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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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5 document was prepared by Technical Committee ISO/TC 150, Implants for surgery, Sub
, Cardiovascular implants and extracorporeal systems.

5 first edition cancels and replaces 1SO 23500:2014, which has been technically revised
hges compared to the previous edition are as follows:

The document forms part of a-revised and renumbered series dealing with the prep4
quality management of Aluids for haemodialysis and related therapies. The series
[SO 23500-1 (previously ISO 23500), ISO 23500-2, (previously ISO 26722), ISO 23500-3,

5t of all parts in the.ISO 23500 series can be found on the ISO website.

feedback or{guéstions on this document should be directed to the user’s national standa
plete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is the base standard for a number of other standards dealing with water treatment and
the production of dialysis fluid (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 deliver dialysis therapy.
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Preparation and quality management of fluids for
haemodialysis and related therapies —

Part 1:
General requirements

1

1.1
Thi

Scope

General

5 document is the base standard for a number of other standards dedling with water

eq

dialysis practitioners with guidance on the preparation of dialysis-fluid for haemod
reldted therapies and substitution fluid for use in online therapies,»such as haemodiafilt
haemofiltration. As such, this document functions as a recommended practice.

Thif document does not address clinical issues that might be-associated with inappropriate u

wa
of t
the
rep
rais

Thd
rec
und

1.2

Thi
pre

For
a)
b)
‘)

ipment, water, dialysis water, concentrates, and dialysis fluid (ISG, 23500 series) an|

er, dialysis water, concentrates, or dialysis fluid. Healthcare professionals involved in th
Featment for kidney failure should make the final decision regarding the applications
e fluids are used, for example, haemodialysis, haemodiafiltration, high-flux haemodialy

es in each of the therapies.

concepts incorporated in this document should not be considered inflexible or
mmendations presented here should“be reviewed periodically in order to assimilatd
erstanding of the role of dialysis fluid purity in patient outcomes and technological deve

Inclusions

5 document addresses the“user's responsibility for dialysis fluid once the equipment
paration has been delivered and installed.

the purposes of thisdocument, dialysis fluid includes:
dialysis water-(See 3.17 for definition) used for the preparation of dialysis fluid and substit
dialysistwater used for the preparation of concentrates at the user's facility,

concentrates,

treatment
d provides
alysis and
ration and

sage of the
e provision
vith which
bis, and the

rocessing of dialysers, and need to be aware of the issues that the use of inappropriate fluid quality

static. The
increased
opments.

used in its

ution fluid,

d)

the fimat diatysis fiutdand substitution fiuid:

The scope of this document includes

a)

b)

the quality management of equipment used to treat and distribute water used for the preparation
of dialysis fluid and substitution fluid, from the point at which municipal water enters the dialysis
facility to the point at which the final dialysis fluid enters the dialyser or the point at which

substitution fluid is infused,

equipment used to prepare concentrate from powder or other highly concentrated media at a

dialysis facility, and

preparation of the final dialysis fluid or substitution fluid from dialysis water and conce

© IS0 2019 - All rights reserved
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NOTE

intended for single use, this aspect of water use is also covered by this document.

1.3 Exclusions

Because water used to prepare dialysis fluid can also be used to reprocess dialysers not marked

This document does not apply to sorbent-based dialysis fluid regeneration systems that regenerate and
recirculate small volumes of dialysis fluid, systems for continuous renal replacement therapy that use
pre-packaged solutions, and systems and solutions for peritoneal dialysis.

2 Nor

ative references

The followj
constitutey
document

ISO 23500
Part 3: Wat

ISO 23500
Part 4: Con

ISO 23500
Part 5: Qua

3 Termis and definitions

For the pui
ISO and [E
— IS0 On
IEC El¢

3.1

ing documents are referred to in the text in such a way that some or all of their con
requirements of this document. For undated references, the latest edition of the referen
[including any amendments) applies. For dated references, only the edition cited\applies.

3, Preparation and quality management of fluids for haemodialysis and related therapie
er for haemodialysis and related therapies

4, Preparation and quality management of fluids for haemodialysis-and related therapie
centrates for haemodialysis and related therapies

5, Preparation and quality management of fluids for haemodialysis and related therapie
lity of dialysis fluid for haemodialysis and related therapies

poses of this document, the following terms and‘definitions apply.
[ maintain terminological databases for use\in standardization at the following addresse

line browsing platform: available athttp://www.iso.org/obp

ctropedia: available at http://www.electropedia.org/

acetate co

concentrated solution of salts containing acetate, which, when diluted with dialysis water, yi

bicarbona
Noteltoe
Note2toe
Note3toe

3.2

acid concentrate.

centrate

-free dialysis fluid-for'use in dialysis
ry: Acetate conceribrate can contain glucose.
ry: Sodium-acetate is used to provide buffer in place of sodium bicarbonate.

ry: Acetateé concentrate is used as a single concentrate.

[ent
ced

1%2]

blds

A-concentrate
acidified concentrated mixture of salts that, when diluted with dialysis water and bicarbonate

concentrat

e, yields dialysis fluid for use in dialysis

Note 1 to entry: The term “acid” refers to the small amount of acid (for example, acetic acid or citric acid) that is
included in the concentrate.

Note 2 to entry: Acid concentrate can contain glucose.

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

© ISO 2019 - All rights reserved
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3.3

action level

concentration of a contaminant at which steps should be taken to interrupt the trend tow
unacceptable levels

3.4
additive
spike

ard higher,

small amount of a single chemical that, when added to the concentrate, will increase the concentration

of a single existing chemical by a value labelled on the additive packaging

3.5
bici
B-c
con
con

irbonate concentrate

pncentrate

rentrated preparation of sodium bicarbonate that, when diluted with dialysis wate
centrate, makes dialysis fluid used for dialysis

Notg 1 to entry: Sodium bicarbonate is also known as sodium hydrogen carbonate,

Note 2 to entry: Some bicarbonate concentrates also contain sodium chloride.

Not¢ 3 to entry: Bicarbonate concentrate can be in the form of a liquid or,a‘dry powder.

Not
top

e 4 to entry: Dry sodium bicarbonate, without added sodium chdoxide, is also used in concentrat
Foduce a concentrated solution of sodium bicarbonate used by theé dialysis machine to make dialy

3.6
bio
mic
as
sub
gen

film

robially-derived sessile community characterized by cells that are irreversibly a
Ibstratum or interface or to each other, aré’imbedded in a matrix of extracellular
tances that they have produced, and exhibitan altered phenotype with respect to grow
P transcription

ical disinfectants.

Not¢ 2 to entry: A certain amountefbiofilm formation is considered unavoidable in dialysis water sys
the [level of biofilm is such that the action levels for microorganisms and endotoxins in the dialys
roufinely reached or exceeded, the operation of the system is compromised from a medical and techn
view. This level of biofilm formation is often referred to as bio-fouling.

3.7
bulk delivery
delivery of large‘containers of concentrate to a dialysis facility

Not¢ 1 to entry: Bulk delivery includes containers such as drums, which can be pumped into a g
maihtained~at the user's facility. Alternatively, the drums can be left at the facility and used to
confainers to transfer the concentrate to the dialysis machines. Bulk delivery can also include larg

r and acid

generators
sis fluid.

ftached to
polymeric
th rate and

e 1 to entry: The matrix, a slimy material secreted by the cells, protects the bacteria from anffibiotics and

tems. When
s water are
ical point of

torage tank
fill transfer
b containers

for

Note 2 to entry: Bulk delivery also includes dry powder concentrates intended to be used with an
concentrate mixer.

3.8
central concentrate system

appropriate

system that prepares and/or stores concentrate at a central point for subsequent distribution to its

points of use

3.9

central dialysis fluid delivery system

system that produces dialysis fluid from dialysis water and concentrate or powder at a ce
and distributes the dialysis fluid from the central point to individual dialysis machines

© IS0 2019 - All rights reserved
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3.10
combined chlorine
chlorine that is chemically combined

EXAMPLE Chloramine compounds.

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 and calculating the difference.

3.11

free chlorine
chlorine present—im—water—as—dissolved—molecttar—chtorine and
hypochlorite ion (OCl )

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

3.12
total chlorine
sum of fre¢ and combined chlorine

Note 1 to pntry: Chlorine can exist in water as dissolved molecular chlorine,chypochlorous acid, anfl/or
hypochloritg ion (free chlorine) or in chemically combined forms (combined chlorine)”Where chloramine is fised
to disinfect[water supplies, chloramine is usually the principal component of conibined chlorine.

3.13
colony-forming unit
CFU
measure of bacterial or fungal cell numbers that theoretically, arise from a single cell when grown on
solid media

Note 1 to enftry: Colonies can also form from groups of organisms when they occur in aggregates.

3.14
concentrate generator
system where the concentrate is delivered te'the user as a powder in a container, suitable for attachnjent
to the dialysis machine with which it is intended to be used, and then the powder is converted iﬂo a
concentrated solution by the dialysis machine

Note 1 to entry: The solution produced by the concentrate generator is used by the dialysis machine to makq the
final dialysif fluid delivered to the/dialyser.

3.15
dialysis flpid
dialysate
dialysis sqlution
aqueous flpiid contaihing electrolytes and, usually, buffer and glucose, which is intended to exchdnge
solutes with bload during haemodialysis and haemodiafiltration

Note 1 to ererytheterm—diabpsisthid s used-throvshowt this-deermenttomeanthethrid-madetremeiadysis
water and concentrates that is delivered to the dialyser by the dialysis fluid delivery system. Such phrases as
“dialysate” or “dialysis solution” are used in place of dialysis fluid in some countries; however, that usage is
discouraged to avoid confusion.

Note 2 to entry: ISO 23500-5 defines three levels of dialysis fluid: standard dialysis fluid, ultrapure dialysis fluid,
and online-prepared substitution fluid used for haemodiafiltration.

Note 3 to entry: The dialysis fluid entering the dialyser is referred to as “fresh dialysis fluid”, while the fluid
leaving the dialyser is referred to as “spent dialysis fluid”.

Note 4 to entry: Dialysis fluid does not include prepackaged parenteral fluids used in some renal replacement
therapies, such as haemodiafiltration and haemofiltration.

4 © IS0 2019 - All rights reserved
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3.16

dialysis fluid delivery system

device that prepares dialysis fluid online from dialysis water and concentrates or that stores and
distributes premixed dialysis fluid; circulates the dialysis fluid through the dialyser; monitors the
dialysis fluid for temperature, conductivity (or equivalent), pressure, flow, and blood leaks; and,
prevents dialysis during disinfection or cleaning modes

Note 1 to entry: The term includes reservoirs, conduits, proportioning devices for the dialysis fluid, and monitors
and associated alarms and controls assembled as a system for the purposes listed above.

Note 2 to entry: The dialysis fluid delivery system can be an integral part of the dialysis machine or a centralized
preparation system which feeds multiple individual dialysis consoles.

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

3.1Y
dialysis water
watler that has been treated to meet the requirements of ISO 23500-3 afid-which is suitaple for use
in haemodialysis applications, including the preparation of dialysis fluid, reprocessing of dialysers,
preparation of concentrates and preparation of substitution fluid for.driline convective therdpies

3.18
disinfection
destruction of pathogenic and other kinds of microorganisms by thermal or chemical meang

Not¢ 1 to entry: Disinfection is a less lethal process than‘sterilization because it destroys most| recognized
pathogenic microorganisms but does not necessarily destroy all microbial forms.

Not¢ 2 to entry: Appropriate disinfection strategies need to include: disinfection type, disinfectant cohcentration,
exppsure time and temperature

3.19
empty-bed contact time
EB(T
timg taken by a feed water to pass.through an empty volume equal to the volume of a particle bed
Not¢ 1 to entry: EBCT (min) is calgtilated from the following formula:
HBCT = V/Q

whdre

V'  isthe yoltrme of the particle bed, in cubic metres (m3);

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

Note 2 to\entry: EBCT is used as an indirect measure of how much contact occurs between partigles, such as
actiyated carbon, and water as the water flows through a bed of particles.

3.20
endotoxin
major component of the outer cell wall of gram-negative bacteria

Note 1 to entry: Endotoxins are lipopolysaccharides, which consist of a polysaccharide chain covalently bound
to lipid A. Endotoxins can acutely activate both humoral and cellular host defences, leading to a syndrome
characterized by fever, shaking, chills, hypotension, multiple organ failure, and even death if allowed to enter the
circulation in a sufficient dose. [See also pyrogen (3.35)].

© IS0 2019 - All rights reserved 5
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3.21
endotoxin
ETRF

-retentive filter

membrane filter used to remove endotoxins and microorganisms from dialysis water or dialysis fluid

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

3.22

endotoxin
EU
unit assaye

Note 1 to ¢
activity is e

Note 2 to en
harmonizat

3.23

feed water

water supy

Note 1 to (:Itry: the water supplied to the water treatment system is_potable water that meets drinking wj

requireme

3.24
germicide
agent that

3.25

haemodia
form of rey
diffusion a

Note 1 to enftry: Diffusive solute remoyalis achieved using a dialysis fluid stream as in haemodialysis. Conveg

unit
d by the Limulus amoebocyte lysate (LAL) test when testing for endotoxins

ntry: Because activity of endotoxins depends on the bacteria from which they @te’ derived, t
aluated by reference to a standard endotoxin.

try: In some countries, endotoxin concentrations are expressed in internatiendl units (IU). Sincg
on of endotoxin assays, EU and IU are equivalent.

lied to a water treatment system or to an individual component of a water treatment sys

S.

Kills microorganisms

filtration

nd convection through a high-flux membrane

heir

the

fem

ater

al replacement therapy in which-waste solutes are removed from blood by a combinatiojn of

tive

solute remgval is achieved by adding ultrafiltration in excess of that needed to obtain the desired wdight
loss; fluid Halance is maintained by infusing a replacement solution into the blood either before the dialyser
(predilution} haemodiafiltration), after the dialyser (postdilution haemodiafiltration), or a combination off the
two (mixed|dilution haemodiafiltration).

3.26

haemodialysis

form of rehal replacement therapy in which waste solutes are removed primarily by diffusion ffom
blood flow|ng on one side of a membrane into dialysis fluid flowing on the other side

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

3.27

haemofiltration
form of renal replacement therapy in which waste solutes are removed from blood by convection

Note 1 to entry: Convective transport is achieved by ultrafiltration through a high-flux membrane. Fluid balance
is maintained by infusing a replacement solution into the blood either before the haemofilter (predilution
haemofiltration), after the haemofilter (postdilution haemofiltration), or a combination of the two (mixed
dilution haemofiltration).

Note 2 to entry: There is no dialysis fluid stream in haemofiltration.

6 © IS0 2019 - All rights reserved
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3.28

heterotrophic

not self-sustaining, i.e. a type of nutrition in which organisms derive energy from the oxidation of
organic compounds by either consumption or absorption of other organisms

3.29

LAL test

Limulus amoebocyte lysate test
assay used to detect endotoxin

Note 1 to entry: The detection method uses the chemical response of an extract from blood cells of a horseshoe
cral} (Limulus polyphemus) to endotoxins.

Notg¢ 2 to entry: Amebocyte lysate from a second horseshoe crab, Tachypleus tridentatus, may)alsg be used to
detgct endotoxin.

3.3p
mahufacturer
entity that designs, makes, fabricates, assembles, or processes a particularitem or object.

Note 1 to entry: Manufacturer includes, but is not limited to, those whotperform the functions|of contract
sterfilization, installation, relabelling, remanufacturing, repacking, or $pecification development| and initial
distributions of foreign entities performing these functions.

Not¢ 2 to entry: Manufacturer does not cover the preparation of goneentrates from pre-packaged dify chemicals
at adialysis facility or the handling of bulk concentrates at a dialysis facility as responsibility for the [concentrate
is transferred from the manufacturer to the user.

3.31
midrobiological contamination
confamination with any form of microorganismi(e.g. bacteria, yeast, fungi, and algae) or with the by-
profucts of living or dead organisms, such asendotoxins, exotoxins, and cyanobacterial toxihs (derived
fromn blue-green algae)

3.32
norn-pyrogenic
notleliciting a pyrogen reaction

Note 1 to entry: This definition is applicable for fluids produced by online techniques, e.g. substitution and
primhing fluids.

Not¢ 2 to entry: For medical devices and injectable fluids, the threshold pyrogenic dose (the minimum dose that
progluces fever) is setyat 5 EU/kg/h. The commonly used gel clot method has a sensitivity limit of [0,03 EU/ml,
enabling the volunte of fluid that may be administered without breaching the threshold pyrogeni¢ dose to be
estgblished.

3.38

product water
wa?' uced ] individual device t] f

3.34
proportioning system
apparatus that proportions dialysis water and haemodialysis concentrate to prepare dialysis fluid

3.35

pyrogen
fever-producing substance

Note 1 to entry: Pyrogens are most often lipopolysaccharides of gram-negative bacterial origin [see also
endotoxin (3.20)].
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3.36

sodium hypochlorite

chemical u

sed for disinfection of haemodialysis systems

Note 1 to entry: 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 recommended
by equipment manufacturers.

