high temperatures
and stripping with low-pressure steam or solvents. The regeneration of activated carbon, also known as
reactivation, is used in industrial applications where activated carbon can be used to remove organic and
inorganic| substances such as pollutants frem process streams. However, no evidence can be fpund that
regeneratled carbon is being used for haemodialysis applications. Thus, it was deemed prudent tp prohibit
the use of regenerated carbon in haemodialysis applications to avoid any potential hazard resulting from
residual tpxins that can remain in the'carbon following regeneration.

Depending on the source materjal used for its manufacture and the manufacturing process,| granular
activated|carbon can contain-earbon fines and other contaminants, such as aluminium. If presgent, these
substancgs will leach out gf:acarbon bed during the initial stages of operation. Carbon fines can dontribute
to fouling of reverse ostnpsis membranes downstream of the carbon beds and any metal ions can add to
n of contamifrants, which should be removed from the water. Acid washing of carbon minimizes
the amoupt of finessand other contaminants, and a requirement for the use of acid-washed carbor] has been
d. Howewver, no consensus can be reached on this issue because rinsing of carbon beds be¢fore they

- so—beds—nr—sertes—and—a—0—min—empiyr-bed-contact-timehasbeen—aived lor
portable dialysis systems provided that there is a redundant means of chloramine removal because of the
impracticality of providing these features while retaining the portability of the system. Possible alternatives
include a granular activated carbon bed followed by a dense carbon block and two carbon block filters in
series. However, when a single carbon bed is used, it is important to ensure that the bed has adequate capacity
to remove chloramine for the duration of an entire treatment given the typical feed water concentration of
chloramine in the setting where the bed is being used.

Although treatment of water by carbon is the usual method of meeting the requirement of 4.1.2 when the
feed water contains chloramine, in certain situations, such as acute or home dialysis with portable water
treatment systems, it cannot be practical to use the volume of carbon required for this purpose. In such
circumstances, combining limited carbon with the addition of ascorbic acid to the acid concentrate has
been used to eliminate chloramine from the final dialysis fluid. A minimum contact time is required for
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ascorbic acid to neutralize chloramine in water. If ascorbic acid is being used to neutralize chloramine,
and unexplained red blood cell destruction or anaemia occurs, the effectiveness of the ascorbic acid
neutralization of chloramine should be investigated.

In most circumstances, conventional carbon systems provide months of effective chlorine/chloramine
removal. Occasionally, conventional carbon systems experience premature breakthrough necessitating
carbon bed replacement/exchange within days rather than months. These occasions can be episodic or
persistent in nature. Episodic carbon filter breakthrough is often associated with periodic municipal water
treatment practices, such as short-term substitution of free chlorine for chloramine. Persistent difficulties
with premature breakthrough of carbon systems can be related to the source water itself (e.g. pH, TOC level)
or a routine municipal water treatment practice, such as the addition of corrosion inhibitors. The occurrence
of these problems seemed to be increasing. Therefore, clauses on optional water purification system devices
that can hetpaddressrecurrentthe premmatureexhaustiomrof carbomrmediaoremrarcethreefficiency of the
carbon mgdia have been added. Two approaches have been included:

— anior] exchange resins that scavenge large organic molecules that can coat the carbon surface|and

— systems that inject sodium bisulphite, which reduces chloramine to chlorine, or acid to adjust/the pH to
the optimal range for removal of chloramine by carbon.

The use pf redox alloy media (RAM), also referred to as kinetic degradation”fluxion (KDF),|was also
considered. This material can be an effective pre-treatment for conventiohal’carbon filters experiencing
prematurg breakthrough due to municipal short-term substitution of free'chlorine for chloramjine or for
supply waters having high organic loading. A disadvantage of KDF media is that both copper anfl zinc are
eluted fr%‘;n the medium, albeit at very low levels. Concerns about hew'the eluted copper and zinc [can affect

downstream devices, together with questions about the effectiveness of KDF media, led to the ofnission of
this alterpative.

A.2.2.9 [Chemical injection systems

While thefe were reservations about the addition of chemicals to the water, it was recognized that the addition
of chemidals is necessary in some circumstances if\a facility is to meet the maximum contaminjant levels
set forth |n 4.1.2. For example, if the municipalwater contains high levels of N-chloramines or clhloramine
in the pr¢sence of orthophosphate or polyphesphate, an injection of sodium bisulphite can be ¢ne of the
few options available for chloramine remeoval. If chemical injection is used in the pre-treatment cascade,
users sh(())Eld ensure that the addition of the chemical does not interfere with the operation of syibsequent
purificatipn processes, including the primary purification process. For example, the performande of thin-
film composite reverse osmosis meinbranes can be affected by the pH of the feed water. At pH levels below 7,
the rejectjion of fluoride can be substantially reduced, compared to its rejection at a pH of 8.

