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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 standa

rdization.

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 documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of ahy clai
rights in fespect thereof. As of the date of publication of this document, ISO had notxéceived no
patent(s) which may be required to implement this document. However, implemefnters are caut

Any trad¢ name used in this document is information given for the coenvenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew

les of the

use of (a)
d patent
ice of (a)

joned that
this may not represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljstuch patent rightg.

ailable at

does not

rord.html.

This docyiment was prepared by Technical CommitteexISO/TC 150, Implants for surgery, Subc
SC 2, Cardiovascular implants and extracorporeal systems,in collaboration with the European Com
Standardjzation (CEN) Technical Committee CEN/TGZ205, Non-active medical devices, in accordanc
Agreement on technical cooperation between ISO-and CEN (Vienna Agreement).

This secopd edition cancels and replaces the-first edition (ISO 23500-1:2019), which has been t
revised.

The main|changes are as follows:

— WHOIDrinking Water Guideling has been used as the main drinking water quality reference
the UP EPA or other Europg€an standards;

— thallium has been remeved from the list of contaminants, as no studies have reported data t
that this contaminanbis of particular concern in the haemodialysis setting;

— alterpative water treatment technologies (e.g. reverse osmosis pre-treatment with ultrafiltra
been [includeduin the subclauses dealing with water treatment technology (refer to B.2.7 and B

— anew annex (Annex H) has been added to provide clarification of the different water quality nj

ommittee
mittee for
b with the

pchnically

nstead of
Db indicate
fion) have

2.8);

onitoring

appr aches (nh]lnn versus offline mnnlfnrlng);

— the microbiological analytic methods have been updated to include endotoxin testing using recombinant

Factor C (rFC), flow cytometry, autofluorescence and rapid tests (e.g. ATP);

— anew annex (Annex [) has been added to provide guidance on risk assessment;

— the validation of water treatment systems has been revised to include validation steps (e.g. installation

qualification, operational qualification, performance qualification and revalidation);

— further guidance hasbeen added on technical needs after the typical technical interventionsin Clause E.4.

Alist of all parts in the ISO 23500 series can be found on the ISO website.

© IS0 2024 - All rights reserved
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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uction

This document is the base standard for standards dealing with water treatment and the production of
dialysis fluid in the ISO 23500 series.

The objective of the ISO 23500 series is to provide users with guidance for handling water and concentrates
and for the production and quality oversight of dialysis fluid used for haemodialysis. The need for such
guidance is based on the critical role of dialysis fluid quality in providing safe and effective haemodialysis,
and the recognition that day-to-day dialysis fluid quality is under the control of the healthcare professionals

who deliv

er dialysis therapy.

Annex A provides further information on the rationale for the development and provisions of this document.

The equigment used in the various stages of dialysis fluid preparation is generally obtained from'sj

vendors.
installati
equipmen
the user

of equipnpent. In instances in which the equipment is not obtained from a specialized vendor

responsih
ensure th

Annex B
concentrd
the user
configure
treatmen

Increasin
are becor

componeits. Consequently, some of the requireménts in ISO 23500-1 and ISO 23500-2 do not

integrate
ISO 2350
manufact
to ensure

This docu
manufact
and surve
effects ar

dialysis fluid.

Annexes

haemodia
professio
the qualif]
ensuring

ialysis practitioners are generally responsible for maintaining that equipment-foll
n. Therefore, this document provides guidance on quality oversight and maintenan
t to ensure that dialysis fluid quality is acceptable at all times. At various places in this d
s advised to follow the manufacturer's instructions regarding the operation and ma

ility of the user to validate the performance of the equipment in the-haeémodialysis sett
Nt appropriate operating and maintenance manuals are available.

provides further information on the system components that are used for water

with a basis for understanding why certain equipment)ean be required and how it
d; the descriptions are not intended to be detailed \design standards. Requirements
equipment are provided in ISO 23500-2.

hing available and used clinically. This document applies to systems assembled from

| systems, however such systems are required to comply with the requirements of 1SO
D-4 and ISO 23500-5. In order to ensure conformity when using such systems, adherel
urer's instructions regarding the operation, testing and maintenance of such systems is
that the system is being operatéd under the validated conditions.

ment reflects the conscientious efforts of healthcare professionals, patients and medi

billance of dialysis fluid-for haemodialysis and protecting haemodialysis patients fror
sing from known chemical and microbial contaminants that can be found in improperly

F and G provide further information regarding the special considerations for home
lysis. This\\document together with its constituent parts is directed towards the h

y of dialysis fluid. However, the physician in charge of dialysis has the ultimate respons
that'the dialysis fluid is correctly formulated and meets the requirements of all applicalj

pecialized
pwing its
ce of the
ocument,
fntenance
it is the
ng and to

reatment,

te and dialysis fluid preparation at a dialysis facility. Thesédescriptions are intended o provide

thould be
for water

bly, self-contained, integrated systems designediand validated to produce water and dialysis fluid

ndividual
apply to
23500-3,
ice to the
required

ral device

urers to develop recommendations for handling water and concentrates and for the pfoduction

h adverse
prepared

ind acute
ealthcare

nals invelved in the management or routine care of haemodialysis patients and responsible for

ibility for
le quality

standard
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Preparation and quality management of fluids for

haem

Part 1

odialysis and related therapies —

General requirements

1 Scop

This document specifies the general requirements for the preparation of fluids for haemodialysis a

therapies
for dialys
haemodia
installed.
intended

This docu

— theq
dialy
to thd
infus

— the guality management of the equipment used;t0 prepare acid and bicarbonate concent
e

pow
— thep
This docu

— sorbe
dialy

— syste
— syste

This docu

2 Normative references

e

and substitution fluid for use in online therapies, such as haemodiafiltratiehjand haemg
is practitioners. This document gives guidance on the user's responsibility for fluid|
lysis and related therapies once the equipment used in its preparation has been deli

for single use, this aspect of water use is also covered by this document.
ment is applicable to

pality management of equipment used to treat and distribute water used for the prep
bis fluid and substitution fluid, from the point at whichsmunicipal water enters the dialyj
point at which the final dialysis fluid enters the dialySer or the point at which substituti
ed.

red or other highly concentrated media at a dialysis facility, and

reparation of the final dialysis fluid or substitution fluid from dialysis water and concent

ment does not apply to

nt-based dialysis fluid regeneration systems that regenerate and recirculate small v
bis fluid,

ns for continuous refidl replacement therapy that use pre-packaged solutions, and
s and solutionsfor peritoneal dialysis.

ment does net-address clinical issues associated with inappropriate usage of such fluids,

d related
filtration,
s used in
rered and

As dialysis water used to prepare dialysis fluid can also be used to réeprocess dialysers ngt marked

hration of
is facility
pn fluid is

rate from

rates.

blumes of

The follov

ring documents are referred toin the textin such a wavthat some or all of their content ¢

nstitutes

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 23500-2, Preparation and quality management of fluids for haemodialysis and related therapies — Part 2:
Water treatment equipment for haemodialysis applications and related therapies

ISO 23500-3, Preparation and quality management of fluids for haemodialysis and related therapies — Part 3:

Water for

haemodialysis and related therapies

ISO 23500-4, Preparation and quality management of fluids for haemodialysis and related therapies — Part 4:
Concentrates for haemodialysis and related therapies

© IS0 2024 - All rights reserved
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ISO 23500-5, Preparation and quality management of fluids for haemodialysis and related therapies — Part 5:
Quality of dialysis fluid for haemodialysis and related therapies

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1
acetate cpncentrate
concentrdted solution of salts containing acetate, which when diluted with dialysis water (3.17), yields
bicarbongte-free dialysis fluid (3.15) for use in dialysis

Note 1 to gntry: Acetate concentrate can contain glucose.
Note 2 to gntry: Sodium acetate is used to provide buffer in place of sodium bicarbonate.

Note 3 to gntry: Acetate concentrate is used as a single concentrate.

3.2
acid condentrate
A-concenfrate

low pH mixture of salts that, when diluted with dialysis water (3.17) and bicarbonate concentrate (3.6), yields
dialysis flfid (3.15) for use in dialysis

Note 1 to e¢ntry: The term “acid” refers to the small amount.of acid (acetic acid or citric acid) that is inclyded in the
concentrafe.

Note 2 to gntry: Acid concentrate can contain glucose,

Note 3 to gntry: Acid concentrate can be in the form of a liquid, a dry powder, other highly concentrated media or some
combinatipn of these forms.

3.3
action leyel
value froth monitoring that necessitates immediate intervention

[SOURCE:|ISO 13408-1:2023,.31, modified — the word particulate has been excluded.]

3.4
additive
spike
small ampunt ef'a single chemical that, when added to the concentrate, increases the concentrption of a
single exipting chemical by a value labelled on its packaging

3.5

bacteria and endotoxin-retentive filter

BERF

endotoxin retentive filter

ERTF

membrane filter used to remove endotoxins (3.20) and microorganisms from dialysis water (3.17) or dialysis
fluid (3.15)

Note 1 to entry: The performance of an endotoxin-retentive filter is usually expressed as the logarithmic reduction
value (LRV), defined as log;, of the inlet concentration, divided by the outlet concentration.

Note 2 to entry: Endotoxin-retentive filters can be configured in a cross-flow or dead-end mode. Some endotoxin-

retentive filters also remove endotoxins by adsorption.

© IS0 2024 - All rights reserved
2


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

ISO 23500-1:2024(en)

3.6

bicarbonate concentrate

B-concentrate

concentrated preparation of sodium bicarbonate that, when diluted with dialysis water (3.17) and acid
concentrate (3.2), makes dialysis fluid (3.15) used for dialysis

Note 1 to entry: Some bicarbonate concentrates also contain sodium chloride.
Note 2 to entry: Bicarbonate concentrate can be in the form of a liquid or a dry powder.

Note 3 to entry: Dry sodium bicarbonate, without added sodium chloride, is also used in concentrate generators to
produce a concentrated solution of sodium bicarbonate used by the dialysis machine to make dialysis fluid.

3.7

biofilm
microbially-derived sessile community characterized by cells that are irreversibly attachedtoXa sybstratum
or interfafe or to each other, are embedded in a matrix of extracellular polymeric substances thatthey have
produced| and exhibit an altered phenotype with respect to growth rate and gene transeription

Note 1 to gntry: The matrix, a slimy material secreted by the cells, protects the bacteria from/antibiotics and chemical
disinfectants.

Note 2 to pntry: A certain amount of biofilm formation is considered unavoidable’in dialysis water (3.17) systems.
When the Jevel of biofilm is such that the action Ilevels (3.3) for microorganisms«and endotoxins (3.20) in the dialysis
water are [routinely reached or exceeded, the operation of the system is comprémised from a medical andl technical
point of vi¢w. This level of biofilm formation is often referred to as biofouling:

3.8
bulk deliyery
delivery df large containers of concentrate to a dialysis facility

Note 1 to [entry: Bulk delivery canbe containers such as drums, which can be pumped into a storage fank (3.41)
maintainefl at the user's (3.44) facility. Alternatively, thedrums can be left at the facility and used to f}ll transfer
containerd to transfer the concentrate to the dialysis.machines. Bulk delivery can also include large confainers for
direct confiection to a central concentrate supply system.

Note 2 to|entry: Bulk delivery also includes-'dry powder concentrates intended to be used with an appropriate
concentrafe mixer.

3.9
central cpncentrate system
system thht prepares and/or steres concentrate at a central point for subsequent distribution to its pojints of use

3.10
central djialysis fluid delivery system
system tHat produces‘dialysis fluid (3.15) from dialysis water (3.17), and concentrate or powder af a central
point, and that distributes the dialysis fluid from the central point to individual dialysis machines

3.11

combinedl chlorine
Chlorine hat ic chamically ﬁnm]ﬂ-nar‘ with othar r-nmv\r\unr"ro\ cnr-]a Ac aaaania and that ooy lts ln the

TIorc TO— CITCTIrcorry OITToTIIC o vy ot O oo COmpoatTom eI Tt O T I T T T OO o et e T ey

production of chloramine

Note 1 to entry: There is no direct test for measuring combined chlorine, but it can be established indirectly by
measuring both total and free chlorine (3.12) and calculating the difference.

3.12

free chlorine

chlorine present in water as dissolved molecular chlorine (Cl,), hypochlorous acid (HOCI) and hypochlorite
ion (OCI7)

Note 1 to entry: The three forms of free chlorine exist in equilibrium.

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

3.13

ISO 23500-1:2024(en)

total chlorine
sum of free chlorine (3.12) and combined chlorine (3.11)

Note 1 to entry: Chlorine can exist in water as dissolved molecular chlorine, hypochlorous acid, and/or hypochlorite
ion (free chlorine) or in chemically combined forms (combined chlorine). Where chloramine is used to disinfect water
supplies, chloramine is usually the principal component of combined chlorine.

3.14

colony-forming unit

CFU

aggregation of microorganisms arising from a single cell or multiple cells

[SOURCE:[ISO 11139:2018, 3.53, modified — "visible" has been deleted at the beginning of the defi

3.15

dialysis flluid

DEPRECATED: dialysate

DEPRECATED: dialysis solution

aqueous flluid made from dialysis water (3.17) containing electrolytes and, usually,\buffer and gly

is deliver
with bloo

Note 1 to
ultrapure

Note 2 to ¢
the dialysé

Note 3 to
therapies,

3.16

dialysis flluid delivery system

device th:

— prepg

— circu
— monif
— preve

Note 1 to 4
associated

Note 2 to
preparatid

ed to the dialyser by the dialysis fluid delivery system (3.16), which is.intended to exchan
d during haemodialysis (3.24) and haemodiafiltration (3.23)

Hialysis fluid and online-prepared substitution fluid (3.42) used fot haemodiafiltration.

r is referred to as “spent dialysis fluid”.

entry: Dialysis fluid does not include pre-packaged.‘parenteral fluids used in some renal re
such as haemodiafiltration and haemofiltration (3.25).

€

ates the dialysis fluid through the dialyser,
ors the dialysis fluid forytemperature, conductivity (or equivalent), pressure, flow and blood
nts dialysis duringdisinfection (3.18) or cleaning modes

ntry: The termtincludes reservoirs, conduits, proportioning devices for the dialysis fluid and mad
alarms apd 'controls assembled as dialysis fluid delivery systems.

entrys-The dialysis fluid delivery system can be an integral part of the dialysis machine or a ¢
n system which feeds multiple individual dialysis consoles.

hition.]

cose, that
be solutes

bntry: [SO 23500-5 defines three levels of dialysis fluid in terms ofmyicrobiology: standard didlysis fluid,

ntry: The dialysis fluid entering the dialyser is referred to as¢‘fresh dialysis fluid”, while the flfiid leaving

placement

res dialysis fluid (3.15) online fremdialysis water (3.17) and concentrates, or stores and diistributes
premjxed dialysis fluid,

leaks,and

nitors and

entralized

Note 3 to entry: Dialysis fluid delivery systems are also known as proportioning systems (3.34) and dialysis fluid
supply systems.

3.17

dialysis water
water that has been treated to meet the requirements of ISO 23500-3 and which is suitable for use in
haemodialysis (3.24) applications, including the preparation of dialysis fluid (3.15), reprocessing of dialysers,
preparation of concentrates and preparation of substitution fluid (3.42) for online convective therapies

Note 1 to entry: Some integrated, validated systems, and other new systems by alternative design can provide
ultrapure dialysis water with <0,1 CFU/ml and <0,03 EU/ml. By mixing with sterile (3.40) and non-pyrogenic (3.31)
concentrates and by utilising sterile and non-pyrogenic dialysis fluid pathway, ultrapure dialysis fluid can be produced
in such integrated and validated systems.

© IS0 2024 - All rights reserved
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ion

process to reduce the number of viable microorganisms to a level specified as appropriate for a defined purpose

3.19

empty-bed contact time

EBCT

measure of the time during which water to be treated is in contact with the treatment medium in a contact
vessel, assuming that all liquid passes through the vessel at the same velocity

Note 1 to entry: EBCT is used as an indirect measure of how much contact occurs between particles, such as activated

carbon, an

Note 2 to 4

tgBCT

where
v i

q i
3.20
endotoxi
lipopolys:
variety of
Note 1 to 4

[SOURCE:
to entry h

3.21
endotoxi
EU

unit assay

Note 1 to
evaluated

Note 2 to
harmonizd

3.22
germicid
agent tha

3.23
haemodi

d water as the water flows through a bed of particles.

ntry: EBCT, expressed in minutes, is calculated from:

Fv/q

5 the volume of the particle bed, in cubic metres, (m3);

5 the flow rate of water through the bed, in cubic metres per minute (m3/min).

n
iccharide component of the cell wall of Gram-negative bactéria that is heat stable and th
inflammatory responses in humans

ntry: See also pyrogen (3.35).

as been added.]

h unit

red by the Limulus amoebocyte‘lysate (LAL) test when testing for endotoxins (3.20)

entry: As the activity of endotoxins depends on the bacteria from which they are derived, their
by reference to a standard.ehdotoxin.

entry: In some countpies, endotoxin concentrations are expressed in international units (IU)
tion of endotoxin@ssays, EU and IU are equivalent.

le
kills mietfoorganisms

ht elicits a

IS0 11139:2018, 3.101, modified — "animals-and" has been deleted from the definition and Note 1

activity is

Since the

Bt o

OITICT ACTUTY

process whereby concentrations of water-soluble substances in a patient's blood and an excess of fluid of a
patient are corrected by a simultaneous combination of haemodialysis (3.24) and haemofiltration (3.25)

[SOURCE:

[EC 60601-2-16:2018, 201.3.208]

© IS0 2024 - All rights reserved
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3.24

haemodialysis

process whereby concentrations of water-soluble substances in a patient's blood and an excess of fluid of
a patient are corrected by bidirectional diffusive transport and ultrafiltration across a semi-permeable
membrane separating the blood from the dialysis fluid (3.15)

Note 1 to entry: Fluid removal that is sufficient to achieve the desired weight loss is achieved by a hydrostatic pressure
gradient across the membrane. This fluid removal provides some additional solute removal, particularly for higher
molecular weight compounds.

[SOURCE: IEC 60601-2-16:2018, 201.3.209, modified — Note 1 to entry has been added.]

3.25

haemofiltration
process whereby concentrations of water-soluble substances in a patient’s blood and an excess of fluid of a
patient affe corrected by convective transport via ultrafiltration and partial replacement by-a substitution
fluid (3.4%) resulting in the required net fluid removal

Note 1 to[entry: Convective transport is achieved by ultrafiltration across a high flux membrane. Flufid balance
is maintaihed by the infusion of a replacement solution into the blood either before the-haemofilter [predilution
haemofiltrition (3.25)] or after the haemofilter (post-dilution haemofiltration) or a_combination of the tiwo (mixed
dilution hdemofiltration).

Note 2 to gntry: There is no dialysis fluid (3.15) stream in haemofiltration.
[SOURCEIEC 60601-2-16:2018, 201.3.211, modified — Notes 1 and 2-to6 entry have been added.]

3.26
heterotrophic
organism| that cannot produce its own food, instead taking nutrition from other sources qf organic
compoungls for metabolic synthesis

3.27
initial vallidation
complete [validation (3.45) of the entire water, treatment system (3.48) or dialysis fluid (3.15) prjeparation
systems fpllowing installation

Note 1 to ¢ntry: Initial validation is performed on new systems, completely unknown systems or a systenp following
major reppirs, where new and previous version of system are not comparable (values of validatior:ls are not
comparable). In systems without majdr ¢hanges, initial validation is performed only once in the lifetime of a system.
Initial valiflation is subdivided into prdspective initial validation and concurrent initial validation.

3.28
Limulus dgmoebocyte lysate test
LAL test
test for measuring bagterial endotoxins (3.20) using Limulus amoebocyte lysate reagent

Note 1 to ¢ntry: The detection method uses the chemical response of an extract from blood cells of a horspshoe crab
(Limulus pplyphemus) to endotoxins.

N t Zt wdErz Ao ool staluzcata fron o oo ndbaorcackhoa cxol Toobnla e Fridapntatac ooy olca Lo oo t d t t
ote 2 to éntFyAmecbecytetysatefromasecondhorseshoeerabTachyplens-tridentatusrray-alse-bewsed to detec

endotoxins.
[SOURCE: IS0 29701:2010, 2.7, modified — Note 1 to entry has been replaced and Note 2 to entry has been added.]

3.29
manufacturer
entity that designs, makes, fabricates, assembles or processes a particular item or object

Note 1 to entry: Manufacturer includes, but is not limited to, those who perform the functions of contract sterilization,
installation, relabelling, remanufacturing, repacking or specification development and initial distributions of foreign
entities performing these functions.
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Note 2 to entry: Manufacturer does not cover the preparation of concentrates from pre-packaged dry chemicals at
a dialysis facility or the handling of bulk concentrates at a dialysis facility as responsibility for the concentrate is
transferred from the manufacturer to the user (3.44).

3.30
microbial contamination
presence of unintended bacteria, fungi, protozoa or viruses

[SOURCE: ISO 11139:2018, 3.171]

3.31

non-pyrogenic

not pyrogenic

not elicitihg a pyrogen (3.35) reaction

Note 1 to eptry: This definition is applicable for fluids produced by online techniques, e.g. substitution andyprirhing fluids.

Note 2 to [entry: For medical devices and injectable fluids, the threshold pyrogenic dose (the,minimum dose that
produces fever) is set at 5 EU/kg/h. The commonly used gel clot method has a sensitivity limitof 0,03 EU/n]l, enabling
the volum¢ of fluid that may be administered without breaching the threshold pyrogenic dgse to be establighed.

3.32
operatiopal qualification
0Q
verificatidn (3.46) of the correct operation of the system and comparison of the system performpance with
the systemns functional performance

3.33
product water
water prdduced by a water treatment system (3.48) or an individual device thereof

3.34
proportipning system
apparatus that proportions dialysis water (3.17)-and haemodialysis (3.24) concentrate to prepatre dialysis
fluid (3.13

3.35

pyrogen
fever-proflucing substance

L

Note 1 to pntry: Pyrogens are most.often lipopolysaccharides of gram-negative bacterial origin [see alsd endotoxin
(3.20)].

3.36
retrospeftive validation
annual vafidation (3.45) for a system

Note 1 to ¢ntry: The initial or first retrospective validation is performed 12 months after ending of initial|validation
period andl repeated thereafter annually. The purpose of the validations is to prove the adequacy of he system
design, as el as of the maintenance and monitoring protocols as defined during the operational qualificdtion (3.32)
and performaneeqtatifieatio e —toeat-operatingconditions—Atrevaticatio ew-validation) is
required in the event of

ctta atro P13 S—t1Te ocarop a S oG O 3 vatraacto

— modification of the maintenance and surveillance plans (includes performance qualification as applicable);

— modification to the system (includes initial validation (3.27), operational qualification and performance
qualification);

— changes in the requirements for dialysis fluid (3.15) quality;

— changes in the feed water quality outside the acceptable limits previously foreseen.
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Note 2 to entry: Annual retrospective validation may be replaced by measures that continuously verify that necessary
requirements are met. (continuous validation) If, by introducing additional procedures and policies (and by using
software solutions) to perform all the activities undertaken during retrospective validation, continuously instead of
once in every 12 months, then annual retrospective validation may be replaced by measures that continuously verify
that necessary requirements are met, i.e. by continuous validation.

Note 3 to entry: In the absence of system modification, retrospective validation is still required. Under such
circumstances, the retrospective validation consists of the retrospective assessment of the routine results over the
previous 12 months with no additional tests together with a written report submitted to, and approved by, the person
with overall clinical responsibility for dialysis.

3.37
revalidation
repeat of thedifferentquatificationr steps of asystemror partof systemmwhith atready trave beemrvalidated

Note 1 to gntry: Revalidation is required following changes of disinfection (3.18) frequency (less freqtent), changes of
sampling firequency, specific minor repairs, specific changes of some requirements, etc. Most commonly r¢validation
involves disinfection frequency revalidation (first phase performance qualification, PQ-1) and/or sampling|frequency
revalidatign (second phase performance qualification, PQ-2).

3.38
sodium Hypochlorite
chemical pised for disinfection (3.18) of haemodialysis (3.23) systems

Note 1 to ¢ntry: Commercially available solutions of sodium hypochlorite are Known in different countries by terms
such as bleach and L'eau de Javel. These solutions are used for disinfection at concentrations recomipended by
equipmeny manufacturers (3.29).

3.39
source wpater
water entering a dialysis facility from an external supply,such as a municipal water supply (3.47)

Note 1 to [entry: Source water, is sometimes referred to@s' feed or raw water, and is generally water spitable for
drinking (potable water) and meeting the requirements-for drinking water.

3.40
sterile
free from|viable microorganisms

Note 1 to gntry: “Sterile” can be used to-describe a packaged solution that was prepared using a terminal sflerilization
process vglidated according to the methods of the applicable pharmacopoeia. A terminal sterilization [process is
commonly| defined as one that achieves a sterility assurance level (SAL) of 1079, i.e. an assurance of lesf than one
chance in 4 million that viable microorganisms are present in the sterilized article.

Note 2 to gntry: Alternatively,/sterile” can be used to describe a solution prepared for immediate use by a ¢ontinuous
process, sfich as filtrationy/that has been validated according to the methods of the appropriate sectipns of the
applicable[pharmacopoeia to produce a solution free from microorganisms for the validated life of the filtei

3.41
storage thnk
tank at the‘ser's (3.44) facility for storage of dialysis water (3.17) or concentrate from bulk deliveries, or for
concentrate prepared In bulk at the user's facility from powder and dialysIs water

3.42

substitution fluid

substitution solution

replacement solution

fluid used in haemofiltration (3.25) and haemodiafiltration (3.23) treatments which is infused directly into
the patient's blood as a replacement for the fluid that is removed from the blood by ultrafiltration

Note 1 to entry: Substitution fluid can also be used for administering a bolus, priming an extracorporeal blood circuit
and returning blood to the patient at the end of a treatment.
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3.43

total dissolved solids

TDS

sum of all ions in a solution, often approximated by means of electrical conductivity or resistivity
measurements

Note 1 to entry: TDS measurements are commonly used to evaluate the performance of reverse osmosis units. TDS
values are expressed in milligrams per litre (mg/1), in terms of

— CaCOg,
— Na(C],

— KCl,o

— TDS 442 equivalents [TDS 442 is a solution of sodium sulfate (40 %), sodium bicarbonate (40-%)s and sodium
chloride (20 %) that closely represents the conductivity to concentration relationship, for natutralfreshwater].

3.44
user
responsille physician, their representative or healthcare professional with: @ Tesponsibility for the
prescription, production and delivery of dialysis fluid (3.15)

Note 1 to e¢ntry: In this context, the user refers to the decision maker who is accountable for the clinical fare of the
patients.

3.45
validatiopn
process of documenting that the dialysis water (3.17) treatment'and dialysis fluid (3.15) production systems,
when ingtalled and operated according to the manufacturer's (3.29) recommendations, copsistently
produces|dialysis water or dialysis fluid meeting the stipulated quality levels

Note 1 to gntry: In this context, validation also includes demonstrating that the system is “fit for purpose”.

Note 2 to ¢ntry: Different types of validation exist e.g{Initial validation (3.27), retrospective (annual) validdtion (3.36)
and revalidation (3.37).

3.46
verification
process df demonstrating that the-System complies with applicable regulations, specificationy or other
conditionf

3.47
water supply
input supplied to a water treatment system (3.48) or to an individual component of a water treatment system

Note 1 to gntry: The water supplied to the water treatment system, sometimes referred to as feed water, isjwater that
meets driffking wategrequirements.

3.48
water trgatinent system
collection of water treatment devices and associated piping, pumps, valves, gauges, etc., that together
produce water for dialysis meeting the requirements of ISO 23500-3 for haemodialysis (3.24) applications
and deliver it to the point of use

4 Quality requirements

4.1 General

The quality requirements set forth in this document with respect to dialysis water (see 4.2), concentrates
(see 4.3), and dialysis fluid (see 4.4) are identical to those in ISO 23500-4, ISO 23500-3 and ISO 23500-5. The
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latest editions of these documents should be consulted to ascertain if there have been any changes to quality
requirements before implementing the recommendations of this document.

4.2 Dialysis water

4.2.1 General

The requirements contained in 4.2 apply to dialysis water at its point of use. As such, these requirements apply
to the water treatment system as a whole and not to each of the devices that make up the system. However,
collectively, the individual devices shall produce water that, at a minimum, meets the requirements of 4.2.

NOTE Some integrated validated systems, such as two stage RO systems with bacterial and endotoxin retentive
filters, and[other new systems by alternative design are capable of producing highly purified dialysis water with <0,1 CFU/
ml and <0,p3 EU/ml at a stage in their system prior to mixing with concentrates to produce ultrapure dialysis fluid.

4.2.2 Chemical contaminants in dialysis water

Chemical [contaminants present in potable water can pose a risk to the patient receiving dialysis tjreatment.
Contaminfants identified as needing restrictions on their allowable level in~dialysis water fompared
with potgdble water have been divided into three groups: chemicals known~to'cause toxicity ih dialysis
patients; [physiological substances that can adversely affect the patient if¢present in the dialysis fluid in
excessive|lamounts and trace elements. The maximum allowable levels of these contaminants are¢ listed in
Tables 1 gnd 2 and include the anticipated uncertainty associated with the analytical methodologies listed
in ISO 23500-3:2024, Table 4.