3.37
source wa
water ente

Note 1 to elltry: Source water, sometimes referred to as feed water, is potable water meeting the requirem

for drinking

3.38
sterile
free from

Note 1 to d
sterilization
process is ¢
than one ch

Note 2 to o
a continuou
sections of
of the filter.

3.39

storage tank

tank at thg user's facility for storage of dialysis water or concentrate from bulk deliveries, or
concentrate prepared in bulk at the user's facility<from powder and dialysis water

3.40

substitutipn fluid

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

Note 1 to enftry: Substitution fluid js-alSo referred to as substitution solution or replacement solution.

Note 2 to enmtry: Substitutionfluid can also be used for bolus administration, for priming of an extracorpo
blood circuift, and for returning-blood to the patient at the end of a treatment.

3.41

total dissqlved solids

TDS

sum of all|iphs.in a solution, often approximated by means of electrical conductivity or resisti
measurements

ter
ring a dialysis facility from an external supplier, such as a municipal water supply

water

iable microorganisms
ntry: “Sterile” can be used to describe a packaged solution that was prepared using a term

pbmmonly defined as one that achieves a sterility assurance level (SAL) of 10-6, i.e. assurance of|
hnce in a million that viable microorganisms are present in the sterilized article.

ntry: Alternatively, “sterile” can be used to describe a solution prepared for immediate us
s process, such as filtration, that has been validated according to the methods of the appropit
he applicable pharmacopoeia to produce a solution free froem microorganisms for the validated

Ents

inal

process validated according to the methods of the applicable pharmacop@eia. A terminal sterilization

less

h by
iate
life

for

the

real

ity

Note 1 to entry: TDS measurements are commonly used to evaluate the performance of reverse osmosis units.
TDS values are often expressed in terms of CaCO3, NaCl, KCI, or 442 equivalents, in milligrams per litre (mg/L).
[442 is a solution of sodium sulfate (40 %), sodium bicarbonate (40 %), and sodium chloride (20 %) that closely
represents the conductivity to concentration relationship, on average, for naturally occurring fresh water.]

3.42
ultrapure

dialysis fluid

highly purified dialysis fluid that can be used in place of conventional dialysis fluid

Note 1 to entry: A widely accepted specification of ultrapure dialysis fluid is <0,1 CFU/ml and <0,03 EU/ml.
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3.43

user

responsible physician, their representative, or healthcare professional with a responsibility for the
prescription, production, and delivery of dialysis fluid

Note 1 to entry: In this context the user refers to the decision maker who is accountable for the medical decision
for the care of the patients.

3.44

validation
process of documenting that the dialysis water treatment and dialysis fluid production systems,
whén Installed and operated according to the manufacturer’s recommendations, consistenyly produce
dialysis water or dialysis fluid meeting the stipulated quality levels

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

34

verffication
profess of demonstrating that the system complies with applicable regulations, specificatiops, or other
confditions

34

wafter treatment system
collection of water treatment devices and associated piping, pumps, valves, gauges, etc., thpt together
profduce water for dialysis meeting the requirements of ISQ 23500-3 for haemodialysis appli¢ations and
deliver it to the point of use

4 |Quality requirements

4.1] General

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

4.2| Dialysis water

4.2]1 General

The requirements contained in this clause apply to dialysis water at its point of use. As guch, these
reqpirements apply to the water treatment system as a whole and not to each of the deviceq that make
up the system. However, collectively, the individual devices shall produce water that, at alminimum,
megtsthe requirements of this clause.

4.2.2 Chemical contaminants in dialysis water

Dialysis water shall not contain substances at levels greater than those listed in Tables 1 and 2. The
manufacturer or supplier of a complete water treatment system should recommend a system that is
capable of meeting these requirements based on a feed water analysis. The system design should reflect
possible seasonal variations in feed-water quality. The manufacturer or supplier of a complete water
treatment and distribution system should demonstrate that the complete water treatment, storage, and
distribution system is capable of meeting the requirements of ISO 23500-3 at the time of installation.

NOTE The maximum allowable levels of contaminants listed in Tables 1 and 2 include the anticipated
uncertainty associated with the analytical methodologies listed in Table 4 of ISO 23500-3:2019. Other analytical
methods can be used, provided that such methods have been appropriately validated and are comparable to the
cited methods.
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Following installation of a water treatment, storage, and distribution system, the user is responsible for
regular surveillance of the levels of chemical contaminants in the dialysis water and for complying with
the requirements of this document.

10

Table 1 — Maximum allowable levels of toxic chemicals and dialysis fluid electrolytes in

dialysis waterab

Maximum concentration

Contaminant mg/Ic
Contaminants with documented toxicity in haemodialysis
Aluminium 0,01
Total chlorined 0,1
Copper 0,1
Fluoride 0,2
Lead 0,005
Nitrate (as N) 2
Sulphate 100
Zinc 0,1
Electrolytes normally included in dialysis fluid

Calcium 2 (0,054mmol/1)
Magnesium 4 (0,15 mmol/1)
Potassium 80,2 mmol/1)
Sodium 70 (3,0 mmol/1)

the quality of dialysis water.

¢ Unless otherwise noted.

a A dialysis facility’s Medical Director has thegiltimate responsibility for ensuring

b Thereader is cautioned to refer to the latést version of ISO 23500-3 to ensure that
there have been no changes to this table?

d  When chlorine is added to.water, some of the chlorine reacts with organic

materials and metals in theywater and is not available for disinfection (the chlorine
demand of the water). The'remaining chlorine is the total chlorine, and is the sum of
free chlorine or non-bound/chlorine and combined chlorine.

There is no directsmethod for the measurement of chloramine. It is generally
established by measuring total and free chlorine concentrations and calculating
the difference. When total chlorine tests are used as a single analysis the maximum
level for both“chlorine and chloramine shall not exceed 0,1 mg/l. Since there is no
distinction“between chlorine and chloramine, this safely assumes that all chlorine
presentis.chloramine.
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Table 2 — Maximum allowable levels of other trace elements in dialysis watera

No
doc
poil

Contaminant Maximum concentration

mg/1

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

Thallium 0,002

a  Thereader is cautioned to refer to the latest version of ISO 23500-3 to ensure that

no changes have been made to the maximum concentrations shown.

imits in respect of organic compounds are included in the.dbove table. Currently, ther
Lumentary evidence to suggest that exposure impacts or)pdtients’ wellbeing. A suggest
it to establish whether such compounds are of concerniis the National Drinking Water r¢

P is limited
bd starting
quirement

for prganic compounds.

Singe organic compounds can be effectively removed by the use of activated carbon beds orffilters, the
dialysis facility should consider carefully their dimensioning to ensure that there is sufficient capacity
to remove organic compounds should the need'drise.

4.213 Organic Carbon, pesticides and-other chemicals

The presence of organic compounds,)such as pesticides, polycyclic aromatic hydrocarbonq and other
chemicals such as pharmaceutical products and endocrine disruptors in respect of hgmodialysis
patients are difficult to define:Consequences of exposure are probably of a long-term natufre and it is
technically difficult and costly’to measure these substances on a routine basis. Furthermoye, there is
an gbsence of evidence of their widespread presence in water although it is recognized that inadvertent
disg¢harges are possible-In view of this, It is not at present possible to define limits for their presence in
watler used in the preparation of dialysis fluid.

Narjofiltration.and reverse osmosis are capable of significant rejection of many such cpmpounds.
Grapular Activated Carbon (GAC) is also highly effective at removing the majority of these|chemicals.
However, as:Granular Activated Carbon is widely used in the removal chlorine/chloramine, their use in
the|removal or organic carbons, pesticides and other chemicals will be dependent upon the] size of the
carbémfilters and/or beds and users shall be aware of appropriate dimensioning since the majority of
carpon vale C nignt obe already occupled and not avallable 10 urtne emovadl aCtivIty.

4.2.4 Microbiological contaminants in dialysis water

The total viable microbial count and endotoxin concentration in dialysis water shall comply with the
maximum allowable levels specified Table 3. Action levels for the total viable microbial count and
endotoxin concentration shall also be set, based on knowledge of the microbial dynamics of the system.
Typically, the action level is set at 50 % of the maximum allowable level for bacteria and endotoxins. If
a total viable microbial count or endotoxin concentration at or above the action level is observed in the
dialysis water, corrective measures should be taken promptly to reduce the level. The manufacturer
or supplier of a complete water treatment and distribution system should demonstrate that the
complete water treatment, storage, and distribution system is capable of meeting the requirements of
[SO 23500-3 at the time of installation.
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Following installation of a water treatment, storage and distribution system, the user is responsible
for regular surveillance of the microbiology of the system and for complying with the requirements of
this document, including those requirements related to action levels. Clause 8 of this document details
strategies for microbological control. Annex C provides further information relating to surveillance.

In association with the presence of bacteria and endotoxin in the water, yeast and filamentous fungi may
also be present. No specific recommendations have been made in respect of the routine measurement
of such contaminants, nor have action limits been set.

Table 3 — Maximum allowable levels for total viable microbial count (TVC) and endotoxins in

dialucic watara
ATy SIS-Water

Contaminant Maximum allowable level Typical action levelb
TV(Q <100 CFU/ml 50 CFU/ml
Endpbtoxin <0,25 EU/ml 0,125 EU/ml

a  [The reader is cautioned to refer to the latest version of ISO 23500-3 to ensure that thereave been no
charjges to the values presented in this table.

b [Typically set at 50 % of the maximum allowable level. Other values may be set.

4.3 Reqpirements for concentrate

4.3.1 Chemical and microbiological contaminants in concentrate

Concentrafles used to prepare dialysis fluid shall comply with:the quality requirements specifiefl in
ISO 2350044.

Bicarbonatle concentrate can grow bacteria and cautionsshould be used to limit the bacterial levels in
bicarbonatee concentrate. Dialysis fluid can also be prepared from acetate concentrate used as a sipgle
concentrate that can be metabolized by the patienttobicarbonate.

4.3.2 Water used to prepare concentrate

Water usedl to prepare concentrates at.a‘dialysis facility shall meet the requirements of ISO 23500-3.
Any conceftrate prepared at a dialysisifacility shall permit the dialysis machine to prepare dialsis
fluid meeting the requirements of }1S0-23500-5.

4.4 Reqpirements for dialysis fluid

4.4.1 Gelneral

The requirements-contained in this clause apply to a sample of the dialysis fluid collected as closg as
practicabld to theinlet to the dialyser.

ISO 2350015-defines three levels of dialysis fluid: standard dialysis fluid, ultrapure dialysis fluid, pnd
online-prepared substitution fluid used for haemodiafiltration.

Standard dialysis fluid shall be regarded as the minimum acceptable quality. Ultrapure dialysis fluid is
a step forward in improving biocompatibility, reducing inflammation and preventing dialysis related
complications.

Tests for bacterial growth and endotoxins are not required if the dialysis machine fluid pathway is
fitted with an appropriate capacity bacteria retentive and endotoxin-retentive filter 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.
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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 levels for the
total viable microbial count and endotoxin concentration shall also be set, based on knowledge of the
microbial dynamics of the system as specified in ISO 23500-5. Typically, the action level is set at 50 %
of the maximum allowable level for total viable microbial count and endotoxins. If total viable microbial
counts or endotoxin concentrations at or above the action levels are observed in the dialysis fluid,
corrective measures, such as disinfection and retesting, should promptly be taken to reduce the levels.

rablelevelstor-totalviable-mierobialcount{HV€}and—en datoxins in
standard and ultrapure dialysis fluida
Contaminant Standard dialysis fluid Ultrapure dialysis fluid

Maximum allowable level Action levelb Maximum allowable level

TVE <100 CFU/ml 50 CFU/ml <0,1 CFU/ml

Endotoxin <0,5 EU/ml 0,25 EU/ml <0,03 E4/ml

a  |The reader is cautioned to refer to the latest version of ISO 23500-5 to ensure(that there have been n¢ changes to

thiq table.

b |Typically set at 50 % of the maximum allowable level. Other values may be set

4.4]3 Microbiological requirements for ultrapure dialysisfluid

The

wit
are
an

tota

Tes
fittq

total viable microbial count and endotoxin concentration in ultrapure dialysis fluid sh
h the maximum allowable levels specified in ISO 23500-5 and reproduced in Table 4. If t
exceeded in ultrapure dialysis fluid, correctivetneasures should be taken to reduce the
hcceptable range. The user is responsible fortsurveillance of the dialysis fluid bacterio
| system following installation.

's for bacterial growth and endotoxinsrare not required if the dialysis machine fluid
bd with an appropriate capacity bacteria retentive and endotoxin-retentive filter validz

all comply
hose limits
levels into
logy of the

pathway is
ited by the

ma unless the

quacturer and operated and monitored according to the manufacturer's instructions,
ma

ufacturer requires such tests in the instructions for use.
4.4

4 Microbiological requirements for online-prepared substitution fluid

Thg recommendations,contained in this clause apply to substitution fluid as it enters the pati¢nt's blood.

Thip fluid shall bessterile and non-pyrogenic according to ISO 23500-5.

Substitution _fluid for convective therapies, such as haemodiafiltration and haemofiltratlion, or for
priming theé\extracorporeal circuit or bolus administration of fluid during a treatment, may be
profduced-online by a process of ultrafiltration with endotoxin-retentive filters. The online pijocess shall
be yalidated by the manufacturer to produce substitution fluid that is sterile and nonpyrogenic.

The user shall follow the manufacturer's instructions for the installation, use, maintenance, and
conformity of the validated system. The function of the validated system shall be verified according
to the manufacturer's instructions at the time of installation and confirmed by the user with regular
surveillance. Surveillance 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 ISO 23500-4
and ISO 23500-3.

4.5 Record retention

Records of installation, surveillance, maintenance, and disinfection of the water treatment and dialysis
fluid preparation systems, medical observation, and personnel education shall be kept according
to national regulations. In the absence of national regulations, it is recommended that these records
should be retained for the same period as clinical records.
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5 Critical aspects of system design

5.1 General

The preparation of dialysis fluid, from inlet municipal water and acquisition of concentrates to
discharge of spent dialysis fluid into the drain system, involves numerous components that, together,

form a dialysis fluid handling system.

The technical features of the water treatment component of that system should be based on the criteria
listed in ISO 23500 2, w1th spec1al regard to the aspects related to the d1a1y51s water quahty, dlsmfectlon

local wate and bulldlng regulatlons The treatment ofwater for haemod1a1y51s apphcatlons is an.eng

rgy

and resoui|ce intensive process and in designing the system, appropriate consideration shouldyals¢ be

given to ensure optimal use of resources e.g. water and energy.

Concentrafles used with the treated water to prepare dialysis fluid may be obtained from a supplie
a ready-to{use form or prepared at the dialysis facility from dialysis water and prepackaged salts.

rin
The

technical features of the concentrate preparation and distribution component ofthe system shouldl be

based on the criteria listed in ISO 23500-4.

The spent|or used dialysis fluid is discharged into the public sewage *system without treat?[ent.

Disinfectamt solutions may also be similarly discharged. The risks to publicchealth and the environ
from such|discharges are negligible, however such discharges may\impact on the effectivenes
domestic anaerobic digestion systems.

5.2 Technical aspects

In accordance with the requirements listed in ISO 23500-2, the system design should specifig
address the following points:

a) The cHoice of the water treatment system should consider the following aspects concerning
feed-water supply:

1) full chemical analysis of the feed water and silt density index (SDI);

2) mjcrobiological load, which may require the introduction of an additional chlorination step;

3) flgw rates, pressure, and.temperature;

ent
5 of

ally

the

4) tr¢atment techniques“used by the provider of the feed water (for example, addition of

chloramine, fluoride, aluminium sulfate, or other chemicals.). Because treatment technig
cap change, ongeing communication with the provider of the feed water is recommended;

NQTE 1 <Seurce water is assumed to be potable water meeting national drinking water requirems

If the watér Supply to the treatment system, is not directly from the municipal distribution netw|

ues

nts.

brk,

but comed via an existing hospital water supply, there should be awareness of the potential r

sks

that might arise from the introduction of chemicals into the hospital water supply by hospital

engineering staff. To prevent the occurrence of adverse effects arising from such actions,
introduction or addition of chemicals into the hospital water supply should only be underta

the
ken

after prior consultation with renal services. It should be further noted, that if such chemicals
are introduced, it might necessitate additional surveillance prior to water being used for dialysis

applications.
b) product water capacity during sanitization:

if heat sanitization is planned for the system, the distribution loop is sanitized along with the li

nks

from the distribution loop to the dialysis machines. The demand for water during such sanitization

is higher than required by the dialysis machines during operation;

14 © IS0 2019 - All rights rese

rved


https://standardsiso.com/api/?name=5d66da2561a7669241a71606b75ba448

IS0 23500-1:2019(E)

product water capacity during the winter months:

commonly, reverse osmosis systems capacity is rated at a specified incoming water temperature.
There should be awareness that such temperatures may not be achieved during the winter months,
leading to a reduced system efficiency. To meet the required water demand there may be a need
to pre-heat the feed water or to install a system with increased capacity to compensate for the

d)

f)

NOT

reduction in reverse osmosis efficiency during the winter months;
sanitization of the system:

disinfection is the only effective method of diminishing and inactivating microflora

basis to limit bio-fouling within the fluid pathways of the system. Second, all surfacesin

before the disinfection circuit of the dialysis machine), and the dialysis machines (which

given frequency and with inclusion of all critical areas, should be capableyof minimizing
of bio-fouling.