A.2.2.10 PUltrafiltration

Ultrafiltration (UF) andaricrofiltration (MF) are considered as the best pre-treatment of feed watef entering
the reverge osmosis system to minimize membrane fouling. The application of UF as RO pre-treajment will
have an ijnpact on\membrane organic (e.g. deposition of dissolved humic acids, oil and grease), [particle /
colloidal (e.g..deposition of clay, silt, silica) and microbiological (e.g. biofouling, adhesion and accfimulation
of microorganisms, forming biofilms) fouling phenomenon.

Fouling of membranes remains a major issue and efforts should be made to reduce it, to ensure a constant
output. Fouling causes an increase in the feed pressure which can only be addressed by increasing the
frequency of cleaning. Therefore, controlling and limiting the deposits on the membrane enhance the
operating performance, reduce energy demands, increase membrane lifetime and have an overall positive
effect on operating costs.

A.2.2.11 Reverse osmosis

A reverse osmosis system should demonstrate delivery of water meeting the requirements of 4.1.2 and 4.1.4;
otherwise, additional treatment devices should be recommended to the user. Surveillance requirements for
reverse osmosis systems are recommended on the basis of totally different degradation characteristics of
these systems as compared with deionizer systems. On initial setup, the reverse osmosis device should have
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arejection rate that ensures that the product water of the water treatment system meets the requirements of
4.1.2. As this rejection rate varies with different installations, an absolute level is not required. Surveillance
is specified in terms of the salt passage rate or percent rejection and a threshold level of product water
resistivity or conductivity. Conformity with both observed parameters is required because an increase in
feed water contaminants can result in product water unsuitable for haemodialysis applications even though
the percent rejection of the membrane modules remains high.

Consensus cannot be reached on how to establish the alarm limits for rejection and product water resistivity
or conductivity. As noted above, changes in feed water quality will result in changes in product water quality
even though rejection remains constant. Also, a significant change in the feed water concentration of one
trace inorganic contaminant does not always appreciably alter the product water resistivity even though
the product water concentration of that contaminant exceeds the allowable limit. For that reason, some felt
that routifreamatystsof feed-water quatity shoutd-beemphasized—Othersfett that therejectiomrajarm limit
can be sef based on the reduction ratio for each contaminant that can be achieved by reverse osiosis and
the assumption that the feed water meets the national requirements for drinking water, ot ifi the case of
countries|without a legislative framework for such a requirement, the WHO guidelines ondrinkingfwaterl[1€l,
Either approach can be effective when incorporated into an overall surveillance programme dgsigned to
protect tHe patient against exposure to contaminant levels in excess of those listed iri.Tables B.1 and B.2.

With respect to the inclusion of a requirement that reverse osmosis systems incorporate a means ofldiverting
product Water for drainage in the event of a product water conductivity or réjection rate alarm, ¢onsensus
cannot bd reached except in a situation where the reverse osmosis is the findalstage in the water treatment.

A direct feed water distribution system incorporating a divert-to-drain-would cause an immedipte alarm
condition| with most single pass dialysis machines resulting frond the interruption of the watgr supply.
Although|reverse osmosis membranes tend to fail gradually, there/remains a risk to the patient ip that the
requirempnts outlined in Tables B.1 and B.2 are not met. These risks are different from those assocjated with
the exhaystion of a deionizer where very high levels of contaminants, such as fluoride, can occur abruptly
in the prdduct water. However, notwithstanding that consénsus cannot be reached on how to estpblish the
alarm linjits for rejection and product water resistivity,or conductivity, continuation of dialysis|following
an alarm frequires a determination of the alarm causé’to be identified, and the risk of continuing freatment
assessed.[Therefore, a divert-to-drain has been included as a requirement.

Asreversg osmosis systems are often remote frem the patient treatment area, a visual and/or audjble alarm
in the patient treatment area was considered necessary. The ability to mute the audible alarm|for up to
3 min (18P s) following its activation was censidered appropriate.