The manyfacturer or supplier of a complete water treatment system should recommend a syst¢m that is
capable of meeting these requirements based on a feed water@nalysis.

Conformity shall be shown by:

— using analytical methods referenced in ISO 23500-3 or other appropriately validated and cqmparable
analyftical methods, or

— when| analytical methodology for the individual trace elements listed in Table 2 is not avajlable and
the water can be demonstrated to meét:the standards for potable water as defined by the WHO,[18] an
analysis for total heavy metals with.a'maximum allowable level of 0,1 mg/1 may be used, or

— if neither of the above options are-available, conformity with the requirements of Table 2 can pe met by
using water that can be demadnstrated to meet the potable water requirements of the WHO and a reverse
osmopis system with a rejéction of >90 % based on conductivity, resistivity or TDS.

Samples for chemical examihation shall be collected from sampling points situated at the end of the water
treatmenf cascade or at‘the most distal point of at least one of water distribution loops.

The systgm design-should reflect possible seasonal variations in feed water quality. The manufgcturer or
supplier df a complete water treatment and distribution system should demonstrate that the complete water
treatmenf, stordge and distribution system is capable of meeting the requirements of ISO 2350p-3 at the
time of inptallation.

Following the installation of a water treatment, storage and distribution system, the user is responsible for
regularly surveying the levels of chemical contaminants in the dialysis water and for complying with the
requirements of this document.
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Table 1 — Maximum allowable levels of toxic chemicals and dialysis fluid electrolytes in dialysis

waterab
Class of contaminants Contaminant Maximum concentration
mg/l1¢
Aluminium 0,01
Total chlorined 0,1
Copper 0,1
Contaminants with documented Fluoride 0,2
toxicity in haemodialysis Lead 0,005
Nitrate (as N) 2
Sulfate 100
Zinc 0,1
Calcium 2 (0,05 mmol/1)
Electfrolytes normally included in Magnesium 4 (0,45 mmol/1)
dialysis fluid Potassium 8 (0,2 mmol/1)
Sodium 70 (3,0 mmol/1)

a  Adialysis facility’s medical director has the ultimate responsibility for ensuring the quality of dialysis water.

b The repder is cautioned to refer to ISO 23500-3 to ensure that there have been no cHanges to this table.

¢ Unless|lotherwise noted.

d  When
available fi
chlorine on

Total chlor]
Additional
the permit

There is nd
concentrat
chlorine an
assumed tH

NOTE T
methodolo

chlorine is added to water, some of the chlorine reacts with organic\materials and metals in the water]
r disinfection (the chlorine demand of the water). The remainingchlerine is the total chlorine, and is the
non-bound chlorine and combined chlorine.

ine is usually measured on site by appropriately trained pefsonnel in water prior to entering the treatm
measurements in the treated water are not necessary provided that the pre-treatment concentration ley
ed limit.

direct method for the measurement of chloramingé. It is generally established by measuring total and fr|
ons and calculating the difference. When total chlotine tests are used as a single analysis the maximum le
d chloramine shall not exceed 0,1 mg/1 Since there is no distinction between chlorine and chloramine, it cg
at all chlorine present is chloramine.

e maximum allowable levels of contandinants listed include the anticipated uncertainty associated with th
bies used to establish the values shown.

and is not
kum of free

bnt system.
el is below

e chlorine
Vel for both
n be safely

b analytical

Table 2 — Maximum-allowable levels of other trace elements in dialysis water?2

Contamjinant Maximum concentration
mg/l
Antimony 0,006
Arsenic 0,005
Barium 0,1

Beryllium 0,000 4
Cadmium 0,001
Chromium 0,014

Mercury 0,000 2
Selenium 0,09
Silver 0,005

a2 The reader is cautioned to refer to the latest edition of ISO 23500-3 to ensure that no changes have been made to the

maximum concentrations shown.

NOTE

methodologies used to establish the values shown.

The maximum allowable levels of contaminants listed include the anticipated uncertainty associated with the analytical
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rganic carbon, pesticides and other chemicals

Table 2 excludes organic compounds such as pesticides, perfluorinated chemicals, polycrylic aromatic
hydrocarbons and pharmaceutical products. It is recognised that such compounds can be present in the
water supply, and their presence is receiving considerable attention from environmentalists and regulatory
authorities. Prolonged exposure can result in bio accumulation and adverse health outcomes, however in the
context of haemodialysis patients, the consequences of exposure are poorly understood and have received

limited st

udy(191,[20],

If such compounds are of concern, the suggested starting point is to establish levels and compare these to
national regulations and standards for drinking-water quality.

Organic c

ompounds can be effectively removed by the use of activated carbon beds or filters, t

e dialysis

facility sh
organic c
they will
of signifig

424 M

The total
the maxi
endotoxir
Typically,
viable mi
water, col
complete

storage ard distribution system is capable of meeting the requirements of ISO 23500-3 at th

installati

Following
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this docy

microbiolpgical control. Annex C provides further information related to surveillance.

In associd

be present. No specific recommendations have been made with respect to the routine measuremse

contamin

ould consider dimensioning of beds and filters to ensure that there is sufficient capacity,
bmpounds, should the need arise. If carbon valences are largely occupied by chlorine/ch
hot be available to bind organic contaminants. Nanofiltration and reverse osmosis are als
ant rejection of many such compounds.

icrobiological contaminants in dialysis water

mum allowable levels specified Table 3. Action levels for the total viable microbial
concentration shall also be set, based on the knowledge of the-tmicrobial dynamics of th
the action level is set at 50 % of the maximum allowable level for bacteria and endotoxinj

rective measures should be taken promptly to reduce thé level. The manufacturer or su
water treatment and distribution system should demonstrate that the complete water 4

n.

the installation of a water treatment, storage and distribution system, the user is re
hrly surveying the microbiology of the-system and for complying with the require
ment, including those requirementsxrelated to action levels. Clause 8 details stra

tion with the presence of bacteriasand endotoxin in the water, yeast and filamentous fung

hnts, nor have action limitS'been set.

Table 3 — Maximum allowable levels for TMVC and endotoxins in dialysis water?

[0 remove
loramine,
o capable

viable microbial count (TMVC) and endotoxin concentration in dialysis water shall cognply with

ount and
e system.
.Ifatotal

Crobial count or endotoxin concentration at or above the{action level is observed in the dialysis
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e time of

sponsible
ments of
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Contaminant Maximum allowable level Typical action levdlb
TMVC <100 CFU/ml 50 CFU/ml
Endotoxin <0,25 EU/ml 0,125 EU/ml

a  There
table.

pder is Cautioned to refer to ISO 23500-3 to ensure that there have been no changes to the values presei

hted in this

b Thety

pical action level is generally set at 50 % of the maximum allowable level. Other values can be set.

4.3 Requirements for concentrate

4.3.1 Chemical and microbiological contaminants in concentrate

Concentrates used to prepare the dialysis fluid shall comply with the quality requirements specified in
ISO 23500-4.

Bicarbonate concentrate can grow bacteria and caution should be used to limit the bacterial levels in
bicarbonate concentrate. Dialysis fluid can also be prepared from acetate concentrate used as a single
concentrate that can be metabolized by the patient to bicarbonate.
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4.3.2 Water used to prepare concentrate

Water used to prepare concentrates at a dialysis facility shall meet the requirements of ISO 23500-3. Any
concentrate prepared at a dialysis facility shall permit the dialysis machine to prepare dialysis fluid meeting
the requirements of ISO 23500-5.

4.4 Requirements for dialysis fluid

4.4.1 General

The requirements contained in 4.4 apply to a sample of the dialysis fluid collected as close as practicable to
the inlet to the dialyser.

ISO 2350(I)-5 defines three levels of dialysis fluid: standard dialysis fluid, ultrapure dialysis fluid'and online-
prepared[substitution fluid used for haemodiafiltration.

Standard|dialysis fluid shall be regarded as the minimum acceptable quality. Ultrapure dialysfs fluid is
a step fofward in improving biocompatibility, reducing inflammation and preyénfting dialys|s related
complicatfions.

Tests for |bacterial growth and endotoxins are not required for ultrapure.dialysis, or "online"|prepared
substitution fluids, if the dialysis machine fluid pathway is fitted with a filtér of an appropriate cppacity to
retain ba¢teria and endotoxins that is validated by the manufacturer, and-operated and monitored pccording
to the mahufacturer's instructions, unless the manufacturer requiresé&uch tests in the instructiong for use.

4.4.2 Microbiological requirements for standard dialysis fluid

The total|viable microbial count and endotoxin concentration in standard dialysis fluid shall comply with
the maximum allowable levels specified in ISO 23500-5<and reproduced in Table 4. Action levgls for the
total Viat]?e microbial count and endotoxin concentration shall also be set, based on the knowleflge of the
microbialf dynamics of the system as specified in ISO~23500-5. Typically, the action level is set 4t 50 % of
the maxigum allowable level for total viable mierobial count and endotoxins. If the total viable microbial
counts orfendotoxin concentrations at or above the action levels are observed in the dialysis fluid, ¢orrective
measuresd, such as disinfection and retesting,(should promptly be taken to reduce the levels.

Tests for |bacterial growth and endotoxins are not required for ultrapure dialysis or "online"|prepared
substitution fluids if the dialysis machine fluid pathway is fitted with a filter of an appropriate capacity to
retain ba¢teria and endotoxins thatis'validated by the manufacturer, and operated and monitored pccording
to the mahufacturer's instructions; unless the manufacturer requires such tests in the instructiong for use.

Table 4 — Maximum allowable levels for TMVC and endotoxins in dialysis fluids?

. Standard dialysis fluid Ultrapure dialysiq fluid
Contaminant . . .
Maximum allowable level Action level? Maximum allowable level
TMVC <100 CFU/ml 50 CFU/ml <0,1 CFU/ml
Endotexin <0,5 EU/ml 0,25 EU/ml <0,03 EU/ml
a The readertscautiomed-torefertothetatesteditiomrof156-23500-5toemsure that thererave beermo Lhausca tothis table.
b Typically set at 50 % of the maximum allowable level. Other values can be set.

4.4.3 Microbiological requirements for ultrapure dialysis fluid

The total viable microbial count and endotoxin concentration in ultrapure dialysis fluid shall comply with the
maximum allowable levels specified in ISO 23500-5 and reproduced in Table 4. If those limits are exceeded
in ultrapure dialysis fluid, corrective measures should be taken to reduce the levels into an acceptable
range. The user is responsible for surveillance of the dialysis fluid bacteriology of the total system following
installation.
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Tests for bacterial growth and endotoxins are not required if the dialysis machine fluid pathway is fitted with
a filter of an appropriate capacity to retain bacteria and endotoxins that is validated by the manufacturer,
and operated and monitored according to the manufacturer's instructions, unless the manufacturer requires
such tests in the instructions for use.

4.4.4 Microbiological requirements for online-prepared substitution fluid
The recommendations contained in this subclause apply to substitution fluid as it enters the patient's blood.
This fluid shall be sterile and non-pyrogenic in accordance with 1ISO 23500-5.

Substitution fluid for convective therapies, such as haemodiafiltration and haemofiltration, or for priming
the extragerporealcircuitor bolus administration of fluid during a treatmentis produced online by a

process of ultrafiltration with bacteria and endotoxin-retentive filters. The online process shall be|validated
by the manufacturer to produce substitution fluid that is sterile and non-pyrogenic.

The user fhall follow the manufacturer's instructions for the installation, use, maintenance and cpnformity
of the validated system. The function of the validated system shall be verified in~accordance| with the
manufactprer's instructions at the time of installation and confirmed by the user with regular suygveillance.
Surveillaipce shall include confirmation that the dialysis water and concentrates used by the |validated
system to|prepare the substitution fluid continue to meet the specifications of (SO 23500-4 and IS 23500-3.

4.5 Re¢ord retention

In the aljsence of national regulations, retain records of installation, surveillance, maintenance and
disinfectipn of the water treatment and dialysis fluid preparation systems, medical observdtion, and
personne| training and education, for the same period as clinicalyrecords.

5 System design and technical considerations

5.1 General

The prepdration of dialysis fluid, from inlet.nmqunicipal water and acquisition of concentrates to digcharge of
spent dialysis fluid into the drain system, inyolves numerous components that, together, form a diallysis fluid
handling pystem.

The techiical features of the watér treatment component of that system should be based on the criteria
listed in [SO 23500-2, with special/regard to the aspects related to the dialysis water quality, difinfection
and mainfenance. Reference to.specialist guidance on the design and operation of building and engineering
technology applicable to healthcare delivery should be made.

The treatinent of waten for haemodialysis applications is an energy and resource intensive procgss and, in
designing the systemyappropriate consideration should also be given to ensure optimal use of resources, e.g.
water and energy.

In region$ where natural hazards such as earthquakes or weather events are expected, it is recommended
to considerZthe measures that can enable dialysis treatments to be undertaken after such eyents, e.g.
consideration of an emergency power and water supply!£1l12Z],

Concentrates used with the treated water to prepare dialysis fluid are obtained from a supplier in a ready-
to-use form or prepared at the dialysis facility from dialysis water and pre-packaged salts. The technical
features of the concentrate preparation and distribution component of the system should be based on the
criteria listed in ISO 23500-4.

The spent or used dialysis fluid is discharged into the public sewage system without treatment. Disinfectant
solutions can also be similarly discharged. The risks to public health and the environment from such
discharges are negligible, however, such discharges can impact the effectiveness of domestic anaerobic
digestion systems.
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5.2 Technical aspects

According to the requirements listed in ISO 23500-2, the system design should specifically address the
following points.

a)

b)

d)

e)

The choice of the water treatment system should consider the following aspects concerning the feed
water supply:

1) the full chemical analysis of the feed water and silt density index (SDI);
2) the microbiological load which can require the introduction of an additional chlorination step;
3) the flow rates, pressure and temperature;

4)

ot

he treatment techniques used by the provider of the feed water (e.g. addition of, chloramine,
uoride, aluminium sulfate or other chemicals); because treatment techniques can changg, ongoing
bmmunication with the provider of the feed water is recommended.

(@ Mlenz)

If the|water supply to the treatment system is not directly from the municipal disttibution nefwork, but
comes via an existing hospital water supply, there should be awareness of the'potential riskp that can
arise|from the introduction of chemicals into the hospital's water supply by hospital engineefring staff.
To prevent the occurrence of adverse effects arising from such actions, the introduction or addition of
chemiicals into the hospital water supply should only be undertaken after prior consultation yith renal
serviges. It should be further noted that, if such chemicals are introduced, it can necessitate additional
survdillance prior to water being used for dialysis applications.

If hedt disinfection is planned for the system, the distribution1gop is sanitized along with the links from
the d|stribution loop to the dialysis machines. The demand-for water during such disinfectior} is higher
than required by the dialysis machines during operation,

Comrhonly, reverse osmosis systems capacity is rated'at a specified incoming water temperatire. There
should be awareness that, during the winter months, a failure to attain the specified temperpture will
lead to a reduced system efficiency. In order to meet the required water demand, pre-heating ¢f the feed
water or the installation of a system with in¢feased capacity to compensate for the reduction |n reverse
osmogis efficiency during the winter months can be required.

Disinfection of the system is the only effective method of diminishing and inactivating mjicroflora.
Firstjand foremost, the frequency.of-disinfection is important. Disinfection should be perfofmed on a
r basis to limit biofouling within the fluid pathways of the system. Second, all surfafes in the
circult should be included inthe’disinfection procedure. This includes the reverse osmosis mgmbranes
(espefially the clean side);\the distribution piping, the inlet lines to the dialysis machine§ (located
the disinfection (ircuit of the dialysis machine) and the dialysis machines (which have their
dlisinfection circtit and programme). Third, the disinfection procedure, when applied with a given
ency and witlhninclusion of all critical areas, should be capable of minimizing the effe¢ts of bio-
fouling.

Disinfectionsean be performed using heat or chemicals. Ultraviolet (UV) lamps can be used to |nactivate

Hot F—eat—be— conrtrorbactertalprotitera T a1y wrater age—a istribution
systems. The exposure time should be according to the manufacturer’s instructions. The water heater of
a hot water disinfection system should be capable of delivering hot water at the temperature and for the
exposure time specified by the manufacturer to any site in the dialysis water storage and distribution
system. The manufacturer’s instructions for using hot water disinfection systems should be followed.

If chemical disinfection has to be used, the period prior to the next dialysis treatment should be sufficient
to enable the chemicals to be rinsed completely from the system.

If it is possible to sanitize the haemodialysis machines at the same time as the distribution loop, then
sanitization of both should be performed since this is the easiest and simplest method.

Provision for adequate process surveillance should be made.
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f) If the entire fluid handling system is not obtained from a single supplier, then the user becomes
responsible for ensuring that the separate parts of the system are compatible. For example, it is
important that the pre-treatment section of the water treatment system be designed to supply the
main purification device (usually reverse osmosis) with the feed water meeting the specifications for
that device, i.e. pressure, temperature, flow and quality (e.g. elimination of chemicals which cannot be
effectively removed by the main purification device or that can damage it).

NOTE

Local water and building regulations for system design can apply.

5.3 Microbiological aspects

The required mlcroblologlcal quallty of the dialysis water and d1a1y51s fluid is achleved by paylng adequate

attention
systems.
contamin

When apyi

The distribution system should be designed to maintain dialysis water or dialysis fluid quality and,

should fu
— thedj
— mate
— there
— temp

At a mini
purposes

5.4 Eny

The enviy
electricity
rejected k

water thaft would be disposed of as wastewater is recirculated through the semi-permeable memb

can be ac
two-pass
e.g. flushi

Treatmenft of patients may/take place in a hospital, clinic or a home environment. When the

receiving
associate
the water
Local reg

For this reason, the system should be designed to reduce, as much as p0551b1e potentlal
htion and to allow effective surveillance and disinfection of the critical parts.

licable, equipment should be operated on a regular basis to reduce stagnation.

fil the following criteria:
stribution loop should be of the minimum length, and should avoid. multiple branches and ¢
rials shall be compatible with the different operational conditions(i.e. supply, disinfection,
should be no release of chemicals and nutrients for microorganisms;

brature increases or exposure to sunlight should be minimized.

mum, sampling ports at the end of the distributien loops shall be available. For troubl

rironmental impact

onmental impact of haemodialysis ds-considerable in terms of the resources used. e.g. Y
. In planning the water treatment;consideration should be given to minimizing the wa
y the reverse osmosis (RO) system, for example, by the use of a double pass system, in

hieved by using either two_entirely different RO systems or by configuring a single RO sy

configuration and/or.theuse of rejected water for applications that do not require drink
ng toilets.

treatment i théir home, the patient should be aware that the discharge of large volum
 with dialysis treatment in the form of used dialysis fluid or disinfection products assoc

hlations'can be in place to limit such discharges into public sewage systems.

an additional sampling port at the start of the:distribution loops should also be availablg.

jncentrate

ources of

therefore,

lead ends;

Cleaning);

eshooting

h

vater and
Ler that is
which any
rane. This
Fstem in a
ng water,

patient is
bs of fluid
ated with

treatnient maintenance can impact the effectiveness of a domestic anaerobic digestion system.

6 Validation of system performance

6.1 General

The validation process should document evidence that the system consistently produces dialysis water and

dialysis fl

uids meeting the quality requirements of ISO 23500-3 or ISO 23500-5.

The validation process consists of the following:

— assignment of operational responsibility;

— assignment of clinical responsibility;
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— assignment of legal responsibility;

— validation plan;

— installation and operational qualification;

— performance qualification;

— revalidation as it relates to routine surveillance.

Annex E provides further information on the validation process.

An example of the validation process for a fluid preparation and distribution system is presented in Figure 1.
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[Initial validation report]
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! System changes and Collection of data for 12 Retrospective
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p
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Key
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a Table E.2 can be used as a guide.

Figure 1 — Example of a validation process for a fluid preparation and distribution system
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6.2 Validation plan

The validation plan should be presented in a clear and concise document covering
— adescription of the relevant systems, equipment or processes;

— the current status of those systems, equipment or processes;

— the procedures for making changes to systems, equipment or processes;

— planning and scheduling, including the addition of new systems, activities driven by ch
periodic review.

The validpti
for dialys

s fluids.

6.3 Insgallation and operational qualification

The insta]lation qualification (IQ) defines and provides the documented proof that the system i
according to the approved plans and the manufacturer's technical requirementsyand specificaf
system dgcumentation should be available on completion of this procedure, including system flow
and layoyt, log books, and the operator's manuals. The installation should-be carried out by
personnel according to the manufacturer's documented recommendations.

The instajlation qualification should be followed by an operational qualification (0Q) which com

ange and

qonsibility

installed
ions. Full
diagrams
qualified

pares the

system pé¢rformance with the system functional specification. Opgrational qualification verifies the correct

operation| of the system, including its range of operation, set.point, interlock and functional t4
completidn of this phase, the following information should beavailable:

— testrpcords;

— set-up record;
— calibfation schedule;
— samplling procedures;

— mainfenance (e.g. disinfection, filter changes) and surveillance (e.g. conductivity, micrg
analyfsis) plans;

— record of operator(s) training.

6.4 Pernformance qualification

The perfojmance qualification (PQ) is intended to demonstrate the consistency and robustness of t
under lodal operatignal conditions. During this phase, information about system behaviour is
and actioh levels-are reviewed or defined. On completion of the performance qualification, the
informatipn should be available:

sting. On

biological

he system
collected
following

— testrecords;

— chemical and microbial analyses;
— key performance indicators (e.g. pre-treatment efficiency, RO recovery/rejection rate);

— the (initial) trend analysis.

For newly installed systems, the person with overall clinical responsibility for dialysis (possibly supported
by technical experts) may authorize the use of dialysis fluid for patient treatments once chemical and

microbiological analyses are available that show full conformity with the quality requirements o
and the manufacturer's specifications.
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In some instances, the schematic approach shown in Figure 1 cannot be followed and concurrent validation
can be appropriate, for example, following major refurbishment of an already existing system. The person
with overall clinical responsibility for dialysis (supported by technical experts) may authorize the use of
dialysis fluid for patient treatments, provided an appropriate risk assessment has been performed and
recorded (see Annex [ for guidance).

Risk influencing factors can be related to:

6.5 Val

6.5.1 G

The purp
maintena

6.5.2 IIitial validation

type,

application and frequency of disinfection;

integration of supply lines to dialysis machines;

material and age of the dialysis water system;

micrd
risk d

filter

idation

biological quality of the previous installation;
f suspending a dialysis session or prescription changes (e.g. dialysis technique);

technology [e.g. dialysis machines fitted with bacteria and endotoxin retentive filters (B

eneral

pse of validation is to prove the adequacy of the system.dé€sign, as well as the effect
hce and monitoring protocols as defined during the 0Q andPQ under local operating con|

Initial va

systems (
(values o
performe
validatior

6.5.3 R

The first

aretrosp
The purp
local ope
approved

Alternatiy
When pel
the respe

6.54 R

idation (IQ, OQ and PQ) of the entire system is tihdertaken on new systems, completely
r system with major repairs, where new andiprevious version of the system are not cd

ERFs)].

veness of
ditions.

unknown
mparable

[ validations are not comparable). In systems without major changes, the initial validation is

d only once in the lifetime of a systenm)Initial validation is subdivided into prospect
and concurrent initial validation.

etrospective (annual) validation

etrospective validation isperformed 12 months after the end of the initial validation p
pctive review of the collected data (no additional tests are required), repeated thereafter
bse of this review being to prove the adequacy of the maintenance and surveillance plan
ating conditions, the retrospective (annual) validation should include a report submitt
by, the person with overall clinical responsibility for dialysis.

rely, the retrospective (annual) validation can be replaced by performing a continuous v
forming{)continuous validation, a process for periodic audits (i.e. a process which ins
Ctive proeesses and procedures are established, still valid and followed) shall be implem

jve initial

briod. It is
annually.
under the
bd to, and

alidation.
bects that
bnted.

evalidation

For an already existing water treatment system, which has been validated, Table E.2 provides guidance for
revalidation. It is recommended that revalidation be carried out following

any modification of the maintenance and surveillance plans (includes PQ as applicable),

any modification of the system,

changes in the requirements for dialysis fluid quality,

changes in the feed water quality outside the accepted limits,

changes to the disinfection frequency, and
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— changes to the sampling frequency.

If the microbiological values are within the action levels and other values are below limit values, the system
can be regarded as a validated system on the basis of the available data. The revalidation should include a
report submitted to, and approved by, the person with the overall clinical responsibility for dialysis.

6.6 Monitoring and surveillance

This subclause describes the monitoring and surveillance activities to be conducted as part of the quality
control and quality assurance process. Annex C provides further information on the surveillance guidelines
for water treatment equipment, distribution systems and dialysis fluid. Guidance on parameters that should
be subject to regular surveillance is provided in Table C.1.

Routine l.tnonitoring and surveillance should begin following the performance qualification, (s¢e 6.4) to
ensure opgoing conformity with the dialysis water and dialysis fluid quality requirements'set forth in
Clause 4.[Trend analysis of surveillance data should be used to provide advanced information ¢n system
performahce, thus enabling a preventive rather than a reactive approach to system maintenance.

Monitorinjg and surveillance is achieved with online and offline measurements.,'Online measufement of
suitable garameters (such as conductivity) provides immediate identification ‘@f-deviations from normal
operating conditions, identify potential problems in their early stages and trigger specific additiofal offline
measurerfients. A purely time-based offline monitoring and surveillance«r€gime has inherent limitations
since devl]ations can occur between samples in a continuous process.

Fluid sanjpling for microbiological monitoring and surveillance should be performed before dipinfection
or no sooher than 24 h after disinfection (to avoid false negative‘results). When disinfection is gerformed
on consedutive days, or more frequently, samples should be taken before, and as close as practi¢able, to a
disinfectipn procedure. Samples for routinely scheduled microbiology surveillance should be obtaiped in the
shortest ossible time before the scheduled disinfection.

7 Quality management

7.1 GeIeral

Quality control and quality assurance procedures should be established to ensure ongoing confofymance to
policies apd procedures regarding fluid quality. Clause 7 defines some of the surveillance activities to be
performef at the dialysis facility a§ part of the quality assurance process. The microbiological sufveillance
methods fescribed in 8.3 and Table 4 are intended to provide examples of acceptable methods. Qther test
methods,|provided that they-have been appropriately validated and are comparable to the methods cited
in 8.3 and Table 4 can also.be-uised. The frequency of monitoring or surveillance is generally recommended
by the equipment manufacturer or by local organizations that oversee dialysis facilities. In the gbsence of
a manufafturer's recoatriendations, guidance on tests to include in a quality assurance programme can be
found in Annex C. This'guidance can also be used to supplement the manufacturer's recommendatjons.

As a watdqr utility company's primary obligation is to provide the domestic user with water that meets the
requirementsof national or local drinking water regulations, the water company can introduce new methods
of treatment/or disinfection without prior notification to end users. Whilst the impact of any such change
is unlikely to affect the domestic user, such changes can have an impact on dialysis providers and dialysis
patients. In view of this, the dialysis provider should establish robust communications with the feed water
supplier so that the supplier is aware that the water is used for the production of dialysis fluid [i.e. for life-
saving treatment of end-stage renal disease (ESRD) patients]. The dialysis provider or clinic should also
request that formal procedures be established in which the feed water supplier provides the clinic with correct
and timely information about any changes in the supplied water quality (e.g. change of source or type of raw
water treatment), in the chemicals or procedures used for the disinfection used by the feed water supplier
or in the delivery (e.g. water supply interruptions). If such procedures cannot be established, additional
monitoring or surveillance of feed water quality is highly recommended to maximize patient safety.
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7.2 Surveillance of fluid quality

7.2.1 Surveillance of dialysis water quality

Dialysis water quality shall be monitored on a regular basis for the chemical and microbiological
contaminants listed in 4.2.2 and 4.2.4. The surveillance schedule shall be based on the results of the
system validation. For an established water treatment system operating under stable conditions, chemical
contaminants in dialysis water should be monitored at least annually. The exception is for total chlorine,
which should be monitored as described in 7.3.5.

Methods for the surveillance of chemical and microbiological contaminants in dialysis water are given in
ISO 23500-3.

For waterl treatment and distribution systems that are integrated into a single system andxfhat have
been validated to produce water meeting the quality requirements of ISO 23500-3, the manuffacturer's
recommehdations for surveillance may be followed for the manufacturer's recommended maximym period
of use acfording to the instructions for use, provided that the system is operated~under the |validated
conditionk.

7.2.2 Suirveillance of concentrate quality

Users ar¢ not required to test concentrates to demonstrate conformity with the requirgments of
ISO 23500-4 when using commercially available packaged chemicals intended for use in the preppration of
liquid corjcentrates at a dialysis facility or when using commercially‘dvailable liquid concentratejs that are
manufactpred according to the requirements of ISO 23500-4. If theyuser prepares the concentrate|from raw
chemicaly, the resulting concentrate should meet the requirements‘of ISO 23500-4.

7.2.3 Suirveillance of dialysis fluid quality

Dialysis fluid quality shall be monitored on a regular;basis for the microbiological contaminant listed in
4.4.2 Methods for the surveillance of microbiological contaminants in dialysis fluid are described jn 8.3.