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

water storage and distribution system. Thexmanufacturer’s instructions for using
disinfection systems should be followed.

If chemical sanitization is to be used, the period prior to the next dialysis treatment
sufficient to enable the chemicals to be'rinsed completely from the system.

then this should be performed since this is the easiest and simplest.
provision for adequate process surveillance;

service and maintenance.

If the entire fluid\handling system is not obtained from a single supplier, then the usg
responsible feryensuring that the separate parts of the system are compatible. For ex
important thatthe pre-treatment section of the water treatment system be designed to
main purification device (usually reverse osmosis) with feed water meeting the specif
that device, i.e. pressure, temperature, flow, and quality (for example, elimination of
whichr¢annot be effectively removed by the main purification device or that could dama

5.3 Microbiological aspects

foremost, the lrequency of disintection is 1mporfant. Disinfection should be perlormed an

: First and
aregular
the circuit

should be included in the disinfection procedure. This includes the reverse osmaesis thembranes
(especially the clean side), the distribution piping, the inlet lines to the dialysis ntachinges (located

have their

own disinfection circuit and programme). Third, the disinfection proceduxe, when applied with a

the effects

inactivate

Hot water may be used to control bacterial proliferation.in dialysis water storage and distribution
systems. The exposure time should be according t6 the manufacturer’s instrudtions. The
water heater of a hot water disinfection system should be capable of delivering hot wjater at the
temperature and for the exposure time specified>by the manufacturer to any site in he dialysis

hot water

should be

If it is possible to sanitize the haémodialysis machines at the same time as the distribution loop,

r becomes
hmple, it is
supply the
cations for
chemicals

The required microbiological quality of the dialysis water and dialysis fluid is achieved by paying
adequate attention to the entire water treatment and dialysis fluid preparation cascade including
central concentrate systems. For this reason, the system should be designed to reduce, as much as
possible, potential sources of contamination and to allow effective surveillance and disinfection of the
critical parts.

When applicable, equipment should be operated on a regular basis to reduce stagnation.
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The distribution system should be designed to maintain dialysis water or dialysis fluid quality and,
therefore, should fulfil the following criteria:

cleaning);

there should be no release of chemicals and nutrients for microorganisms;

temperature increases or exposure to sunlight should be minimized.

the distribution loop should be of the minimum length, and avoid multiple branches and dead ends;

materials shall be compatible with the different operational conditions (i.e. supply, disinfection,

Suitable salnpling ports should be available at the start and the end of the distribution loop.

5.4 Envi

The envird
and electr
water that
in which t}
rejected w

Treatment
is receivin
of fluid ass
associated

anaerobic
discharges|

6 Valid

6.1 Gen

The validal
dialysis w4

The valida
assign
assign
assign

validat

ronmental impact

nmental aspect of haemodialysis is considerable in terms of the resources used. e.g. w
city). In planning the water treatment, consideration should be givemto minimizing
is rejected by the reverse osmosis system, for example by the use of a' dial pass RO sys
e rejected water passes through a second RO system to improve recovery and/or the ug
hter for applications that do not require drinking water, e.g. flushing'toilets.

of patients may take place in a hospital, clinic or a home €nvironment. When the pat|
b treatment in their home, there should be awareness that)the discharge of large volu
ociated with dialysis treatment in the form of used dialysis fluid, or disinfection prods
with the water treatment maintenance may impact on the effectiveness of a domg
digestion system. Furthermore, there may be local regulations in place limiting {
into public sewage systems.

ation of system performance

bral

ter and dialysis fluids meeting the quality requirements of ISO 23500-3 or ISO 23500-5.
ion process consists of the following:

ment of operationalpesponsibility;

ment of clinicdl pesponsibility;

ment of legal responsibility;

ion plah;

hter
the
Lem
e of

fent
mes
Icts
stic
uch

Lion process should provide documentary evidence that the system consistently produces

install

htion 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 is presented schematically in Figure 1.
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| Assign responsible persons |

........................................ >| Plan the activity I

| IQ HCorrectlyinstalled? |

¢ Design
¢ Requirements and
parameters | 0Q H Limits setand proper operation verified |

e Trainingand
documentation
« Riskmanagement PQ Consistent performance / robustness verified |

l—I

| Validation approval |
Confirmation or modification

: - of surveillance strategy
: i i Data collection and . o
H | Routinesurveillance | ::> trend analysis ::> (retrospective validation)

| Possible system changes | |::> Identification of affected componentsand| ..
H risks evaluation H

Validation of the new
system

Key
IQ [installation qualification
0Q |operational qualification
PQ |performance qualification

Figure 1 — Example of a validation precess for a fluid preparation and distribution|system

6.2| Validation plan

The validation plan should b€ a)clear and concise document covering the following:
— |description of relevant systems, equipment, or processes;

— |current status afthose systems, equipment, or processes;

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

— |planning.and scheduling, including the addition of new systems, activities driven by change, and
periddic review.

The validation plan should be approved by the person at the dialysis facility with overall regponsibility
for dialysis fluids.

6.3 Installation and operational qualification

The installation qualification defines and provides the documented proof that the system is installed in
accordance with the approved plans and the manufacturer's technical requirements and specifications.
Full system documentation should be available on completion of this procedure, including system flow
diagrams and layout, log books, and operator's manuals. The installation should be carried out by
qualified personnel in accordance with the manufacturer's documented recommendations.

The installation qualification should be followed by an operational qualification that verifies the proper
operation of the system, including range of operation, set point and interlock testing, and functional
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testing, and that compares the system performance with the functional specifications of the system. On
completion of this phase, the following information should be available:

— testrecords;
— set-up record;
— calibration schedule;

— sampling procedures;

ical
analysjs) plans;

— record of operator(s) training.

6.4 Performance qualification

The perforfmance qualification should demonstrate the consistency and robustness) of the system urjder
local operational conditions. During this phase, information about system behaviour should be colle¢ted
and action|levels should be reviewed or defined. On completion of the performance qualification,|the
following ihformation should be available:

— testrefords;
— chemig¢al and microbial analyses;

— key pefformance indicators [for example, pre-treatment efficiency, reverse osmosis (RO) recovéry/
rejectipn rate];

— (initial) trend analysis.

For newly|installed systems, the person with gverall clinical responsibility for dialysis (posgibly
supported py technical experts) may authorizeise of dialysis fluid for patient treatments once chentical
and microbiological analyses are available/that show full conformity with the quality requirements of
Clause 4, the manufacturer's specifications,dnd any applicable regulatory requirements.

In some irstances the schematic approach shown in Figure 1 cannot be followed, and concurrent
ay be appropriate e.g, following major refurbishment of an already existing system. [The
person with overall clinical responsibility for dialysis (supported by technical experts) may authofize
use of dialysis fluid for patienttreatments provided an appropriate risk assessment has been perforined
and recorded.

6.5 Routine surveillance and revalidation

This claus¢ describes the surveillance activities to be conducted as part of the quality control and
quality asqurance process. Annex C provides further information on the surveillance guidelines for
water tredtment eguinment di ibution ems and dia 1 id idance on paramete that
should be subject to regular surveillance is provided in Table C.1.

Routine surveillance should begin following the performance qualification (see 6.4) to ensure ongoing
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 on system performance,
thus enabling a preventive rather than a reactive approach to system maintenance.

Surveillance is achieved with online and offline measurements. Online surveillance of suitable
parameters (such as conductivity) provides immediate identification of deviations from normal
operating conditions and can identify potential problems in their early stages, and could trigger specific
additional offline measurements. A purely time-based offline sampling regime has inherent limitations
for the surveillance of a continuous production process since deviations can occur between samples.
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Fluid sampling for microbiological testing should be performed before disinfection or no sooner than
24 h after disinfection (to avoid false-negative results). When disinfection is performed on consecutive
days, or more frequently, samples should be taken before, and as close as practicable, to a disinfection
procedure.

Samples for routinely scheduled microbiology surveillance should be obtained in as short a possible

time before the scheduled disinfection.

A revalidation should be performed following:

modification of the maintenance and surveillance plans;
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modification of the system;
changes in the requirements for dialysis fluid quality.

he absence of system modification, regular revalidation is still required. This-teyalidation
trospective assessment of the routine results of the previous year (no additional tests a1
the revalidation process). The purpose of this review is to prove the adequacy of the m

consists of
e required
hintenance

surveillance plan under the local operating conditions. The revalidation should includle a report

mitted to, and approved by, the person with overall clinical resporfsibility for dialysis.

Quality management

General

lity control and quality assurance procedures should be established to ensure on going conformance

olicies and procedures regarding fluid quality. This clause defines some of the surveillang
e performed at the dialysis facility as partzof the quality assurance process. The micr
veillance methods described in 8.3 and Table 4 are intended to provide examples of
hods. Other test methods, provided thatthey have been appropriately validated and are g
he methods cited in 8.3 and Table 4‘may also be used. The frequency of surveillance i
mmended by the equipment manufacturer or by local organizations that oversee dialys
he absence of a manufacturer's recommendations, guidance on tests to include in a quality

e activities
obiological
acceptable
omparable
5 generally
s facilities.
assurance

eillance programme can be'found in Annex C. This guidance can also be used to supglement the
manufacturer's recommendations.

er utility companies! primary obligation is to provide the domestic user with water tha
1irements of natiehal or local drinking water regulations. In order to meet such require

meets the
ments, the

ification to
Ch changes
d establish
re that the
>tage renal
ned for the
hnge in the
supplled water quallty (e.g. change of source or type of raw water treatment) changes in chemicals or
procedures used for the disinfection/sanitization used by the feed water supplier or in the delivery (e.g.
water supply interruptions). If such procedures cannot be established, additional surveillance of feed-
water quality is highly desirable to maximize patient safety.

watler company mayZdntroduce new methods of treatment or sanitization without prior not]
end| users. Whilst the impact of any such change is unlikely to affect the domestic user, su
canlhave an imipact on dialysis providers and dialysis patients. In view of this, the clinic shoul
robpist cominunications with the feed-water supplier so that the feed-water supplier is awa

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,
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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 water treatment and distribution systems that are integrated into a single system and that have
been validated to produce water meeting the quality requirements of ISO 23500-3, the manufacturer's
recommendations for surveillance may be followed for the manufacturer's recommended maximum
period of use according to the instructions for use, provided that there is assurance that the system is
being operated under the validated conditions.

7.2.2 Suyveillance of concentrate quality

of
[ing
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Users are
[SO 23500
liquid con
provided t
If the usel
requireme

not required to test concentrates to demonstrate conformity with the reqlirement
4 when using commercially available packaged chemicals intended for u$e)yin prepa
entrates at a dialysis facility or when using commercially available liguid concentrg
hat the concentrates are manufactured in accordance with the requirements of ISO 2350
" prepares concentrate from raw chemicals, the resulting concentrate should meet
nts of ISO 23500-4.

7.2.3 Suyveillance of dialysis fluid quality
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id quality shall be monitored on a regular basis for the microbiological contaminants liste
ds for the surveillance of microbiological contaminants.in dialysis fluid are described in |

NOTE1
with an app
operated arj
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[ests for bacterial growth and endotoxins are not requiredif the dialysis machine fluid pathway is fifted
Fopriate capacity bacteria retentive and endotoxin-retentive filter validated by the manufacturer|and
d monitored according to the manufacturer's instructions, unless the manufacturer requires guch
nstructions for use.

NOTE 2 [t is not possible to monitor conformity, with the microbial quality requirements for substitution
solutions (s¢e A.8).

Because dlalysis fluid is prepared fromr~dialysis water and concentrates meeting the qudlity

requireme
system an
contribute

hts of ISO 23500-3 and 1SO.23500-4, respectively, and since the dialysis water distribu
1l dialysis fluid delivery System are required to be constructed of materials that do
chemical contaminants.to the water, routine surveillance of chemical contaminants in
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not
the

dialysis flulid is not required.

7.3 Surveillance of watér treatment equipment

7.3.1 Gejneral

ps C
ent,

A brief deqcrigtion of the individual water treatment devices is provided in Annex B, and Annex
and G proidefurther information in respect of surveillance guidance for water treatment equipm
distribution systems and dialysis fuid.

7.3.2 Surveillance of sediment filters

There is no easy test to determine the effectiveness of a sediment filter; however, 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 sediment filter and 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.
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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, 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 usually replaced when AP increases to or above a specified
value or at a predetermined interval. A log sheet should be developed to record the pressure drop

measurements.
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4 Surveillance of softeners

ener surveillance consists of the following: testing softened water for residual ha
matically regenerating softeners, checking that the brine tank contains a sufficient
issolved sodium chloride; and, for time-controlled softeners, checking thatthe timer i

rdness; for

supply of
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‘ect time of day. The frequency of surveillance should be based on the hatdness of theEeed water

the capacity of the softener. When reverse osmosis is used, surveillande should be use
hardness limits established for the reverse osmosis membrane are not exceeded. A tem
ardness will have a minimal effect on the performance of the revérse osmosis system,
magnesium are removed by reverse osmosis.

[ing for hardness should be performed using an ethylenediaminetetraacetic acid (EDT!
, with “dip and read” test strips, or a similar method. Ondine hardness monitors are als
h online monitor is used, it should be used and maintained in accordance with the man
ructions. Regardless of the method chosen, users should ensure that test accuracy and
sufficient to satisfy the hardness surveillaneé-Tequirements of the reverse osmo

manufacturer when the softener is used as pre-treatment for a reverse osmosis system.
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bn timer-controlled softeners are used, it issrecommended that the hardness of the water
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duty cycle will indicate the overall effectiveness of the water softener under worst-case
will ensure that the softener js“$ized properly and that the regeneration schedule is
ers should be checked at the beginning of each day. For volume-controlled duplex soften
hardness can be performed.atany time of the day.

softener brine tank sh@uld'be monitored on a regular basis to ensure that enough salt i
brine tank to form a@Saturated salt solution of sufficient volume for a minimum of one r¢
e. Salt used for regeneration should meet the specifications of the softener manuf]
Ficular, salt designated as rock salt should not be used for softener regeneration sin
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h available.
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adequate.
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present in
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ned and typieally contains sediments and other impurities that can damage O-rings and pistons and

orifices imthe softener control head. The frequency of surveillance should be based on
he duty cyodle.

er softeners should be fitted with a mechanism to prevent water containing the high con

of s

pbdium chloride used during regeneration from entering the product-water line during re

the length

fentrations
beneration.

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.

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 time in use.

If chlorine is used in the feed water, the performance of carbon beds 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 chlorine level should not exceed 0,1 mg/I.
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Testing for total chlorine can be accomplished using the N,N-diethyl-p-phenylenediamine (DPD)-based
test Kkits, dip-and-read test strips based on Michler's thioketone (MTK or TMK), or other methods
where comparable sensitivity and specificity can be demonstrated. Online monitors can also be used
to measure total chlorine concentrations. If an online monitor is used, it should be used and maintained
in accordance with 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
treatment day prior to the patient's initiating treatment. Where chloramine is used to disinfect the
potable water supply at a level of 1 mg/l or more, testing should be repeated prior to the beginning of
each patient shift; if there are no set patient shi esting should be performed approximately every
4 h during operation. More frequent surveillance could be appropriate during temporary operafion
with a single carbon bed, which can occur following breakthrough of the first bed. In such instanices,
testing is gerformed on water exiting the second carbon bed in a series-connected pair. The, decision
to change fhe frequency of surveillance should be based on the past performance of the system pnd
on whethet changes in feed-water quality have occurred. The system should be flushed\for a sufficjent
period of time to ensure that water sampled is representative of the water to be ysed for treatment.
Sufficient flushing is necessary to ensure that sampled water has not been resident in the rem¢val
system befween treatments, such that it would under-represent the chlorantine level that would be
delivered during normal operation. The minimum flush time should be 15.ninutes unless otherwise
directed by the manufacturer of the equipment. The analysis should be performed onsite since tptal
chlorine leyels will decrease if the sample is not assayed promptly.

Results of $urveillance should be recorded on a log sheet.

7.3.6 Suyveillance of chemical injection systems

Systems fqr chemical injection should be monitored according to the manufacturer's instructipns.
If a facility designs its own chemical injection system, procedures should be developed to engure
proper preparation of the chemical, adequate mixing of the injected chemical with the water flowing
through thle pre-treatment cascade, and reduction-to a safe level of the concentration of any chemfical
residuals Hefore the point of water use. The facility should also verify that the injected chemical does
not degrade the performance of downstreamidevices, such as the reverse osmosis system. Verification
can be accomplished by testing samples from the chemical reservoir and the water line after the ppint
of injectior] 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
concentratg, the chemical injection reservoir should be labelled with the name of the chemical and its
concentratiion, the date the selition was prepared, and the name of the person who mixed the solutfion.
Each batch| of chemical sheuld be tested for correct formulation before use. A batch of chemical shquld
not be used or transferred to the injection system reservoir until all tests are completed. The fest
results, and verification' that they meet all applicable criteria, should be recorded and signed by|the
trained pefsonnel performing the tests.