A.2.2.12 Peionization

During exhaustion, deionizer systems have the capability of releasing into the water potentially harmful
contaminpnts at levels much’/ higher than are present in the untreated feed water. The morjitor level
of 1 MQ-dm specific resistivity has been selected as the point at which most of the useful capadity of the
deionizerp used in dialysis water treatment has been consumed and below which rapid degradation of ion
removal ¢fficiencytakes place. A specific resistivity of 1 MQ:-cm is not the minimum safe value fgr dialysis
water, buf deionjzer’'systems producing water dropping below this value are in danger, during the|following
dialysis tfreatmient, of producing water high in toxic contaminants as the final deterioratiorn of resin
acceleratgs:

A requirement that the product water be diverted to drain has been included because of the acute danger
that an exhausted deionizer can pose to patients[34]. The requirement for activated carbon in advance of the
deionizer prevents generation of possibly carcinogenic nitrosamines[32] Deionizers are subject to microbial
contamination because of the porous structure of the resins. Although the level of microbial contamination
in product water from deionizers varies widely, it is generally highest after the deionizer has been idle for
some time and lowest after continuous use. As deionizers are usually placed last in a purification cascade,
they should be followed by an endotoxin retentive filter or another bacteria and endotoxin removing device
to prevent microbial contamination of the water storage and distribution system.

For the reasons outlined in A.2.2.11 for reverse osmosis, it was decided to retain the requirements for a
visual and an audible alarm.
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A.2.2.13 Endotoxin retentive filters

Endotoxin retentive filters are increasingly being used to provide water of high microbiologic quality for
dialysis applications. Endotoxin retentive filters include ultrafilters that remove endotoxin primarily by
size exclusion, although some can also remove some endotoxin by adsorption to the membrane material,
and microfilters that remove endotoxin primarily by adsorption to the membrane material. Given the two
different mechanisms of endotoxin removal, and given the role of endotoxin retentive filters of removing
bacteria and endotoxins, they have been specified in these terms. This choice also provides a basis for
observing the performance of endotoxin retentive filters after they have been installed in a water treatment
purification system. Consensus cannot be reached regarding minimum performance criteria for the
removal of bacteria and endotoxins by an endotoxin retentive filter. One factor contributing to this impasse
is the dependence of filter performance on the test conditions. Therefore, it was decided to require that
manufactprersdisctose themmimimmurnr performance of theirdevice amd that the device berequited tp perform
to at leasf this level under stated operating conditions. Some considered that an endotoxin reteftive filter
should be|able to reduce the concentration of bacteria in the feed water to the filter by a factor'of af least 107
and that ¢f endotoxin by a factor of at least 103. Methods for determining bacteria and endetoxir| rejection
by ultrafi]ters can be found in References [7] to [9].

The recothmendation to use endotoxin retentive filters in a cross-flow configuratioh’is aimed at preventing
excessive|replacement of membrane modules which can result from rapid fouling if the filter is| operated
in the defd-end mode. However, a dead-end configuration can perform satisfactorily in situatigns where
the water| quality is generally good (e.g. as final filtration of water immedjately before its use in dialyser
reprocesding equipment). Differential pressure measurements can be used to observe fouling of bpth cross-
flow and glead-end filters.

A.2.2.14 Storage and distribution

A.2.2.14.1 Piping systems

The distr{bution system has been implicated in severalbacterial contamination episodes involving dialysis
patients. Minimization of bacterial proliferation and biofilm formation is essential. Published stydies have
demonstrated that the flow velocity plays an.important rolel26L37], During previous revisiops of this
document, universal agreement concerning ‘a.minimum flow velocity was not achieved. Somg believed
the low shear stresses existing at the internal surface of a pipe operating at flow rates that are feasible in
distributipn systems for dialysis water cannot prevent microbial adhesion and biofilm formatign. On the
other hanyd, data from the semiconductor industry showed that a Reynolds number of 3 000 in a pipipg system
is sufficiept to prevent microbial cofitamination in water. A Reynolds number of approximately Rej= 3 000 is
obtained pith a flow velocity of about 0,15 m/s in a pipe of 2 cm in diameter (0,5 ft/s in a 3/4” diamleter pipe)
[37], Howdver, even in systems(operating with Re = 3 000, biofilm can be found on the internal surface of the
pipes. In thany dialysis faciliti€s, there is no flow through the distribution system when the dialysiq facility is
not in opdration, such as.atmight and on Sundays. Even if it were possible to specify a minimum flow velocity
that is effpctive in reducing biofilm formation and microbial contamination, the use of such a minimum flow
velocity would not ptevide a substitute for regular disinfection of the distribution system.

Other depign criteria to minimize bacterial proliferation and biofilm formation include the|use of a
distributipn4odp, an absence of multiple branching and dead-ended pipes, the use of simple wall outlets
with the $hortest possible fluid path, a minimum of pipe fittings, and the use of valves with minjmal dead
space. Joints between sections of piping, and between piping and fittings should be formed in a manner that
minimizes the formation of crevices and other voids that can serve as sites for microbial colonization.