NOTE 1 |[Tests for bacterial growth and endotoxins-are not required if the dialysis machine fluid pathwhy is fitted
with a filt¢r of an appropriate capacity to retain(bacteria and endotoxins that is validated by the manufafturer and
operated dnd monitored according to the mantifacturer's instructions, unless the manufacturer requires sych tests in
the instrugtions for use.

NOTE 2 |[Itis not possible to monitor conformity with the microbial quality requirements for substitutioh solutions
(see Clausg¢ A.8).

As dialysjs fluid is prepared-{rom dialysis water and concentrates meeting the quality requir¢ments of
IS0 23500-3 and ISO 23500~#, respectively, and since the dialysis water distribution system and didlysis fluid
delivery slystem are requiired to be constructed of materials that do not contribute chemical contaminants to
the water] routine suxveillance of chemical contaminants in the dialysis fluid is not required.

7.3 Supveillance of water treatment equipment

7-3-1 chcn a:

Abrief description of the individual water treatment devices is provided in Annex B. Annexes C and G provide
further information with respect to surveillance guidance for water treatment equipment, distribution
systems and dialysis fluid.

7.3.2 Surveillance of sediment filters

There is no easy test to determine the effectiveness of a sediment filter; however, the pressure drop (AP)
across the filter can be used to determine when the filter is retaining particulate matter to the point that
the filter will no longer allow the required water flow without an excessive reduction in pressure at the
outlet of the filter. A backwash cycle is used as a preventive measure to remove particulate matter from the
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sediment filter and to avoid the development of an excessive pressure drop. The frequency of backwashing
should follow the manufacturer's recommendations. Sediment filter surveillance should include verification
that the timer used to initiate backwashing cycles is set to the correct time of day. A log sheet should be
developed to record the pressure drop measurements and timer verifications.

7.3.3 Surveillance of cartridge filters

Cartridge filters should be monitored on a regular basis. There is no easy test to determine the effectiveness
of a cartridge filter in removing particulate matter; however, the pressure drop (AP) across the filter can be
used to determine when the filter is retaining particulate matter to the point that the filter will no longer
allow the required water flow without an excessive reduction in pressure at the outlet of the filter. A marked
decrease in AP without a corresponding decrease in flow rate can indicate a loss of filter integrity. Cartridges
are usual[y replaced when AP increases to or above a specified value or at a predetermined intefval. A log
sheet shofild be developed to record the pressure drop measurements.

7.3.4 Stirveillance of softeners
Softener qurveillance consists of
— testinjg softened water for residual hardness,

— checHing that the brine tank contains a sufficient supply of undissolved sodium chloride for autqmatically
regerjerating softeners, and

— checHing that the timer indicates the correct time of day for tinfe-controlled softeners.

The freqyency of surveillance should be based on the hardness expressed either in terms of grajns/gallon
or in terms of calcium carbonate (CaCO;) of the feed water and the capacity of the softener. Whgn reverse
osmosis is used, surveillance should be used to ensuresthat hardness limits established for the reverse
osmosis membrane are not exceeded as calcium carbonate’deposits form on the reverse osmosis membrane
leading td a decline in product water quality and influence membrane life expectancy.

Testing fqr hardness should be performed using@n ethylenediaminetetraacetic acid (EDTA) titration test,
with “dipjand read” test strips or a similar method. Online hardness monitors are also available. Iflan online
monitor i$ used, it should be used and maintained according to the manufacturer's instructions. Regardless
of the mdthod chosen, users should ensure that test accuracy and sensitivity are sufficient to satisfy the
hardness|surveillance requirements ofithe reverse osmosis system manufacturer when the softener is used
as a pre-tfeatment for a reverse ospiosis system.

When tinjer-controlled softeners.are used, it is recommended that the hardness of the water ekiting the
softener e measured as nedr-ds practicable to the end of the duty cycle. The hardness test at the pnd of the
duty cyclg
ensure th
checked 3
performe

The softe
brine tan
Salt used ' ' i '
de51gnated as rock salt should not be used for softener regeneration since 1t is not reflned and typically
contains sediments and other impurities that can damage O-rings and pistons, and since it can clog orifices
in the softener control head. The frequency of surveillance should be based on the length of the duty cycle
(see Table C.1).

Water softeners should be fitted with a mechanism to prevent water containing the high concentrations of
sodium chloride used during regeneration from entering the product water line during regeneration.

Water hardness test results and verification of timer settings and the assessment of sufficient quantity of
salt pellets according to manufacturer’s instructions should be recorded in a water softener log.
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7.3.5 Surveillance of carbon media

If chlorine is not used in the feed water, the performance of the carbon bed is monitored by measuring the
pressure drop across the carbon bed and by the carbon bed's time in use.

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 has not occurred. Replacement
frequency is typically based on the manufacturer’s instructions or on activated carbon performance
indicators (e.g. total organic compounds). Potential risks and dialysis treatment practices should be
considered when choosing the frequency of replacement.

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

If chloring is used in the water entering the water treatment system (feed water), the pénfoiqmance of
carbon bdds is monitored by measuring the total chlorine concentration in the water exiting the carbon bed
or exiting the first carbon bed when a series-connected pair of beds is used. The total ¢hlorine level shall
not exceed 0,1 mg/l. If the total chlorine level of water entering the water treatmenf system is pelow the
permitted limit for treated water, additional measurements in the treated water aréot necessaryj.

Testing fdr total chlorine should be performed at the time that the sample is drawn by appropriatelly trained
personnel. Total chlorine measurement can be accomplished using the N;N-diethyl-p-phenylerjediamine
(DPD)-based test kits, dip-and-read test strips based on Michler's thieketone (MTK or TMK)| or other
methods where comparable sensitivity and specificity can be demonsttated. Online monitors cgn also be
used to measure total chlorine concentrations. If an online monitor is-iSed, it should be used and mfaintained
according to the manufacturer's instructions. Whichever test system is used, it should have |sufficient
sensitivity and specificity to resolve the maximum levels described in 4.2.2 (see Table 1).

When offline tests are used, testing for total chlorine should be performed at the beginning of each freatment
day prior| to the patient's initiating treatment. Where chloramine is used to disinfect the potable water
supply atp level of 1 mg/1 or more, testing should be repeated prior to the beginning of each patient shift; if
there areno set patient shifts, testing should be perfofimed approximately every 4 h during operation. More
frequent $urveillance can be appropriate duringtemporary operation with a single carbon bed yhich can
occur follpwing breakthrough of the first bed.Insuch instances, testing is performed on water exiting the
second cafrbon bed in a series-connected pair{The decision to change the frequency of surveillance|should be
based on the past performance of the system and on whether changes in feed-water quality have gccurred.

The systejm should be flushed for a sufficient period of time to ensure that water sampled is repr¢sentative
of the water to be used for treatment! Sufficient flushing is necessary to ensure that sampled watel does not
been rempin in the removal system between treatments, such that it would under-represent the clhloramine
level that{would be delivered during normal operation. The minimum flush time should be 15 nmin unless
otherwis¢ directed by the-manufacturer of the equipment. The analysis should be performed onsite since
total chlorine levels willdecrease if the sample is not assayed promptly.

The resulfs of surveillance should be recorded on a log sheet.

7.3.6 Spirveillance of chemical injection systems

2 injectionshetld-be-monitoredaccordingto-the mantfacturersinstraetionsHf a facility
designs its own chemical injection system, procedures should be developed to ensure proper preparation
of the chemical, adequate mixing of the injected chemical with water flowing through the pre-treatment
cascade, and reduction to a safe concentration level of any chemical residuals before the point of water use.
The facility should also verify that the injected chemical does not degrade the performance of downstream
devices, such as the reverse osmosis system. Verification can be accomplished by testing samples from the
chemical reservoir and the water line after the point of injection for at least three batches of chemical.

When the chemical to be injected is prepared at a facility from powder or by dilution of a liquid concentrate,
the chemical injection reservoir should be labelled with the name of the chemical and its concentration,
the date when the solution was prepared, and the name of the person who mixed the solution. Each batch
of chemical should be tested for correct formulation before use. A batch of chemical should not be used
or transferred to the injection system reservoir until all tests are completed. The test results and their

© IS0 2024 - All rights reserved
23


https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

ISO 23500-1:2024(en)

verification that they meet all applicable criteria should be recorded and signed by the trained personnel
performing the tests.

Protective clothing and an appropriate environment, including ventilation adequate to meet applicable
environmental exposure limits shall be provided when chemicals for injection are prepared in a dialysis
facility.

7.3.7 Surveillance of reverse osmosis

Reverse osmosis systems should be monitored using continuously-reading monitors that measure product
water conductivity [sometimes displayed as total dissolved solids (TDS)]. The measurements can be used to
calculate the rejection of solutes by the reverse osmosis membrane and to provide a measure of equipment
performaprce-Ttepercentage of Tejection, R, s catculated using Formuta 13-

R=2F"%" w100 )
Of

Or |s the feed water conductivity, in S/m;
op |s the permeate conductivity, in S/m.
Many reverse osmosis systems have a direct reading for percent rejection.

The pernjeate conductivity and rejection are both affected by a{number of factors, such as the salinity
and composition of the feed water, the water temperature, thelevel of dissolved gases and the pfessure in
the system. Therefore, neither of them should be regarded asa true indicator of the water's suitpbility for
dialysis. o limits are therefore set for these parameterscir [ISO 23500-3. Instead, they should He used to
monitor dhanges in performance over time rather than.anabsolute measure of the quality. This c4n only be
establish¢d by performing a chemical analysis of the ppoduct water according to ISO 23500-3.

NOTE1 |[For two-stage reverse osmosis systems, the percent rejection of the second stage will be lower than that of
the first sthge because of physico-chemical phenondena.

Other parameters that should be measured include product and reject stream flow rates, and various
internal gressures to the extent permitted by the system's instrumentation. Although these parameters are
not directly indicative of the treated.water's quality, surveillance of them can help ensure that the system
is operatipg within the manufacttrer's specifications and, thus, aids in maintaining the performajnce of the
reverse opmosis membranes. Flow rates can be used to calculate the recovery percentage of the reverse
osmosis sfystem, r, as shown imFormula (2):

q
r=——" %100 (2)

q P +qVR

yp is‘the permeate volumetric flow rate;

qy, is the reject water volumetric flow rate.

NOTE 2  The percent recovery is also known as the water conversion factor. The terms are equivalent if none of the
reject water stream is recycled to the feed water stream (see B.2.8). If some of the reject water stream is recycled,
Formula (2) provides a measure of overall water utilization by the reverse osmosis system, rather than the recovery of
water during a single pass through the membrane module.

NOTE 3 The permeate water flow rate varies with operating pressure and temperature. To enable comparisons
to be made under different operating conditions, a normalized permeate flow rate can be calculated. Methods for
calculating the normalized permeate flow rate are available from reverse osmosis membrane manufacturers or can be
found in ASTM D4516-19a (2019)[141,
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When reverse osmosis is the final process in the water treatment system for removing chemical
contaminants, an analysis for the contaminants listed in Tables 1 and 2 should be performed when the
reverse osmosis system is installed to ensure that the specified limits are met. It is also recommended that
chemical analyses be performed when the following situations occur:

— information is obtained from the water supplier that significant changes in the water supplied, such as
seasonal variations, have occurred;

— significant deviations are observed in the process parameters, such as pH, conductivity, chlorine
concentration and hardness, that can affect the performance of components of the water treatment system;

— reverse osmosis rejection rates decrease by more than 10 %.

All resultp of measurements of reverse osmosis performance should be recorded daily in an operating log
that pernjits a review of trends and its historic.

7.3.8 Stirveillance of deionization

Deionizerfs shall be monitored continuously using resistivity monitors that compensate for temperatures up
to 25 °C and that are equipped with audible and visual alarms. Resistivity monjtors shall have a minimum
sensitivity of 1 MQ-cm (1 uS/cm or 0,1 mS/m). If the resistivity of the watersat the outlet of a dgionizer is
less than [Il MQ-cm, the water shall not be used for dialysis. When deionizatien’is employed as th¢ primary
method fpr removing inorganic contaminants (reverse osmosis is not employed) or when deiorjization is
necessary to polish RO-treated water, chemical analyses to ensure thatthe requirements of 4.2.p are met
should be{performed when the system is installed. Resistivity monitorreadings should be recordqd on a log
sheet twige each treatment day.

7.3.9 Stirveillance of bacteria and endotoxin-retentive filters

The perfgrmance of bacteria and endotoxin-retentive filters in dialysis water distribution, bigarbonate
concentrdte distribution or dialysis fluid delivery systems can be monitored by testing the flyid that is
directly ekiting the filter for bacteria and endotoxins=Filters should be fitted with a means of evalugting filter
integrity pnd fouling. One suitable method is to«monitor the pressure drop (AP) across the filter pt a given
product fluid flow rate using pressure gauges-on the inlet (feed) and outlet (product) streams. Altgrnatively,
product fluid flow rate can be measured-at-a given pressure drop. Such surveillance can indidate when
membranfe fouling has progressed to.the point that membrane replacement or cleaning i$ needed.
Surveillal:rce is also necessary to ensure that the device is being operated according to the manuffacturer's
instructidgns. Endotoxin-retentive filters operated in the cross-flow mode should also be monitoregl in terms
of the floy rate of fluid being directed to drain at a given pressure drop. Results of pressure meagurements
and bacteria and endotoxin levels should be recorded on a log sheet.

7.3.10 Stirveillance of/dialysis water storage and distribution

7.3.10.1 [Surveillance of water storage tanks

For a systemthat distributes dialysis water to single-patient proportioning systems, routine survegillance of
water stopage tank for total viable microbial count and endotoxin concentration is generally accomplished
indirectly[mnmmmmm

For routine surveillance of a storage tank that supplies dialysis water to a central dialysis fluid delivery
system, or when direct surveillance of a dialysis water storage tank is performed as part of a troubleshooting
process, the total viable microbial count and endotoxin concentration should be determined using samples
drawn from a port at the outlet of the storage tank. When a change has been made to an existing storage

tank, more frequent testing should be considered to verify that bacteria or endotoxin levels are consistently
within the allowed limits.

The need for additional testing should be based on the original validation plan (see 6.2) and a risk analysis
of the likely impact of the change on system performance. All total viable microbial counts and endotoxin
results should be recorded on a log sheet and should be subject to trend analysis.
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7.3.10.2 Surveillance of the water distribution systems

Distribution piping systems used for dialysis water shall be monitored for total viable microbial count and
endotoxin concentration to demonstrate the adequacy of the disinfection programme described in 8.2. The
total viable microbial count and endotoxins shall not exceed the levels specified in 4.2.4 and Table 3.

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

If the results of this testing are unsatisfactory, the disinfection programme should be re-evaluated and
additiona] testing (e.g. endotoxin-retentive filter inlet and outlet, reverse osmosis product water, and
storage tdnk outlet) should be undertaken as part of a troubleshooting strategy to identify the|source of
contaminption, after which appropriate corrective actions can be taken.

Total vialjle microbial counts and endotoxin testing should be conducted on a regular schedule ac¢ording to
system vdlidation data and 8.3. When a change has been made to an existing system, fagre frequent testing
should be{considered to verify that bacteria or endotoxin levels are consistently within'the allowef limits.

The need|for additional testing should be based on the original validation plan.(se®e 6.2) and a risk analysis
of the likply impact of the change on system performance. All bacteria and-endotoxin results fhould be
recorded pn a log sheet to permit identification of trends and the need forccortective action.

7.3.11 Surveillance of bacterial control devices

7.3.11.1 [Surveillance of ultraviolet irradiators

Ultravioldt irradiators intended for use as a direct means~of bacterial control should be monjtored for
radiant efiergy output. UV irradiators equipped with radiant energy intensity sensors are availalple. Either
a visual a]Jarm or an output meter is acceptable for determining if the UV lamp is emitting sufficiepht radiant
energy. UV irradiators should be monitored at the frequency recommended by the manufacturer. (riven that
radiant efiergy decreases with time, an annual lamp replacement is typically required. Periodic c|eaning of
the quartg sleeve can also be required, depending on water quality. A log sheet should be used tp indicate
that surv¢illance has been performed.

7.3.11.2 [Surveillance of ozone generators

Ozone gemerators should be monitored for ozone output at a level specified by the manufacturer. Tihe output
of the OZ(IIG generator should be/measured by determining the ozone concentration in the water af the most
distal poipt from the ozone'generator. A test based on indigo trisulfonate chemistry, DPD or an efjuivalent,
or ozone{in-water test¢strips should be used to measure the ozone concentration. It is recommended
that ozonje concentration’ be measured each time disinfection is performed. An ozone-in-ambient-air test
should be conducted\on a periodic basis, as recommended by the manufacturer, to ensure conformity with
standardsg for thexpérmissible exposure limit. A log sheet should be used to indicate that surveillance has
been perfprmed:

7.3.11.3 Surveillance of hot water disinfection systems

Hot water disinfection systems should be monitored for temperature and time of exposure to hot water,
as specified by the manufacturer. The temperature of the water should be recorded at the farthest point
from the water heater; that is, where the lowest water temperature is likely to occur. It is recommended
that the water temperature be measured each time a disinfection cycle is performed. A record that verifies
successful completion of the heat disinfection should be maintained. Successful completion is defined as
meeting the temperature and time requirements specified by the equipment manufacturer.

NOTE Subclauses 7.3.10 to 7.3.11 relate to and help explain Table C.1.
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7.4 Surveillance of concentrate preparation

7.4.1 Surveillance of mixing systems

Systems for preparing either bicarbonate or acid concentrate from powder or other highly concentrated
media at a dialysis facility should be monitored according to the mixing system manufacturer's instructions
to ensure appropriate dissolution. If a facility designs its own system, it is considered as a manufacturer,
requiring that verification, validation and surveillance procedures shall be developed and implemented in
an equivalent manner to those of a manufacturer.

Acid and bicarbonate concentrates can be tested by measuring their conductivity, their density with a
density meter or their specific gravity with a hydrometer according to the manufacturer's instructions.
Although [iot Tequired, SOME Manufacturers of Concentrate powder or other highly concentrated media may
provide allowable ranges for either the conductivity, density or the specific gravity of concentrates|prepared
from theif powder. The use of pH, alone, as an indicator of proper dissolution is inappropriate for|both acid
and bicarponate concentrates because large variations in concentration do not produce significant changes
in pH. Conjcentrates should not be used or transferred to holding tanks or distribution systems untjil all tests
are completed. The test results and verification that they meet all applicable criteria should be recprded and
signed by|the individuals performing the tests.

7.4.2 Sturveillance of additives

When addlitives are prescribed for a specific patient, the container hélding the prescribed corjcentrates
should beflabelled with the name of the patient, the final concentratioen‘of the added electrolyte, th¢ date and
time wheh the prescribed concentrate was mixed and the name of the person who mixed the addjtive. This
informatipn should also be recorded according to the requiremeénts of 4.5. The label should be affiked to the
containerjwhen the mixing process begins.

7.5 Sunveillance of concentrate distribution

A daily dheck to ensure that the appropriate aeid and bicarbonate concentrate is connect¢d to the
corresponding concentrate delivery line is reconimended if the storage tank is not permanently ¢onnected
to its distfribution piping.

Once a bigarbonate distribution system has'been activated, dialysis fluid should be monitored weekly until
sufficient| data have been obtained tg.demonstrate the adequacy of the disinfection programme for the
bicarbongte distribution system. The\frequency of surveillance may then be reduced, but surveillarce should
be performed at least monthly. If{elevated total viable microbial counts or endotoxin levels are foyind in the
dialysis fluid, the disinfection(programme for all systems involved in dialysis fluid preparation,|including
the bicarponate concentrateddistribution system, should be evaluated and revised. The fre{uency of

surveillance should thenb€increased until it can be demonstrated that the revised disinfection priogramme
is adequate to provideconcentrate that allows preparation of dialysis fluid meeting the quality reqiirements
of ISO 23300-5.

There arejno published reports of acid concentrate supporting bacterial growth; therefore, it is not hecessary
to perform réutine testing for total viable microbial count and endotoxins on those systems. Hpwever, it
should be{pgssible to disinfect these systems.

7.6 Surveillance of dialysis fluid proportioning

Dialysis fluid proportioning should be monitored following the procedures specified by the equipment
manufacturer. When the user has specific requirements for surveillance of dialysis fluid proportioning, such
as when dialysis machine settings are changed to allow the use of concentrates with a different proportioning
ratio, the user should develop procedures for the routine surveillance of dialysis fluid electrolyte values,
such as by surveillance of sodium (Na*), potassium (K*) or dialysis fluid conductivity.
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8 Strategies for microbiological control

8.1 General

The strategy for controlling the proliferation of microorganisms in haemodialysis systems primarily
involves appropriate system design and operation, and regular disinfection of the entire fluid system. This
includes the reverse osmosis membranes (especially the clean side), the distribution piping, the inlet lines
to the dialysis machines (located before the disinfection circuit of the dialysis machine) and the dialysis
machines (which have their own disinfection circuit and programme). A key concept in ensuring conformity
with the requirements of 4.2.4 and 4.4 is that disinfection schedules should be designed to prevent microbial
proliferation, rather than to eliminate microorganisms once they have proliferated to an unacceptable level.
With such a strategy, the surveillance levels of microorganisms and endotoxin demonstrate the effectiveness
of the disinfection programme, rather than indicating when disinfection should be performed.

Microorganisms in fluids colonize surfaces resulting in biofilm formation, even when levels of [microbial
contaminption are low. Microorganisms living within biofilms produce an extracellular polyspccharide
or slime natrix, which protects them against disinfection. Microorganisms also exctete both sjmple and
complex metabolites. Their effect on patients, and whether or not they are removed-by endotoxinfretentive
filters, is |argely unknown. All strategies for microbial control of the system should) therefore, be|proactive
in order tp limit microbial growth and biofilm formation, and prevent bio-fouling."1t is of utmost importance
that the disinfection procedure is applied from the start of the operation ©f the haemodialysis $ystem as
once fornjed, biofilm is difficult, if not impossible, to eradicate.

When thqg system is not used (e.g. during the night or on weekends),-the stagnant dialysis water should be
exchangefl regularly (e.g. by performing rinsing cycles).

The combined efforts of disinfection and employing strategies for bacterial control make it ppssible to
minimize{microbiological growth and biofilm formation.

8.2 Disdinfection

8.2.1 General
Disinfection is the only effective method of'diminishing and inactivating microflora.

First, and most of all, the frequency of disinfection is important. Disinfection should be perforjmed on a
regular bpsis to limit biofilm formation and prevent bio-fouling within the fluid pathways of the system.
Dependinig on the circumstances, different levels of disinfection can be required to comply with the fluid
quality requirements of Clause™,

Second, qll surfaces in the,circuit should be included in the disinfection procedure. This indludes the
reverse ogmosis membranes (especially the clean side), the distribution piping, the inlet lines to the dialysis
machines|(located befére the disinfection circuit of the dialysis machine) and the dialysis machines (which
have theif own disinfection circuit and programme).

Third, the¢ disinfection procedure, when applied with a given frequency and with inclusion of gll critical
areas, shquldd,be capable of minimizing the effects of bio-fouling.

Disinfection can be performed using heat or chemicals. UV lamps can be used to inactivate planktonic cells
but are of no value against any biofilm that has formed in the system.

8.2.2 Microbiological aspects of fluid system design

The circuit downstream of the reverse osmosis system, including the clean side of the reverse osmosis
membranes, the distribution piping, tanks and filters in the distribution piping, and the inlet lines to the
dialysis machines shall be maintained and disinfected so that it is possible to fulfil the microbiological
requirements of ISO 23500-5 and ISO 23500-3.

EXAMPLE Good system designs include
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e of arecirculation-type system,

— avoidance of dead ends and dead space areas,

— ahigh

— theus

-quality finish to joints and connections,

e of materials compatible with the planned methods of disinfection, and

— avoidance of storage tanks; if a storage tank is necessary, it should be designed and constructed in such a manner

thatit

can be cleaned and disinfected.

Once the water treatment system has been installed, water flow should be maintained to limit biofilm
formation.
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they are adequate to meet the requirements of 4.2.4. For systems assembled from individual components,
the frequency of disinfection necessary to minimize biofilm formation varies according to the design of the
system and, in the case of existing systems, according to the extent to which any bio-fouling has already
occurred. Annexes C and H provide further information on surveillance of water treatment equipment and
distribution systems. Annex D provides further information on strategies for microbiological control.

8.2.3.3

Concentrate mixing systems

Concentrate mixing equipment should be either

a) completely emptied, cleaned and/or disinfected according to the manufacturer's instructions, or
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b) cleaned and/or disinfected using a procedure demonstrated by the facility to be effective in routinely
producing concentrate that allows the recommendations of 4.3.1 to be met.

The mixing and disinfection data should be recorded for each mix and disinfection cycle using a dedicated log.

8.2.3.4 Concentrate distribution systems

Piped bicarbonate concentrate distribution systems should be disinfected either according to the
manufacturer's instructions or using a procedure that has been demonstrated by the facility to be effective
in routinely producing concentrate that allows the recommendations of 4.3.1 to be met. If the manufacturer
does not supply disinfection procedures, the user should develop and validate a disinfection protocol. It is
recommended that surveillance of concentrate distribution systems be performed on a routine basis.

When cetltrally produced bicarbonate concentrate is decanted into reusable concentrate contaliners, the
containerf and pick-up tubes should be disinfected at least weekly. Bicarbonate concentrate(contdiners and
concentrdte pick up tubes should be rinsed with treated water, allowed to air-dry and stored'in af inverted
position 4t the end of each treatment day. As there are no published reports of acid concentrate sfipporting
bacterial |growth, the disinfection of acid concentrate distribution systems is not-hormally |required.
However, it should be possible to disinfect these systems.

8.3 Migrobiological surveillance methods

8.3.1 General

The fluid [system shall be routinely monitored in order to verify that'the microbiological quality Indicators
(bioburdgn represented by total plate count and endotoxin concentration) are being met. An ekample of
fluid diagfam and corresponding microbiological quality is shewn in Figure 2.

The freqyency of sampling should meet applicable locakrecommendations. If no such recommgndations
exist, the ffollowing recommendation are given.

a) For the water treatment system, the number-of samples and positions of sampling should bel based on
the cpmplexity and size of the system. The frequency of sampling depends on the analysis (}the data

colleqted during the validation and revalidation activities. Monthly surveillance is most frequently
adopted but less or more frequent sugveillance may be possible based on data collected during the
validations.

b) For dialysis fluid and haemodialysis machines without a validated bacteria and endotoxin}retentive
filter) machines should be sampled on a regular basis to provide verification of the effectiveness of the
disinfection process. The 'schedule of sampling will depend on the type of disinfection prodess being
used.|Each machine should be sampled at least once per year and different machines should b¢ sampled
on earh occasion. Monthly surveillance is most frequently adopted.

c¢) For hpemodialysiss-machines fitted with a validated bacteria and endotoxin retentive filter, and operated
and monitored.according to the manufacturer's instructions, it is not necessary to take spmples of
ultrapure djalysis fluid or substitution fluids unless required to do so to comply with the manuffacturer’s

instrfictions for use (e.g. when the instructions for use specify the quality of the fluid entering|the filter;
see alsoAnnexes C D and E)

The results of testing should be subjected to trend analysis. When results exceed the action levels or in the
case of a patient's pyrogenic reaction or suspected bacteraemia/fungemia, an investigation and follow-up
should be initiated. This investigation can include additional sampling and extra disinfection procedures
carried out as per the manufacturer's recommendations.
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Substitution fluid
sterile,
R e ——— nonpyrogenic
| | Use of at >
' Use of !least one Ultrapure
! O“el l?rl ! additional dialysis fluid
|IUPICIBERF | <0,1CFU/ml,
Dialysis water | | <0,03EU/ml R
Conditioned <100 CFU/ml, '-p--------- - 4
Tap water® _|Pre-treatment water® Revers_e <0,25 EU/ml . . (Standard)
equipment osmosis H dialysis dialysis fluid°
device device <100 CFU/ml,
<0,5 EU/ml R
I t Patient
[ [ |
Devides | i |
all P A B
i B iconcentrate, concentrate,
i Consumpbles ! ' " !
_____ ____I O | O Ut |
a2 Somefimes referred to as feed water or source water, is potable water meeting the requiréments for drinking water.
b Wateq after pre-treatment. The quality of conditioned water shall meet the primary pufification device’s, |n this case
reverge osmosis device’s, inlet water quality requirements.
¢ Typicglly, when ultrapure dialysis fluid is prepared, standard dialysis fluid is notiused in a treatment.
Instructior}s for use of a devices (e.g. haemodialysis device) or consumables (e.g. dialysers, BERF filters) ¢an specify
stricter mifrobiological limit values, than those stated in this figure.
NOTE ThHis figure shows an installation with a dialysis water preparation‘system with a reverse osmosis dqvice as the
primary whter treatment method.
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ire to be taken at the outlets of-the distribution system according to the sampling in{
by the manufacturer.

minated by any micrgbjal growth at the point of sampling.
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mple.<Fhé& sample volume collected should be 5 ml to 1 000 ml depending upon the test]
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to be run
bles to be

— Other sampling methods may be used provided they have been validated.