Protective|clothing and an appropriate environment, including ventilation adequate to meet applicable
environmental exposure limits, and national standards or regulations should 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 rejection of solutes by the reverse osmosis membrane and provide a measure
of equipment performance. Percent rejection is calculated using the Formula (1):

Rejection(%):GFG;Gleoo (1)
F

where
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O is the feed water conductivity (S/m);

op is the permeate conductivity (S/m).

Many reverse osmosis systems have a direct reading for percent rejection.

The permeate conductivity and rejection are both affected by a number of factors, such as the salinity
and composition of the feed water, the water temperature, the level of dissolved gases, and the pressure
in the system. Therefore, neither of them should be regarded as a true indicator of the water's suitability
for dialysis. No [imits are therefore set for these parameters in ISO 23500-3. Tnstead, they should be
usefl to monitor changes in performance over time rather than an absolute measure of the qpality. This
can|only be established by performing a chemical analysis of the product water innaccorlance with
1S0|23500-3.

NOTE1 For two-stage reverse osmosis systems, the percent rejection of the second stage will bg lower than
that| of the first stage because of physicochemical phenomena.

Othler parameters that should be measured include product and reject(stream flow rates and various
intgrnal pressures to the extent permitted by the system's instrumentation. Although theseiarameters
arenot directly indicative of treated water quality, surveillance of them can help ensure thatjthe system
is operating within the manufacturer's specifications and, thus, %ill aid in maintaining the pgrformance
of the reverse osmosis membranes. Flow rates can be used{to calculate the percent recoyery of the
reverse osmosis system using Formula (2):

qvp
qvp +qVgR

Recovery(%)z x100 (2)

whére

qvp is the permeate volumetric flow'rate;

qug Is the reject water volumetric flow rate.

NOTE 2  The percenteeovery is also known as the “water conversion factor”. The terms are equivilent if none
of tlhe reject water stréam is recycled to the feed-water stream (see B.2.7). If some of the reject watpr 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.

NOTE3 Thepermeate water flow rate varies with operating pressure and temperature. To enable Jomparisons
to bp 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 manuracturers or
canpéfound in ASTM D4516-00 (2010).

When reverse osmosis is the final process in the water treatment system for removing chemical
contaminants, analysis for the contaminants listed in Tables 1 and 2 should be performed when the
reverse osmosis system is installed to ensure that the limits specified 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 source water, such
as seasonal variations, have occurred;

— significant deviations are observed in 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 %.
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All results of measurements of reverse osmosis performance should be recorded daily in an operating
log that permits trending and historical review.

7.3.8 Surveillance of deionization

Deionizers 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 monitors shall have a
minimum sensitivity of 1 MQ:cm (1 pS/cm or 0,1 mS/m). If the resistivity of the water at the outlet of a
deionizer is less than 1 MQ-cm, the water shall not be used for dialysis. When deionization is employed
as the primary method for removing inorganic contaminants (reverse osmosis is not employed), or
when deiopizationisneeessary-topotishreverse-osmosts ater—chemiecal-anatysestoengure
vity

performed when the system is installed. R
dings should be recorded on a log sheet twice each treatment day.

esisti

7.3.9 Sufveillance of endotoxin-retentive filters
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The performance of endotoxin-retentive filters in dialysis water distribution, bicarbenate concent
distributiop, or dialysis fluid delivery systems can be monitored by testing the fluid that is dire
exiting the|filter for bacteria and endotoxins. Endotoxin-retentive filters should be fitted with a meg
of evaluating filter integrity and fouling. One suitable means is to monijtor-the pressure drop
across the ffilter at a given product fluid flow rate using pressure gaugeson the inlet (feed) and oy
(product) $treams. Alternatively, product fluid flow rate can be measidred at a given pressure d
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7.4.2 Surveillance of the water distribution systems

Distribution piping systems used for dialysis water should 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 the last outlet of the distribution
loop and the outlets supplying reuse equipment and bicarbonate concentrate mixing tanks. If the results
of this testing are unsatisfactory, the disinfection programme should be re-evaluated and additional
testing (for example, endotoxin-retentive filter inlet and outlet, reverse osmosis product water, and
storage tank outlet) should be undertaken as part of a troubleshooting strategy to identify the source of
contamination, after which appropriate corrective actions can be taken. Total viable microbial counts
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and endotoxin testing should be conducted on a regular schedule according to system validation data
and local regulations and in accordance with 8.3. When a change has been made to an existing system,
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 bacteria
and endotoxin results should be recorded on a log sheet to permit identification of trends and the need
for corrective action.

7.4.3 Surveillance of bacterial control devices

7.4{3.1 Surveillance of ultraviolet irradiators

Ulttaviolet irradiators intended for use as a direct means of bacterial control should-be' mohitored for
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1ired. Periodic cleaning of the quartz sleeve may also be required, depending on the wate
heet should be used to indicate that surveillance has been performed:

3.2 Surveillance of ozone generators

but of the ozone generator should be measured by determining the ozone concentration i
he most distal point from the ozone generator. A testbased on indigo trisulfonate chemn
he equivalent, or ozone-in-water test strips should“be used to measure the ozone conce
bcommended that ozone concentration be measured each time disinfection is performed
mbient-air test should be conducted on a pefiodic basis, as recommended by the manu
ire conformity with National Standards and regulations for the permissible exposure
bt should be used to indicate that surveillance has been performed.

3.3 Surveillance of hot water-disinfection systems

water disinfection systems.sshould be monitored for temperature and time of exposure t(
pecified by the manufactlrer. The temperature of the water should be recorded at a poi

the water temperature be measured each time a disinfection cycle is performed. A 1
fies successful conipletion of the heat disinfection should be maintained. Successful co
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7.5.

T—Surveittance of ixing SystenTs

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 a
manufacturer, requiring that verification, validation and surveillance procedures shall be developed
and implemented in an equivalent manner to a manufacturer.

Acid and bicarbonate concentrates may be tested by measuring their conductivity, density with a
density meter, or specific gravity with a hydrometer according to the manufacturer's instructions.
Although not required, 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 their powder. The use of pH, alone, as an indicator of proper dissolution is
inappropriate for both acid and bicarbonate concentrates because large variations in concentration do
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not produce significant changes in pH. Concentrates should not be used or transferred to holding tanks
or distribution systems until all tests are completed. The test results and verification that they meet all
applicable criteria should be recorded and signed by the individuals performing the tests.

7.5.2 Surveillance of additives

When additives are prescribed for a specific patient, the container holding the prescribed concentrates
should be labelled with the name of the patient, the final concentration of the added electrolyte, the
date and time when the prescribed concentrate was mixed, and the name of the person who mixed the
additive. This information should also be recorded in accordance with the requirements of 4.5. The
label shoulgb
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7.6 Suryveillance of concentrate distribution
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infection programme is adequate to provide concentrate that allows preparation of dial

fluid meeting the quality requirements of ISO 23500-5.

There are
necessary
However, it

7.7 Sury

Dialysis fly

manufactufrer. When the user has specific requirements for surveillance of dialysis fluid proportio

such as wh
proportion
electrolyte

no published reports of acid concentrate :supporting bacterial growth; therefore, it is
Fo perform routine testing for total viable microbial count and endotoxins on those syste
should be possible to disinfect these systems.

reillance of dialysis fluid proportioning

id proportioning should betmonitored following the procedures specified by the equip

en dialysis machine settings are changed to allow the use of concentrates with a diffe
ing ratio, the user¢sheuld develop procedures for the routine surveillance of dialysis f|
values, such as by-stirveillance of sodium (Na+*), potassium (K*), or dialysis fluid conductiy

o,

but

e should be performed at least monthly. If elevated total viable microbial counts or endotgxin
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/Sis
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ms.
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8 Strategies for microbiological control

8.1 General

The strategy for controfiing the protiferation of microorgantsms i 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 fluid colonize surfaces resulting in biofilm formation, even when levels of microbial
contamination are low. Microorganisms living within biofilms produce an extracellular polysaccharide
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or slime matrix, which protects them against disinfection. Microorganisms also excrete both simple
and complex metabolites. Their effect on patients, and whether or not they are removed by endotoxin-
retentive filters, is largely unknown. All strategies for microbial control of the system should, therefore,
be proactive in order to limit microbial growth and biofilm formation and prevent bio-fouling. It is of
utmost importance that the disinfection procedure is applied from the start of the operation of the
haemodialysis system as once formed, biofilm is difficult, if not impossible, to eradicate.

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

8 2 NDicinfaok: o
L] IJIOIIIIC U LIVUIX

8.2]1 General
Disinfection is the only effective method of diminishing and inactivating microflora.

Firdt, and most of all, the frequency of disinfection is important. Disinfectioms$hould be perfprmed on a
reghlar basis to limit biofilm formation and prevent bio-fouling within the fluid pathways of the system.
Depending on the circumstances, different levels of disinfection may berequired to comply with the
fluif quality requirements of Clause 4.

Secpnd, all surfaces in the circuit should be included in the disinfection procedure. This ipcludes the
reverse osmosis membranes (especially the clean side), the distribution piping, the inlet ;Enes to the
dialysis machines (located before the disinfection circuit ‘éf the dialysis machine), and the dialysis
maghines (which have their own disinfection circuit and programme).

Third, the disinfection procedure, when applied with-a“given frequency and with inclusion of all critical
areas, should be capable of minimizing the effects of‘bio-fouling.

Disinfection can be performed using heat or chiemicals. UV lamps can be used to inactivate [planktonic
cellp but are of no value against any biofilm(hat 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
meinbranes, the distribution piping, tanks and filters in the distribution piping, and the inlet]ines to the
dialysis machines are to be(maintained and disinfected so that it is possible to fulfil the microbiological
reqpirements of ISO 23500-5 and ISO 23500-3.

Examples of good systém design include
— |use of a recirculation-type system,
— |avoidance of dead ends and dead space areas,

— |ahigh-quality finish to joints and connections,

— use 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 that it can be cleaned and disinfected.

Once the water treatment system has been installed, water flow should be maintained to limit biofilm
formation.

NOTE1 Biofilm formation on a surface is a function of many factors including surface roughness and flow

velocity. Experimental studies have demonstrated that turbulent flow in a piping system is able to minimize but
not totally eliminate the formation of biofilm.

© IS0 2019 - All rights reserved 27


https://standardsiso.com/api/?name=5d66da2561a7669241a71606b75ba448

IS0 23500-1:2019(E)

NOTE 2  Indialysis facilities, there might not be continuous flow through the system, since patients may not be
treated overnight or the system is undergoing maintenance. Consequently it is not feasible to specify a minimum
flow velocity that is effective in reducing biofilm formation and bacterial contamination. Furthermore, the use of
such a flow velocity would not provide a substitute for regular disinfection of the distribution system.

The system design should also take into consideration preventive maintenance of the fluid distribution
system, as well as education and training of staff in order to create awareness about disinfection and
microbiological control.

The disinfection programme could compensate for a weakness in system design but will not totally
prevent the formation of biofilm, which can become difficult to eradicate.

8.2.3 Disinfection frequency

8.2.3.1 (eneral

A key congept in ensuring conformity with the requirements of 4.2.4, and 4.4.2 is-that disinfection
schedules should be designed to prevent bacterial proliferation, rather than being designed to eliminate
ce they have proliferated to an unacceptable level (i.e. above thesaction level). With this
strategy, surveillance levels of bacteria and endotoxins serve to demonstfate that the disinfecfion

strategy is preventive and should be applied from the startof operation of the system. [The
disinfectioh frequency may be modified, based on results obtained/during validation, surveillance pnd

distribution systems should be disinfected*on a schedule that allows the water qudlity
recommenfations of 4.2.4 to be met routinely. For integrated treatment and distribution systems,|the
er's instructions for disinfection should be followed, provided routine surveillance shpws

components, the frequency of disinfection ne¢essary to minimize bio film formation will vary with|the
e system and, in the case of existing systems, the extent to which any bio-fouling has alrdady
occurred. Annex C provides further information on surveillance of water treatment equipment and
distribution systems. Annex D provides further information on strategies for microbiological contrl.

8.2.3.3 (oncentrate mixing systems
Concentrafle mixing equipnrent should be either
a) completely emptied;cleaned, and/or disinfected according to the manufacturer's instructions, pr

b) cleanef andfor disinfected using a procedure demonstrated by the facility to be effective in
routingly producing concentrate that allows the recommendations of 4.3.1 to be met.

Th H 3 PR S - £ e e 1 111 pa | h 1 - A daaaaal des 1 -
€ MIXINng—amma arstrrection tata siota e Trecoraca 10T cactir N X—atra arstirection cycre—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 centrally produced bicarbonate concentrate is decanted into reusable concentrate containers,
the containers and pick-up tubes should be disinfected at least weekly or at a frequency required by
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local regulations. Bicarbonate concentrate containers and concentrate pick up tubes should be rinsed
with treated water allowed to air dry and stored inverted at the end of each treatment day. Because
there are no published reports of acid concentrate supporting bacterial growth, disinfection of acid
concentrate distribution systems is not normally required. However, it should be possible to disinfect

these systems.

8.3 Microbiological surveillance methods

8.3.1 General

The fluid system shall be routinely monitored in order to verify that the microbiologiltlal quality

indicators (bioburden represented by total plate count and endotoxin concentration) are*being met.

The frequency of sampling should meet applicable local recommendations. If no such recommendations

exigt, the following are recommended.

a) |Water system: The number of samples and positions of sampling should bé€.based on the pomplexity
and size of the water system. The frequency will depend on the analysis|of the data colle¢ted during
the validation and revalidation activities. Monthly surveillance is most frequently adopted but less
or more 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-reteptive filter:
Machines should be sampled on a regular basis to provide verification of the effectivepess of the
disinfection process. The schedule of sampling will\depend on the type of disinfectipn process
being used. Each machine should be sampled at least once per year and different machjnes should
be sampled on each occasion. Monthly surveillaxce is most frequently adopted.

c) |Itisnotnecessary to take samples of ultrapure'dialysis fluid or substitution fluids if their production
paths are fitted with bacteria- and endotoXin-retentive filters validated by the manufgcturer and
operated and monitored according te‘the manufacturer's instructions. It could be ng¢cessary to
sample the dialysis fluid entering suech bacteria- and endotoxin-retentive filters dependling on the
manufacturer's instructions forse of the filters; for example, when the instructions for pise specify
the quality of the fluid entering the filter. (See also Annexes D and E.)

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

or ip the case of a patient's pyrogenic reaction or suspected bacteraemia/fungemia, an inyestigation

and| follow-up should bg‘initiated. This investigation could include additional sampling|and extra
disinfection procedurésicarried out as per the manufacturer's recommendations.

8.3]2 Sample{colection

8.3j2.1 Dialysis water sample sites

Sanllples are to be taken at outlets of the distribution system, according to the sampling itrstructions
ndaod by tha o fo at e

-
protided-by-the-manufacturer

In the absence of manufacturer’s instructions, the following may be used to ensure that the sample
taken is not contaminated by any microbial growth at the point of sampling.

— Any hose attached to the sampling point should be removed. The port should be cleaned with a

sterile gauze or cotton swab wetted with alcohol. Bleach or other disinfectant solutions
be used. The sampling port is opened and fluid allowed to run to waste for at least 60s

should not
unless the

port manufacturer instructions for use state otherwise, prior to the aseptic collection of the sample.
The sample volume collected should be 5 mlto 1 000 ml depending upon the test to be run and/or as
specified by the laboratory performing the test. The containers used for the samples to be cultured

should be sterile and endotoxin free.

Other sampling methods may be used provided they have been validated.
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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 by wiping with alcohol, 70 % ethanol or isopropanol (isopropyl
alcohol). Bleach or other disinfectant solutions should not be used. The sample should not be collected
until all the alcohol has evaporated so as to leave no disinfectant residual 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.

Containergused for samples to be cultured shall be sterile and endotoxin iree.

NOTE here 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 shopld 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 consigting
of a simple feptum penetrated with a needle, the use of a second syringe is not necessary, ‘Alternatively, if the
haemodialypis machine permits, samples can be collected immediately after the dialyset by disconnecting the
effluent connector and aseptically collecting a “free/clean” catch sample after allowingdjalysis fluid to run for at
least 60 s.

8.3.3 Heterotrophic plate count

8.3.3.1 Storage of samples

Microbial gdnalysis of any fluid sample should be conducted as,soon as possible after collection to ayoid
unpredictgble changes in the microbial population. Sampléstintended for colony counts should nof be
frozen but|kept at a temperature of <10 °C until ready_for shipping or collection by the laboratorjy. If
samples cannot be analysed within 4 h of collection, they should be stored at <10 °C. Sample storagg for
more than |24 h should be avoided.