Direct feed systems commonly return water from the dialysis water distribution loop to the feed side of
the reverse osmosis unit, before the pressurizing pump. With this configuration, water from the feed side
of the reverse osmosis unit can flow retrogradely into the dialysis water distribution loop if the pressure
in the distribution loop suddenly decreases as the result of a sudden increase in demand for dialysis water.
As retrograde flow allows contaminated water to enter the dialysis water distribution system, it was
considered necessary to recommend some means of preventing retrograde flow. A common method is to
include dual check valves at the end of the distribution loop. Some were concerned that there is no means of
observing the integrity of these valves. A second approach is to return the dialysis water into a break tank at
the inlet to the pressurizing pump of the reverse osmosis unit.
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A.2.2.14.2 Storage tanks

When storage tanks form part of the water treatment infrastructure, the volume and low water velocities in
such tanks predispose them to microbial contamination. As a consequence, tanks should be designed with
features that facilitate disinfection procedures and prevent the entry of bacteria.

A.2.2.14.3 Ultraviolet irradiators

The effectiveness of UV irradiation depends on the dose of radiant energy. Studies have demonstrated that a
dose of 30 mW s/cm?2 will kill greater than 99,99 % of a variety of bacteria, including Pseudomonas species,
in a flow-through devicel38l. However, certain gram-negative water bacteria appear to be more resistant to
UV irradiation than others and use of sub-lethal doses of UV radiation, or an insufficient contact time, can
lead to prptiferationof these Tesistant bacterta i the water systemt=21;

The radiajnt energy emitted by the mercury vapour lamps used in UV irradiators decreases with tjme. If the
lamp is nqt replaced before its radiant energy decreases below the effective threshold, resistant bagteria can
also develop. Therefore, the requirement for an online monitor of the radiant energy emiitted by the lamp
is includefd in this document. As the effectiveness of UV irradiation depends on the geometry of the device
and the ekposure time of water to the radiation, the manufacturer of a UV irradiation device shalll provide
informatipn on the killing of specific bacteria under specified operating conditions: As UV irradiatprs do not
eliminatelendotoxin and can even increase endotoxin concentrations by killing bacteria, a recommendation
has been fincluded that they be followed by an endotoxin retentive filter, However, the use of an gndotoxin
retentive ffilter has not been made a requirement because reliance on an endotoxin retentive filter fo remove
endotoxin} should not be considered as an alternative to identify and eliminate the source of microbial
contaminption.

Ultravioldt irradiation has also been used to eliminate chloramine as an alternative or adjunct to|activated
carbon. Ultraviolet irradiation at a wavelength of 254 nm-converts chloramine (NH,Cl) to chlpride and
ammonium ions, which are easily rejected by reverse osmgSsis. Hard water, high TDS or high levels df fluoride,
iodine, irgn or manganese can interfere with the penetration of ultraviolet irradiation through yater and
inhibit the effectiveness of ultraviolet irradiation to gliminate chlorine/chloramine.

A.2.2.14.4 Hot water disinfection systems

Thermal flisinfection by hot water can bé used to control microbial proliferation in dialysis wat¢r storage
and distrjbution systems. The manufacturer's instructions for using hot water disinfection systems should
be followgd and disinfection shouldhe performed at regular intervals from the date of commispioning of
the systein. The water heater of the\disinfection system should be capable of delivering hot water §o any site
in the dial[r;/sis water storage and distribution system at the temperature for the required exposufe time to
achieve the specified log reduction of microorganisms based on the thermal disinfection cycle.

The manyfacturer of a hot water disinfection system should validate that the lowest measured temperature
is used fof the A, calcdlation by taking temperature measurements at the farthest points of the sygtem to be
treated apd also djsclose these operating specifications of the system.

If no manufacturer's instructions are available, the effectiveness of the system can be demongtrated by
validating that the system maintains a specified temperature throughout the system for a specjfied time
and by pelrforming ongoing eillance with bacteria 1res and endotoxin testing

Repeated exposure to hot water can have a deleterious effect on some plastic piping. Therefore, a requirement
that manufacturers of hot water disinfection systems include a warning in their product labelling about the need
to use heat-resistant materials in piping systems to be disinfected with hot water. Heat-resistant piping materials
include PVDF, PEX, stainless steel (SS), polypropylene (PP) and PTFE (see also ISO 23500-1:2024, B.3.3).

A.2.2.14.5 Ozone disinfection systems

Ozonation is being introduced as a new means of controlling microbial proliferation in dialysis water
storage and distribution systems. This technology can have widespread applicability in dialysis facilities
given the increased concern about endotoxin contamination of dialysis fluid. Insufficient data are available
to set performance standards for such systems, such as ozone concentration and exposure time. Therefore, a
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