8.3.2.2

Dialysis fluid samples

Samples should be collected from the dialysis fluid line according to the sampling instructions provided by
the manufacturer of the dialysis fluid delivery system. If not specified, the exterior of the sample port (not
the lumen) may be disinfected with a sterile gauze or cotton swab wetted with 70 % isopropanol (isopropyl
alcohol). Bleach or other disinfectant solutions should not be used. The sample should not be collected until

all the alc

ohol has evaporated so as to leave no disinfectant residue in the sample.

The sample volume collected should be 5 ml to 1 000 ml depending upon the test to be performed and/or as
specified by the laboratory performing the test.
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Containers used for samples to be cultured shall be sterile and free of endotoxins.

NOTE Where the dialysis fluid delivery system is equipped with a dialysis fluid sampling port that can be
accessed using a syringe, the sample port can be disinfected with alcohol and allowed to air dry. A sterile syringe
should be used to aspirate at least 10 ml of dialysis fluid out of the sampling port. The filled syringe is discarded and
a fresh sample of dialysis fluid collected using a new sterile syringe. For sample ports consisting of a simple septum
penetrated with a needle, the use of a second syringe is not necessary. If no sampling port is available and, if the
dialysis machine permits it, samples can be collected immediately after the dialyser by disconnecting the effluent
connector and aseptically collecting a “free/clean” catch sample after allowing dialysis fluid to run for at least 60 s.

8.3.3 Heterotrophic plate count

8.3.3.1 'Stﬁfag’eﬁ‘f‘saulp}ca

Microbialf analysis of any fluid sample should be conducted as soon as possible after collection to avoid
unpredicfable changes in the microbial population. Samples intended for colony counts should not|be frozen
but kept gt a temperature of <10 °C until ready for shipping or collection by the laboratory.If samples cannot
be analysed within 4 h of collection, they should be stored at <10 °C. Sample storage-for more than 24 h
should be|avoided.

Storage of samples for endotoxin analysis may be different from what is given/above, provided thelcomplete
procedur¢ follows the manufacturer's instructions for use of the LAL assay.

8.3.3.2 [Analytical methods

8.3.3.2.1| General

The recojnmended methods (e.g. membrane filtration, spread plate, pour plate), media and ipcubation
ranges allow each dialysis center to develop a surveillance program appropriate to their facility.

The cultyre medium and incubation times selected.should be based on the type of fluid to be|analysed,
e.g. standard dialysis fluid, water used in the préparation of standard dialysis fluid, ultrapure dialysis
fluid, watler used for the preparation of ultrapure dialysis fluid or fluid used for online therapigs such as
haemodidfiltration. The method selected should be based on the analysis of the advantages, disaglvantages
and sensitivity of each of the suggested methods. It should also ensure that the patient is provjided with
the necegsary safeguards within any ‘constraints imposed by local laboratory working pragtices and
reimburse¢ment.

8.3.3.2.2| Membrane filtration

e filtration is filtration of the sample through a membrane filter with a pore diameter df 0,45 pm
embrane filtrdtion is a method used when the sample is to be concentrated to detect low levels
of contanpination (ustially <1 CFU/ml) and can also be used for quantification of yeast and filamentous
fungi shopld this be'required. The volume to be filtered should be determined by the suspectdd level of

Alternate|membrane filtration techniques may be used provided that they have been appropriatelyfvalidated

8.3.3.2.3 Spread-plate technique

A pipette is used to apply 0,1 ml to 0,3 ml of a sample to a Petri dish (typically 90 mm in diameter) containing
agar medium and spread over the surface of the agar. The detection limit of this technique is 5 CFU/ml when
0,2 ml of sample is used as the inoculum.

New methods can be developed in the future. Such methods may be used provided that they have been
appropriately validated and are comparable to the analytical methods outlined in this subclause.

© IS0 2024 - All rights reserved
32


https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

ISO 23500-1:2024(en)

8.3.3.2.4 Pour-plate technique

A sample (typically 1 ml) is placed in a Petri dish and 15 ml to 20 ml of molten medium is added. The sample
and medium are mixed carefully by gentle rotation and allowed to set. The time between addition of the
sample and addition of the molten medium should not exceed 15 min. The plate is inverted and incubated. If
1 ml of sample is used, the detection limit of this technique is 1 CFU/ml.

Molten media should be <45 °C at the time the plate is poured.

New methods can be developed in the future. Such methods may be used provided that they have been
appropriately validated and are comparable to the analytical methods outlined in this subclause.

8.3.3.2.5 —Dip samplers

Currentlylavailable dip samplers are not suitable for use in dialysis applications.

8.3.3.3 [Cultivation methods and conditions

The recojmmended methods and cultivation conditions can be found in ISO 23500-3, ISO 23500-4 and
[SO 23500-5. The methodologies detailed use tryptone glucose extract agar (TGEA) or Reasoner’§ Agar No.
2 (R2A) imcubated at 17 °C to 23 °C for a period of 7 d, or tryptic soy agar incubated at 35 °C for 48 h for the
culturing|of standard dialysis fluid and dialysis water. The rationale for theZiise of TSA and its irlclusion is
explained in ISO 23500-3:2024, Clause A.3.

Culture results obtained using the methods outlined are only a relative indicator of the bioburdgn and do
not provifle a measure of the absolute bacterial burden. Differentinedia types and incubation pdriods can
result in yarying colony concentrations and types of microorganisms recovered!121-[22],

R2A has heen reported in previous studies to result in high&r colony counts than tryptic soy agar|(TSA) for
dialysis water samples and dialysis fluids[23].[24], The use-of TGEA has also reported higher colohy counts
than TSA[23].

A publicafion by Maltais et all2¢] considered whether culture of dialysis water and dialysis fluid ysing TSA-
48 h can feasonably be considered “equivalent to” culture using TGEA-7 d or R2A-7 d. In the studyy, dialysis
water and dialysis fluid samples were collected from 41 US dialysis programs between 2011 and|2014 and
cultured gt two US laboratories. Bacterial'cuiltures were performed on 681 dialysis water samples [234 TSA-
48 h and [TGEA-7 d; 447 TSA-48 h and\R2A-7 d) and 593 dialysis fluid samples (186 TSA-48 h anjd TGEA-7
d; 407 TYA-48 h and R2A-7 d). The-proportions of samples exceeding the action level determined by the
different methods were compared.

Zero bactprial growth in dialysis water was observed in

— 58,3 % (397/ 681) of samples based on the TSA-48 h method,
— 0% (P/ 234) of samples based on the TGEA-7 d method, and
— 88,6 % (396/447) based on the R2A-7 d method.

Zero bactpfial growth in dialysis fluid was observed in

— 64,4 % (382/593) of samples based on the TSA-48 h method,
— 0% (0/186) of samples based on the TGEA-7 d method, and
— 95,1 % (387/407) based on the R2A-7 d method.

Paired comparisons of the number of samples of dialysis water and dialysis fluid with total colony counts
at or above the action level of 250 CFU/ml by TSA-48 h versus TGEA-7 d and R2A-7 d was performed. The
proportion of dialysis water samples yielding microbiological culture colony counts 250 CFU/ml by TGEA-7
d was significantly different from the proportion by TSA-48 h (p = 0,002; difference in proportion of 4,3 %
[95 % C], 1,3 % to 7,3 %]). The proportion of dialysis fluid samples exceeding the action level by TGEA-7 d
was not significantly different than by the TSA-48 h method (p = 0,69). A comparison of the proportions
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of dialysis water and dialysis fluid using TSA-48 h and R2A-7 d methods did not demonstrate significant
statistical differences.

Samples were not cultured using both TGEA-7 d and R2A-7 d, which would have allowed for a direct
comparison of the commonly used methods, however such comparison already exists in Reference [24].

In view of the findings of this study, TSA has been included as a method for quantifying bacterial levels
in dialysis fluid and dialysis water. It should be noted that, as these studies were performed on samples
requiring compliance with standard dialysis fluid, TSA should only be used for such fluid and not for
ultrapure dialysis fluid whose microbial contaminant level requirements are more stringent.

The culture medium and the assay method conditions selected should therefore be based on the type of
fluid to be analysed; dialysis water, standard dialysis fluid, ultrapure dialysis fluid, and the purpose of
the analypis. It should also ensure that patient safety is safeguarded and allow for consideratign of local
laboratory working practices, and that reimbursement requirements can be met.

Even with more sensitive techniques, conformity with the stringent requirement that online{prepared
substitution fluid be sterile cannot be demonstrated by culturing; it has to be ensured by use of a|validated
process. Jurveillance of the production of online-prepared substitution fluid will dépend on the production
system and should be performed according to the manufacturer's instructions (seeZAnnex A).

8.3.4 Bpcterial endotoxin test

Microbiallendotoxins are assayed using the Limulus amoebocyte lysate {L.AL) test based on the gndotoxin-
activated|Factor C-mediated clotting cascade with lysate of blood cells (i.e. amoebocytes) from the Atlantic
horseshog¢ crab. There are three methods for this test:

— the g¢l-clot technique, which is based on gel formation;

— the tprbidimetric technique, which is based on the\development of turbidity after cleavpge of an
endogenous substrate, and

— the chromogenic technique, which is based onthe development of colour after cleavage of a|synthetic
peptife-chromogen complex.

Concern ¢ver the decline in the populatipnof Atlantic horseshoe crab arising from its widesprgad use in
bacterial pndotoxin testing, has resulted in-alternate approaches being developed. Factor C (FC) is jone of the
proteins paturally found in LAL and is\the first enzyme in the clotting cascade. Factor C has been|produced
recombinpntly (rFC) and together with a fluorescent marker forms the basis of an alternative to thg classical
approach(based on the Atlantic horseshoe crab. This method is available from a number of commercial assay
manufactprers and when compared to the LAL test, it has been shown to be as sensitive and reliafflel27],

The comnpercial availabilityof this approach is also reflected in its inclusion in the European Pharmacopoeia
(Ph. Eur.)|<2.6.32>[75]the United States Pharmacopeia and the National Formulary (USP-NF)(<1(85.1>)[77]
and the Jdpanese Phariacopoeia <G4-4-180>[72],

Endotoxin testinig“should be performed by fully trained personnel and follow applicable requiremments and
manufactpref!'siinstructions.

NOTE WiTen performing endotoxI tESTNg, T IS TIMPOoTTant to USE e COTTeCt Ly Pes Of sampie comtainers, labelled
or validated for storage of endotoxin samples. Such containers are usually specified by the testing laboratory or the
manufacturer of the test assay being used.

8.3.5 Determination of yeast and mould

Currently, there is no requirement for the routine surveillance for yeast and mould. If quantification of such
species is required, Sabouraud or malt extract agar should be used with a 7-d incubation period at 20 °C to
22 °C. Alternate techniques validated against Sabouraud or malt extract agar with a 7 d incubation period at
20 °C to 22 °C may also be used, provided such methods are demonstrably comparable to the cited methods.
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9 Location of and access to the water treatment system

The water treatment and storage system should be located in a secure locked area, accessible only by
personnel authorized by the dialysis facility. An up-to-date list with contact details should be held centrally.
Spare keys to the facility should be kept in a secure location.

The location for the water treatment system should be chosen with a view to minimizing the length and
complexity of the distribution system. Access to the treatment system should be restricted to individuals
responsible for surveillance and maintenance of the system.

The layout of the water treatment system should provide easy access to all components of the system,
including all meters, gauges and sampling ports used for surveillance system performance. An area for

processin

g Qnmp]pc and pprfnrming ansite tests is also recommended. Critical alarms_ such

as those

associate
staff in th

Water sy
direction
The use @
identifyin
schematigq
If water s

and descl
performa

| with deionizer exhaustion or low water levels in a storage tank, should be configured
e patient treatment area as well as in the water treatment room.

tems should include schematic diagrams that identify components, valves, sample portg
Additionally, piping should be labelled to indicate the contents of the pipe-and directid
f text labels, such as “RO water”, and colour-coded “arrow tape” provides-a’convenient|
g the pipe content and flow direction. Sampling points should be marked-as such and id¢
diagrams.

ystem manufacturers have not done so, users should identifycmajor water system co
ibe their function. How performance is verified and the actions to take in the even
nce is not within an acceptable range should be readily available to the user.

10 Per

Policies

onnel

nd procedures that are understandable and ‘accessible are mandatory, along with 3

programipe that includes quality testing, the risks and*hazards of improperly prepared concen
bacterial [issues. Operators should be trained in theise of equipment by the manufacturer or
trained uging materials provided by the manufacturer. Additional training can be provided using
from oth¢r sources. The training should be specific to the functions performed (i.e. mixing, dif
maintenahce and repairs). A written record of training received should be kept for each ope
udits of the operator’s conformity with procedures should be undertaken together with an ongoing

periodic
training g

rogramme designed to maintain the operator's knowledge and skills.

to notify

and flow
n of flow.
means of
ntified in

mponents
[ that the

| training
[rate, and
should be
materials
infection,
rator and

© IS0 2024 - All rights reserved
35


https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

ISO 23500-1:2024(en)

Annex A
(informative)

Rationale for the development and provisions of this document

A.1 General

U U Y,

It has la g C R d C dI a1 TCTObIO0 o; a a dC10 a mid placeS
haemodidlysis patients at risk of acute and chronic adverse events. From the beginning, it was\¢cognized
that therq was a problem with including fluid quality requirements in a document directed atmanyfacturers
of water ffreatment equipment or haemodialysis machines. Although a manufacturer can.be'fespqnsible for
providing equipment that, when assembled as a system, provides water, concentrateor dialysis|fluid that
meets cerftain quality requirements, the manufacturer has no control over the equipmernt once it islinstalled.

For example, the treated water quality can change if a water treatment system ‘is,not well maintgined or if
there is spme change in the municipal water feeding the system. Therefore/ fluid quality standards were
establish¢d independent of the standards for the equipment used to preparethose fluids. Since the day-to-
day respdnsibility for maintaining fluid quality lies with the healthcare professionals at each dialy$is facility
under th¢ direction of the facility's medical director, this document was prepared to provide|guidance
to those healthcare professionals on how to manage fluid preparation systems so as to comply with the
requirements of the fluid quality standards.

A.2 Chemical contaminants
This clauge provides the rationale for the requirementsin 4.2.2.
ISO 2350T-3 sets forth maximum levels of chemigal contaminants for dialysis water in three groups:

— chemjicals with documented toxicity in haemodialysis patients, such as aluminium(281-[33] fluoride[34]-[37],
nitrates[38l, chlorine, chlorine by products and chloraminel391-[47], Jead[48]-[51],

— electfolytes normally included inndialysis fluid, and
— tracelelements[32].[53],

The ratignale for including-particular chemicals and for setting their maximum levels, is sef forth in
1SO 23500-3:2024, AnnexA.

Hazards to patients receiving haemodialysis treatment associated with the presence of organic cqmpounds
such as pesticides, polycyclic aromatic hydrocarbons and other chemical products present in the water
are difficplt to.define. Consequences are probably of a long-term nature and routine measuremept of such
substancgs is\difficult and costly. In view of this, no recommendation with respect to such compounds is
made in this’document. r

The ability of water treatment systems to remove such compounds depends on the chemical structure and
the concentration of the contaminant. Microfiltration and ultrafiltration are less effective than nanofiltration
and reverse osmosis. Granular activated carbon (GAC) is on the other hand highly effective in removing
such chemical contaminants. Compounds with a high degree of hydrophilicity may breach activated carbon
faster than hydrophobic compounds. Backwashing cycles also play an important role in this process. Since
granular activated carbons provide the primary method for the removal of chlorine and chloramine from
the feed water, proper dimensioning of the carbon beds or filters is essential to ensure that the majority of
the carbon valences are not already occupied limiting the removal of organic contaminants should there be
arequirement to remove such compounds.
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A.3 Microbiological contaminants
This clause provides the rationale for the requirements in 4.2.4.

[SO 23500-3 sets forth maximum levels of bacteria and endotoxins in dialysis water, along with action levels
for these contaminants. The rationale for the maximum levels of bacteria and endotoxins is set forth in
ISO 23500-3:2024, Annex A.

A.4 Requirements for concentrate

The rationale in this clause addresses the requirements in 4.3. Requirements for commercially available
concentrates are given in ISO 23500-4. It was decided not to recommend limits on bacteria and endotoxins
for conceptrate prepared at a facility, even for bicarbonate concentrate. This decision was based on the
difficulty|of performing cultures and endotoxin assays in samples with high concentrations:of
concentrdtions of bicarbonate require special culturing techniques and are inhibitory ifthe JAL assay.
It was defermined that it was unreasonable to require an individual dialysis facility tosmeet the special
conditionf required for proper testing of bicarbonate concentrate and that patients.would be agdequately
safeguarded by the quality recommendations for the water used to prepare the ‘cgncentrate amd for the
final dialysis fluid. For users who wish to establish bacterial levels and endotexin concentratiops as part
of a trouljleshooting investigation, guidelines on performing cultures and endotoxin assays in bigarbonate
concentrdte are included in 8.3.3.3 and Clause A.10.

A.5 Mic¢robiological contaminants in dialysis fluid

The ratiopale in this clause addresses the requirements in 4.4:1S0 23500-5 sets forth maximumn levels of
bacteria gnd endotoxins in three categories of dialysis fluid: standard dialysis fluid, ultrapure digﬁysis fluid
and onlinfe-prepared substitution fluid. Where appropriaté action levels for bacteria and endofoxins are
also giver]. The rationale for the maximum levels of bacteria and endotoxins is set forth in ISO 235(0-5:2024,
Annex A.

[SO 2350()-3 sets a maximum allowable level for endotoxins in dialysis water of 0,25 EU/ml, while ISP 23500-5
sets a makimum allowable level for endotoxinsin‘dialysis fluid of 0,5 EU/ml. The level for dialysis fluid is set
higher than that for dialysis water in recognition that powder concentrates can contribute endotpxins, but
not volunje, to the final dialysis fluid. No Such accommodation is made for bacteria since most bagteria will
not surviye in a viable form in powdericoncentrate.

A.6 Surveillance of carbon-media

The ratiohale in this clausé.addresses the requirements in 7.3.5. Intensive surveillance of carbgn beds is
recommepded because gfthe long history of adverse events related to chloramine contamination ¢f dialysis
fluid. Chlgramine con€entrations in municipal water can change from day to day and the capacity|of carbon
beds to rgmove chlerdmine can vary with the pH and temperature of the water, the nature of the c{loramine

compoungls present and the presence of other substances in the water. The dependence of chloramine
removal dn multiple factors makes the performance of carbon beds unpredictable. Therefore, patient safety
can only Be-ensured by intensive surveillance of the carbon bed performance.

Configuring carbon beds in series and sampling from a port located between the two beds provides one
margin of protection against chloramine breakthrough. When chloramine is first detected in the effluent
from the first bed, the second bed will still have some capacity for chloramine removal. This reserve capacity
allows the user to conveniently replace the exhausted bed without risk to patients. The exhausted bed is
discarded, the second bed is moved into the first position, and a new bed is placed in the second position. A
new bed of virgin carbon should be used for replacement. Continuous surveillance with an online monitor
provides the best protection of the patient. The online monitor should be capable of activating a means of
diverting the water from the reverse osmosis system, for example by shutting down the reverse osmosis
system, if the total chlorine level exceeds 0,1 mg/I.

In situations where chloramine is not used to disinfect the water and the ammonia level in the water is
low, one carbon bed or a carbon cartridge filter with a shorter EBCT can be sufficient. Carbon cannot be
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regenerated in a dialysis facility and the use of regenerated carbon is prohibited. Backwashing of carbon
beds does not regenerate the carbon, although it can allow more efficient use of the bed's capacity by
removing channels that can form in the bed during routine operation. The recommendation that the water
purification system should operate for at least 15 min before samples of water from a carbon bed are drawn,
is given to guard against inadvertently sampling water that has been in the bed for an extended period.

A.7 Strategies for microbiological control

The rationale in this clause addresses the requirements in Clause 8. Microbial growth within a fluid can
occur in two forms: planktonic (i.e. freely existing in the bulk solution) and sessile (i.e. attached to a surface).

Biofilm form ell-to-cell

attachment, microcolony formation, biofilm maturation and biofilm dispersal.

The ability of bacteria to produce extracellular matrix components that enable them to stickte sugfaces and
to each other is a prerequisite for biofilm formation. As the biofilm matures, the resident bacter{a become
embeddedl and protected in this self-produced extracellular matrix which is composed of polysaccharide,
protein and DNA.

In view dof this, no testing can show a complete picture of bacterial growth-and the tests descfibed and
referred tfo in this document do not measure many microbial contaminants,ineluding

— cell wall fragments from microorganisms,
— nuclefc acids DNA and RNA, and
— metapolites of various kinds.

For this reason, a proactive disinfection programme shouldde used to combat bacterial growth in dialysis
water and dialysis fluid systems.

A.8 Heterotrophic plate count
The ratiopale in this clause addresses the requirements in 8.3.3.

Sensitive [culturing methods should be used to measure the low total viable microbial counts perpitted for
water usg¢d for haemodialysis appliecations. The membrane filter technique is particularly suited for this
applicatidn because it permits large fluid volumes to be assayed. This technique increases the senjsitivity of
the meth¢d and the likelihood of‘detection of the bacteria present in low numbers. As the membrane filter
techniqug is not always readily/available in clinical laboratories, the spread plate assay or the pour-plate
assay can|be used as an altérnative for water and standard dialysis fluid. If the spread plate assay]|is used, a
calibrated loop should not be used to apply sample to the plate.

The sensitivity of anyassay performed with a calibrated loop is low. A standard calibrated loop|transfers
0,001 ml pof sample.to the culture medium so that the minimum sensitivity of the assay is 1 000 CFU/ml.
This senditivity-is unacceptable when the maximum allowable limit for microorganisms is 100 CFU/ml.
Thereforg, when the spread plate method is used, a pipette should be used to place 0,1 ml to 0,3 ml of water
or dialysi i i = ive method to
the spread-plate method. If a sample volume of 1 ml is used, the detection limit of the pour-plate method is
1 CFU/ml.

Culture results obtained using any of the methods outlined in this document are only a relative indicator
of the bioburden in dialysis water or dialysis fluid and do not provide a measure of the absolute bacterial
burden. The original clinical observations on which the microbiological requirements were based used
standard methods agar (SMA), a medium containing relatively few nutrients. Later, the use of TSA, a general-
purpose medium for isolating and cultivating fastidious organisms was added. Several studies have shown
that the use of nutrient-poor media, such as TGEA or R2A, results in an increased recovery of bacteria from
water. Extending the culturing time up to 7 d and using incubation temperatures of 23 °C to 28 °C have also
shown to increase the recovery of bacteria compared to incubation for 48 h at 35 °C to 37 °C[24l,
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The use of R2A and TGEA has been reported in some publications to result in higher colony counts than
TSA for culturing of dialysis water samples and dialysis fluids[231[24], In a more recent publication,2¢l no
significant differences were indicated for the bacterial burden in the proportions of dialysis water and
standard dialysis fluid yielding colony counts 250 CFU/ml when assayed using R2A and TSA at the conditions
stated above. The study also demonstrated that when TGEA with TSA is used, the microbial burden in
dialysis water and dialysis fluid used for standard dialysis treatment showed that the proportion of water
samples yielding colony counts 250 CFU/ml incubated at 17 °C to 23° C for a period of 7 d was significantly
different from the proportion established by TSA at an incubation temperature of 35 °C to 37 °C and an
incubation time of 48 h (p = 0,001). The proportions of dialysis fluid samples in which microbial burden was
250 CFU/ml were not significantly different.

The authors suggested that the use of TSA balances the shorter time for actionable results with increased
I‘ECOVEI‘YJ;Ulupal edtoTGEA:

TGEA or R2A incubated at 17 °C to 23 °C for a period of 7 d, or tryptic soy agar incubated at35 °( for 48 h
are all vdlidated and acceptable methods. The user should determine which of these methodpologies is
appropridte for the circumstance, taking into account the advantages of each. In doing so, the sqlection of
the mediym and the incubation times should also take into consideration the type of fluid to be analysed, for
example:

— standard dialysis fluid,

— watef used in the preparation of standard dialysis fluid,
— ultrapure dialysis fluid,

— fluid psed for online therapies such as haemodiafiltration.

The metHod selected, should be based on the analysis of the advantages, disadvantages and gensitivity
of each of the suggested methods. It should also ensurethat the patient is provided with the hecessary
safeguards within any constraints imposed by local labgratory working practices and reimbursenjent.

When surveillance for microbial contamination in ultrapure dialysis fluid, the maximum allowal1l]e level of
bacteria fequires that culturing be performed wusing the membrane filtration method with a minimum of
10 ml of yltrapure dialysis fluid being passed-through the filter. The use of larger volumes (up to [L 000 ml)
will prov]de greater sensitivity, but the improved sensitivity needs to be balanced against the jincreased
risk of contamination in collecting and.handling the sample. Even with these more sensitive tgchniques,
conformify with the stringent requirement that online-prepared substitution fluid be sterile ¢annot be
demonstrjated by culturing; it has fo)be ensured by the use of a validated process. The surveillapce of the
productidn of online-prepared substitution fluid depends on the production system and should be gerformed
according to the manufacturer!slinstructions.

The cultufing conditionsrecommended in this document can fail to identify the presence of some ofganisms.
Specificallly, the recommended methods do not always detect the presence of various non-tuperculous
mycobacteria that have been associated with several outbreaks of infection in dialysis units[22l{ Also, the
recommehded methods will not detect fungi and yeast, which have been shown to contaminate water used
for haemqdialysis applications[26l,

The micr¢biological purity of packaged liquid concentrates and dry powder cartridges is the resgonsibility
of the manufacturer. The surveillance of bicarbonate concentrate produced at a dialysis facility from powder
and water, though not required routinely, may be undertaken as part of a troubleshooting investigation. The
sodium content of TSA is sufficient for use in culturing bicarbonate concentrate without supplementation.
Salt tolerance studies showed that optimal growth of organisms found in bicarbonate concentrate occurred
when the sodium chloride concentration was approximately 3 % to 6 %[5Z]. Therefore, if a low-salt medium,
such as Reasoner's 2A or TGEA, is used to monitor microbial contamination in bicarbonate concentrate, it
should be supplemented by the addition of 4 % sodium bicarbonate.

A.9 Cultivation conditions

The rationale in this clause addresses the requirements in 8.3.3.3.
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Due to cultivation of the samples, there is a delay between sampling and obtaining the results. If techniques
are used that require seven days for the results to be available, significant contamination can be detected
earlier than seven days when intermediate counts (e.g. every two days) are used.

A.10 Bacterial endotoxin test

The rationale in this clause addresses the requirements in 8.3.4. Bicarbonate concentrate inhibits the LAL
assay. Inhibition is caused by the high concentration of solutes in the concentrate and by the pH. In the gel-
clot assay, this inhibition results in a failure of the positive control to clot. In kinetic assays, inhibition results
in a failure to recover the positive control to within =50 % to +200 % of the nominal value.

Dilution of th h_inhibition.
A minimym dilution of 1:16 is necessary; however, higher dilutions are recommended for moxg sensitive
assays. A[1:20 dilution is recommended when using an assay with a sensitivity of 0,03 EU/ml} as dilution
reduces the detection limit of the assay. For kinetic methods, the sensitivity is the lowest concentrgtion used
to constriict the standard curve. A kinetic assay is recommended because kinetic assays generally are more
sensitive than gel-clot assays.

Standard [gel-clot tests are incubated at 37 °C for the time recommended by the, manufacturer. At the end
of the redommended time, the tubes are inverted to detect the presence of asclot. A positive test/will have
a clot which will remain in the end of the tube as long as it is not shaken 6rybumped. A negativ¢ test will
not have f clot and will tend to flow out of the tube when inverted. A clét that is semisolid and that flows
slowly is flassified as a negative clot. For example, when bicarbonate-concentrate is tested using|a gel-clot
assay with a sensitivity of 0,03 EU/ml and the concentrate is diluted/1:20 (1,0 ml concentrate plus 19 ml LAL
reagent water or equivalent), the positive control sample should clot,'indicating that there is no inhibition of
the assay] If the diluted bicarbonate concentrate sample clots, itindicates that the sample contains at least
0,6 EU/m| of endotoxins. Gel-clot assays with matched positive control, simplify testing and increpse result
reliabilityj.

A.11Emerging alternatives to heterotrophic plate count

A.11.1 General

The most{commonly used method for monitoring microbiological quality for fluids used in haemodialysis
and relat¢d therapies remains the heterotrophic plate count (HPC), a method that requires long incubation
times. The validation and implementdtion of rapid and alternative microbiological methods hps gained
significarft momentum over the past’decade. Such methods which include flow cytometry (FCM), adenosine
tri-phosphate (ATP) analysis a@nd-autofluorescence have been discussed in guidance documents |issued by
the Ph. Efir. <5.1.6>[76], the YSP-NF <1223>[78] and the Japanese Pharmacopoeia on rapid microbiological
methods [(RMM)[89], Thése emerging methods have seen only limited industrial and envifonmental
applicatign and there is no published data relating to their routine use for fluids used in haemodialysis and
related therapies; theirrinclusion in this document is for informative purposes.