Storage of|samples for endotoxin analysis may:be different from what is given above, provided|the
complete procedure follows the manufacturer's instructions for use of the LAL assay.

8.3.3.2 Analytical methods

8.3.3.2.1 | Membrane filtration

The recommended methods {e.g. membrane filtration, spread plate, pour plate,), media, and incubafion
ranges allgw each dialysis ¢enter to develop a surveillance program appropriate to their facility.

The culturg medium-and incubation times selected should be based on the type of fluid to be analysed
e.g. standafrd dialysis fluid, water used in the preparation of standard dialysis fluid, ultrapure dialsis
fluid, watdr used-for the preparation of ultrapure dialysis fluid or fluid used for online therapies
such as ha
disadvantages-and rity-ofeacho nggested-methods: v 3 patient
is provided with the necessary safeguards within any constraints imposed by local laboratory working
practices and reimbursement.

Membrane filtration is filtration of the sample through a membrane filter with pore diameter of 0,45 pm
or less. Membrane filtration is a method used when the sample is to be concentrated to detect low levels
of contamination (usually <1 CFU/ml), and can also be used for quantification of yeast and filamentous
fungi should this be required. The volume to be filtered should be determined by the suspected level of
contamination and should be between 10 ml and 1 000 ml.

NOTE Alternate membrane filtration techniques may be used provided that they have been appropriately
validated and are comparable to the analytical methods outlined in this section.
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8.3.3.2.2 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.

NOTE
appropriately validated and are comparable to the analytical methods outlined in this section.

8.3.3.2.3 Pour-plate technique

New methods may become available. Such methods may be used provided that they have been

A sample (typically 1 ml) is placed in a Petri dish and 15 ml to 20 ml of molten medium is
sanjple and medium are mixed carefully by gentle rotation and allowed to set. The'tim
addjition of the sample and addition of the molten medium should not exceed 15 min. T
invé¢rted and incubated. If 1 ml of sample is used, the detection limit of this techniqtie is 1 CE

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

NOT
app

E New methods may become available. Such methods may be used provided that they
Fopriately validated and are comparable to the analytical methods outlined in this section.

8.3]3.2.4 Dip samplers

Curfrently available dip samplers are not suitable for use in dialysis applications.

3.3 Cultivation methods and conditions

recommended methods and cultivation conditions can be found in ISO 23500-3, ISO 23
23500-5. The methodologies detailed use Tryptone Glucose Extract Agar (TGEA) or Reas
.2 (R2A) incubated at 17 °C to 23 °C for a period of 7 days, or Tryptic Soy Agar incubated
ours for the culturing of standard dialysis fluid and dialysis water. The rationale for the
its inclusion is explained in [SO 23500-3:2019, Annex A (A.3 Microbiology of water).

and

hdded. The
e between
he plate is
U/ml.

have been

500-4 and
bner’s Agar
ht 35 °C for
use of TSA

bioburden

incubation
10][11](12],

igher colony

ore recent
burden in
hction limit

10] Maltais et

rd dialysis

using TSA
roportions

of dialysis fluid samples in whlch mlcroblal burden was >50 CFU/ml were not 51gn1f1cantly different on
the two media and incubation conditions.

The culture medium and the assay method conditions selected should be based on the type of fluid
to be analysed; dialysis water, standard dialysis fluid, ultrapure dialysis fluid, or online substitution
fluid used for online therapies such as haemodiafiltration and the purpose of the analysis. It should
also ensure that patient safety is safeguarded and allow for consideration of local laboratory working
practices, and that local regulations and reimbursement requirements can be met.
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8.3.4 Bacterial endotoxin test

Bacterial endotoxins are assayed using the Limulus amoebocyte lysate (LAL) test. Current
pharmacopoeias [United States (USP), European, and Japanese pharmacopoeias] acknowledge six
different testing techniques.

Endotoxin testing requires training and should be performed by fully trained personnel.
Tests shall follow official applicable requirements and manufacturer's instructions.

NOTE It is important to use the correct types of sample containers, labelled or validated for storage of

endotoxin s by—the-testinglaboratery-orthemanufactirer
of the LALt

Py | A 1ok mbodoarce orxa o olley oo ifiad
A preS—rpproptrattt-eontaiersareuStary—SpeaicaDoYy

bsting kit.

8.3.5 Determination of yeast and mould

Currently {
such speci
incubation
Agar, with

here is no requirement for the routine surveillance for yeast and mould. If@uantificatio
s is required, the culture media used should be Sabouraud or Malt Extract Agar, with a
period at 20 °C to 22 °C. Alternate techniques validated against Sabouraud or Malt Ext
h 7 d incubation period at 20 °C to 22 °C, can also be used provided ithas been demonstrd

n of
7d
Fact
ted

that such mhethods have been appropriately validated and are comparable to\the cited methods.

9 Location of and access to the water treatment system

The water
by persont
centrally.

treatment and storage system should be located in-a'secure locked area, accessible
lel authorized by the dialysis facility. An up to date list with contact details should be
pare keys to the facility should be kept in a securelocation.

1
feld

n for the water treatment system should, be-chosen with a view to minimizing the lerjgth
exity of the distribution system. Access-to the treatment system should be restrictedl to
responsible for surveillance and maintéhance of the system.

The locatig
and compl
individualg

of the water treatment system shoetld provide easy access to all components of the syst
including alll meters, gauges, and sampling ports used for surveillance system performance. An arez
processing samples and performing onsite tests is also recommended. Critical alarms, such as t}
associated|with deionizer exhaustion or low water levels in a storage tank, should be configure
notify staff in the patient treatment area, as well as in the water treatment room.

The layout| em,
for
ose

1 to

Water systems should include sehematic diagrams that identify components, valves, sample ports and
flow directlion. Additionally; piping should be labelled to indicate the contents of the pipe and direction
of flow. The use of text labels, such as “RO Water”, and colour-coded “arrow tape” provides a convenfent
means of iflentifying thé pipe content and flow direction. Sampling points should be marked as quch

and identiffied in scherhatic diagrams.

bnts
that

If water system anufacturers have not done so, users should identify major water system compong

10 Personnel

Policies and procedures that are understandable and accessible are mandatory, along with a training
programme that includes quality testing, the risks and hazards of improperly prepared concentrate,
and bacterial issues. Operators should be trained in the use of equipment by the manufacturer or should
be trained using materials provided by the manufacturer. Additional training may be provided using
materials from other sources. The training should be specific to the functions performed (i.e. mixing,
disinfection, maintenance, and repairs). Periodic audits of the operator’s conformity with procedures
should be performed. The user should establish an ongoing training programme designed to maintain
the operator's knowledge and skills.
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Annex A
(informative)

Rationale for the development and provisions of this document

A.1

Scone

It

haemodialysis patients at risk of acute and chronic adverse events. From the beginni
recpgnized that there was a problem with including fluid quality requirements in a2 docume

at

mig
con
ove
tred
the
the

A g A d

as long been known that chemical and microbiological contamination of dialysis f

uid places
ng, it was
ht directed

anufacturers of water treatment equipment or haemodialysis machines. Although a manufacturer

ht be responsible for providing equipment that, when assembled as avSystem, prov
centrate, or dialysis fluid that meets certain quality requirements, thatmanufacturer hag
' the equipment once it is installed. For example, the treated water uality could chang
tment system is not well maintained or if there is some changeZdn the municipal wa
system. Therefore, fluid quality standards were established-independent of the sta|

quallity lies with the healthcare professionals at each dialysisfacility under the direction of t
Medical Director, this document was prepared to provide gliidance to those healthcare pr

equipment used to prepare those fluids. Since the day-to-day responsibility for maintz

des water,
no control
b if a water
Ler feeding

Indards for

ining fluid
he facility's
bfessionals

on lhow to manage fluid preparation systems so as to comply with the requirements of the fluid quality

stapdards.

A.2
Thi

ISO
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to [4
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ISO

Haz
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Chemical contaminants
5 clause provides the rationale for the s€quirements in 4.2.2.

23500-3 sets forth maximum levels’ of chemical contaminants for dialysis water in thi
micals with documented toxicity.in haemodialysis patients, such as aluminium[13] to [30],
1], nitrates[42][43][44], chlorine its by-products and chloramine (47-63), lead (64-67), &
mally included in dialysis\\fluid, and trace elements[62][63][64][65]. The rationale foy
Licular chemicals in ISQ"23500-3, and for setting their maximum levels, is set forth in
23500-3:2019.

ards to patientS-receiving haemodialysis treatment associated with the presence
pounds such.as pesticides, polycrylic aromatic hydrocarbons and other chemical produ
he water are difficult to define. Consequences are probably of a long-term nature

h compounds is made in this version of the standard.

ee groups:
[luoridel31]
lectrolytes

including
Annex A of

of organic
Cts present
d routine

a
isurementof such substances is difficult and costly. In view of this, no recommendation irrrespect of

epends on the chemica

| structure
bctive 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 a requirement to remove such compounds.

A.3 Microbiological contaminants

This clause provides the rationale for the requirements in 4.2.4.
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ISO 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 Annex A of ISO 23500-3:2019.

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 concentrate 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 salts. High concentrations of bicarbonate require special culturing techniques and are inhibiterjy in
the LAL askay. It was determined that it was unreasonable to require an individual dialysis facility to
meet the special conditions required for proper testing of bicarbonate concentrate and that pati¢nts
would be hdequately safeguarded by the quality recommendations for the water used\to prepare
the concerftrate and for the final dialysis fluid. For users who wish to establish bacterial levels pnd
endotoxin foncentrations as part of a troubleshooting investigation, guidelines on pérforming cultures
and endotdxin assays in bicarbonate concentrate are included in 8.3.3.3 and A.10.

A.5 Microbiological contaminants in dialysis fluid

The ration
of bacteria

dialysis flulid, and online-prepared substitution fluid. Where appgepriate, action levels for bacteria

endotoxing
in Annex A

ISO 23500
ISO 23500
for dialysis
contribute
bacteria si

A.6 Sur

The ration
is recomm
dialysis flu

vels
ure
and
are also given. The rationale for the maximum level$.of bacteria and endotoxins is set f¢rth
of ISO 23500-5:2019.

hle in this clause addresses the requirements in 4.4. ISO 23500-5 sets forth maximum le
and endotoxins in three categories of dialysis fluid¢standard dialysis fluid, ultrag

hile
pyvel
can

for

L3 sets a maximum allowable level for endatexins in dialysis water of 0,25 EU/ml, w|
5 sets a maximum allowable level for endgtoxins in dialysis fluid of 0,5 EU/ml. The 1
fluid is set higher than that for dialysis-water in recognition that powder concentrates
endotoxins, but not volume, to the final dialysis fluid. No such accommodation is made
hce most bacteria will not survivein a viable form in powder concentrate.

yeillance of carbon media

hle in this clause addressés the requirements in 7.3.5. Intensive surveillance of carbon H
ended because of thelong history of adverse events related to chloramine contaminatio
id[45] to [61], Chloramine concentrations in municipal water can change from day to day

the capacit
the nature
The depen
unpredicta
of the carb
beds provi
detected ir . 5 bed w 3 s apa 9 oranhine
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, should the total chlorine level exceed 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 could be sufficient. Carbon cannot
be 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
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carbon bed are drawn, is 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 formation occurs in a sequence of distinct events, including initial cell-to-surface or cell-to-cell

attg
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A.8
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chment, microcolony formation, biofilm maturation, and biofilm dispersal.

to each other is a prerequisite for biofilm formation. As the biofilm matures the résid
bme embedded and protected in this self-produced extracellular matrix which is c
hsaccharide, protein and DNA.

iew of this no testing is able to show a complete picture of bacterial growth and the test
referred to in this document do not measure many microbial cortaminants, includin
ments from microorganisms; nucleic acids DNA and RNA; and metabolites of various Kkir

this reason, a proactive disinfection programme is recommended to combat bacterial gr
ysis water and dialysis fluid systems[15] to [80],

Heterotrophic plate count
rationale in this clause addresses the requirements in 8.3.3.

Sitive culturing methods should be used toméasure the low total viable microbial counts
water used for haemodialysis applicatiens. The membrane filter technique is particul
Lhis application because it permits large fluid volumes to be assayed. This technique in
sitivity of the method and the likeliliood of detection of the bacteria present in low numbe

iy or the pour plate assay can be used as an alternative for water and standard dialysis
spread plate assay is used, a‘calibrated loop should not be used to apply sample to thg

sen
0,0

bitivity of an assay performed with a calibrated loop is low. A standard calibrated loo
1 ml of sample to the-cuilture medium so that the minimum sensitivity of the assay is

ability of bacteria to produce extracellular matrix components that enable them tostick [to surfaces

t bacteria
mposed of

described
b cell wall
ds.

wth in the

permitted
arly suited
‘reases the
's. Because

membrane filter technique might)not be readily available in clinical laboratories, the spread plate

fluid[81], If
plate. The
b transfers
| 000 CFU/

s 100 CFU/
1l to 0,3 ml
hlternative
f the pour-

ml. [This sensitivity is unacceptable when the maximum allowable limit for microorganisms i
ml. [Therefore, whenthie spread plate method is used, a pipette should be used to place 0,1 n
of water or dialysis fluid on the culture medium. The pour-plate method may be used as an
method to thespread-plate method. If a sample volume of 1 ml is used, the detection limit g
plate methodis 1 CFU/ml.

Cultureresults obtained using any of the methods outlined in this document are only a relatiye indicator
of thebjioburden in dialysis water or dialysis fluid and do not provide a measure of the absolute bacterial
burdertr: gl T i ' i ' ' i vere based
used standard methods agar (SMA), a medium containing relatively few nutrients. Later, the use of
trypticase soy agar (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 tryptone glucose
extract agar (TGEA) or Reasoner's agar No. 2 (R2A), results in an increased recovery of bacteria from
water[12][13][14][82], Extending the culturing time up to 7 d and using incubation temperatures of 23 °C
to 28 °C have also shown an increase the recovery of bacteria compared to incubation for 48 h at 35 °C
to 37 °C (14, 84).

The use of Reasoner’s 2A agar (R2A) and Tryptone glucose extract agar (TGEA) has been reported in
some publications to result in higher colony counts than tryptic soy agar (TSA) for culturing of water
samples and dialysis fluids[10][12][13][14]. In a more recent (2016) publication, the authors indicated that
there were no significant differences for comparisons of bacterial burden in the proportion of standard
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water and standard dialysis fluid yielding colony counts >50 CFU/ml when assayed using R2A and TSA
at the conditions stated abovell1l.

Maltais et al.[11] in their comparison of this medium (TGEA) with TSA when quantifying the microbial
burden in water and dialysis fluid used for standard dialysis showed that the proportion of water
samples yielding colony counts =50 CFU/ml incubated at 17 °C to 23° C for a period of 7 days was
significantly different from the proportion established by TSA at an incubation temperature of 35 °C
-37 °C and an incubation time of 48 hours (p = 0,001). The proportions of dialysis fluid samples in which
microbial burden was 250 CFU/ml were not significantly different.

The TSA method balances the increased recovery against the shorter time for actionable results.

Tryptone (flucose Extract Agar (TGEA) or Reasoner’s Agar No. 2 (R2A) incubated at 17 °C to 28%( for
a period off 7 days, or Tryptic Soy Agar incubated at 35 °C for 48 hours are all validated and acceptgble
methods. The user should determine which of these methodologies is appropriate for the circiimstahce,
taking intd account the advantages of each.

According [to the United States Pharmacopeia, “the decision to use longer incubation times, shquld
be made after balancing the need for timely information and the type of corrective actions required
when aler| or action level is exceeded with the ability to recover the microorganisms of interest. [The
advantage$ gained by incubating for longer times namely recovery of injured microorganisms, glow
growers, o more fastidious microorganisms, should be balanced against‘the need to have a tirpely
investigatipn and take corrective action, as well as the ability of these microorganisms to detrimentfally
affect products or processes” (e.g. patient safety).

The culturle medium and incubation times selected should also,be based on the type of fluid tq be
analysed e|g. standard dialysis fluid, water used in the preparation of standard dialysis fluid, ultragure
dialysis flulid, water used for the preparation of ultrapure dialysis fluid or fluid used for online therapies
such as hapmodiafiltration. The method selected, should\be based on the analysis of the advantages,
disadvantqges and sensitivity of each of the suggesteddmethods. It should also ensure that the patjent
is provided with the necessary safeguards within any'constraints imposed by local laboratory worlking
practices ajnd reimbursement.

When suryeillance for microbial contamipation in ultrapure dialysis fluid, the maximum allowable
level of bafteria requires that culturing be performed using the membrane filtration method with a
minimum ¢f 10 ml of ultrapure dialysisfluid being passed through the filter. The use of larger volupnes
(up to 1 000 ml) will provide greatep sensitivity, but the improved sensitivity needs to be balarjced
against thd increased risk of contamination in collecting and handling the sample. Even with these njore
sensitive techniques, conformity with the stringent requirement that online-prepared substitution
fluid be stdrile cannot be demonstrated by culturing; it has to be ensured by use of a validated prodess.
Surveillange of the production of online-prepared substitution fluid will depend on the producfion
system and should be pekformed according to the manufacturer's instructions.