A.11.2 Flow cytometry

Flow cytdmeétry is a commonly used technique to detect and measure physical and chemical chargcteristics
of a population of cells or particles. It can also be used for the determination of bacteria in drinking water
or the number of viable bacteria when combined with viability stains[>8]. More recently, the technique was
expanded towards creating flow cytometry fingerprints of bacterial communities to allow more detailed
characterisation of such communities.[52].[60]

Whilst it has been suggested that FCM cell concentrations can replace HPC for routine water analysis due
to the high level of information, accuracy, reproducibility and speed that the method offersl6l], important
challenges remain: difficulty in distinguishing between viable and non-viable bacteria, subjective data
analysis and problems in dealing with bacterial aggregates and clusters.[611.[62]
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A.11.3 Adenosine triphosphate bioluminescence assay

ATP quantification is able to demonstrate real time bacterial presence and ATP bioluminescence assays
are available and have been used to assess the microbiological safety of surfaces in a clinical environment.
However, it appears less precise for the low cell concentrations typically found in water. ATP measurements
do not make the distinction between intra- and extracellular ATP, and this can significantly alter the results
as, in certain biological matrices, the extracellular ATP concentration can be several orders of magnitude
higher than the intracellular ATP concentrationl®3].[64], Differences in species, cell sizes and physiological
states can alter the ATP concentration per cell, making the conversion from ATP to biomass concentration
difficult. Nevertheless, a small number of studies have applied the use of this methodology to evaluate the
microbiological quality of water. Vital et all®2] compared cultivation-independent FCM and ATP analysis with
conventional cultivation-based microbiological methods on water samples from two full-scale treatment
and distrfbution sysStems, and showed that both Methods Were abie to describe the microbiolggy of the
systems dccurately. Fulford et all®t] and Arroyo et alleZ] suggested that the ATP test cannot at 'the present
time be uped as an alternative tool for presumptive assessment of the presence of microorganismg in water.
On the other hand, Berney et all®8], suggested that ATP measurements presents an alternativé wayf to assess
the generpl microbial quality of drinking water as well as specific events that can occutr during freatment
and distrjbution, with equal application possibilities for the use of this approach in.research and routine
analysis.

A.11.4 Antofluorescence

The presdnce of endogenous autofluorescent molecules and metabolites within microorganisms p¢rmits the
detection|and quantitative enumeration of microcolonies or single-¢€llsl®?l. Hand held fluoromdters have
been devdloped and their use forms the basis of some lab-on-a-chip)platforms(Z0l,
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Annex B
(informative)
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scribe how to deal with events that completely prevent dialysis from being performe
the facility's municipal-water supply or electrical service following a natural disaster]
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pre-treatment section commonly includes a sediment filter, cartridge filters capable of retaining particles of
various sizes, a softener and carbon beds. The primary purification process most commonly used is reverse
osmosis, which can be followed by deionization and ultrafiltration for polishing the product water from
the reverse osmosis system. The inclusion of a particular device in an individual water treatment system is
dictated by local conditions.

Clause B.2 provides a brief description of the principal equipment used to purify water used in haemodialysis
applications. Devices used to treat water for haemodialysis should comply with the requirements of
[SO 23500-2, including certain design and performance specifications for individual water treatment
devices.
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General information is provided in B.2.2 to B.2.9. The design and instrumentation of individual water
treatment devices can vary from these general descriptions. For example, softeners can be configured as a
single resin bed that is regenerated outside the normal operating hours of the dialysis unit or they can have
a dual-bed configuration that allows one bed to be regenerated while the other is used to provide water for

normal di

alysis operations.

Depending on the water supply quality and product water requirements, not every component in Clause B.2
isrequired in a given facility. Likewise, additional components can be required in certain circumstances. For
example, carbon does not always provide adequate chloramine removal if the water contains substances,

such as p

processes,

olyphosphates, that mask the reactive sites on carbon particles. In those circumstances, other
such as infusion of sodium bisulfite, can be required to obtain product water that meets the

requirements of 4.2.2.
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bdiment filters
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known aqd multimedia filters are more commonly selected. These units centain multiple layers, ¢

retainingfprogressively smaller particles. In this way, the bed is used tg itsfullest extent; the largest

are remoyed in the first layer contacted by the water and the smallgstiin the final layer.

As the b¢d accumulates particulate material, open passages-begin to clog and resistance to
flowing through the filter increases. Ultimately, the increasedresistance to flow will lead to a re
water supply to downstream components. To prevent thiscsituation from occurring, bed filters af
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filters consist of a cylindrical cartridge of the filter medium with a central drainage
is contained within(a filter housing with seals to separate the feed and product watej
-treatment cascadge,/transparent filter housings can be useful because they allow any
age to be seen-without the need to break the integrity of the system. The housing can H
any algae gr'owth when the filter cartridge is changed. For this reason, the use of opaqus
ge filters.i¥recommended, but not required. If transparent housings are used, they sho

exposed
gauges to
installed

reverse os

material,

tted with
rs may be
p prior to
: o filt : tes phrticulate
as mdlcated by an increase in AP When the maximum AP recommended by the fllter manufacturer

o naturaMight in order to minimize proliferation of algae. Cartridge filters should be f
measSure the pressure at the filters' inlet and outlet during use. Although cartridge filte
ht-the inlet to a water treatment system, thelr usual appllcatlon is as a final filtration ste

is reached, the cartridge should be replaced according to the manufacturer's instructions.

B.2.4 Softeners

Water that contains calcium or magnesium can form relatively hard deposits and is called “hard water”.

Water that has had these elements replaced by sodium ion exchange is called “soft water”,

hence, the

term “softener” is used. Softeners also remove other polyvalent cations, most notably iron and manganese,

although

they are somewhat limited in this regard. However, if significant concentrations of iron and

manganese are present, special procedures should be implemented in order to reduce those concentrations
to levels that do not interfere with the softening process or cause membrane fouling. The primary use of
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softeners in haemodialysis water systems is to prevent hard water deposits from fouling reverse osmosis
membranes.

A softener is a cylinder or vessel that contains insoluble spheres or beads, called “resin”, to which sodium
ions are attached. During operation, exchangeable sodium ions in the resin are progressively replaced by
calcium and magnesium ions. When all the sodium ions have been used, the resin bed has reached a condition
referred to as “exhaustion”. Prior to exhaustion, softeners should be restored; that is, new exchangeable
sodium ions are placed on the resin by a process known as “regeneration”, which involves exposure of the
resin bed to a highly concentrated sodium chloride solution. The concentrated sodium chloride solution is
prepared in a separate brine tank, from which the solution is drawn during the regeneration process. A
control valve on the softener regulates the regeneration and service cycles.

Automati":\”y rngnnar:\fnd water softeners should be fitted with a mechanism to preventwater containing

the high ¢oncentration of sodium chloride used during regeneration from entering the product«yvater line
during regeneration. For softeners with a time-controlled regeneration cycle, the face of the timer|should be
visible to [the user. Operating controls should be positioned so as to minimize inadvertent resetting.

p

B.2.5 Carbon media

Carbon systems, often referred to as carbon filters, are the principal means of removing both freg chlorine
and chlorpmine. The removal of chloramine to a maximum level of 0,1 mg/1 andthe removal of fref chlorine
to a maxfimum level of 0,5 mg/l are necessary to protect haemodialysisCpatients from red blood cell
haemolysjs. In addition, free chlorine can also degrade some reverse osmdsis membranes, dependjng on the
membrane material. Determining the level of chloramine typically involves measuring both total chlorine
and free dhlorine, and assigning the difference in concentrations tochloramine. To permit a single|test to be
used, a mpximum allowable level for total chlorine was set at the ' maximum allowable level for chhloramine
(0,1 mg/1).

In additiop to removing free chlorine and chloramine, carben‘also adsorbs a wide variety of other sybstances,
including|both naturally occurring and synthetic organi¢ compounds. The capacity of carbon o remove
free chloffine and chloramine can be reduced when other substances “mask” reactive sites on the carbon
media. In[addition, the rate of free chlorine and chloramine removal is reduced as the pH increases or as
temperatiire decreases. The net effect of those variables is that the finite capacity of carbon beds fo remove
free chlorfine and chloramine cannot be predieted with any certainty. Therefore, their performancg needs to
be monitqred frequently.

Carbon systems should be adapted specifically to the maximum anticipated water flow rate of tHe system.
When carbon is used for the removalyof chloramine at a level of 1 mg/1 or more, two carbon beds |should be
installed |n a series configuratiofi. A means should be provided to sample the product water from the first
bed. A sapling port should also be installed following the second bed for use in the event of totgl chlorine
breaking [through the first béd. In situations where chloramine is not used to disinfect the watgr and the
ammonium level in the water is low, one carbon bed or carbon cartridge filters can be sufficient. Exhausted
carbon mjedia shouldsbe-/discarded and replaced with new media, according to a replacement] schedule
determingd by regularsurveillance. For example, when testing between the beds shows that the f]rst bed is
exhaustedl, the secend bed should be moved into the first position, the second bed should be repla¢ed with a
new bed gnd theiexhausted bed should be discarded.

When safnples from the first sampling port are positive for total chlorine, operation may be fontinued
for a short time (up to 72 h) until a replacement bed is installed, provided that samples from the second
sampling port remain negative. It was recognized that it is not always practical to rotate the bed positions
in installations that use large, backwashable carbon beds. However, as there was concern that the capacity
of the second bed can decrease unpredictably and thus no longer provide adequate backup if the first bed
broke through, the replacement of both beds, if bed rotation is not possible, is recommended.

Granular activated carbon with an iodine number greater than 900 is considered optimal for chlorine/
chloramine removal. When granular activated carbon is used as the medium for the removal of chloramine
from water containing >1 mg/l chloramine, each bed should have an empty-bed contact time (EBCT) of at
least 5 min at the maximum product water flow rate (a total EBCT of at least 10 min). Some water supplies
such as those with a high organic content, can require alternative 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
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carbon or granular activated carbon with an iodine number of less than 900 are used, the manufacturer
should provide performance data to demonstrate that each bed has the capacity to reduce the total chlorine
concentration in the water passing through the bed to less than 0,1 mg/l when operating at the maximum
anticipated flow rate for the maximum time interval between scheduled testing of the product water for
total chlorine. Regenerated carbon should not be used. Some granular activated carbons contain aluminium,
which can elute from the carbon and add to the burden of aluminium to be removed by reverse osmosis or
ion exchange. The use of acid-washed carbon minimizes this source of aluminium in the water.

Where practical, portable dialysis systems supplied with water known to contain chloramine should include
two carbon beds in series, which together provide a 10 min EBCT. Where that is not practical, alternative
technologies can be used, provided there is a redundant means of chloramine removal and that a total
chlorine concentration of less than 0,1 mg/l1 is verified in a sample collected after the primary device before

D LA P | A A - 1 1
each treatment—Possibteattermativesinclude:

— agrahular activated carbon bed followed by a dense carbon block, and
— two darbon block filters in series.

Carbon beds used for free chlorine and chloramine removal are sometimes arranged as series-¢onnected
pairs of bleds so that they need not be overly large. The beds within each pair aréof equal size gnd water
that flowg through them are parallel. For removal of chloramine from water containing >1 mg/l, eqch pair of
beds shoyld have a minimum empty bed contact time of 5 min at the maximum flow rate through the bed.
When serfies-connected pairs of beds are used, the piping should be designed to minimize differerces in the
resistance to flow from inlet and outlet between each parallel series of beds to ensure that an equjal volume
of water fllows through all beds.

Although|treatment of water by carbon is the method usually<used to meet the requirement of 4.2.2 for
total chldrine, it was recognized that, in certain situationsj<earbon does not always adequately remove
chloramipe. Inadequate removal of chloramine can occufywhen chloramines in the form of|naturally
occurring N-chloramines are present or when practicesvsuch as the use of high pH or the influsion of
orthophofphate or polyphosphates are used. If the pH-0f the incoming water is out of the range| specified
by the manufacturer, the carbon can malfunction_and deplete rapidly. In other situations, such as acute
dialysis with portable water treatment systems, itycan be impractical to use the volume of carborn required
to ensurejadequate chloramine removal. In such circumstances, other strategies for chloramine removal can
be neededl to supplement carbon. Acid injection can be used to decrease pH (see B.2.6), anion eXchangers
(also knoyvn as organic scavengers) can be.ihstalled before carbon beds to remove organic matter fand other
substancgs that can foul carbon beds, and dealkalizers can be used to reduce alkalinity.

It is knoywn that adding sodium-bisulfite prior to the reverse osmosis system has been sucfessful in
eliminatipg chloramine in haemodialysis applications. Ascorbic acid has also been added tq the acid
concentrdte used to eliminate,chloramine from the final dialysis fluid. It should be noted that a minimum
contact tine is required ferascorbic acid to neutralize chloramine in water. If ascorbic acid is being used to
neutraliz¢ chloramine and if unexplained red blood cell destruction or anaemia occurs, the effectjveness of
the ascorbic acid neutralization of chloramine should be investigated. Other means of removing chjloramine,
such as 1ledox alloy‘media and ultraviolet irradiation, are used in the pharmaceutical and e|ectronics
industrie$. These:processes are currently being evaluated for haemodialysis applications. The fina] choice of
a system for.€hloramine removal in haemodialysis settings depends on local conditions and can r¢quire the
inclusion pfmore than one of the processes outlined above.

B.2.6 Chemical injection systems

Chemical injection systems can be used in the pre-treatment section of a water purification system to
supplement the physical purification processes described in the previous clauses. Applications of chemical
injection include the addition of sodium bisulfite to remove chloramine and the addition of acid to adjust the pH.

Chemical injection systems consist of a reservoir that contains the chemical to be injected, a metering pump
and a mixing chamber located in the main water line. Chemical injection systems also include some means of
regulating the metering pump to control the addition of a chemical. This system should be designed to tightly
control the addition of the chemical. The control system should ensure that a chemical is added only when
water is flowing through the pre-treatment cascade and that it is added in fixed proportion to the water flow
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or based on some continuously monitored parameter, such as pH, using an automated control system. If an
automated control system is used to inject the chemical, the controlling parameter should be independently
monitored. There should also be a means of verifying that the concentrations of any residuals arising from
the chemical added to the water are reduced to a safe level before the water reaches its point of use.

When acid is added to adjust pH, a mineral acid should be used; organic acids can act as a nutrient and allow
bacteria to proliferate.

Reservations were expressed about the addition of chemicals to the water. However, it was recognized that
the addition of chemicals can be necessary, in some circumstances, if a facility is to meet the maximum
contaminantlevels set forth in 4.2.2. For example, if the municipal water contains high levels of N-chloramines
or chloramine in the presence of orthophosphate or polyphosphate, injection of sodium bisulfite can be one

of the few options available for chloramine removal

If chemicpl injection is used in the pre-treatment cascade, users should ensure that the additjon of the
chemical does not interfere with the operation of subsequent purification processes, including the primary
purificatipn process. For example, the performance of thin-film composite reverse osmosis membjranes can
be affectdd by the pH of the water supply. At pH levels below 7, the rejection of fluoride.can be subjstantially
reduced dompared to its rejection at a pH of 8.

B.2.7 Ultrafiltration

Ultrafiltration (UF) and microfiltration (MF) are theoretically the best«pre-treatment upstreain reverse
osmosis, femoving from the water supply most of the potential elements-responsible of membranjes fouling
such as garticles, turbidity, bacteria and large molecular weight<sganic matter. Fouling of mpmbranes
remains 4 major issue and all effort should be made to reduce it/In order to maintain a constant output,
fouling wlll cause an increase in the feed pressure which can only'be addressed by increasing the frequency
of cleanirlg. Therefore, controlling and limiting the deposits o1 the membrane will enhance the joperating
performahce, reduce energy demands, increase membrane-lifetime and have an overall positive effect on
operating costs[Z1l,

B.2.8 Rpverse osmosis

RO systems have become widely used in haemodialysis water treatment systems, largely because these
devices r¢move dissolved inorganic and orgartic solutes, as well as bacteria and bacterial endotoxips.

The folloying requirements apply to reverse osmosis systems.

a) When used to prepare water;-for haemodialysis applications, either alone or as the last| chemical
purification stage in a water tfeatment system, reverse osmosis systems should be shown to bje capable,
atinsgallation, of meetingthe requirements of ISO 23500-3 when tested with the water supply df the user.

b) Reverse osmosis dévices should be equipped with online monitors that allow the determjnation of
rejection rates and’product water conductivity. The product water conductivity monitor should activate
audible and visual alarms when the product water conductivity exceeds the preset alarm |imit. The
alarms showld'be capable of notifying staff in the patient care area when reverse osmosis s the last
chemnﬁcal purification process in the water treatment system. Monitors that measure resistivity may be
used jriCplace of conductivity monitors.

The RO membrane separation process components are a semipermeable membrane typically in a spiral-
wound configuration, a pump, and various flow and pressure controls to direct the flow of water through the
system. In operation, the water entering the RO module is pressurized by the RO pump and is then directed
along the surface of the semipermeable membrane. A portion of the water is forced through the membrane,
which is a process that removes inorganic and organic solutes, bacteria and bacterial endotoxins. The
remainder of the water continues along the membrane surface and is directed to the drain. Water passing
through the membrane is referred to as “product water” or “permeate”. The water that flows along the
membrane surface and to the drain is known as “reject water” or “concentrate”. This flow configuration,
known as “cross-flow filtration”, prevents a progressive build-up of materials on the membrane surface that
would eventually lead to fouling and membrane failure. In some reverse osmosis systems, a portion of the
reject water stream is recycled to the feed water stream. This recycling allows higher velocities across the
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membrane surface which can help to reduce membrane fouling, as well as a higher overall use of water. RO
systems can operate in a single-stage or two-stage (double-pass) configuration depending on feed water
quality and/or local requirements and preferences. In a two-stage RO, the product water from the first stage
acts as the water supply for the second stage.

NOTE The rejection rate of the second stage in a two-stage reverse osmosis system can be significantly lower
than the rejection rate of the first stage. One reason for the difference in rejection rates is due to dissolved CO,.

RO systems can also be fitted with flow meters, usually in the product water and the rejected water streams,
to monitor the output of the RO system and gauges to monitor the pressure at various points in the system.
Although not indicative of treated water quality, surveillance flow rates and pressures can help ensure that
the system is operating within the manufacturer's specifications and thus will help ensure RO reliability.

In additiop, it is recommended that, when a reverse osmosis system is the last chemical purificatign process
in the water treatment system, means should be incorporated to prevent patient exposure to unsafe product
water in fhe event of a product water conductivity alarm. Such means can include diversion'ef the product
water to fhe drain, in addition to activating the audible and/or visual alarms that shduld be sjtuated to
ensure a prompt response by personnel in the patient care area.

Depending on membrane configuration and materials of construction, RO systems$)are sensitive fo various
feed wate}r conditions that can lead to diminished performance or premature failuré. To avoid such problems,
users shopld carefully follow the manufacturer's instructions for feed water-treatment and survgillance to
ensure thpt the RO is operated within its design parameters.

A summafry of the typical reverse osmosis rejection rate for the different type of contaminants|(listed in
Table 1) is presented in Table B.1. Table B.1 is not intended as am\exhaustive compilation of all possible
contaminpnts. Further information regarding the rejection coefficient for a specific compound by the
membranke used may be available on request from the equipment or membrane manufacturer.

Tablg B.1 — Typical nominal rejection characteristics of thin film composite reverse osmosis
membranes (adapted from'Boccato et al, 2015)[71]

Class of contaminants Contaminant Typical RO rejection?

%
Aluminium 96 to 99
Copper 96 to 99
_ _ R Fluoride 92 to 99
Contamlnani;s}\lx\;letr}rllcc)lgicg.ll;ﬁsted toXicity Lead 95 to 99
Nitrate 90 to 95
Sulfate 96 to 99
Zinc 96 to 99
Calcium 93 to 99
Magnesium 93 to 99

Electrolytes normally included in dialysis fluid -

Potassium 92t0 99
Sodium 92t0 99

Antimony 90
Arsenic 50 to 99

Barium 99

Beryllium >90
Other trace elements Cadmium 93t0 99
Chromium 85t099
Mercury 94 t0 98

Selenium 99
Silver 93t097

a  Average nominal rejection dependent on the overall water chemical profile and conditions (e.g. pH and oxidation status)/ different nominal
rejection rates can be achieved depending on system configuration (e.g. double stage RO).
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B.2.9 Deionization

Deionization (DI) is an ion exchange process that removes both anions (negatively charged ions) and cations
(positively charged ions) from water. During the exchange process, hydroxyl ions replace other feed water
anions, and hydrogen ions replace other feed water cations; the hydroxyl and hydrogen ions then combine
to form pure water. DI systems can contain anion and cation resin in separate vessels, known as “dual-bed
systems”, or can have both resin types mixed together in a single vessel, known as “mixed-bed sytems” or
“unibed systems”.

Deionizers are an effective means of removing ionic contaminants from water. However, they do not
remove non-ionic contaminants and they can contribute bacterial contaminants to the water rather than
remove them. The 1nab111ty of delonlzers to remove non- ionic contaminants can 11m1t alumlnlum removal by
deionizat - - ng anionic
as the pH|varies from ac1d1c to ba51c At a neutral pH, alumlmum is present mostly as colloidalaluminium
which do¢s not carry a charge and is not removed by deionization.

Furthermlore, deionizers have a finite capacity for contaminant removal. Once the deionizer is d¢pleted of
hydrogen|and hydroxyl ions, the next least avidly bound ions will be displaced by mere avidly bgund ions.
For example, once the hydroxyl ions are depleted, anionic contaminants in the watér will displade fluoride
ions from| the anion exchange resin. This phenomenon leads to high levels of fludride in the prodpct water,
with subsequent patient injury and deathl3Z], Deionization, even in combinatian'with an endotoxin}retentive
filter, doef not remove certain low-molecular-weight toxic bacterial produets)such as microcystirs. For the
above redsons, the use of deionization as the primary means of treating:water supplying multiple dialysis
machines|is strongly discouraged. Deionization may be used to polish¢roduct water from a reverse osmosis
system o] as a standby if the reverse osmosis system fails.

The mos{ common configuration for DI is to have two mixed\.beds in series, with resistivity| monitors
being plated downstream of each bed. Upon exhaustion of the first bed, reliance for water of s];fficiently
high residtivity shifts to the second bed, and dialysis operations may be continued for a short tifne until a
replacemeént bed is installed, provided that the product water from the second tank has a specific fesistivity
of 1 MQ-cm or greater.

DI has a finite capacity that, when exceeded, will cause dangerously high levels of contaminapts in the
product Water. Therefore, DI systems, when used to prepare water for haemodialysis applicatiops, should
be monit¢red continuously to produce water-of 1 MQ-cm or greater specific resistivity (or conductivity of
1 uS/cm grless) at 25 °C. An audible and visual alarm should be activated when the product water fesistivity
falls beloy this level and the product Water stream should be prevented from reaching any point pf use, for
example by being diverted to drain- The alarm should be capable of notifying staff in the patient fare area.
Under no|circumstances should DI be used when the product water of the final bed has a resistiyity below
1 MQ-cm.

The watef supply for deiénization systems should be pre-treated with activated carbon, or a cqmparable
alternativfe, to preventaiitrosamine formation.

If a deionization system is the last process in a water treatment system, it should be followed by an
endotoxin-retentiv€ filter or another bacteria and endotoxin-reducing device. The tendency for deipnizers to
contributg bacterial contaminants to the water is greater when deionizers are kept as a backup fora reverse
osmosis sfyStem, particularly if there is no flow through the deionizers. Some facilities counter thigtendency
by connecting the defonizers im paratiel to the maim water tine and by maintainmng a fow flow through them.
An alternative approach is to contract with a local supplier to provide backup deionizers on demand.

NOTE Therequirements given above for deionization do not always apply to electro-deionization (EDI) technology,
which can be used as an alternative to deionization following reverse osmosis in haemodialysis applications.

B.2.10 Bacteria and endotoxin-retentive filters

Bacteria and endotoxin-retentive filters are membrane-based separation devices that can be used to remove
both bacteria and endotoxins. Bacteria and endotoxin-retentive filters should be placed in dialysis water
systems at locations downstream of deionization. They may also be used at the end of the purification
cascade and in dialysis water or central dialysis fluid distribution systems. Bacteria and endotoxin-retentive
filters can also be used in the dialysis fluid line of individual dialysis machines as a final barrier against
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bacteria and endotoxins. These filters are considered part of the dialysis machine and are not necessarily
subject to all the recommendations that follow.

Endotoxin-retentive membranes used for haemodialysis applications are typically in either a spiral-wound
or hollow-fibre configuration. Spiral-wound ultrafilters are usually operated in a cross-flow mode, with a
fraction of the water supply being forced through the membrane and the remainder being directed along
the membrane surface to drain. As with reverse osmosis, cross-flow filtration is intended to minimize
membrane fouling. Hollow-fibre filters are typically housed in vessels similar to those used for cartridge
sediment filters and can be operated in a cross-flow or a dead-end (no cross-flow) mode. When used in a
water purification system for haemodialysis applications, an endotoxin-retentive filter should be shown to
reduce the concentrations of bacteria and endotoxins entering the filter by factors at least as great as those
specified in the manufacturer's labelling.

Bacteria dnd endotoxin-retentive filters should be fitted with a means of evaluating filter integrity;ahd fouling
during usg. One suitable means is to monitor the pressure drop (AP) across the filter at a givemproduct water
flow rate[using pressure gauges on the inlet (feed) and outlet (product) water lines. Alternatively, product
water floy rate can be measured at a given pressure drop. Such surveillance will indicate*'when miembrane
fouling hgs progressed to the point at which membrane replacement or cleaning is\needed. Sufveillance
also ensufes that the device is being operated according to the manufacturer's instructions. Ba¢teria and
endotoxin-retentive filters should be included in routine disinfection proceduresto prevent un¢ontrolled
proliferatfion of bacteria in the filter. If bacterial proliferation is not controlled, bacteria can “grow through”
the memHbrane and contaminate the product water compartment of the filtef.Af the bacteria and egndotoxin-
retentive [filter is operated in the cross-flow mode, a flowmeter should befitted to monitor the flpw rate of
water beihg directed to the drain.

B.3 Dialysis water storage and distribution

B.3.1 Ggneral

The functfion of the water storage and distribution system is to distribute dialysis water from the freatment
cascade tp its points of use, including individual haemodialysis machines, proportioning systen]s used to
prepare dialysis fluid centrally, dialyser reprocessing equipment and concentrate preparation| systems.
A water storage and distribution system typically contains a large volume of water exposed fo a large
surface afea of piping and storage tank walls. As chlorine and chloramine are removed in the pyrification
process, the water does not contain a bacteriostatic agent. This combination of circumstances predisposes
wetted syrfaces to bacterial proliferation and biofilm formation. Therefore, any dialysis water stprage and
distributipn system should be desighed specifically to facilitate bacterial control, including mdasures to
prevent bpcterial colonization and-to allow for easy and frequent disinfection.

ater storage

d, storage tahKs should have a conical or bowl-shaped base and should drain from the lowest
e base. Storage tanks should have a tight-fitting lid and be vented through a hydrophobic 0,22 um
air filter. The filter should be changed on a regular schedule according to the manulfacturer’s
iqns ofif it becomes wet. A means should be provided to effectively disinfect any storage tank
installed {n-a water distribution system. Internal spray mechanisms can facilitate effective disinfgction and
rinsing o
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B.3.3 Water distribution

Two types of water distribution systems are used: direct feed systems and indirect feed systems. In a direct
feed system, dialysis water flows directly from the last stage of the purification cascade to the points of use.
In an indirect feed system, dialysis water flows from the end of the purification cascade to a storage tank.
From there, it is distributed to the points of use. The water storage and distribution system chosen for a
particular situation should provide the simplest possible flow path and contain the smallest volume of water
consistent with the operating needs of the dialysis unit. The simplest system is generally a direct feed system.
However, direct feed systems can be impractical. For example, the pressure at the end of the purification
cascade can be insufficient to provide adequate flow and pressure at the points of use without a booster
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pump. If a direct feed system is used, it is also necessary to size the water treatment cascade to provide
sufficient water to meet the peak demand. For these reasons, an indirect feed system with a storage tank
can be used. Since storage tanks provide a large surface area for potential biofilm formation, their volume
should be kept to a minimum in order to maximize water turnover in the tank. Whichever type of system
is used, water distribution systems should be configured as a continuous loop and designed to minimize
bacterial proliferation and biofilm formation (see Clause 8). A centrifugal pump made of inert materials is
necessary to distribute the dialysis water and aid in effective disinfection. A multistage centrifugal pump is
preferred for this purpose.

Direct feed distribution systems typically return unused dialysis water to the feed side of the reverse
osmosis unit. If the pressure at the end of the distribution loop decreases to a value below the water
pressure at the inlet to the reverse osmosis pressurizing pump, retrograde flow of untreated water into the
distributipmloopcanmoccur—fomimmize this riskit s recommended-tiatduatcheckvatvesorahreak tank
at the inl¢t to the reverse osmosis system with an air gap on the lines from the pre-treatment,cagcade and
the distripution loop be used to prevent retrograde flow and that the pressure at the end of the"distribution
loop be mlonitored.