Furthermdre, the«culturing conditions recommended in this document could fail to identify |the
presence of some.organisms. Specifically, the recommended methods might not detect the presende of
various nop-tiberculous mycobacteria that have been associated with several outbreaks of infection in
dialysis uniitsi831[84], Also, the re ende : ' i : ' :
shown to contaminate water used for haemodialysis applications[85].

The microbiological purity of packaged liquid concentrates and dry powder cartridges is the
responsibility of the manufacturer. 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 %l86l. 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.

36 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5d66da2561a7669241a71606b75ba448

IS0 23500-1:2019(E)

A.9 Cultivation conditions

The rationale in this clause addresses the requirements in 8.3.3.3.

Due to cultivation of the samples, there is a delay between sampling and obtaining the results. If using
techniques that require seven days for the results to be available, significant contamination may be
detected earlier than seven days if intermediate counts (e.g. every two days) are used.

A.10 Bacterial endotoxin test

hibits the
e pH. In the

gel-clot assay, this inhibition results in a failure of the positive control to clot. In kineti¢-assayg, inhibition

Stal
end|
hay
test
floy
a gdg
plu
the
the
pos

y's. For example, a 1:20 dilution is recommended when using an assay with a sensitivity

.[Dilution reduces the detection limit of the assay. In kinetic metheds, the sensitivity is

rentration used to construct the standard curve. A kinetic assay\is’recommended beca
hy's generally are more sensitive than gel-clot assays.

ndard gel-clot tests are incubated at 37 °C for the time récommended by the manufact

will not have a clot and will tend to flow out of the-tube, when inverted. A clot that is se

1-clot assay with a sensitivity of 0,03 EU/ml and the concentrate is diluted 1:20 (1,0 ml

tive control, which simplifies the testing and increases the reliability of the results.

Its in a failure to recover the positive control to within =50 % to +200 % of the noniinal yalue.

tion of the bicarbonate concentrate with water is the usual method for overcoming irhibition. A
imum dilution of 1:16 is necessary; however, higher dilutions are recommended for moife sensitive

pf 0,03 EU/
the lowest
lse Kinetic

rer. At the

of the recommended time, the tubes are inverted to dete¢t the presence of a clot. A positive test will
e a clot, which will remain in the end of the tube as long as it is not shaken or bumped.|A negative

isolid and

Us slowly is classified as a negative clot. For example, when bicarbonate concentrate is t¢sted using

ncentrate

19 ml LAL reagent water or equivalent),the positive control sample should clot, indicating that
‘e is no inhibition of the assay. If the diluted bicarbonate concentrate sample clots, it indicates that
sample contains at least 0,6 EU/ml of endotoxins. A new version of the gel-clot assay haga matched

© IS0 2019 - All rights reserved

37


https://standardsiso.com/api/?name=5d66da2561a7669241a71606b75ba448

IS0 23500-1:2019(E)
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B.2 Water treatmentsystems

B.2.1 Ge

1)0

provides a brief description of the different components that may be included in-syst
d distribute dialysis water and dialysis fluid and to prepare and distribute concentr
Hialysis applications. Two types of systems are used: systems in which dialysis wate
to a dialysis machine at an individual patient treatment station, which-prepares

hlysis fluid centrally and supply it to multiple-patient treatment stations. Since feed-w
I product-water requirements can vary from facility to facility, not all of the compong
n the following clauses will be necessary in every water treatment@nd distribution syst
bery dialysis facility will prepare concentrate at the dialysis facility.

nts for water treatment equipment used for haemodialySis and related therapies car
0 23500-2 and the requirements for equipment used té¢prepare concentrates at a dial
be found in ISO 23500-4.

hlysis requires a well-functioning water treatment and distribution system, since dial

ulating pump in an indirect feed system\“A dialysis facility should develop contingd
ver the failure of its water treatment @nd distribution system or a critical componern
h. Such contingency plans should deseribe how to deal with events that completely prey
m being performed, such as failure of the facility's municipal water supply or electr
wing a natural disaster or water'main break. Other plans should address how to deal ¥
nges in municipal water qudlity, as well as with failure of a critical component of the w
and distribution system.(Similar contingency plans should be developed to deal with
bncentrate preparation(systems.

neral

Water tre

mentSystems consist of three basic sections: a pre-treatment section that conditions

bms
htes
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and

e dialysis fluid for use at that station; and central dialysis fluid delivery systems, which
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be
/Sis

/Sis
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water supgjlied.t6 the primary purification device, which may be followed by other devices that incrg
final water guality. The pre-treatment section commonly includes a sediment filter, cartridge filfers
capable of retaining particles of various sizes, a softener, and carbon beds. The primary purification
process most commonly used is reverse osmosis, which may be followed by deionization and
ultrafiltration for polishing the product water from the reverse osmosis system. Whether a particular
device is included in an individual water treatment system will be dictated by local conditions.

This clause 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 ISO 23500-2, including certain design and performance specifications for individual
water treatment devices.

General information is provided in B.2.2 to B.2.9. The design and instrumentation of individual water
treatment devices may vary from these general descriptions. For example, softeners may be configured
as a single resin bed that is regenerated outside the normal operating hours of the dialysis unit, or they
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may have a dual-bed configuration that allows one bed to be regenerated while the other is used to
provide water for normal dialysis operations.

Depending on the feed-water quality and product-water requirements, not every component in this
clause might be required in a given facility. Likewise, additional components can be required in certain
circumstances. For example, carbon might not provide adequate chloramine removal if the water
contains substances, such as polyphosphates, that mask the reactive sites on the carbon particles. In
those circumstances, other processes, such as infusion of sodium bisulfite, can be required to achieve

product water that meets the requirements of 4.2.2.

Users are encouraged to obtain detailed descriptions of all water treatment components, to

ether with

operating manuals and maintenance procedures, from the manufacturer or the supplier-Q
tregtment and distribution system.

B.2l2 Sediment filters

Permanent, backwashable sediment filters, also known as “bed filters”, are freguently locate
the|beginning of haemodialysis water treatment systems and are intendedto@remove relati
parficulate materials from incoming water. Although a single filtration medium may be
filtgrs known as multimedia filters are more commonly selected. Théseunits contain mult
each layer retaining progressively smaller particles. In this way, thetbed is used to its fullest
largest particles are removed in the first layer contacted by the water and the smallest in the

As the bed accumulates particulate material, open passages)begin to clog and resistance tq
ing through the filter increases. Ultimately, the increased resistance to flow will lead to
ater supply to downstream components. To prevent-this situation from occurring, bed
clegned by periodic backwashing, which is accomplishéd either manually or by using a time
confrol valve. Sediment filters should have an opaqtie housing or other means to inhibit prol
algge. Bed filters should be fitted with gauges to-measure the hydrostatic pressure at the f]
and| outlet. These values can be used to determine the dynamic pressure drop across the f

F the water

 at or near
Uely coarse

used, bed
iple layers,
extent; the
final layer.

the water
h reduction
filters are
r-activated
feration of
ilters' inlet
ilter (delta

pregsure or AP), which serves as an index gfyresistance to flow and provides a basis, togethpr with the

manufacturer's recommendations, for setting the frequency of backwashing.

B.2l3 Cartridge filters

Car
The
stre
carl

tridge filters consist of aseylindrical cartridge of the filter medium with a central dra
cartridge is contained(within a filter housing with seals to separate the feed and pro
ams. In the pre-treatment cascade, transparent filter housings can be useful because the
bon or resin leakage£o be seen without the need to break the integrity of the system. T
can|be cleaned to rémove any algae growth when the filter cartridge is changed. For this reason, use
of opaque housings for cartridge filters is recommended, but not required. If transparent hgusings are
usefl, they should not be exposed to natural light, in order to minimize proliferation of algag. Cartridge
filtgrs should be fitted with gauges to measure the hydrostatic pressure at the filters' inletjand outlet.
Although cartridge filters may be installed at the inlet to a water treatment system, their usual
application is as a final filtration step prior to reverse osmosis. Resistance to flow through the filter
inciteasSes as the cartridge accumulates particulate material, as indicated by an increase i} AP. When
the maximum AP recommended by the filter manufacturer is reached, the cartridge should be replaced
according to the manufacturer's instructions.

nage core.
duct-water
 allow any
he housing

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 softeners in haemodialysis water systems is to prevent hard water deposits from
fouling reverse osmosis membranes.
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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.

Automatically regenerated water softeners should be fitted w1th a mechanlsm to prevent water
. ) the
product-water line during regeneratlon For softeners with a time- controlled regeneration cycle the
face of the fimer should be visible to the user. Operating controls should be positioned so as to mihirhize

inadvertenft resetting.

B.2.5 Carbon media

Carbon systems, often referred to as carbon filters, are the principal means ofyremoving both free
chlorine annd chloramine. Removal of chloramine to a maximum level of 0,1 mgjl and removal of free

chlorine tq a maximum level of 0,5 mg/l are necessary to protect haemodialysis patients from [red

blood cell
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permit a si

In additior
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carbon to 1
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pH increas
carbon bed
their perfo

Carbon sy
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water fro

the event
to disinfec

haemolysis. In addition, free chlorine can also degrade some réverse osmosis membra
on the membrane material. Determining the level of chloraminetypically involves measu

to removing free chlorine and chloramine, carben also adsorbs a wide variety of of
, including both naturally occurring and synthetic organic compounds. The capacit
emove free chlorine and chloramine can be reduced when other substances “mask” reac
e carbon media. In addition, the rate of free'chlorine and chloramine removal is reduce
es or as temperature decreases. The net.effect of those variables is that the finite capacit
s to remove free chlorine and chloramine cannot be predicted with any certainty. Theref
fmance needs to be monitored frequently.

tems should be adapted specifically to the maximum anticipated water flow rate of

Chlorine and free chlorine and assigning the difference in{cpncentrations to chloraming.
ltlgle test to be used, a maximum allowable level for total chlorine was set at the maxinpum
allowable level for chloramine (0,1 mg/1).

hes,
ing
To
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U of
tive
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hen carbon is used for theremoval of chloramine at a level of 1 mg/l or more, two can
be installed in a seri€s configuration. A means should be provided to sample the pro
the first bed. A samipling port should also be installed following the second bed for u

bon
uct
in

f total chlorine breaking through the first bed. In situations where chloramine is not ysed
[ the water, and.the'ammonium level in the water is low, one carbon bed or carbon cartridge

filters could be sufficient:xExhausted carbon media should be discarded and replaced with new megdia,

according

[o a replacement schedule determined by regular surveillance. For example, when testing

between the beds shows that the first bed is exhausted, the second bed should be moved into the first

position, th
the first sa
72 h) until

e second bed replaced with a new bed, and the exhausted bed discarded. When samples from
mpling port are positive for total chlorine, operation may be continued for a short time (up to
a feplacement bed is installed, provided that samples from the second sampling port renjain

negative. It was recognized that it might not be practical to rotate the bed positions in installations that
use large, backwashable carbon beds. However, there was concern that the capacity of the second bed
could decrease unpredictably and no longer provide adequate backup if there was breakthrough of the
first bed. For this reason, replacing both beds if bed rotation was not possible was 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/1 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
source waters, such as those with a high organic content, could require alternative types of carbon that
are more resistant to organic fouling. These types of carbon may have iodine numbers less than 900.
When other forms of carbon or granular activated carbon with an iodine number of less than 900 are
used, the manufacturer should provide performance data to demonstrate that each bed has the capacity

40 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5d66da2561a7669241a71606b75ba448

IS0 23500-1:2019(E)

to reduce the total chlorine concentration in the feed water to less than 0,1 mg/1 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
carbon 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 technologles can be used prov1ded there is a redundant means of chloramine removal
d after the
farbon bed

as series-

containing
maximum
e designed

rate through the bed. When series-connected pairs of beds are used;thé piping should h
inimize differences in the resistance to flow from inlet and outlét-between each parallel series of

nt of 4.2.2
bly remove
f naturally

inclusion of

for chloramine removal may be needed to. Supplement carbon. Acid injection can be used tjo decrease
pH |(see B.2.6), anion exchangers (also Known as organic scavengers) can be installed befpre carbon
beds to remove organic matter and-other substances that might foul carbon beds, and dgalkalizers
can|be used to reduce alkalinity. It is’ known that adding sodium bisulfite prior to the reverse osmosis

sysfem has been successful in eliminating chloramine in haemodialysis applications. Ascor
alsq been added to the acid corncentrate used to eliminate chloramine from the final dialy
shopld be noted that a minimum contact time is required for ascorbic acid to neutralize

in water. If ascorbic acid)is being used to neutralize chloramine, and if unexplained red
desfruction or anaemia occurs, the effectiveness of the ascorbic acid neutralization of

shopld be investigated. Other means of removing chloramine, such as redox alloy media and
irrgddiation, are aused in the pharmaceutical and electronics industries. These processes ar

ic acid has
sis fluid. It
thloramine
blood cell
hloramine
ultraviolet
b currently

removal in
one of the

being evaluatéd-for haemodialysis applications. The final choice of a system for chloramine
haemodialys$is'settings will depend on local conditions and might need to include more thar
professes,outlined above.

B.2L6~ Chemical injection systems

Chemical injection systems may 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 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 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
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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 could be necessary, in some circumstances, if a facility is to meet the
maximum contaminant levels 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 chemica
the chemidg
primary p

injection is used in the pre-treatment cascade, users should ensure that the additio
al does not interfere with the operation of subsequent purification processes, inclading
irification process. For example, the performance of thin-film composite revéerse osm

h of
the
Dsis

membrane Fide

can be sub

5 might be affected by the pH of the feed water. At pH levels below 7, the rejection of fluo
stantially reduced, compared to its rejection at a pH of 8.

B.2.7 Repyerse osmosis

Reverse o9
largely bec
bacterial e

mosis (RO) systems have become widely used in haemodialysis water treatment systg
ause these devices remove dissolved inorganic and organic$olutes, as well as bacteria
hdotoxins.

ms,
and

The follow|ng requirements apply to reverse osmosis systems.

a) When [used to prepare water for haemodialysis appli¢ations, either alone or as the last chentical
purifidation stage in a water treatment system, reverse osmosis systems should be shown t¢ be
capable, at installation, of meeting the requirements of ISO 23500-3 when tested with the tyyical
feed whter of the user.

b) Reverde osmosis devices should be equipped with online monitors that allow the determinafion

uld
hrm
pSis
ure

of rejeftion rates and product-water conductivity. The product-water conductivity monitor she
activafe audible and visual alarms when' the product-water conductivity exceeds the preset al
limit. The alarms should be capable'of notifying staff in the patient care area when reverse osm
is the [last chemical purification process in the water treatment system. Monitors that meag
resistiyity may be used in place bf conductivity monitors.

The RO mpmbrane separatiorm)process components are a semipermeable membrane, typically
spiral-wound configuration;a pump, and various flow and pressure controls to direct the flow of w

na
hter
ong
e;a
der

the membrpnéisreferred to as “product water” or “permeate”. The water that flows along the membr
surface anfl te the drain is known as “reject water” or “concentrate”. This flow configuration, kn
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 membrane surface, which can help reduce membrane fouling, as well as allowing higher
overall use of water. RO systems may 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 feed water 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 CO3.

RO systems may 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
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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 addition, it is recommended that, when a reverse osmosis system is the last chemical purification
process in the water treatment system, means should be incorporated to prevent patient exposure to
unsafe product water in the event of a product-water conductivity alarm. Such means could include
diversion of the product water to the drain, in addition to activating the audible and/or visual alarms
that should be situated to ensure a prompt response by personnel in the patient care area.

Depending on membrane configuration and materials of construction, RO systems are sensitive to

var
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ous feed-water conditions that can lead to diminished performance or premature failur
h problems, users should carefully follow the manufacturer's instructions for feed-watet
surveillance to ensure that the RO is operated within its design parameters.