Distribution systems for dialysis water should be constructed of materials that do not‘centribute ¢ghemicals,
such as alpminium, copper, lead and zinc, or bacterial contaminants to dialysis water_The choice ofjmaterials
used for § water distribution system will also depend on the proposed method| of disinfection.|Table B.2
provides guidance on the compatibility of different materials and disinfection agents. Whatever material is
used, carg should be taken to select a product with properties that provide thie’least favourable enyironment
for bacteifial proliferation, such as smooth internal surfaces.

Table B.2 — Guidance on piping materials used in dialysis water distribution systems an their
compatibility with common disinfectants

Material Sodium hypochlorite (bleach) | Peraceticacid | Formaldehyde Hot water Ozone?

polyvinylchloride X X

<

chlorinatpd polyvinylchloride

>

polyvinylidene fluoride

>

cross-linked polyethylene

R | | <

sflainless steel

lypropylene
Holyethylene

=]

PR R R | | X
P > <

acrylonitrjle butadiene styrene

>

polytefrafluoroethylene

<
P DL D R DR X R | X

glass

Key
X probablg¢ compatibility

a Ozone rdfers to ozone dissdlyed in water, not ozone gas.

Table B.2|is not iteénded as an exhaustive compilation of all possible compatible combinations| of piping
material pnd disinfectant. Considerations of compatibility should include any joint materials|and pipe
fittings, as, well' as the actual piping material. The concentration of germicide and the duration, firequency,
and cond

Users should verify compatibility between a given germicide and the materials of a piping system with the
supplier of that piping system and/or the disinfectant supplier before using the germicide.

B.3.4 Bacterial control devices

B.3.4.1 General

Traditionally, chemical disinfection has been used to prevent bacterial proliferation in dialysis water
storage and distribution systems. One consequence of the increased attention being paid to bacterial control
in the dialysis water storage and distribution system is an interest in alternatives to traditional chemical
disinfection, including ultraviolet irradiators, ozone generators and hot water disinfection systems. Both
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ozone and hot water can allow more frequent disinfection of the dialysis water storage and distribution
system because prolonged rinsing is not needed to remove residual disinfectant from the system before
dialysis is recommenced. The use of ozone or hot water is possible only if the systems are constructed from
appropriately resistant materials. This limitation applies not only to the piping and any storage tank that
can be in the system but also to all pumps, valves and other fittings, including any O-rings and seals they can
contain.

Ultraviolet irradiation can be used to kill planktonic cells but it has no impact on bacteria located in biofilm.
In order to achieve an effective and preventive disinfection with the respective system, the user should refer
to the recommendations given by the manufacturer of the device or system.

B.3.4.2 Ultraviolet irradiators

When uspd to control bacterial proliferation in dialysis water storage and distributionssygtems, UV
irradiation devices should be fitted with a low-pressure mercury lamp which emits light dt'a"wpvelength
of 254 nmh and provides a dose of radiant energy of 30 mW-s/cm?. If the irradiator ingludés a ¢alibrated
ultravioldt intensity meter, the minimum dose of radiant energy should be at least 16 mW-s/cm2. The device
should b¢ sized for the maximum anticipated flow rate according to the manufacturer's insfructions.
Given the|depth effectiveness limitations of UV irradiation and the resistance andyrepair ability pf certain
microorganisms to UV irradiation, water may be recirculated past the UV irradiator source multjple times
to increade effectiveness. It is recommended that UV irradiators be followedby-an endotoxin-retertive filter
to removg pyrogens.

The recommendations provided in this subclause concern UV irradiatofused specifically for bacteripl control.
UV irradiftors may also be used for other applications in a water putification and distribution systgm.

Ultravioldt irradiation can also be used to control bacteria in the pre-treatment section of a water freatment
system, siich as the following carbon beds to reduce the bacterial burden presented to a reverse osmosis unit.

UV irradiptors should be equipped with a calibrated ultraviolet intensity meter, as described aboye, or with
an online| monitor of radiant energy output that activates a visible alarm, which indicates that|the lamp
should be|replaced. Alternatively, the lamp should beireplaced on a predetermined schedule according to the
manufactprer's instructions to maintain the recemmended radiant energy output.

When ultfaviolet irradiators are dipped in'the storage tank to control bacteria, they should be d¢signed to
keep the lequired energy at the farthest position in the tank, considering the flow situation during ¢peration.

B.3.4.3 [0zone disinfection systems

When usgd to control bacterialproliferation in dialysis water storage and distribution systems,|an ozone
disinfectipn system should\b® capable of delivering ozone at the concentration and for the expogure time
specified [by the manufacturer. When ozone disinfection systems are used, it is recommended that an
ambient dir ozone moniter be installed in the area of the ozone generator.

Bromate formatioh has been identified as a significant barrier in the application of ozone durjng water
treatment for water sources that contain high levels of bromide. Bromate formation in dialysi$ water is
influencefl by‘factors such as bromide ion concentration, pH, the amount of ozone and the reaction fime used
to disinfectthe water. Currently, there is no requirement to monitor for bromate. However, if bromide is
present in the water supply, there should be awareness that the RO system removes only 93 % to 96 % of the
inlet concentration, raising the possibility of low levels of bromate in the distribution loop if ozone is used to
sanitize the system.

Ozone generators convert oxygen to ozone using a corona discharge or ultraviolet irradiation. The ozone is
then injected into the water stream. An ozone concentration of 0,2 mg/1to 0,5 mg/1 combined with a contact
time of 10 min, measured at the end of the distribution loop, can Kill bacteria, bacterial spores, viruses,
moulds and yeast in water. The destruction of established biofilm can require longer exposure times and/or
higher concentrations of ozone. Ozone can also degrade endotoxins.

Ozone can degrade many plastic materials, including PVC and elastomeric O-rings and seals. Therefore, ozone
can be used for bacterial control only in systems constructed from ozone-resistant materials (see B.3.3).
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B.3.4.4 Hot water disinfection systems

Thermal disinfection by hot water may be used to control microbial proliferation in dialysis water storage
and distribution systems.

The time required to achieve a certain reduction of microorganisms at 80 °C, A, is expressed in seconds.
Based on the specific temperature of the thermal disinfection cycle, it can be used for the quantification of
heat disinfection between 65 °C to 100 °C (see ISO 15883-1)[8] as follows:

4y =Y 101780/l A

where

T ip the temperature, in °C;

—e

Z 5 equal to 10 °C;

At i the selected time period, in s.

A value df A, = 600 Kkills most waterborne microorganisms like bacteria, including mycobactgria, fungi
and inactjvated heat-sensitive viruses. For thermoresistant bacteria, fungj-or'the inactivation of thermo-
resistant yiruses, a higher A, value is necessary.

Since the|A, represents a combination of time and temperature, thére are different ways to aghieve the
required yalue of A,. For example, since an 4 value of 1 is defined.ds an exposure to 80 °C for 1 s,{4, of 600,
can be achieved by a 10-min exposure at 80 °C, 1-min at 90 °C orx100-min exposure at 70 °C.

The watef heater of the disinfection system should be capable of delivering hot water to any dite in the
dialysis water storage and distribution system at the température for the required exposure time fo achieve
the specifiied log reduction of microorganisms based on.the thermal disinfection cycle.

The manyfacturer's instructions for using hot water-disinfection systems should be followed and diginfection
should be performed at regular intervals from thie' date of commissioning the system. If no manuffacturer's
instructidns are available, the effectiveness of:the system can be demonstrated by validating that the system
maintaing a specified temperature throughout the system for a specified time and by performing ongoing
surveillafce with bacterial cultures and.endotoxin testing.

Thermal disinfection using hot water, offers the user a variety of disinfection program optigqns which
include: distribution system only, RO membranes or integration of the inlet lines to the dialysis|machines
(located lefore the disinfectioi'circuit of the dialysis machine). Complex systems will require a dignificant
amount ¢f energy to ensure that the effective temperature is maintained. Additionally, hot water
disinfectipn systems can“~only be used in systems constructed from heat-resistant materialgd, such as
polyvinyljdene fluoride (PVDF), cross-linked polyethylene (PEX), stainless steel (SS), polypropylene (PP),
and polytetrafluoroethylene (PTFE) (see B.3.3).

B.4 Concentrate preparation

B.4.1 General
Dialysis fluid is customarily prepared from two concentrates:

— the bicarbonate concentrate which contains sodium bicarbonate (and sometimes additional sodium
chloride), and

— the acid concentrate which contains all remaining ions, acetic acid or citric acid, and sometimes glucose.

Some systems have also been developed that prepare acid concentrate from individual components, such as
from a sodium chloride cartridge and a concentrated solution of the remaining minor electrolytes.
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Acid concentrate can be supplied by the manufacturer in bulk or in single-use containers. In some cases,
the manufacturer will pump the acid concentrate from bulk delivery containers into a holding tank at the
dialysis facility. Systems have recently been introduced that allow a user at a dialysis facility to prepare acid
concentrate from packaged powder and dialysis water using a mixer. If the acid concentrate is pumped into a
bulk storage tank at the dialysis facility, the user is responsible for maintaining the concentrate in its original
state and to ensure that the correct formula is used according to the patient's prescription. Acid concentrate
prepared at the dialysis facility from powder and dialysis water is also the responsibility of the user.

Bicarbonate concentrate can be supplied by the manufacturer in one of the following three ways:
a) in powder cartridges that are used to prepare concentrate online at the time of dialysis;

b) as packaged powder that is mixed with dialysis water at the dialysis facility;

c¢) in sinlgle-treatment containers of liquid concentrate.

Dialysis fluid can also be prepared from a single concentrate that contains acetate, which“is mgtabolized
by the pafient to yield bicarbonate. Acetate-based dialysis fluid is rarely used in routine clinical practice.
In general|, acetate-based concentrate is handled in a similar manner to that of acid cencentrate, ekcept that
acetate-bised concentrate systems use only one concentrate which is mixed withdjalysis water. The labels
of acetatel-based concentrate are colour-coded white.

B.4.2 Copmpatibility of materials

All compgpnents used in concentrate preparation systems (includiig mixing and storage tanks, pumps,
valves anld piping) should be fabricated from materials (e.g. plastics or appropriate stainless gteel) that
do not inferact chemically or physically with the concentrate taraffect its purity, or with the germicides or
germiciddl procedure used to disinfect the equipment. The use‘of materials that are known to cauge toxicity
in haemogialysis, such as copper, brass, zinc, galvanized @aterial, lead and aluminium, are specifically
prohibited.

B.4.3 Labelling

B.4.3.1 [General

Labelling| strategies should permit positive identification by anyone using the contents of concentrate
mixing tgnks, bulk storage/dispensing’ tanks and small containers intended for use with| a single
haemodidlysis machine. Requirements for such positive identification will vary among facilities, depending
on the differences between concéntrate formulations used and on whether single or multiple dia]ysis fluid
proportigning ratios are used( The use of multiple dialysis fluid proportioning ratios in a single|facility is
strongly discouraged.

In additign to the contdiner labelling described below, there should be permanent records of all batches of
concentrdte producedat a dialysis facility. These records should include the concentrate formula produced,
the volume of thé batch, the lot numbers of powdered concentrate packages, the manufactuger of the
powdered concéftrate, the date and time of mixing, any test results, the person performing the njixing, the
person verifying mixing and test results, and the expiration date, if applicable.

Although 11 ontents of
mixing tanks, bulk storage/dlspensmg tanks and concentrate contamers the guidelines in B.4.3.2 to B.4.3.4
are suggested.

B.4.3.2 Mixing tanks

Prior to batch preparation, a label should be affixed to the mixing tank that includes the date of preparation
and the chemical composition or formulation of the concentrate being prepared. This labelling should remain
on the mixing tank until the tank has been emptied. Using a photocopy of the concentrate manufacturer's
package label provides a convenient and comprehensive means of identifying the chemical composition or
formulation of the concentrate; however, the lot number and expiration date should be marked out because
they apply only to the dry powder.
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B.4.3.3 Bulk storage/dispensing tanks

These tanks should be permanently labelled to identify the chemical composition or formulation of their
contents. As with mixing tanks, bulk storage/dispensing tank labelling can be conveniently accomplished by
affixing a copy of the concentrate manufacturer's package label.

B.4.3.4 Concentrate containers

Concentrate containers may be non-disposable vessels provided by haemodialysis machine manufacturers
and having a capacity sufficient for one or two haemodialysis sessions. The extent of labelling for these
containers depends on the variety of concentrate formulations used and on whether the facility uses dialysis
machines with different proportioning ratios; the latter practice is strongly discouraged.

At a miniLnum, concentrate containers should be labelled with sufficient information to differeptiate the
contents from other concentrate formulations used at the facility. If a chemical spike is added to,an individual
container] to increase the concentration of an electrolyte, the label should show the added lelectyolyte, the
date and §ime added, and the name of the person making the addition (see B.4.5). The additional information
may be simple or extensive, but in all cases, it should permit users to positively jidentify the cpntainer's
contents.

Dialysis doncentrates in canisters are usually intended for single use by theymanufacturer ang labelled
accordingly. If not completely used, sometimes canisters are reused by the“dser. In those cases, the user is
liable for iny damage to health resulting from the reuse.

The folloying risks exist, among others:

— crossfcontamination due to use of a contaminated canistercontents with another patient, le.g. if the
canisfer was not used for the same patient;

— effects arising from extended storage, e.g. beyond thé&next patient treatment day;

— contgnt degradation or alteration if containers arginot correctly resealed (e.g. contamination, evpporation
and cpncentration of contents).

B.4.4 Concentrate mixing systems

B.4.4.1 [General

Concentrgte mixing systems require-a source of dialysis water, a suitable drain and a ground-fault-protected
electrical|outlet. Protective measures should be used to ensure a safe work environment. For| example,
ventilation and personal profective equipment should be used to handle any residual dust that is introduced
into the aEmosphere as pawdered concentrates are added to the system and to handle any additjonal heat
produced|by the device,'Structural issues, such as the facility's weight-bearing capacity, should be gddressed
if system$ are to bedinistalled above ground level. Operators should at all times use appropriatg personal
protective equipment, such as face shields, masks, gloves, gowns and shoe protectors, as recomnjended by
the manufacturét:

If a concgnfrate mixing system is used, the preparer should follow the manufacturer's instruftions for
mixing thepowderwiththecorrectamount of diatysis water— The umberof bags orthe weight of powder
added should be determined and recorded.

The manufacturer's recommendations should be followed regarding any preventive maintenance and
disinfection procedures. Records should be maintained indicating the date, time, person performing the
procedure and results (if applicable).

B.4.4.2 Acid concentrate mixing systems

Acid concentrate mixing tanks should be designed to allow the inside of the tank to be completely emptied
and rinsed according to the manufacturer's instructions when concentrate formulas are changed. Use of a
tank with a sloping bottom that drains from the lowest point is one means of facilitating this process. As
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concentrate solutions are highly corrosive, mixing systems should be designed and maintained to prevent
corrosion. Acid concentrate mixing tanks should be emptied completely and rinsed with dialysis water
before mixing another batch of concentrate. If another batch of concentrate is not to be mixed promptly, the
mixing tank should be rinsed again with dialysis water before the next batch is mixed.

B.4.4.3 Bicarbonate concentrate mixing systems

Bicarbonate concentrate mixing tanks should be designed to drain completely; for example, they should have
a sloping bottom and a drain at the lowest point. High-level and low-level alarms can prevent overfilling and
air damage to the pump. As concentrate solutions are highly corrosive, mixing systems should be designed
and maintained to prevent corrosion. Mixing tanks should have a tight-fitting lid and should be designed
to allow all internal surfaces to be disinfected and rinsed. A translucent tank allows users to see the liquid
level; the[use of sight tubes is not recommended because of the potential for microbial growth, such as
bacteria, algae and fungi.

Once mixed, bicarbonate concentrate should be used within the time specified by ;the” manufacturer
of the copcentrate. The concentrate should be shown to routinely produce a dialysis fluid mgeting the
recommehdations of 4.4.2. Overagitating or overmixing of bicarbonate concentraté.should be ayoided, as
this can cpuse CO, loss and can increase the pH. (Systems designed for mixing dry‘acid concentratgs can use
methods that are too vigorous for dissolving dry bicarbonate.)

The mixing tank should be either
— complletely emptied and disinfected according to the manufacturet'sinstructions, or

— disinfected using a procedure demonstrated by the facility{to“be effective in routinely prpducing a
dialysis fluid that meets the recommendations of 4.4.2.

B.4.5 Additives

Manufactprers provide acid concentrates with a .wide range of electrolyte compositions for| different
proportigning ratios. Most typical dialysis fluid prescriptions can be obtained by using one or mofie of these
commerc]ally available concentrates. If particulapr formulations are not available, manufacturers provide
additives|that can be used to adjust the level*df potassium or calcium in the dialysis fluid. These|additives
are commnjonly referred to as “spikes”.

NOTE The use of additives is not approved in some countries.

Concentrate additives should be-mixed with liquid acid concentrates according to the manuffacturer's
instructidns, taking care to ensure’that the additive is formulated for use in concentrates of the agpropriate
dilution rptio. When liquid additives are used, the volume contributed by the additive should be cpnsidered
when calfulating the effectvof dilution on the concentration of the other components in the|resulting
concentrdte. When powderadditives are used, care should be taken to ensure that the additive is cpmpletely
dissolved|and mixed.before the concentrate is used.

The use df concentrate additives such as potassium chloride in a canister is not recommended ps, due to
differencgs in density, homogeneous mixing is made more difficult. Furthermore, there is a risk|of "island
formatior]"i.erareas with a high concentration of the concentrate additive. If the dialysis machinelaspirates

£l ] 4 3 43 oaaal
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B.5 Concentrate storage and distribution

B.5.1 Compatibility of materials

All components used in concentrate distribution systems (including concentrate containers, storage
tanks and piping) that contact the fluid should be fabricated from nonreactive materials (e.g. plastics or
appropriate stainless steel) that do not interact chemically or physically with the concentrate to affect its
purity. The use of materials that are known to cause toxicity in haemodialysis, such as copper, brass, zinc,
galvanized material, lead and aluminium, are specifically prohibited.
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B.5.2 Bulk storage tanks (acid concentrate)

Procedures should be in place to control the transfer of the acid concentrate from the delivery container to
the storage tank to prevent the inadvertent mixing of different concentrate formulations. If possible, the tank
and associated plumbing should form an integral system to prevent contamination of the acid concentrate.
The storage tanks and inlet and outlet connections, if remote from the tank, should be secure and labelled
clearly.

B.5.3 Distribution systems

B.5.3.1 General

Concentrgte can be distributed from a central preparation point using reusable concentrate contafiners that
contain shfficient concentrate for one to two treatments or it can be distributed through a pipiing system
that provjdes concentrate connections at each treatment station. A combination of these twe sy$tems can
also be uped, with some concentrates distributed by concentrate container and others.through a piping
system. Tvo common configurations used for distributing concentrate through a piping'system are gravity
feed and [pressurized. Gravity feed systems require an elevated tank, while pressurized systems deliver
the concdntrate using a pump and motor and do not require an elevated tank; The maximum jallowable
concentrdte delivery pressure is specified by the manufacturer of the dialysis, fliid delivery maghine and
should noft be exceeded.

Elevated [tanks are usually smaller than those used for preparing(concentrates. Elevated fanks for
bicarbondte concentrate distribution should be equipped with conicalr bowl-shaped bottoms, tight-fitting
lids, a sprhpy mechanism, and high-level and low-level alarms. Any air'vents should have 0,45 pm hy¢irophobic
vent filtex|s.

B.5.3.2 Acid concentrate distribution systems

Acid concpntrate delivery piping should be labelled and-¢olour-coded red at the point of use (at the|container
filling stafion or the dialysis machine connection). More than one type of acid concentrate can be|delivered
and each|line should clearly indicate the type.of)acid concentrate it contains. Even though there are no
published reports of acid concentrate supportifg microbial growth, every effort should be made t¢ keep the
system clpsed to prevent contamination and-évaporation. If the acid system remains intact, no finsing or
disinfectipn is necessary.

B.5.3.3 Bicarbonate concentraté distribution systems

Bicarbongte concentrate delivery piping should be colour-coded blue at the point of use (at the concentrate
container| filling station or-dialysis machine connection). All joints should be sealed to prevent leakage of
concentrdte.

As bicarbjonate congceritrates provide excellent media for microbial proliferation, bicarbonate cancentrate
delivery dgystems.should be disinfected on a regular basis to ensure that the dialysis fluid routinely achieves
the level pf bacferiological purity recommended in 4.4.2. The manufacturer's instructions can provide an
initial disfinféction schedule. However, this schedule can require adjustments for the user's bactgriological
surveillafjceDFor piped distribution systems, the entire system, including patient station ports, should be
purged of bicarbonate concentrate before disinfection. Each patient station port should be opened and
flushed with disinfectant and then rinsed; otherwise, it would be a “dead leg” in the system. Also, prompt
use of bicarbonate concentrates prepared in dialysis facilities from powder and dialysis water is strongly
recommended.

When reusable concentrate containers are used to distribute bicarbonate concentrate, they should be rinsed
free of residual concentrate before disinfection.

All chemical disinfectants (e.g. sodium hypochlorite and peracetic acid products) that are compatible with
dialysis machines can be used to disinfect bicarbonate concentrate distribution systems. However, some
disinfectants attack biofilm better than others. Appropriate dwell times and concentrations should be used
as recommended by the manufacturer of the concentrate system. If this information is not available, sodium
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hypochlorite solutions, such as bleach, may be used at a dilution of 1:100 and proprietary disinfectants
at the concentration recommended by the manufacturer for disinfecting piping systems. In the event
that precipitation or salt build-up impedes flow through a piping system, cleaning with a 1:34 solution of
5 % acetic acid (e.g. distilled white vinegar) is recommended. Some manufacturers supply bicarbonate
concentrate systems with UV irradiation or ozone systems for microbial control.

UVirradiation devices that are used to control microbial proliferation in the pipes of bicarbonate concentrate
distribution systems should be fitted with a low-pressure mercury lamp that emits light at a wavelength of
254 nm and provides a dose of radiant energy of 30 mW-s/cmZ. The device should be sized for the maximum
anticipated flow rate according to the manufacturer's instructions and be equipped with an online
monitor of radiant energy output that activates a visual alarm indicating that the lamp should be replaced.
Alternatively, the lamp should be replaced on a predetermined schedule according to the manufacturer's
instructiqms—tonmaintatrthe recommendedradiantenergy output—tttsrecommended-tiat Bv-iyradiators
be follow¢d by an endotoxin-retentive filter. Disinfection of the bicarbonate concentrate distributipn system
should coptinue to be performed routinely.

When usegd to disinfect the pipes of a bicarbonate concentrate distribution system, an ozone'generator should
be capablg of delivering ozone at the concentration and for the exposure time specified\by the manufacturer.
When ozdne disinfection systems are used, ambient air should be monitored for ozefie according tp national
standardjg.

When hedt is used to disinfect the bicarbonate distribution system, the time-and temperatures used should
be those jecommended and validated by the manufacturer.

Over agitation or mixing of bicarbonate concentrate can result in lgss‘of CO, from the solution. Lgss of CO,
results infan increase in pH and favours the formation of carbonate that can lead to precipitation ¢f calcium
carbonatg in the fluid pathways of the dialysis machine following\dialysis fluid proportioning.

B.5.3.4 [Concentrate outlets

For piped concentrate distribution systems, each treatment station is equipped with a concentrate outlet
for bicardonate, one or more outlets for acid concentrate, and a dialysis water outlet for connectjion to the
inlet line pf the dialysis machine (optional). To pkévent mix-ups with delivery of two or more tyges of acid
concentrdte, each concentrate should have its-own outlet. Concentrate outlets should be compatiblg with the
dialysis njachine and have a means of minimizing the risk that the wrong concentrate will be connected to
an outlet|The dispensing outlets should be’labelled with the appropriate symbol (see Table B.3) |ndicating
the proportioning ratio for the dialysis'machine, if required, and should be colour-coded blue for bigarbonate
and red fqr acid.

B.6 Diglysis fluid proportioning

Historically, dialysis fluid was buffered with acetate. For acetate-buffered dialysis fluid, dialysi§ water is
mixed with an acetaté-containing concentrate to produce the dialysis fluid. In such a system, the pH can
vary depending oh)the supply water. Although a single concentrate is used to prepare acetate dialysis
fluid, conpideration should be given to checking both conductivity and pH because mix-ups invo]ving acid
concentrdte d@nd other chemicals can result in an acceptable conductivity with an incorrect pH.

One of th dergoing
dialysis treatment. With acetate buffered dialysis fluid, the acetate is converted by the body to bicarbonate,
acetate intolerance can be present and is characterized by vasodilation and smooth muscle relaxation
leading to hypotension.

In modern machines, dialysis fluid is produced by mixing two concentrate components, which may be
provided as liquid or dry (powder) concentrates:

— the bicarbonate concentrate which contains sodium bicarbonate and sodium chloride, and

— theacid concentrate which contains chloride salts of sodium, potassium (if needed), calcium, magnesium,
acetate (or citrate) and glucose (optional).
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These two components are mixed simultaneously with purified water to make the dialysate.

Several types concentrates are available, with different ratios of acid concentrate to bicarbonate concentrate
to dialysis water (see Table B.3). It is important that the acid and bicarbonate concentrates are matched with
respect to the proportioning ratio, and with the model and setup configuration of the dialysis machine.

Generally, bicarbonate is available in one or two forms for each proportioning type (in liquid, cartridge or
dry powder, and in various sizes). Each proportioning type has numerous acid concentrate formulations
(“codes”) with different amounts of potassium, calcium and magnesium ions, as well as glucose. To help
differentiate between concentrates of different proportioning types, ISO 23500-4 recommends that the
manufacturer include a geometric symbol on the labels, along with acid/base colour coding.

Table-B-3—Svmbotsamd-col bimro-for-diff L oS

Concentfrate | Acid proportioning ratio? | Geometric | Bicarbonate concentrate Comments
type (red colour coding) symbol (blue colour coding)
35X 1+34ab D Dry, liquid or cartridge
[Square]
36,83K 1+35,832 O Dry or liquid Bicarbonate concentrate
[Circle] '
45X 1+44ab A Dry, liquid dvcartridge
[Triangle]
O Powder cartridges can be
used for otherpropor-
. tioning ratiog except
36,13 143517 . Cartridge for 36 B%X in whichI‘Ehe
[Diamond] bicarbonate cohcentrate
also containf NaCl.
NOTE Apacetate-containing concentrate is colour-coded-white.
3 The acjd mix proportions are expressed as the suni.of the acid concentrate, the bicarbonate concentrate and thg water mix
proportionis.
b The m|x proportions 1:34 and 1:44 can be usedinstead of 1 + 34, and 1 + 44.

Different [manufacturers of dialysis-tnachines use different methods of controlling the proporti
concentrdtes. Such control can be “fixed proportioning” or “servo-control”. With both methods, th¢ operator
can select a desired sodium and, bicarbonate level, or conductivities corresponding to defined sgdium and
bicarbondte levels, and the @machine will make the necessary adjustments to achieve the selected levels.
Both typ¢s use a redundant system of controls and surveillance. With fixed proportioning syqtems, the
pumps arg set to established volumes, and the final conductivity is verified. With servo-control machines,
the individual concentrates are added until the conductivity achieves the expected value. A final fedundant
conductiyity monitor monitors the conductivity. Some machines also monitor the pH of the dialysgis fluid as
an additiqnal safeguard against gross errors in dialysis fluid formulation. A different type of machjne with a
batch tank and ‘dedicated concentrates is also available.

Depending on the type of acidilied concentrate in Use, the acid component may be 1n the form of sodium
acetate, sodium di-acetate or citric acid. Acetate is metabolized to bicarbonate in a 1:1 ratio, whilst citric
acid generates bicarbonate in a 3:1 molar ratio.

When selecting the dialysis fluid bicarbonate, the physician should consider all sources of buffer delivered
to the patient during the dialysis treatment, including the bicarbonate in the bicarbonate concentrate, the
acetate, citrate or lactate in the acid concentrate which, when metabolized forms bicarbonate.

When selecting the bicarbonate prescription, the physician should consider the patient’s nutritional
status, assessed by history, physical examination, anthropometrics, serum albumin and protein nitrogen
appearance, since individuals whose metabolism results in a small acid load are at higher risk of developing
metabolic alkalosis following treatment. Decisions regarding the bicarbonate prescription should also take
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into account changes in serum potassium, magnesium and calcium concentrations during dialysis, and the
presence and severity of heart disease.

Some models of dialysis machines use a fixed proportionating ratio, whilst others can be set up or calibrated
for use with concentrates of more than one proportioning ratio. (Note that changing from one proportioning
ratio to another requires recalibration for some models of dialysis machines.) Thus, for such machines,
the type of concentrate should be labelled on the machine or clearly indicated by the machine display. It is
strongly recommended that facilities configure every machine to use only one type of concentrate.

Injuries related to incorrect dialysis fluid composition are rare, but they can and do happen when all
procedures are not followed. Frequently, when the error occurs, several patients have been exposed before
the facility recognlzes the mlstake For example because one of the concentrates is ac1d1c and the other is
basic, connect the W , 2 : 2 , atcan-harm the
patient. Thus it is necessary for the operator to follow the manufacturer S 1nstruct10ns regardl g dialysis
fluid conductivity, including measuring the approximate pH with an independent method beforesthrting the
treatmenf of the next patient, if recommended by the dialysis machine manufacturer. More reeently, systems
have beer} developed that use three concentrates (a bicarbonate concentrate, a sodium chloride concentrate
and an acfd concentrate containing the remaining electrolytes) to allow more sophisticated variation of the
dialysis fluid composition during dialysis.