.8 Deionization

bnization (DI) is an ion exchange process that removes both anions (negatively charge

x)ns (positively charged ions) from water. During the exchange process, hydroxyl ions re

water anions, and hydrogen ions replace other feed-water cations;the hydroxyl and hyd
I combine to form pure water. DI systems may contain anion and‘cation resin in separ
wn as “dual-bed systems”, or may have both resin types mixed‘together in a single vesse
ked-bed” or “unibed systems”.

bnizers are an effective means of removing ionic contamiinants from water. However, {
ove nonionic contaminants and they can contributé-bacterial contaminants to the w
h remove them. The inability of deionizers to remdyve nonionic contaminants could limit

cationic to being anionic as the pH varies from acidic to basic[8Z]. At neutral pH, aluminiun
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tly as colloidal aluminium, which does ngt\carry a charge and is not removed by deion
thermore, deionizers have a finite capacity for contaminant removal. Once the deionizer
ydrogen and hydroxyl ions, the nextleast avidly bound ions will be displaced by more av
. For example, once the hydroxyl ions are depleted, anionic contaminants in the water w
ride ions from the anion exchangeé resin[32]. This phenomenon has led to high levels of

h an endotoxin-retentive—filter, does not remove certain low-molecular-weight toxi
ducts, such as microcystins. For the above reasons, use of deionization as the primar
ting water supplyingymultiple dialysis machines is strongly discouraged. Deionizati
H to polish product-water from a reverse osmosis system or may be used as a standby if
osis system failsoMany believe that a two-stage reverse osmosis system operated in a
figuration ispreferable to a combination of reverse osmosis and deionization.
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most ceimymon configuration for DI is to have two mixed beds in series, with resistivit|

high reSistivity shifts to the second bed, and dialysis operations may be continued for a shor
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product water, with subsequent patient injury and death[33][36], Deionization, even in cgmbination

C bacterial
V means of
bn may be
he reverse
redundant
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bufficiently
[ time until

beij:g placed*downstream of each bed. Upon exhaustion of the first bed, reliance for water of

a rgplacement bed is installed, provided that the product water from the second tank ha
resistivity of 1 M{2-cm or greater.

b a specific

DI has a finite capacity that, when exceeded, will cause dangerously high levels of contaminants in
the product water. Therefore, DI systems, when used to prepare water for haemodialysis applications,
should be monitored continuously to produce water of 1 M{Q-cm or greater specific resistivity (or
conductivity of 1 uS/cm or less) at 25 °C. An audible and visual alarm should be activated when the
product-water resistivity falls below this level and the product-water stream should be prevented
from reaching any point of use, for example by being diverted to drain. The alarm should be capable
of notifying staff in the patient care area. Under no circumstances should DI be used when the product
water of the final bed has a resistivity below 1 MQ-cm.

Feed water for deionization systems should be pretreated with activated carbon, or a comparable
alternative, to prevent nitrosamine formation.
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If a deionization system is the last process in a water treatment system, it should be followed by an
endotoxin-retentive filter or other bacteria- and endotoxin-reducing device. The tendency for deionizers
to contribute bacterial contaminants to the water is greater when deionizers are kept as a backup for a
reverse osmosis system, particularly if there is no flow through the deionizers. Some facilities counter
this tendency by connecting the deionizers in parallel to the main water line and by maintaining a
low flow through them. An alternative approach is to contract with a local supplier to provide backup
deionizers on demand.

NOTE The requirements given above for deionization might not apply to electrodeionization (EDI)
technology, which can be used as an alternative to deionization following reverse osmosis in haemodialysis
applications.

B.2.9 Endotoxin-retentive filters
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retentive filters are membrane-based separation devices that may be used to kemove |
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ysis water or central dialysis fluid distribution systems. Endotoxin-retentive filters can

the dialysis fluid line of individual dialysis machines as a final barrier dgainst bacteria

. These filters are considered part of the dialysis machine and mightriot be subject to all
Hations that follow.

ndotoxin-retentive filters do not remove low-molecular-weight miicrobial metabolites.

retentive membranes used for haemodialysis applications are typically in either a sp
figuration or a hollow-fibre configuration. Spiral-wound ultrafilters are usually oper
fFlow mode, with a fraction of the feed water being forced through the membrane and

s intended to minimize membrane fouling.tHollow-fibre endotoxin-retentive filters
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One suitable means is te monitor the pressure drop (AP) across the filter at a given pro

ter flow rate can be measured at a given pressure drop. Such surveillance will indicate

fouling has progressed to the point at which membrane replacement or cleaning is nee
e also ensureS'that the device is being operated in accordance with the manufactur
s. Endotoxin‘retentive filters should be included in routine disinfection procedure
controlled, proliferation of bacteria in the filter. If bacterial proliferation is not control
n “growsthrough” the membrane and contaminate the product-water compartment of

filter. Endotoxiniretentive filters operated in the cross-flow mode should also be fitted with a flowm

to monitor

retentive filters should besfitted with a means of evaluating filter integrity and fouling

ct-

rate using pressure gauges on the inlet (feed) and outlet (product) water lines. Alternatiyely,
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the,flow rate of water being directed to the drain.

B.3 Dialysis Water storage and distribution

B.3.1 Ge

neral

The function of the water storage and distribution system is to distribute dialysis water from the
treatment cascade to its points of use, including individual haemodialysis machines, proportioning
systems 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 to a large surface area of piping and storage tank walls. Because chlorine and
chloramine are removed in the purification process, the water does not contain a bacteriostatic
agent. This combination of circumstances predisposes wetted surfaces to bacterial proliferation and
biofilm formation. Therefore, any dialysis water storage and distribution system should be designed
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specifically to facilitate bacterial control, including measures to prevent bacterial colonization and to
allow for easy and frequent disinfection.

B.3

.2 Water storage

When used, storage tanks should have a conical or bowl-shaped base and should drain from the lowest
point of the base. Storage tanks should have a tight-fitting lid and be vented through a hydrophobic
0,22 um to 0,45 um air filter. The filter should be changed on a regular schedule according to the
manufacturer's instructions or if it becomes wet. A means should be provided to effectively disinfect

any
eff

storage tank installed in a water distribution system. Internal spray mechanisms can facilitate

tive disinfection and rinsinag of 2 storage tanlk
o o
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.3 Water distribution

storage tank. From there, it is distributed to the points of use. The water storage and
em chosen for a particular situation should provide the simplest possible flow path
smallest volume of water consistent with the operating needs-of’the dialysis unit. The simplest
em is generally a direct feed system. However, direct feed systeins can be impractical. F¢r example,
pressure at the end of the purification cascade could be insufficient to provide adequate flow and
ssure at the points of use without a booster pump. If a dire€t feed system is used, it is alsq necessary
ize the water treatment cascade to provide sufficient water to meet the peak demand. For these
bons, an indirect feed system with a storage tank mayybe used. Since storage tanks proyide a large
face area for potential biofilm formation, their volume should be kept to a minimum {n order to
kimize water turnover in the tank. Whichever type of system is used, water distributipn systems
11d be configured as a continuous loop and designed to minimize bacterial proliferation §nd biofilm

formation (see Clause 8). A centrifugal pump-iiade of inert materials is necessary to disfribute the
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ysis water and aid in effective disinfection. A multistage centrifugal pump is preferred for this
pose.

ect feed distribution systems typically return unused dialysis water to the feed side of the reverse
osis unit. If the pressure at the end of the distribution loop decreases to a value below the water
tsure at the inlet to the reverse osmosis pressurizing pump, retrograde flow of untrepted water
the distribution loop cah occur. To minimize this risk, it is recommended that dual check valves
break tank at the inlet-to the reverse osmosis system with an air gap on the lines frgm the pre-
tment cascade and-the distribution loop be used to prevent retrograde flow and that tHe pressure
he end of the distribution loop be monitored.

ribution systems for dialysis water should be constructed of materials that do not|contribute
micals, suchas aluminium, copper, lead, and zinc, or bacterial contaminants to dialysis|water. The
ce of materials used for a water distribution system will also depend on the proposed| method of

disi
age
the
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fection. Table B.1 provides guidance on the compatibility of different materials and disinfection
ts. Whatever material is used, care should be taken to select a product with properties that provide
. : . : : N
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Table B.1 — Guidance on piping materials used in dialysis water distribution systems and their
compatibility with common disinfectants

Sodium hy-
Material pochlorite Peracetic acid | Formaldehyde Hot water 0Ozone2
(bleach)
PVC X X X X
CPVC X X X X
PVDF X X X X X
PEX X X X X X
SS X X X X
PP X X X X
PE X X X X
ABS X
PTFE X X X X X
Glass X X X X X
NOTE 1 X dpnotes probable compatibility.
NOTE 2 PYC = polyvinylchloride, CPVC = chlorinated polyvinylchloride, PVDF = polyvinylidene fluoride, PEX = crpss-
linked polydthylene, SS = stainless steel, PP = polypropylene, PE = polyethylene, ABS =/acrylonitrile butadiene styrgne,
PTFE = polytetrafluoroethylene.
a  Ozone re¢fers to ozone dissolved in water, not ozone gas.

Table B.1 i not intended as an exhaustive compilation of all possible compatible combinations of piping
material apnd disinfectant. Considerations of compatibility.$should include any joint materials pnd
pipe fittings, as well as the actual piping material. The concentration of germicide and the duratfion,
frequency,fand conditions (flow, pressure, temperature}of exposure should also be taken into accoynt.

Users shoulld verify compatibility between a givengermicide and the materials of a piping system yith
the supplidr of that piping system and/or the disinfectant supplier before using the germicide.

B.3.4 Balkterial control devices

B.3.4.1 (eneral

Traditionally, chemical disinfection has been used to prevent bacterial proliferation in dialysis whater
storage anfl distribution systetns. One consequence of the increased attention being paid to bactqrial
control in the dialysis water’storage and distribution system is an interest in alternatives to traditignal
chemical disinfection, including ultraviolet irradiators, ozone generators, and hot water disinfection

including any O- rlngs and seals they may contain. Ultrav101et 1rrad1at10n 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 used to control bacterial proliferation in dialysis water storage and distribution systems,
UV irradiation devices should be fitted with a low-pressure mercury lamp which emits light at a
wavelength of 254 nm and provides a dose of radiant energy of 30 mW-s/cm?2. If the irradiator includes a
calibrated ultraviolet intensity meter, the minimum dose of radiant energy should be at least 16 mW-s/
cm?2. The device should be sized for the maximum anticipated flow rate according to the manufacturer's
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instructions. It is recommended that UV irradiators be followed by an endotoxin-retentive filter to
remove pyrogens.

The recommendations provided in this clause concern UV irradiator used specifically for bacterial control.
UV irradiators may also be used for other applications in a water purification and distribution system.

Ultraviolet irradiation can also be used to control bacteria in the pre-treatment section of a water
treatment system, such as the following carbon beds to reduce the bacterial burden presented to a
reverse 0smosis unit.

UV irradiators should be equipped with a calibrated ultraviolet intensity meter, as described above,
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Fith an online Monitor of radiant energy output that activates a visible alarm, which g
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rding to the manufacturer's instructions to maintain the recommended radiant energy

bn ultraviolet irradiators are dipped in the storage tank to control bacteria, they should b
eep the required energy at the farthest position in the tank, considering theflow situat
ration.

4.3 Ozone disinfection systems
bn used to control bacterial proliferation in dialysis water storage and distribution system

b specified by the manufacturer. When ozone disinfectiomsystems are used, it is recomm
mbient air ozone monitor be installed in the area of the ozone generator.
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with a contact time of 10 min, measured at the end-of the distribution loop, is capable of killing bacteria,

bacterial spores, viruses, moulds, and yeast innwater. Destruction of established biofilm co
longer exposure times and/or higher concentrations of ozone. Ozone can also degrade endot]

Ozdne can degrade many plastic materials, including PVC and elastomeric O-rings and seals.
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he can be used for bacterial control only in systems constructed from ozone-resistan
B.3.3).

4.4 Hot water disinfection systems

water may be used\to control bacterial proliferation in dialysis water storage and d
ems. The exposure.time should be according to the manufacturer's instructions. The wat
t water disinfettion system should be capable of delivering hot water at the temperature
psure time specified by the manufacturer at any site in the dialysis water storage and d
em. Thesmanufacturer's instructions for using hot water disinfection systems should bj
b manufacturer's instructions are available, the effectiveness of the system can be der
ralidating the system maintains a specified temperature throughout the system for a spd
by-performing ongoing surveillance with bacterial cultures and endotoxin testing.
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NOTE 1

The ability of hot water to disinfect a distribution system is a function of water temperature and time

of exposure. For example, the minimum exposure time for hot water disinfection at 80 °C is 10 min.

NOTE 2 The concept 4, can be used for quantification of heat disinfection between 65 °C to 100 °C (see
ISO 15883-1:2006 Washer-disinfectors -- Part 1: General requirements, terms and definitions and tests).
Temperature and time can be combined to yield a number representing a dose capable of achieving the required
reduction in viable organisms.

Ao = Y10(T-80)/z . At

where
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T
zZ
At

is
is

is

the temperature in °C;
equal to 10 °C;
the selected time period in seconds.

An A, value of 1 is defined as an exposure to 80 °C for 1 s. Thus, 4, = 600 represents 10 min at 80 °C,
1 min at 90 °C, or 100 min at 70 °C.

Hot water disinfection systems can be used only in systems constructed from heat-resistant materials,
such as PVDF (polyvinylidene fluoride), PEX (cross-linked polyethylene), SS (stainless steel), PP
(polypropylene), and PTFE (polytetrafluoroethylene) (see B.3.3).

B.4 Congentrate preparation

B.4.1 Geperal

Dialysis flyiid is customarily prepared from two concentrates: the bicarbonate rgonicentrate, which
contains spdium bicarbonate (and sometimes additional sodium chloride), and the acid concent
which conffains all remaining ions, acetic acid, or citric acid and sometimes gluc¢ose. Some systems H
also been developed that prepare acid concentrate from individual components, such as from a sod
chloride cartridge and a concentrated solution of the remaining minor electrolytes.
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htrate can be supplied by the manufacturer in bulk or in singlé-use containers. In some ca

5 facility. Systems have recently been introduced that allow a user at a dialysis facilit
d concentrate from packaged powder and dialysis water using a mixer. If the acid concent
into a bulk storage tank at the dialysis facility, the user is responsible for maintaining
e in its original state and to ensure that the coxtect formula is used according to the patie
n. Acid concentrate prepared at the dialysi§facility from powder and dialysis water is
Sibility of the user.

e concentrate can be supplied by the\manufacturer in one of the following three ways:
der cartridges that are used to prépare concentrate online at the time of dialysis;
kaged powder that is mixed\with dialysis water at the dialysis facility;

le-treatment containers:of liquid concentrate.

id can also be prepared from a single concentrate that contains acetate, which is metabol
bnt to yield bicarbenate. Acetate-based dialysis fluid is rarely used in routine clinical prac
acetate-baséd-concentrate is handled in a similar manner to that of acid concentrate, ex
e-based conCentrate systems use only one concentrate which is mixed with dialysis wz
pf acetate-based concentrate are colour-coded white.
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terials compatibility

All components used in concentrate preparation systems (including mixing and storage tanks, pumps,
valves, and piping) should be fabricated from materials (e.g. plastics or appropriate stainless steel) that
do not interact chemically or physically with the concentrate to affect its purity, or with the germicides
or germicidal procedure used to disinfect the equipment. 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.4.3 Labelling

B.4.3.1 General

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

In alddition to the container labelling described below, there should be permanent records‘ofall batches
of goncentrate produced at a dialysis facility. These records should include the congentrdte formula
profuced, the volume of the batch, the lot numbers of powdered concentrate packages, the manufacturer
of the powdered concentrate, the date and time of mixing, any test results, the person perfprming the
mi>1ing, the person verifying mixing and test results, and the expiration date, if@applicable.

Alt
con|
the

ough it is the responsibility of facilities to develop and use labelling to positively iglentify the
fents of mixing tanks, bulk storage/dispensing tanks, and concentrate containers, the guiidelines in
following subclauses are suggested.

B.4{3.2 Mixing tanks
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ration date should be marked out because they apply only to the dry powder.

3.3 Bulk storage/dispensing tanks

se tanks should be permanently labelled to identify the chemical composition or fory
r contents. As with mixing tanks, bulk storage/dispensing tank labelling can be cd
mplished by affixing a copy:of the concentrate manufacturer's package label.
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tifying the chemical composition or formulation of the concentrate; however, the lot number and
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B.4{3.4 Concentrate containers
Corlcentrate containers may be non-disposable vessels provided by haemodialysi$ machine
manufacturers and)having a capacity sufficient for one or two haemodialysis sessions. Thle extent of
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lling for thesécontainers depends on the variety of concentrate formulations used and ¢n whether

facility uses dialysis machines with different proportioning ratios; the latter practice
ouragedh

minimum, concentrate containers should be labelled with sufficient information to d
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individual container to increase the concentration of an electrolyte, the label should show the added
electrolyte, the date and time 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
identify the container's contents.

B.4.4 Concentrate mixing systems

B.4.4.1 General

Concentrate 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 protective equipment should be used to handle any residual dust that
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is introduced into the atmosphere as powdered concentrates are added to the system and to handle any
additional heat produced by the device. Structural issues, such as the facility's weight-bearing capacity,
should be addressed if systems are to be installed above ground level. Operators should at all times
use appropriate personal protective equipment, such as face shields, masks, gloves, gowns, and shoe
protectors, as recommended by the manufacturer.

If a concentrate mixing system is used, the preparer should follow the manufacturer's instructions
for mixing the powder with the correct amount of dialysis water. The number of bags or the weight of
powder added should be determined and recorded.

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

B.4.4.2 Acid concentrate mixing systems
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Acid concgntrate mixing tanks should be designed to allow the inside of the tankK-to' be comple]
emptied and rinsed according to the manufacturer's instructions when concentrate form
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facilitating this process. Because concentrate solutions are highly corrosive;mixing systems sh
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Manufacturers provide acid concentrates with a wide range of electrolyte compositions for different
proportioning ratios. Most typical dialysis fluid prescriptions can be obtained by using one or more of
these commercially available concentrates. If particular formulations are not available, manufacturers
provide additives that can be used to adjust the level of potassium or calcium in the dialysis fluid. These
additives are commonly 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 manufacturer's
instructions, taking care to ensure that the additive is formulated for use in concentrates of the
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appropriate dilution ratio. When liquid additives are used, the volume contributed by the additive should
be considered when calculating the effect of dilution on the concentration of the other components in
the resulting concentrate. When powder additives are used, care should be taken to ensure that the

add

itive is completely dissolved and mixed before the concentrate is used.