B.7 Central dialysis fluid storage and delivery systems

B.7.1 Ggneral

Dialysis fluid may be prepared centrally and distributed to individual dialysis consoles at the freatment
stations Yising a central dialysis fluid delivery system (CDDSJ: Central dialysis fluid delivery systems
incorpordte many of the features found in dialysis water storage and distribution systems (see
Clause B.B) and concentrate preparation systems (see Clati'se B.4) and most of the recommengdlations in
Clauses Bl3 and B.4 are applicable to central dialysis fluid delivery systems; however, there are additional
factors to[be considered.

B.7.2 Dsign and maintenance

Central dlalysis fluid delivery systems are-usually designed as single-pass systems, although a digtribution
loop can plso be used. If a distribution loop is used, it is necessary to pay attention to prevernt calcium
carbonatg precipitation, an increase dn'pH resulting from loss of CO, and an increase in temperatpire as the
dialysis fluid is circulated.

Central dfalysis fluid delivery systems should be disinfected daily to limit biofilm formation using 4 chemical
disinfectdnt or hot water. Such disinfection should include the tubing connection to the individugl dialysis
console.

Microbiolpgical surveillance methods for central dialysis fluid delivery systems should be similpr to that
described in 8.3.<Surveillance should include the individual dialysis consoles located at each freatment
station, a$ well a5 the dialysis fluid distribution system. Sampling should include samples collected from the
inlet to djalysis fluid proportioning system and the inlet to individual dialysis consoles. The freguency of
surveillaijce’should meet applicable local recommendations; if no such recommendations exist the|following
are suggested.

a) Water system: The number of samples and positions of sampling should be based on the complexity
and size of the water system. The frequency depends on the analysis of the data collected during the
validation and revalidation activities. Monthly surveillance is most frequently adopted but less frequent
surveillance may be possible based on data collected during the validation and revalidation.

b) Dialysis fluid/haemodialysis machines without a validated bacteria and endotoxin-retentive filter:
Machines should be sampled on a regular basis to provide affirmation of the effectiveness of the
disinfection process. The schedule of sampling depends on the type of disinfection process being used.
Each machine should be sampled at least once per year and different machines should be sampled on
each occasion. Monthly surveillance is most frequently adopted.
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¢) Itis not necessary to take samples of ultrapure dialysis fluid if their production paths are fitted with
bacteria and endotoxin-retentive filters validated by the manufacturer and operated and monitored
according to the manufacturer's instructions. It can be necessary to sample the dialysis fluid entering

such bacteria and endotoxin-retentive filters depending on the manufacturer's instructions

for use of

the filters; for example, when the instructions for use specify the quality of the fluid entering the filter

(see also Annexes C, D and E).

The results of testing should be subjected to trend analysis. When results exceed the action levels or in the

case of a patient's pyrogenic reaction or suspected bacteremia/fungemia, an investigation and

follow-up

should be initiated. This investigation can include additional sampling and extra disinfection procedures

carried out as per the manufacturer's recommendations.

B.7.3 Djalysisfluidstorage

Central djalysis fluid delivery systems usually include a dialysis fluid storage tank. The fank
designed to drain completely; for example, it should have a sloping bottom and a drain at-the low
and it shojuld be ventilated through a hydrophobic 0,45 pm air filter.

B.7.4 Compatibility of materials

All comppnents used in dialysis fluid storage and delivery systems (including storage tank
valves anfl piping) should be fabricated from materials (e.g. plastics or appfepriate stainless steg
not interdct chemically or physically with the dialysis fluid to affect its~purity, or with the gery
germiciddl procedure used to disinfect the system. The use of matefials that are known to caug

should be
est point,

5, pumps,
1) that do
hicides or
e toxicity

in haemoldialysis, such as copper, brass, zinc, galvanized material) lead, and aluminium, is specifically

prohibited.
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Annex C
(informative)

Surveillance guidelines for water treatment equipment,
distribution systems and dialysis fluid

C.1 Surveillance systems

Table C.1 provides guidelines on surveillance systems used for preparing and distributing dialysis|fluid. The
recommehdations given in Table C.1 can be used as a starting point for developing a quality’mapagement
programipe for dialysis fluid when the manufacturer or supplier of the system does not‘provide|adequate
instructidns. Not every item listed in Table C.1 will be required in all dialysis facilities\and the frelquency of
surveillance can differ depending on the nature of the water supplied to the dialysis-facility; for] example,
whether qr not the water supply is disinfected using chloramine. The actual quality management prjogramme
for a givep facility depends on the components used in that facility's water treatment system, the|purposes
for which|the fluids are to be used and the results of validation procedures.
Table C.1 — Suggested framework for surveillance water treatmént equipment, distribution system
and dialysis fluid
Item to m¢nitor What to monitor Typical range of values Typical interval Comments
. . Pressure drop across the .
Sedimentffilter filter (see 7.3.2) Pressure drop less than XX&XX Daily NA
Sedimentffilter Backwash cycle timer ) .
backwashidlg cycle setting (see 7.3.2) Backwash clock set to'XX:XX Daily NA
. . Pressure drop across the .
Cartridgelfilter filter (see 7.3.3) Pressure drop less than XXXX Daily NA
. Hardness as.specified by the man-
Water soffener Residual hardness of ufacturer of the reverse osmosis Daily NA
product water (see 7.3.4) .
equipment.
Water soffener |Level of undissolved salt in .
brine tdnk tank (see 7.3.4) Saltlevel at XXX Daily NA
Water soffener Regeneration cycle timer Regeneration cycle timer set to Dail NA
regeneration cycle setting (see 7.3.4) XX:XX y
Prior to each pati¢nt shift if
chloramine is pregent in the
water supply at 1 mjg/1 or more
Produ€t water total (see 7.3.5 for exceptjons to these
Carbon heds chloring between the beds <0,1 mg/1 of total chlorine Daily typical intervals). [ Note that
(see 7.3.5) use of an online mpnitor can
provide continuous purveillance

and avoid the need|
surveillan

for offline

e)

Level of chemical in
the reservoir, injector

Chemical level in reservoir >XXX;

Daily (continuous

TCLCIOI

Chemical ir
system

function, value of the con-
trolling parameter
(e.g. pH) (see 7.3.6)

controlling parameter in range XX
to XX

surveillance is
preferable)

NA

Key
NA notapplicable
NOTE

In this table, X is used as a surrogate for numeric values defined from the system operating and performance requirements.

It is not possible to specify universally acceptable operating ranges for each device listed in this table since some of the specifications will be system-specific. In
those cases, the facility should define an acceptable operating range based on the manufacturer's instructions or measurements of system performance.

The actual interval for surveillance, testing, cleaning and/or disinfection should be based on the results of the validation process and ongoing trend analysis (see
Clause 6, 7.2.3 and 8.2.3).
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Table C.1 (continued)
Item to monitor What to monitor Typical range of values Typical interval Comments
PI‘Odl:lC.t water 0 Daily (continuous
. conductivity, TDS or R=XX% 3 ’
Reverse osmosis e surveillance is NA
resistivity and calculated 0 <XXpS/cm referable)
rejection (see 7.3.7) P
Product and reject flow g, 2X,X 1/min Daily (continuous
Reverse osmosis rates, and calculated L ’ 0 surveillance is NA
recovery (see 7.3.7) XX % <r<XX% preferable)
Deionizers Product water resistivity Resistivity 21 MQ-cm Continuous NA
or conductivity (see 7.3.8) o<1pS/cm surveillance
Pressure drop across the
Endoto = L L Late Fressure drop 1ess tidall AAAA O
retentive iilters qp or produc.t water flow flow rate greater than XXX Daily NA
rate, g, ata fixed pressure
(frop (see 7.3.9)
These necommenddtions apply
Maximums are as listed in Tables 1 to dialysis water.[However,
and 2. i i
Water sy$tem Chemical contaminants Th _b . d c?smlﬁzha(r;?lgfrsllasl C*fitshree‘s/\iﬁiir
chemigal as listed in ISO 23500- h elgiraan?Ferztg (;monll.t(;)ref Yearly frlcj)lr)n the water S}i’ lier) is
contamirjants 3:2024, Tables 1 and 2 shou e delined | y the validation pp
process on the basis of the expected necessary to evaluate the overall
contaminants. performance of the water
treatment syftem.
Monthl de- Specific testing at thfs location is
Total viable microbial count is lesser fingg b }:}?erra:sutlats performed to troubleshoot con-
than the action level (typically | ¢ veﬂidation ro. | tamination of the dfistribution
Dialysis water Microbial growth and 50 CFU/ml); see 4.2.4 cods fbr storage tgnks system for tanks cofnected to a
storage thnks endotoxins (see Clause 8) | Endotoxin is lesser than the action dupplying a gentral water distribution pJping system
level (typically 0,125 EU/ml); . . ; . until a pattern of ¢onsistent
¢ ’ dialysis fluid delivery . R
see4.2.4 conformity with litnits can be
T system demonstrafed.
Total viable microbial countisiesser
than the action level (typically .
Water distr{bution | Microbial growth and 50 CFU/ml); see&:2.4 Mobnt}glll); ?;;iiigfigged NA
piping syftem endotoxins (see 7.4) Endotoxin is lesser tlfah the action grocess results
level (typically 0;125 EU/ml);
seet.2.4
Energy output and/or Lizht output XXX
UVirradiftors the lamp life span & .ou pu Monthly NA
(see 7.3.11.1) Lamp life span <XXXX
¢ tration in th Ozone concentration >XXX
oncentration in the . .
Ozone gendrators water and contact time Contact time >XXX During e%Ch NA
Residual ozone after disinfection
(see 7.3.11.2) R A
disinfection <X,XX mg/1
Hot water Temperature apd.time of | Temperature not less than XX °C; Durine each This informatioh can be
disinfection exposure of the,system to minimum exposure time at disinfgction available from the ¢lata logs of
systemps hot water.(s€e7.3.11.3) temperature 2XX min automated sy§tems.
Chemidal Congentration of Germicide concentration >X,X mg/l; Durine each
disinfection germicide in water and residual germicide concentration disinfgction NA
systenps contact time <X, XX mg/l after rinsing
XX,XmS/cm < 0 < XX,XmS/cm As specified by the
Conductivi H . . .| manufacturer of the pH surveillance isjnecessary
sy | Moo |t 0 | s delvery| Frcommended b the man
i . . g prcarbor system (continuous ufacturer of the diglysis fluid
otherwise oyfl,\,uu,u by-thetrrat: Survelllance for pro- JeTivery system.
acturer portioning systems)
Key

NA notapplicable
NOTE

In this table, X is used as a surrogate for numeric values defined from the system operating and performance requirements.

It is not possible to specify universally acceptable operating ranges for each device listed in this table since some of the specifications will be system-specific. In
those cases, the facility should define an acceptable operating range based on the manufacturer's instructions or measurements of system performance.

The actual interval for surveillance, testing, cleaning and/or disinfection should be based on the results of the validation process and ongoing trend analysis (see
Clause 6, 7.2.3 and 8.2.3).
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Table C.1 (continued)

Item to monitor What to monitor Typical range of values Typical interval Comments

Monthly, rotated
Total viable microbial count is lesser| among machines so

Microbial growth and than the action level (typically that each machine | le should be collected

Standard dialysis | endotoxin concentration 50 CFU/ml); (see 4.4.2) is tested at least }e]samp e shou’d be co elf/[e

fluid in standard dialysis fluid Endotoxin level is lower than the once per year and att de worst—c_ase t_1fme (e.'g'l on-

(see 4.4.2) action level (typically 0,25 EU/ml); | different machines ay morning) if possible.
(see 4.4.2) are sampled on each
occasion
Microbial growth and en- Total viable microbial count is

Ultrapure dialysis | dotoxins in the ultrapure | lesser thanthe 0,1 CFU/ml; endo- See NOTE NA

fluid dialysis fluid as it enters | toxinislesser than the 0,03 EU/ml '

the dialyser (see 4.4.3) (see 4.4.3) (see 8.3.1 and Annex E)

Microbial growth and en-

dotoxins in the ultrapure Sterile and non-pyrogenic

Substitution fluid | dialysis fluid as it enters (see 8.3.1 and Annex E) See NOTE. NA
the dialyser (see 8.3.1 and — B
Annex E)
Key
NA notappljcable
NOTE Infthis table, X is used as a surrogate for numeric values defined from the system operating and performance requirements.

It is not possiple to specify universally acceptable operating ranges for each device listed in this table since some of'the specifications will be systgm-specific. In
those cases, the facility should define an acceptable operating range based on the manufacturer's instructions or ntedSurements of system performatce.

The actual interval for surveillance, testing, cleaning and/or disinfection should be based on the results of thevalidation process and ongoing trend analysis (see
Clause 6,7.2.3and 8.2.3).

C.2 C(Clganing/disinfection strategies

Cleaning/disinfection strategies for dialysis water treatment systems, dialysis water storage and
distributipn systems, concentrate distribution systems, anid' dialysis fluid distribution systems arje given in
Table C.2,

Prior to referring to the “typical interval” column, consult the manufacturer's instructions for moye detail.

© IS0 2024 - All rights reserved
63


https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

ISO 23500-1:2024(en)

Table C.2 — Summary of cleaning/disinfection strategies for dialysis water treatment systems,
dialysis water storage and distribution systems, concentrate distribution systems, and dialysis fluid
distribution systems

Item for cleaning/ Element(s) to be Cleaning/ L.
disinfection cleaned/disinfected | disinfection Typical interval Comments
The product side of the membrane is
considered to be a part of the dialysis
water distribution system. It should be
The membrane module . . s
- . disinfected at an interval sufficient to
should be disinfected, Monthly or according . . .
. . , routinely produce dialysis water meet-
. paying particular .. . to manufacturer’s . . .
Reverse osmosis h Disinfection . . ing the quality requirements of Clause 4.
attention to the instructions .
duct sid cl D1 (See Clause D.1, third paragraph.) If
pro U;ASi e (see (see Clause D.1) needed the feed side of the membrane
S.£.4). should be cleaned periodically to remove
foulants that can degrdde’membrane
performance.
. ) . Monthly or according More frequent disinfectiofh can be
Dialysigwater Tanks and pipes . . , A . . .
Disinfection to manufacturer’s |necessary if indicated by miciobiological
storage|tanks (see 8.2.3.2) . . .
instructions testing results.
Dialysigwater Piping system Monthly or according MoreAfreguent disinfectiofh can be
distributi¢n piping (see 8.2.3.2, Disinfection to manufacturer’s |necessary.ifindicated by miciobiological
systpm Clause D.1) instructions testing results.
Periodic
. . Quartz sleeve .
UVirradiators (see 7.3.11.1) cleaning (see
D 7.3.11.1)
Concentrafe mixing Tanks and piping Cleaning and/ Disinfection is usually not ngeded for
systg¢ms (see 8.2.3.3) or disinfection acid concentrate mixing systems.
If using sodium hypochlotite for
disinfection, a concentration pf 0,5 % to
1 % is recommendegl.
Concer)trate If cleaning with acetic afid, a
distribjution Tanks and piping .. . Weekly (see Clause D.1, ning . !
Disinfection concentration of approximatply 0,15 %
systg¢ms (see 8.2.3.4,B.5.3.3) last paragraph) AN -
. acetic acid is recommended. (pee B.5.3.3,
(bicarbpnate)
fourth paragraph.)
Disinfection is usually not ngeded for
acid concentrate distribution systems.
. . . \_. . According to manufac- By its own disinfection cirfuit and
Dialysis hachine System (see 8.2) Distnfection turer's instructions | programme. (See 8.2, third ppragraph.)
Dialysis fluid delivery,
system - . . Use chemical disinfectant orfhot water.
CDDbS Disinfection Daily (see B.7.2 .
Individual dialysis y( ) (See B.7.2, third paragrpph.)
console (seeB7.2)
The actual Interval for cleaning @hdyor disinfection should be based on the results of the validation process and ongoing tr¢nd analysis

(see Clause ¢ and 8.2.3).
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Annex D
(informative)

Strategies for microbiological control

D.1 General

The strategy T T i i AT T T T primarily

distributipn systems, can serve as reservoirs of microbial contamination. Dialysis water distribution
systems ffequently use pipes that are of larger diameter and longer than are needed to handle thg required
flow. Ovefsized piping increases both the total fluid volume and the wetted surface area of the syst¢m. Gram-
negative lpacteria in fluids remaining in pipes overnight multiply rapidly and colonize the wet surfaces, thus
producing microbial populations and endotoxin quantiti€s*in proportion to the volume and surface area.
Such colopization results in the formation of protective-biofilm that is difficult to remove once formed and
that provides a barrier between the bacteria and germticide during disinfection.

Biofilm id a community of microorganisms cornsisting of cells that are irreversibly attached to|a surface
or interfdce or to each other. Biofilms can og¢cur at solid-liquid, solid-air and liquid-air interfgces. Most
microorganisms can form biofilms and niore than 99 % of all microorganisms live in such aggfegates. A
feature of all biofilms is that the organisms are embedded in a matrix of microbial origin, consisting of
extracellylar polymeric substances<(EPS), which comprises mainly polysaccharides and protgins, that
coalesce fo form hydrogel matrices,) The structure of biofilm and the physiological attributes pf biofilm
organismpk confer an inherent.resistance to antimicrobial agents, whether those agents are aptibiotics,
disinfectdnts or germicides.

Mechanisjms responsiblefor resistance can include
— delaypd penetratjon of the antimicrobial agent through the biofilm matrix,
— alter¢d growth rate of biofilm organisms, and

— other|physiological changes related to the mode of growth of the biofilm.

A certain amount of biofilm formation is considered unavoidable in dialysis water systems. When the level
of biofilm is such that the action levels for microorganisms and endotoxins in the dialysis water cannot
be routinely achieved, the operation of the system is compromised from a medical and technical point of
view. This level of biofilm formation is often referred to as bio-fouling. The key to avoiding bio-fouling is to
minimize biofilm development. The extent of biofilm growth is dependent on the availability of nutrients.
Classic biocidal approaches usually do not limit nutrient availability. In fact, some biocides increase nutrient
availability by oxidizing recalcitrant organics and making them more bioavailablelZ2l,

Routine disinfection should be performed to control microbial contamination of distribution systems. The
frequency of disinfection will vary with the design of the system and the extent to which biofilm has already
formed in existing systems. Sodium hypochlorite and ozone are generally the most effective agents against
biofilm, and their use can be more efficacious if the pipes are treated first with a descaling agent. However,
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in some cases, complete or partial replacement of a distribution system may be the only way to re-establish
control over mature biofilm.

Maintaining flow through piping systems at all times has the potential to minimize biofilm formation,
however a Reynolds number of 3 000 in a piping system can be insufficient to prevent biofilm.[Z3] [A
Reynolds number of approximately 3 000 is obtained with a flow velocity of 0,15 m/s in a 2-cm of diameter
pipe (0,5 ft/s in a 3/4” diameter pipe).]

Even if it were possible to specify a minimum flow velocity that was effective in reducing biofilm formation
and microbial contamination, use of such a minimum flow velocity would not provide a substitute for regular
disinfection of the distribution system. Other measures can also help protect pipes from contamination. A
mechanism should be 1ncorporated ina dlstrlbutlon system to ensure that disinfectant does not drain from
pipes durjngt 1id should
be eliminpted because they act as reservoirs of bacterla and are Capable of 1noculat1ng the entlre volume of
the systein. Joints between sections of piping and between piping and fittings should be formed4in|a manner
that minimizes the formation of crevices and other voids that can serve as sites for microbial colpnization.
Pipes should not be cut with a hacksaw. Any burrs should be removed before the joint‘is formed. These
measuresalso minimize the possibility that pockets of residual disinfectant can remain-in the pipipg system
after disipfection.

A storage tank in the dialysis water or dialysis fluid distribution system greatly increases the yolume of
fluid and|surface area available and can serve as a niche for water bactefia. Storage tanks are|therefore
not reconpmended for use in dialysis water or dialysis fluid distribution systems unless they are frequently
drained apd adequately disinfected. It can be necessary for the user to’scrub the sides of the tank fo remove
microbial|biofilm if the tank design and maintenance are not adequate'to prevent microbial proliferation. A
bacteria dnd endotoxin-retentive filter, distal to the storage tank;{or some other form of microbipal control
device, is recommended.

For most| haemodialysis machines, routine disinfection,with hot water or with a chemical germicide
connected to a disinfection port on the machine does_not disinfect the line between the outlet] from the
dialysis water distribution system and the back of thesdialysis machine. Users should establish :;:A%rocedure

for regular disinfection of this line. One approach“is to rinse the haemodialysis machines wjith water
containing germicide or hot water when the dialysis water distribution loop is disinfected. If this procedure
is used with a chemical germicide, each haemo@dialysis machine should be rinsed and tested for the absence
of residudl germicide following disinfection:

Storage tlmes for bicarbonate concentrate should be minimized (normally less than 24 h), as well as the
mixing off fresh bicarbonate concentrate with unused portions of concentrate from a previous Qatch. The
manufactprer's instructions shauld be followed if they are available. Facilities that reuse concentrate
containers for bicarbonate concentrate should disinfect the containers at least weekly. Bigarbonate
concentrdte can support prolific growth of microorganisms. Containers and pick up tubes can be d}sinfected
with hougehold sodium hypochlorite solutions (300 mg/1 to 600 mg/I free chlorine), with a contact time
of about 30 min or accerding to another nationally approved standard, or according to the manuffacturer's
instructigns.

The contpiners<and pick-up tubes should be disinfected at least weekly. Following disinfe¢tion, the
bicarbongte .€oncentrate containers and concentrate pick up tubes should be rinsed with treaed water,
allowed tp @ir dry and stored inverted at the end of each treatment day.

D.2 Microbial surveillance methods

D.2.1 General

The microbial quality of dialysis water is surveyed regularly to validate the effectiveness of the disinfection
programme. The frequency of surveillance should be determined during the process of system validation. In
the absence of a formal determination of frequency, surveillance is usually performed monthly. Surveillance
can be accomplished by direct plate counts, in conjunction with the measurement of endotoxins.
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Samples of dialysis water are collected from several places to give an indication of the microbial quality of
the water throughout the dialysis water distribution system. For routine surveillance, samples should be
collected from the last outlet of the dialysis water distribution loop, where dialysis water enters equipment
used to reprocess dialysers, and where dialysis water enters equipment used to prepare bicarbonate
concentrate or from the bicarbonate concentrate mixing tank. Additional testing, such as at the end of
the water treatment cascade and at the outlet of the storage tank, if one is used, can be necessary during
qualification of a newly installed system or when troubleshooting the cause of contamination within the
dialysis water distribution loop. For central dialysis fluid distribution systems, samples should be collected
from the last outlet of the dialysis fluid distribution loop.

For dialysis machines that are not fitted with validated endotoxin-retentive filters, dialysis fluid samples
should be collected from enough machines so that each machine is tested at least once per year. For dialysis
machinesfittedwithvatidatedendotoxtrretentive fitters; samptesshoutd-becottectedaccording ty the filter
manufactprer's instructions. If testing of any haemodialysis machine reveals a level of contamination above
the action level, an investigation should be conducted. The investigation should be based on the prgsumption
that othef haemodialysis machines can also be contaminated. It should include a review pf cénformity with
disinfectipn and sampling procedures and an assessment of microbiological data for the previpus three
months tq look for trends. The offending machine should be re-tested and an additiphal’sample of|machines
tested to fletermine if the contamination was limited to a single machine or more widespread. The|person in
charge shpuld also be notified.

Cultures $hould be repeated when microbial counts exceed the allowable levels. If culture growth exceeds
permissiljle standards, samples from the dialysis water distribution system or dialysis fluid distribution
system aphd haemodialysis machines should be cultured weekly ufitil acceptable results are |obtained.
Additiongl samples should be collected when there is a clinical\indication of a pyrogenic rdaction or
septicaenyia, and following a specific request by the clinician or thé\infection control practitioner.

Samples are always collected before sanitization/disinfection or no sooner than 24 h after diginfection.
For systems disinfected daily, samples should be collected-before, and as close as practicable td, the next
disinfectipn. Samples from haemodialysis machines sheuld always be collected before disinfectiop. Culture
dialysis water and dialysis fluid weekly for new systeras until a pattern has been established. For egtablished
systems, fulture monthly unless a greater frequency is dictated by historical data at a given institution. If
bio-foulinjg is suspected, for example due to erratic microbiological test results, checks for the presence of
biofilm (sge D.2.3) should be performed.

D.2.2 Sample collection

Samples gre collected directly from(sampling ports situated in different parts of the dialysis water ¢r dialysis
fluid distfibution system. In general, the sampling ports should be opened and the dialysis water xr dialysis
fluid shoyld be allowed to run.for at least 60 s unless the sampling port manufacturer instructiops for use
state othdgrwise, before a sample is collected in a sterile, endotoxin-free container. Containers valjdated for
collection| of endotoxin samples should be used to collect samples. The sample volume collected should be
5 ml to 1{000 ml depénding upon the test to be run and/or as specified by the laboratory perfofming the
test. The fexterior of'\the sampling ports should be disinfected with a cotton swab or sterile gauge wetted
with 70 % isopropyl alcohol or as recommended by the port manufacturer. The sample should be collected
only whei no.disinfectant residual is present.

Dialysis fluid’samples should be collected from a sampling port in the dialysis fluid inletline to the dialyser,
or from the dialysis fluid outlet port of the dialyser, or from a sampling port in the dialysis fluid outlet line
of the dialyser. In some newer haemodialysis machines, dialysis fluid flow stops when the dialysis fluid lines
are disconnected from the port. In these instances, the machines are equipped with dialysis fluid sampling
ports that can be accessed using a syringe. The exterior of the sampling ports should be disinfected with a
cotton swab or sterile gauze wetted with 70 % isopropyl alcohol, and allowed to air dry or as recommended
by the manufacturer. A sterile syringe should be used to aspirate at least 10 ml of dialysis fluid out of the
sampling port and be discarded. A new appropriately sized sterile syringe should be attached and used to
draw the sample. The sample volume collected should be 5 ml to 1 000 ml depending upon the test to be run
and/or as specified by the laboratory performing the test.

Containers used for samples to be cultured should be sterile and endotoxin free.
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D.2.3 Heterotrophic plate count

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 and during transit to the laboratory. Sample storage for more than 24 h should be avoided.

The reference method for culturing is the membrane filtration technique. With this method, a known
volume of sample or diluted sample is filtered through a 0,45 pm membrane filter and the membrane filter
is aseptically transferred to the surface of an agar plate. The spread-plate technique may also be used. With
this method, an inoculum of at least 0,1 ml of sample is spread equally over the surface of the agar plate. The
use of a calibrated loop to apply the sample to the agar plate is not permitted. The pour-plate technique may
also be used. A sample volume of 0,1mlto 0,3 ml is usually used w1th thls method D1p samplers should not
be used. The-et h e A e—fe1 example
the standard d1aly51s f1u1d water used in the preparatlon of standard d1a1y51s f1u1d ultrapu e dialysis
fluid, water used for the preparation of ultrapure dialysis fluid or fluid used for online therapies, such as
haemodidfiltration. Blood and chocolate agars should not be used.

Validated| media, incubation times and temperatures are specified in ISO 23500<3) ISO 23500-4 and
[SO 23500-5. During incubation, the plates can be sealed or kept in a plastic bag tovavoid desiccafion of the
agar if thpt is a concern, e.g. for methods requiring 7-day incubation. Colonies(should be countgd using a
magnifyifng device. If a more accurate count from plates containing fewer than 30 colonies or rhore than
300 colotfies is desired, larger or smaller volumes may be cultured. Smallep volumes can be obftained by
making 1:10 serial dilutions in sterile phosphate buffer. If larger volumes are required, the membrane
filtration method should generally be used.

Heterotrdphic plate counts do not provide a good measure of the ptresence of biofilm. Fluid samplgs give no
informatipn about the site, extent or composition of a biofilm. Although biofilms contaminate thq fluid in a
distributipn system, they do so only very irregularly. Erratic colony counts can indicate the presemce of bio-
fouling sipce clusters of cells may be sloughed from the biofilm with release of bacteria into flowing fluid.
Currently} few practical methods are available for the routine detection of biofilm. Conventional methods
rely on sgmpling-defined surface areas or on exposure of test surfaces (coupons) with subsequent analysis
in the labpratory. A classic example is the so-called~Robbins device”, which consists of plugs insefted flush
with pipe| walls, thereby experiencing the same«shear stress as the wall itself. After given periods of time,
they are femoved and analysed in the laboratary for biofilm-relevant parameters!Z4l. If careful aftention is
paid to rutine disinfection, routine suryeillance for biofilm is not necessary. However, when the level of
biofilm lepds to a bio-fouling situation, it can be necessary to determine the level of biofilm in the system
using the|methods currently available,

D.2.4 Endotoxin test

Endotoxin testing is perfornied using the LAL assay. A variety of different assay methods are avajlable and
a number| of new methods-are in development. Existing available methods include gel-clot, which is semi-
quantitat{ve, kinetic, which are chromogenic, turbidimetric or end point.

The gel-clot LAL aSsay is not as sensitive as the kinetic assay and provides only a positive or negat]ve result;
that is, it|shows if endotoxins are present, or not, at a particular concentration. Single-tube gel-flot tubes
are availdble™from several commercial sources, and kits with the typical following sensitivities Javailable:
0,015 EU,[0,08 EU, 0,06 EU, 0,125 EU, 0,25 EU and 0,5 EU. At a minimum, two tubes should be run fach time
the assay is performed. The first tube contains LAL reagent and the sample to be tested. The second tube
contains LAL reagent, a known amount of endotoxins and the sample to be tested. The second tube acts as a
positive control to confirm the absence of any interference that can lead to a false-negative result. Positive
control tubes are available from the suppliers of commercial LAL assays.

The kinetic LAL assay uses control standard endotoxins to generate a standard curve to which unknowns
are compared and concentrations are determined using linear regression. The kinetic assays employed in
laboratories generally use a computer-driven spectrophotometer that automatically calculates the amount
of endotoxins on the basis of colour development, turbidimetric readings or onset times for gel formation.
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Apart from the LAL test, a number of assays with varying specificities and sensitivities are available to
quantify and define biologically active substances of microbial origin (e.g. silkworm larvae, mononuclear
cell cytokine assay and 1,3-f3 D-glucans).

D.3 Interpreting the results of microbial surveillance

D.3.1 Dialysis water

Microbial surveillance or culture results are dependent upon three basic parameters: culture medium,
culture temperature and culture duration. Recommended methods and cultivation conditions can be found
in ISO 23500 3 ISO 23500 4 and ISO 23500 5 Low nutrlent medla such as R2A agar can be beneficial
for isolating v . i : St - edia are
typically ncubated at 30 °C to 35 °C for 48 h to 72 h leen the flora found in water systems andnepibation at
lower tenjperatures (e.g. 20 °C to 25 °C) and for longer periods (e.g. 5 d to 7 d) can recover higher|microbial
counts. The culture results obtained using the methods outlined in this document are only arelativq indicator
of the bidburden and are not a measure of the absolute microbial burden. Furthermore, the aglvantages
gained byf incubating for longer times, namely recovery of injured microorganisms, slow growerfs or more
fastidioug microorganisms, should be balanced against the need to have a timely‘investigation apd to take
corrective action.

The micrpbial flora of a new water system gradually establishes a steady’state relative to the routine
maintenahce and sanitization procedures over time and is influenced by changes in routine, prgventative
maintenahce or sanitization procedures, or any type of system intrusian, such as for component repglacement,
removal ¢r addition. Repeated sampling over a period of time ehables trends to be establishpd, which
form the pasis for action levels for the total viable microbial coutit and endotoxin concentration|to be set.
Typically,|the action levels are set at 50 % of the maximum allowable levels for total viable micropial count
and endofoxin, however other levels can be set.

Operatorg of water treatment systems should also be aware that a low colony count is usually pregent in the
lag phase|of bacterial growth, for example shortly aftéba disinfection, necessitating the samples t¢ be taken
before diginfection when the number of bacteria Tapidly increases in the exponential phase of] bacterial
growth, ak bacteria had longer time to adapt and-proliferate.

D.3.2 Djalysis fluid

The apprpach in respect of dialysis.fluid differs as tests for microbial growth and endotoxins are not
required |f the dialysis machine fluid pathway is fitted with an appropriate capacity bacteria and gndotoxin-
retentive [filter validated by the manufacturer and operated and surveyed according to the manuffacturer's
instructidns, unless the manufacturer requires such tests in the instructions for use. In case| of heavy
contaminftion of the dialysiswater, endotoxins and especially short-chain endotoxins, can pass the bacteria
and endofoxin retentive~filter membrane and under such circumstances a discussion with thg medical
director if appropriatéto’decide on the appropriate steps to minimize patient exposure.

If the dialysis machine pathway is not fitted with an bacteria and endotoxin-retentive filter, it is presumed
that the tfeatments are performed with standard dialysis fluid (a total viable microbial count of|less than
100 CFU/ml.and an endotoxm concentratlon ofless than 0,5 EU/ml). When usmg such fluid, sampling shall be

ith lysis. A 1 eratures
(e.g. 20 °C to 25 °C) and for longer periods (e.g. 5 d to 7 d) can recover higher microbial counts than with
at an incubation temperature of 35 °C to 37 °C and an incubation time of 48 h, e.g. when using TSA, the
decision to use longer incubation times, should balance the need for timely information and the type of
corrective actions required when alert or action level is exceeded with the ability of the microorganisms to
detrimentally affect the patient due to their exposure to large volumes of dialysis fluid.

D.3.3 Evaluation of results and corrective actions

If levels exceeding the action levels are observed in either dialysis water or dialysis fluid, and the levels are
below the maximal allowable level (MAL) corrective measures, such as disinfection and retesting, should
be performed promptly to reduce the levels and to establish if the observed result is a part of a trend, or
an isolated occurrence arising from exogenous sampling-related contamination, there should be awareness
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that other reasons for exceeding the limit values are possible such as technical defects, biofilm development
and inadequate disinfection.

If the levels exceed both the action levels and the maximum allowable limit, immediate action shall be taken
to avoid any risk to the patient and if the dialysis machines are not fitted with a bacterial and endotoxin
retentive filter, interruption of treatment should be considered.

Figures D.1 to D.3 are intended to serve as an example of procedures to follow when the action level or the
maximal allowable level is exceeded.

Evaluation of the

No No

dialysis water Are both EU and CF Are both EU and CFU
microhielegicalsample results below ALL? results below MAL?
Yes
Yes

* Notify the medical director. Follow(the instructiong and
guidance of the medical director:
* Conduct the trend analysis of-sampling results, dialysis
water conductivity values,ROxejection rate values|and

other parameters.

o Notify the medical director.

* Conduct the trend analysis of sampling results, dialysis
water conductivity values, RO rejection rate values and
other parameters.

Deteriorating
trend has been
identified?

Deteriorating
trend has been
identified?

Yes

Suggested actions
« Increase the frequency of
microbiological sampling,

Suggested actions
* Increase the frequency of
microbiological sampling;

Suggested actions
* Immediately (e.g. within 24 h) perform tHe
endotoxin sampling of UPDF in the HD {levice.

Evaluate the likelihood of
exogenous contamination,

e.g. check sampling valve for
leakage.

Consider further technical
actions, e.g. replacement of RO
membrane(s).

Evaluate the likelihood of
exogenous contamination,

e,g. check the sampling valve for
leakage.

o

pntinue notmal
operations

the next dialysis water

Re-sample and re-evaluaa

(Figure D.1 continues on

microbiological samplej

the next page)

e.g. once every two weeks, and e.g. once every two-weeks, and If endotoxin sampling cannot be done oy if
do it in at least two places: at the do it in at least two-places: at the the received results exceed the limit vallies of
end of the distribution loop and end of the distribution loop and UPDF, then:

directly after the last purification directly afterthe last purification 0 stop using substitution fluid for anjy
stage, e.g. after RO device. stage, e'g-after RO device. applications, including in treatmehts

(HF, HDF) for bolus, during reinfusion,

etc.;®
0 consider replacing BERF more fre
to maintain UPDF quality.’

Adapt the routine disinfection protoco|
by increasing disinfection temperaturg
increasing disinfection frequency or by
means.

Increase the frequency of microbiologica
sampling, e.g. once every two weeks, a

it in at least two places: at the end of th
distribution loop and directly after the
purification stage, e.g. after RO device.

Evaluate the likelihood of systematic
exogenous contamination, e.g. check tl
sampling valve for leakage, examine th|

uently

,e.g.
, by
other

d do
e
last

[¢’]

™

sampling procedures
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Figure D.1 — Evaluation of dialysis water microbiological results and suggested corrective actions
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Are both EU and CFU
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When both EU and CFU results are below AL
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protocol, the matter of the elevated

micr
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If cor|ditions stated above are not met, proceed

with

dialypis water microbiological sample”.

Notify the medical director.

Suggested actions

o Adapt the routine
disinfection protocol, e.g.
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Notify the medical director. Follow the
instructions and guidance of the medical
director.
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by increasing the
frequency of disinfection
or by other means, and
perform more frequent
resampling of DW until
both EU and CFU results
are below AL.

o Consider further technical
actions e.g. replacement
of RO membrane(s).

cteria and endotoxin retentive.filter

If endotoxin sampling cannot be done o if

the received results exceed the limit Valte.
of UPDF, then:

0 stop using substitution fluid for'any
applications, including in treatments
(HF, HDF) for bolus,-during reinfusioy
etc.;b

o consider replading'BERF more freque
to maintain UPDF quality.

« Adapt the routine disinfection protocol, e.p.

by increasingdisinfection temperature, of
increasing disinfection frequency or by ot
means;.and perform resampling of DW m

htly

3
by

ner
re

frequently until both EU and CFU results dre

below AL.

¢ Consider further dramatic technical actioy
e.g. exchange of DW distribution system.
If several results of DW are above MAL or if U
endotoxin sample results exceeds the limit
value of standard dialysis fluid, consider
stopping patient treatment completely.”

.

PDF

002 Bl L]
oS

Limit values (AL and MAL) are typically applicable for samples which are taken just before disinfection, i.e.
usually received values represents the "worst-case scenario”. For samples taken between disinfections, the
impact of time needs to be considered., i.e. how much time has passed from the previous disinfection and how

7S
poretrory oro ot~ 9, £ Ot O T,

much time till the next disinfection.

Any changes, restrictions and actions which can influence treatment modality or its parameters shall only be

5 Tro Tty

done in agreement with the medical director.

If protocols have been adapted, revalidation can be necessary.
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Review water system microbiological test
results

Are CFU and

Are CFU and

Continue scheduled EU results NO EU results
system monitoring below AL7/ below MAL?
YES
Review results with
th¢ medical director and
facility quality Evaluate if mope.than
improvement team one samplessite
exceeded ‘action level
NO Are results Repeat the one NO More YES
% below AL? sample site than one site above
l within 7 d | ?
( Repedttesting )
Notify the medical director and facility management. Create an action plan which can include
areview of the followingtohelp determine the root cause:
« sampling progess for potential exogenous contamination;
o historical testresults for trends of positive results;
o disinfection protocol: disinfectant concentration/temperature, duration and frequency;
o investigative sampling “upstream” of positive test site: RO machine rermeate, feed to
RQ.machine;
«_<reyerse osmosis machine performance metrics (declining % rejection, possible need
for membrane replacement);
«~ temporary increase of the sample frequency to validate changes in the disinfection
practice and monitoring of mitigation effectiveness.
Figure I).27>— Evaluation of dialysis water microbiological results and suggested corrective actions
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Review dialysate microbiological test results 4 N\

* Notify the facility
manager, medical
director and
biomedical
manager.

¢ Review
microbiological test
results and
disinfection logs of
upstream systems
(concentrate
preparation and
water purificatior
systems).

¢ Notify the facility manager and biomedical e Iftrendsare
technician. identified with

o Review previous sample results for trends. cohcentrate or

Redraw sample(s) that were above AL. water system test

Are CFU and
EU results
below AL?

Are CFU and
EU results

system monitoring below MAL?

~N
Continue scheduled

YES YES

Review results with
medical director and
facility quality
improvement team.

results, disinfect
equipment and
water system if
necessary.

e Review HD/HDF
machine

YES maintenance.

e Replace HD/HDF
machine dialysatd
filters if necessary

e Redraw sample(s).

Trend of elevated
results identified, OR
repeat results
above AL?

Repeat machine(s) in YES
next régular monthly
sample collection

Are CFU and EU resy
below AL for repeat
sample(s)?

lts

YES A
4 N\
¢ Notify the medicql
« Evaluate/correct sample collection technique. director, facility
« Evaluate/correct bicarbonate preparation/distribution technique. manager and
Atk CFU and EU results . Eva:uate/cor;ect wat(?r systerr; corfxi';ponents. biomedical n;la}n‘ ger.
Helow AL for repeat . val uate/_rep ace equl;_)mgnt ultrafilters. *« Remove .mac ing(s)
sample(s)? ¢ Evaluate/implement biofilm removal protocols. from patient use
« Redraw sample(s). o Initiate
troubleshooting
protocol.
. J
ANO. f

Figure D.3 — Evaluation of dialysis fluid microbiological results and suggested corrective actions

The flowcharts above serves as an example of procedures that may be initiated when action level or maximal
allowable level is exceeded. Presumption of the flowchart is that all haemodialysis devices are equipped with
bacteria and endotoxin retentive filters and water treatment system have been validated, well maintained
and its performance have been stable. Based on experience, if microbiological results of single dialysis water
sample are over action level for water treatment system which is validated, well maintained and stable, in
great majority of the cases, such values are due to exogenous contamination and not due to contamination
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of dialysis water. Other reasons for exceeding the limit values can be due to, for example, technical defects,
biofilm development, not adequate disinfection protocol.

Low colony count is usually present in the lag phase of bacterial growth, for example, shortly after a
disinfection. Typically, number of bacteria rapidly increases in the exponential phase of bacterial growth,
for example, before disinfection, as bacteria had the longest time to adapt and proliferate. When the action
level is exceeded, to detect the exponential growth on time, shorter than routine sampling intervals are
recommended. For more information, refer to the exponential bacterial growth model.

If the microbiological limit values in dialysis water have been exceeded, a measurement of the endotoxin
concentration in ultra-pure dialysis fluid can be used to decide on further treatment related steps. The
results of the endotoxin concentration measurements are available much faster than results of colony count,

and the 1,

isk of £X0genous c:\mp]ing_rnlafnr‘ contamination is lower than r‘]nring determination

of colony

countinu
and endo
contamin
retentive

Typically,
concentrg
the use o
dialysis w

Itrapure dialysis fluid. By assuming that bacteria, due to its size, are retained by validate
toxin retentive filters, the main parameters of concern become endotoxins. InCcase
htion, endotoxins, and especially short-chain endotoxins, can pass the bacteria,and
filter membrane.

substitution fluid is prepared by filtration of ultrapure dialysis fluid. Therefore, if the

tion in this ultrapure dialysis fluid is shown to meet the required qualitylevel (e.g. <0,0
[ substitution fluid may be temporarily continued even if the microbiological results ¢
ater sample exceed the maximum allowable level (only with the approval of the medical

 bacteria
of heavy
bndotoxin

endotoxin
3 EU/ml),
f a single
director).
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Annex E
(informative)

Validation

E.1 General and background

This anngx

The dialyjsis fluid and the substitution fluid used for online convective therapies are the, ireq
online process and are used immediately after their production. For this reason, the use of|*batc
techniqugs based on testing at fixed intervals is not the most effective way to ensure-the requir
level is cpntinuously reached. Periodic appraisal of the chemical and microbial fluid”quality c
potential problem; for example, if that problem arose just after a test sample was collected.

Furthermore, conformity with the requirement that substitution fluid used foryonline convective
be sterilg cannot be demonstrated by culturing but is ensured by the ‘application of a valig
adequately monitored process.

ult of an
h control”
ed quality
hn miss a

therapies
ated and

The survgillance plan of the overall system (i.e. including the steps-ffom the dialysis water production to

the generjation of the dialysis fluid and substitution fluid) is based on the knowledge acquired
validation) plan for the specific dialysis water or dialysis fluid\production system and the su
strategieq applicable to the dialysis fluid production devices as.validated by the manufacturer.

Moreover] when using a validated and monitored process for removal of bacteria and endotox
dialysis
and equipment (e.g. dialysis machine or endotoxinsretentive filters) that have already been va
the manufacturer is sufficient to ensure fluid quality, provided those parts and equipment are
according to the manufacturer's instructions{ Sampling of the dialysis water or dialysis fluid
performef if required by the manufacturerofthe validated process.

For these|reasons, and under the above-mentioned conditions, an effective surveillance strategy
based on [the direct sampling of the-dialysis water and/or dialysis fluid and on surveillance of th
parametefrs as recommended by the manufacturer and defined by knowledge of the water tre
dialysis fluid preparation system acquired during the validation phase.

E.2 Validation programme

E.2.1 Ggneral

with the
rveillance

ns at the

achine, sampling of the substitution fluid.is'not needed. The presence in the systerT of parts

idated by
operated
should be

should be
e process
htment or

The performance of the dialysis water or dialysis fluid production system should be verified to deonstrate

ence that

requirements of ISO 23500-3 and/or ISO 23500-5.

E.2.2 Validation steps

As described in Clause 6, validation consists of the following:

— validation plan;
— installation and operational qualification;

— performance qualification;
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— revalidation through the data collected during routine surveillance.

E.2.3 Validation plan

The validation plan is the road map for successful validation and provides a complete picture of the dialysis
facility's validation activities.

The validation plan defines and lists all necessary activities and documentation for

— installation and operational qualification,

— performance qualification, and

— revalfdation.

The level

plan shoufld define all responsibilities during validation and subsequent system operation.

E.2.4 Performance qualification

E.2.4.1

As descriped in Clause 6, the aim of the PQ activity is to establish that¢he system, as a whole,
consistenfly to produce water and dialysis fluid of the required quality) when operated accord

defined p

The prerdquisites for the PQ are.

— The demonstration that the plant has been installed agcording to the design plans and foll

insta

— The demonstration that the system performs all the required actions and can be operated ac

the u

The PQ injcludes the periodic assessment of alset of physical, chemical and microbiological para|
demonstrfate that a consistent performance\pattern can be achieved.

The PQ sfrategy has to be adapted to the specific system design and required performance. This
and testing pattern can be relaxed during the surveillance phase (normal operation/monitoring) i
system cdn demonstrate - over adong time - consistently high-quality results.

NOTE

membrangs and chemical disinfection of non-heat disinfectable reverse osmosis systems, including d
loop, and 1nonthly dialysis“water sample collection. For heat disinfectable reverse osmosis systems, a mot

heat disin

recommer{ded. This pattern of disinfection ensures an adequate compromise between the running costs an

as well as

Under thdseassumptions, the PQ can be implemented in two phases.

E.2.4.2

of detail in the plan should reflect the risk, complexity and novelty of the system{The

General

focedure and with the stipulated raw water characteristics-/<site conditions.

lation guideline (i.e. 1Q).

ser’s manual and technical manuals (i.e. 0Q).

Experience suggests.the adoption of a monthly frequency for thermal disinfection of rever;

fection of distribution loops (including dialysis machines once per week, where applicable)

limitation.of the effort required for the retrospective annual validation activity.

Falidation

functions
ng to the

wing the

ording to

Imeters to

sampling
h case the

e 0Smosis
stribution
e frequent
s strongly
d the risks

First phase performance qualification

During this period, all the information about the system behaviour should be collected and the fine-tuning of
the action levels should be performed. In this phase, the testing frequency of the microbiological parameters
is kept at a higher level to create a ‘trend analysis’ and identify any deviations to ensure the patients
safety. The goal is to demonstrate the consistent quality in the interval between the defined disinfection
intervals. Longer intervals can require additional microbiological sampling in the first phase performance
qualification (PQ-1) phase to ensure truly continuous coverage throughout this period.

The first chemical and microbiological analysis is performed at the start of PQ-1.

© IS0 2024 - All rights reserved
76


https://standardsiso.com/api/?name=491b9f734ab8c5d2af4b07224b067fb7

ISO 23500-1:2024(en)

The patients’ treatment can be initiated after the availability of the first results of the chemical and
microbiological analyses showing that the dialysis water is compliant with the required quality. The medical
director of the renal unit or their designated deputy should approve the release for patient treatments in
written form. The designated deputy should be a person who is informed about the validation steps and/or
is responsible for operational aspects of the water treatment.

The first phase PQ-1 should cover the period of the planned routine sampling or disinfection interval. The
longer of the two should be defined as this interval, i.e. either the sampling or the disinfection interval.
During this period, microbiological sampling should be performed repeatedly and results of at least
three consecutive samples should be below the action level to start the second phase PQ-2. In case of a
negative trend (increasing values) or values above the action level, the disinfection and/or microbiological
surveillance interval should be shortened.

The folloyving sampling should be performed preferably prior to disinfection or, alternatively) fot sooner
than 24 h| after the disinfection process, to avoid false negative results and to demonstrate\the|adequate
system b¢haviour. The samples taken after the disinfection are used to demonstrate the effectiverless of the
disinfectipng procedure; they should be taken after the first monthly disinfection (after start-up offthe water
treatmenf system) and in case of troubleshooting.

The folloying minimum sampling plan is suggested for the first phase of the PQ-1}

— chemfical analyses on:

=

hw water (if not available from the supplier);
— pre-treated (RO inlet) water;
— dlialysis water;

— micrgbiological analyses (samples to be taken not soenér than 24 h after the first water treagment and
distribution system disinfection) on dialysis water;

— when|adequate results are achieved the patients treatment can be initiated (typically at leastjone week
after the PQ start date due to the 7 d requiredto complete the incubation period for the microbiological
analyfsis);

— micrgbiological analyses in intervals @ccording to the validation plan (see Table E.1) on dialysis water.

E.2.4.3 BSecond phase performance qualification

In the se¢ond phase of the PQ;\two consecutive microbiological samples at the designated samlpling and
disinfectipn intervals should“be’below the action level. This allows the successful completion of the PQ and
the start ¢f the routine sutvgillance operations.

During second phase performance qualification (PQ-2), the following minimum sampling plan is $uggested
for the ppriod ascdéefined in the validation plan: microbiological analysis in intervals according to the
validation plan {samples to be taken preferably prior to disinfection or, alternatively, not sooner than 24 h
after the dlisinfection process, to avoid false negative results) on dialysis water.

E.2.5 Routine surveitiance
The successful completion of the PQ allows the starting of the routine surveillance phase that implies:

— microbiological analysis in intervals according to validation results (samples to be taken preferably
prior to disinfection or, alternatively, not sooner than 24 h after the disinfection process, to avoid false
negative results) on dialysis water;

— yearly full chemical analysis on:
— raw water (if not available from the supplier),

— pre-treated (RO inlet) water,
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— routine system disinfection as established in the PQ;

— annual retrospective or continuous validation upon the successful completion of the tests.

Each analysis and test can be also triggered by any significant deviation in the process parameters (e.g.
conductivity) suggesting possible system malfunctions or changes in the raw water characteristics.

Table E.1 — PQ activities: Example of disinfection and routine surveillance intervals scheme

PQ-1 and sampling interval of x

Disinfection type RO type Di_sinfection Rou_tine Recommendation weeks after previous sampling PQ-2 z?nd _routine
of RO system interval surveillance level (O-=-afterstartup} sampling interval
M Highest 0-2-2 M-M
Thermgl Large RO Weekly Q Medium 0-2-5-6 Q-Q
S Minimum 0-2-5-8-12 or 0-2-8-16 S-S
b M Highest 0-1-1-1(-1)a M-M
Chemicpl Large RO R Medium 0-2-2:45 R
® M Medium 0-2-2-4-5 M-M
Q Minimum 0-2-2-4-5 Q-Q
Key
M monthl
Q quarterl]
S semi-anfual
a Weekly ntervals until first monthly routine disinfection (sampling before disinfection),
b Disinfecfion interval can be adapted depending on the validation results.
It is recommended to follow the “highest” approach of\P€. Once continuous WTS operation belpw action

levels andl no negative trend can be demonstrated (e;g. during routine revalidation activities),|it can be
considergd to relax the disinfection/sampling intervals according to the table, if required.

If the disfinfection interval is intended to betextended in a validated and stable system, a reyalidation
(new valiflation) from phase PQ-1 should bé.performed (sampling immediately before the last difinfection
correspoids to the first sample of PQ-1).

If the micfobiological sampling interval is intended to be extended in a validated and stable water

reatment

(WT) system (values below AL), @ revalidation from PQ-2 should be performed. To support the decision to
extend the sampling interval in-a safe way, it should be demonstrated that the retrospective microbiological

analyses

at least tHe first sample of/PQ-2) phase.

"esults have been gonsistently below action level for a minimum duration of the last PQ [PQ-1 and

A microbjological sampling interval of three months should not be exceeded and it is strongly advised

against f

r large ROswith chemical disinfection.

An exceptlion isgmade for systems with consistently good hygiene management (e.g. weekly heat diginfection,

regular

six months-can be considered

insing cycles, operation according to manufacturer's instructions); an interval of

maximum

E.3 Consequences for the surveillance strategy

As a result of the validation process for the water treatment or dialysis fluid preparation system, adequate
maintenance and routine surveillance plans are established. Based on these regimes, system surveillance
starts after performance qualification and ensures ongoing conformance to quality criteria regarding
dialysis fluid and in-house produced concentrates.

Trend analysis through surveillance should be used as a source of advanced information on system
performance, thus enabling a proactive approach to system maintenance with consequential operational
and financial benefits.
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Surveillance is achieved with online and offline measurements. With current technology, the majority of
parameters are measured offline. Table C.1 lists possible surveillance parameters and related frequencies of
measurement.

The online surveillance of suitable parameters (such as conductivity) provides immediate identification of
deviations from normal operating conditions, offering the following advantages:

— timely identification of potential problems in their early stage;

— quick and easy diagnosis of the root causes (incoming water quality/technical malfunction);

— implementation of necessary countermeasures;

— trigg

As menti
surveillarn

E.4 Gu

Guidance
typical te

Table E.2
in the waf

The folloy
— Up-to

— Only

— Chentlical composition of raw water must be compliant with WHO.

— Forn

can He initiated by the medical directof-of the clinic upon the availability of the first test
chemJiIfal and microbial analysis that are fully in compliance with all limit values that are defiy

docu

— Ifonl

be giyen before final results.of the laboratory analyses are available (concurrent validation sup
risk dssessment, see Annexd).

— "recommended", i.ecdepending on repairs; for example, when minor repairs are performed

parts|
mate
be ca

- C Lo £l
LIy O1 SPECHIC OHIIC TTICA SUT CIIICTILS.

pned earlier, a purely time-based offline sampling regime has inherent limitatio

jdance on technical needs after typical technical interventions

on the different technical needs (e.g. disinfection, extraordinarysandlysis, re-validat
Chnical interventions is given in this clause.

can be used as a decision matrix for procedures to be performed in case of technical int
er treatment system or concentrates distribution system.

ving scheme is applicable for single-stage and double-stage RO devices, unless otherwise
-date manufacturer's instructions should always be followed.

pbriginal components/spare-parts should be used:

ewly implemented water treatment.systems, the supply of dialysis fluids for patients' tf

ent or manufacturer’s specifications.

in contact Wwith dialysis water), sampling is not always necessary; if major repairs

rried out,

for the

ce of a continuous production process since deviations can occur during the sampling infervals.

ion) after

ervention

defined.

eatments
results of
ed in this

y parts of the WTS have-been replaced, the release on concession under specific requirefnents can

ported by

e.g. small
e.g. large

[ial surfaeesin contact with dialysis water) have been performed, microbiological sampling should
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Annex F
(informative)

Special considerations for home haemodialysis

F.1 General

guidance [regarding dialysis fluid preparation. Given the renewed interest in home\haemodialy§
particulaf, the use of more frequent treatment schedules, this annex has been included to addreg
the concerns particular to the home haemodialysis setting. The recommendations included in this annex
apply to Water treatment systems assembled from individual components. Seme of the recommenfations in

this annek do not always apply to systems for home haemodialysis containirlg integrated water

for home
quipment
licable to
in-centre
hs of this
is and, in
s some of

reatment

equipmer]t designed and validated to produce water and dialysis fluid of the quality required by ISQ) 23500-3

and ISO 2B500-5. Validated systems require assurance that the systemds being operated under the
conditionf. Also, the recommendations of this annex do not apply)te’sorbent-based dialysate reg
systems, Which are excluded from the scope of this document.

Home hagmodialysis differs from in-centre haemodialysis imthat the patient or a helper will be re

validated
eneration

sponsible

for day-td-day operation and maintenance of the water treatment and other dialysis equipment. In general,
these indjviduals do not have formal technical training in haemodialysis. Therefore, the dialyyis centre

should prpvide training in the operation and maintenahce of the equipment and require a demong
competer]ce in those areas before home treatments are begun.

F.2 FIdid quality

Dialysis water, concentrate and dialysis fluid used for home haemodialysis applications should
quality requirements set forth in [SO)23500-3, ISO 23500-4:2024, Clause 4 and ISO 23500-5:2024,

F.3 Utillities
F.3.1 Gegeneral

To incorpprate a hagmodialysis machine in a home, the home will need a water supply, a drain c

tration of

meet the
Clause 4.

bnnection

and a dedicated power source. It is recommended that the utility companies providing water and power

to the pafient'sthome be notified that home dialysis is being performed at that location and that
service following any interruption should be considered a priority.

FE3.2 Water supply

restoring

If the water is supplied by a municipal water system, it should meet the applicable standards for drinking
water. Periodic appraisal of the water supply should be performed to confirm that it meets the requirements

of this document.

[f the water is not supplied by a municipal water system but obtained from a private well, applicable drinking
water standards can differ depending on the number of households that the well supplies. Furthermore,
regulatory requirements with different indications can apply with respect to surveillance. In view of this,
the water supply should be analysed more frequently than in a hospital-based dialysis unit, especially if the
location is rural. The water source in such situations can be subject to seasonal changes, such as heavy rain
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