B.5 Concentrate storage and distribution
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s, zinc, galvanized material, lead, and aluminium, are specifically prohibited.

.2 Bulk storage tanks (acid concentrate)

cedures should be in place to control the transfer of the acid concentrate from the deliver
he storage tank to prevent the inadvertent mixing of different conéentrate formulations.
tank and associated plumbing should form an integral system to prevent contamination
centrate. The storage tanks and inlet and outlet connections, if remote from the tank
ire and labelled clearly.

.3 Distribution systems
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dialysis fluid delivery machine«and should not be exceeded.

| tanks for
oms, tight-
e 0,45 um

Eleyated tanks are usually_smaller than those used for preparing concentrates. Elevated
bicgrbonate concentrate distribution should be equipped with conical or bowl-shaped bott
fitting lids, a spray mechanism, and high- and low-level alarms. Any air vents should hay
hydirophobic vent filters.

B.5{3.1 Acid ¢oncentrate distribution systems

use (at the
oncentrate
fains. Even
though there are no published reports of acid concentrate supporting bacterial growth, every effort
should be made to keep the system closed to prevent contamination and evaporation. If the acid system
remains intact, no rinsing or disinfection is necessary.

B.5.3.2 Bicarbonate concentrate distribution systems

Bicarbonate 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 concentrate.

Because bicarbonate concentrates provide excellent media for bacterial proliferation, bicarbonate
concentrate delivery systems should be disinfected on a regular basis to ensure that the dialysis
fluid routinely achieves the level of bacteriological purity recommended in 4.4.2. The manufacturer's
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instructions can provide an initial disinfection schedule. However, this schedule might need to be
adjusted on the basis of the user's bacteriological surveillance. For 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 dialys
some disir
should be

is not avai
proprietar
piping syst
cleaning W

is machines can be used to disinfect bicarbonate concentrate distribution systems. Howg
fectants attack biofilm better than others. Appropriate dwell times and concentrat
ised as recommended by the manufacturer of the concentrate system. If this informa
able, sodium hypochlorite solutions, such as bleach, may be used at a dilution'ef<1:100
y disinfectants at the concentration recommended by the manufacturer-for disinfec
ems. In the event that precipitation or salt build-up impedes flow through-a’piping syst
ith a 1:34 solution of 5 % acetic acid (e.g. distilled white vinegar) ismecommended. S

manufactufrers supply bicarbonate concentrate systems with UV irradiation~or”ozone systems

bacterial ¢

bntrol.

UV irradi
concentra

ver,
ons
[ion
and
[ing
em,
me
for

ion devices that are used to control bacterial proliferation(in the pipes of bicarbonate

distribution systems should be fitted with a low-pressure{mercury lamp that emits |

at a wavelgngth of 254 nm and provides a dose of radiant energy ©f 30 mW-s/cm2. The device sh
be sized fgr the maximum anticipated flow rate according to thexmanufacturer's instructions and be

equipped
the lamp s
according
is recomm
bicarbonat

When used
should be

manufactul
according

When heat
be validatd

Overagitat
CO7 results
calcium ca

B.5.3.3 G

For piped ¢

vith an online monitor of radiant energy output that«activates a visual alarm indicating

o the manufacturer's instructions to maintain the recommended radiant energy outpu
ended that UV irradiators be followed by am-endotoxin-retentive filter. Disinfection of
e concentrate distribution system should continue to be performed routinely.

to disinfect the pipes of a bicarbonate concentrate distribution system, an ozone gener
fapable of delivering ozone at the:cencentration and for the exposure time specified by

rer. When ozone disinfection systems are used, ambient air should be monitored for 07

o national standards and regulations.

is used to disinfect the/bicarbonate distribution system, the time and temperatures shd
d by the manufacturer,

on or mixing of bicarbonate concentrate can result in loss of CO2 from the solution. Los
in an increasein-pH and favours the formation of carbonate that can lead to precipitatio
Fbonate in the-fluid pathways of the dialysis machine following dialysis fluid proportioni

oncentrate outlets

pricentrate distribution systems, each treatment station is equipped with a concentrate ou

ght
uld

that

hould be replaced. Alternatively, the lamp should.be replaced on a predetermined schedlule

t. It
the

htor
the
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uld
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ng.
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for bicarb
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the inletline of the dialysis machine (optional). To prevent mix-ups with delivery of two or more types of
acid concentrate, each concentrate should have its own outlet. Concentrate outlets should be compatible
with the dialysis machine 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.2) indicating the proportioning ratio for the dialysis machine, if required, and should be colour-
coded blue for bicarbonate and red for acid.

B.6 Dialysis fluid proportioning

Historically, dialysis fluid was buffered with acetate. For acetate buffered dialysis fluid, dialysis water is
mixed with an acetate containing concentrate to produce the dialysis fluid. In such a system, the pH can
vary depending on the supply water. Although a single concentrate is used to prepare acetate dialysis

52 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5d66da2561a7669241a71606b75ba448

IS0 23500-1:2019(E)

fluid, consideration should be given to checking both conductivity and pH because mix-ups involving
acid concentrate and other chemicals can result in an acceptable conductivity with an incorrect pH.

One of the functions of the dialysis fluid is to correct metabolic acidosis present in patients undergoing
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. Current haemodialysis treatments utilize proportionating or mixing
technology which uses two separate concentrates mixed with dialysis water; an acid concentrate, and
a bicarbonate concentrate. 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.

Sevpral types of three-stream concentrates are available, with different ratios of acidvgoncentrate
to Bicarbonate concentrate to dialysis water (see Table B.2). The different proportioning types are
not|compatible with one another. Generally, bicarbonate is available in one or two'forn}s for each
proportioning type (in liquid, cartridge, or dry powder, and in various sizes). Each'proportjoning type
has|numerous acid concentrate formulations (“codes”) with different amounts. Qf potassiu, calcium,
and magnesium ions, plus glucose. To help differentiate between concentrates 6fidifferent prgportioning
types, ISO 23500-4 recommends that the manufacturer include a geometric,symbol on the Igbels, along
with acid/base colour coding.

Table B.2 — Symbols and colour coding for different concentrate proportioning iatios

Acid proportioning Bicarbonate con-
Cgncentrate type ratioa Geometric symbol centrate Comments
(red colour coding) (blue colour coding)
353 1+34a Square Dry, liquid, or car-
tridge
36,B3X 1+35,83a Circle Dry or liquid Bicarbonatg¢ concen-
trate contains some
NaCl.
45} 1+44a Triangle Dry, liquid, or car-
tridge
36,LX 1+35,1a Diamond Cartridge Powder carfridges
may be usedl for other
proportioning ratios,
except for 36,83X, in
which the bjicarbonate
concentratd also con-
tains NaCl.
NOTE Acetate-eOntdining concentrate is colour-coded white.
a  |Acid+bicarbenate + water.

bortions of
h methods,

Different manhufacturers of dialysis machines use different methods of controlling the pro
the|concentrates. Such control may be: “fixed proportioning” or “servo-control”. With bot
the| @aperator can select a desired sodium and bicarbonate level, or conductivities corfesponding
to defiredsodiummandbicarbomate tevets, amdthe mactimewitt makethemecessary adjustments to
achieve the selected levels. Both types use a redundant system of controls and surveillance. With fixed
proportioning systems, the pumps are 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 redundant conductivity monitor monitors the conductivity. Some machines also
monitor the pH of the dialysis fluid as an additional safeguard against gross errors in dialysis fluid
formulation. A different type of machine with a batch tank and dedicated concentrates is also available.

Depending on the type of acidified concentrate in use, the acid component may be in 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.

In 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,
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the acetate, citrate or lactate in the acid concentrate which, when metabolized to form bicarbonate. In
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 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 may be set up or
calibrated for use with concentrates of more than one proportioning ratio. (Note that changing from
one proportioning io to another requires recalibration for some models of dialysis machine us,
for such miachine
the machire display. It is strongly recommended that facilities configure every machine to use-enlyfone
type of corlcentrate.

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 expdsed
before the|facility recognizes the mistake. For example, because one of the concentrates is acidic pnd
the other i§ basic, connecting the wrong concentrates to the machine could result in dialysis fluid that
could harm the patient. Thus, it is necessary for the operator to follow the maniifacturer's instructions
regarding dialysis fluid conductivity, including measuring the approximate*pH with an indepenc
method bdfore starting the treatment of the next patient, if recommended by the dialysis machine
manufactufrer. More recently, systems have been developed that use’three concentrates (bicarborfate,
sodium chlloride, and an acid concentrate containing the remaining electrolytes) to allow more
sophisticatled variation of the dialysis fluid composition during dialysis.

B.7 Central dialysis fluid storage and delivery systems

B.7.1 Geperal

Dialysis flyid may be prepared centrally and distributed to individual dialysis consoles at the treatnpent
stations uging a central dialysis fluid delivery-$ystem (CDDS). Central dialysis fluid delivery systgms
incorporate many of the features found in.dialysis water storage and distribution systems (see B.3)
and concentrate preparation systems {(see B.4) and most of the recommendations in those clayses
are applicgble to central dialysis fluid-delivery systems; however, there are additional factors tg be
considered.

B.7.2 Design and maintenance

Central diplysis fluid ,delivery systems are usually designed as single-pass systems, although a
distribution loop can also be used.

If a distripution<loop is used, it is necessary to pay attention to preventing calcium carbomate
precipitatipn and an increase in pH resulting from loss of CO; and an increase in temperature as|the
dialysis fluid-s circulated.

Central dialysis fluid delivery systems should be disinfected daily to limit biofilm formation using a
chemical disinfectant or hot water. Such disinfection should include the tubing connection to the
individual dialysis console.

Microbiological surveillance methods for central dialysis fluid delivery systems should be similar to that
described in 8.3. Surveillance should include the individual dialysis consoles located at each treatment
station, as well as the dialysis fluid distribution system. Sampling should include samples collected
from the inlet to dialysis fluid proportioning system and the inlet to individual dialysis consoles. The
frequency of surveillance 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 will depend on the analysis of the data collected
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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.

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 will depend 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.

Itis notnecessary to take samples of ultrapure dialysis fluid or substitution fluids if their production

operated and monitored according to the manufacturer's instructions. It could bé.ngcessary to
sample the dialysis fluid entering such bacteria- and endotoxin-retentive filterscdependling on the
manufacturer's instructions for use of the filters; for example, when the instructions for pise specify
the quality of the fluid entering the filter. (See also Annexes D and E of this dogument)

paths are fitted with bacteria- and endotoxin-retentive filters validated by the manuf1cturer and

Thd

an
disi

B.7

results of testing should be subjected to trend analysis. When results exceed the acfion levels,

follow-up should be initiated. This investigation could include-additional sampling|and extra
fection procedures carried out as per the manufacturer's recommeéndations.

OF%E the case of a patient's pyrogenic reaction or suspected bacteremia/fungemia, an inyestigation

.3 Dialysis fluid storage

Cenftral dialysis fluid delivery systems usually include a dialysis fluid storage tank. The tank should be

des
poil

B.7

All
valy

gned to drain completely; for example, it should haye a sloping bottom and a drain at|the lowest
nt, and be ventilated through a hydrophobic 0,45 pfay air filter.

.4 Materials compatibility

components used in dialysis fluid storage and delivery systems (including storage tanks, pumps,
res and piping) should be fabricated from materials (e.g. plastics or appropriate stainlesq steel) that

do ot interact chemically or physically‘with the dialysis fluid to affect its purity, or with the germicides

or g

ermicidal procedure used to disinfect the system. The use of materials that are known to cause

toxicity in haemodialysis, such«as-copper, brass, zinc, galvanized material, lead, and alyminium, is

spe

Cifically prohibited.
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Annex C
(informative)

Surveillance guidelines for water treatment equipment,

distribution systems, and dialysis fluid

C.1 Survyeillance systems

Table C.1 provides guidelines on surveillance systems used for preparing and distributing diallysis
fluid. The fecommendations given in Table C.1 can be used as a starting point for developing a qudlity
management programme for dialysis fluid when the manufacturer or supplier of the system does
not provide adequate instructions. Not every item listed in Table C.1 will be required in all dialfsis
facilities and the frequency of surveillance may differ depending on the nature of’the water supplied
to the dialysis facility; for example, whether or not the water supply is disinfeeted using chloraniine.
The actualfquality management programme for a given facility will depend on'the components used in
that facility's water treatment system, the purposes for which the fluids@re to be used, the resuls of
validation procedures, and any applicable local regulations.

NOTE Refer to footnotes @ and b for an explanation of the use of Xs.in the “Typical range of values” column.
Table C.l — Suggested framework for surveillance water treatment equipment, distributign
systems, and dialysis'fluid
Item to mgnitor| What to monitor Typical range’of values Typical interval Comments

Sediment f{lter |Pressure drop across |Pressure drép less than XXXX |Daily NA
the filter (see 7.3.2)

Sediment f{lter |Backwash cycle timer |Backwash clock set to XX:XX Daily NA

backwashipg setting (see 7.3.2)

cycle

Cartridge fllter |Pressure drop across, )| Pressure drop less than XXXX |Daily NA
the filter (see 7.3.3)

Water softgner |Residual hardness Hardness as specified by the Daily NA
of product water manufacturer of the reverse
(see 7.3.4) osmosis equipment.

Water softgner |Level 6fundissolved |Saltlevel at XXX Daily NA

brine tank saltdinytank (see 7.3.4)

Water softgner |Regeneration Regeneration cycle timer set  |Daily NA

regeneratign Cycle timer setting to XX:XX

cycle (see 7.3.4)
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Item to monitor

What to monitor

Typical range of values

Typical interval

Comments

Carbon beds

Product-water total
chlorine between the
beds (see 7.3.5)

<0,1 mg/1 of total chlorine

Daily

Prior to each
patient shift if
chloramine is
present in the
feed water at

1 mg/l or more
(see 7.3.5 for
exceptions to

thesg typical in-
tervdls). (Note
that pse of an
onlirle monitor
can gjrovide
contjnuous
survegillance
and gvoid the
need|for offline
surveillance.)
Chgmical injec- |Level of chemical in Chemical level in reser- Daily (continuous |NA
tionh system the reservoir, injector |voir 2 XXX; controlling parame-+ |surveillance is
function, value of the |ter in range XX to XX preferable)
controlling parameter
(e.g. pH) (see 7.3.6)
Reyerse osmosis | Product water conduc- |Rejection = XX % Daily (continuous |NA
tivity, total dissolved . surveillance is
solids (TDS), or resis- Conductivity: XX pS/cm preferable)
tivity and calculated
rejection (see 7.3.7)
Revyerse osmosis | Product and re- Product water flow Daily (continuous |NA
ject flow rates, and rdte 2 X,X 1/min surveillance is
calculated recovery o o preferable)
(see 7.3.7) XX % < recovery < XX %
Deipnizers Product water resis- |Resistivity 2 1 MQ-cm Continuous sur- |[NA
tivity or conductivity . veillance
(see 7.3.8) Conductivity < 1 uS/cm
Endotoxin-re- |Pressure drop across |Pressure drop lessthan XXXX |Daily NA
tenfive filters the filter at a fixed or flow rate greater than XXX
flow rate or prod-
uctwater flow rate at
a fixed pressure drop
(see 7.3.9)
Water system  |Chemical contaminants|Maximums as listed in Ta- Yearly These rec-
chemijcal con- as listed in Tables 1 and |bles 1 and 2 omnjenda-
tanpimants 2 of ISO 23500-3 U tiong apply to

TP CteTroto ot

tored should be defined by the
validation process on the basis
of the expected contaminants.

dialysis water.
However, chem-
ical analysis of
source water
(or analysis re-
sults from the
water supplier)
is necessary to
evaluate the
overall perfor-
mance of the
water treat-
ment system.
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Table C.1 (continued)

Item to monitor

What to monitor

Typical range of values

Typical interval

Comments

Dialysis water
storage tanks

Bacterial growth
and endotoxins (see
Clause 8)

Total viable microbial
count < action level (typically
50 CFU/ml); (see 4.2.4)

Endotoxin < action level (typi-
cally 0,125 EU/ml); (see 4.2.4)

Monthly, or as
defined by the
results of the
validation process
for storage tanks
supplying a cen-
tral dialysis fluid
delivery system

Specific testing
at this location
is performed
to troubleshoot
contamination
of the distribu-
tion system for
tanks connect-

catoawate

tors

water and contact time
(see 7.4.3.2)

Contact time > XXX

Residual ozone after disinfec-
tion < X, XX mg/|

infection

distribution
pipingSystetp
until'apattern
of consistent
conformity with
limits can be
demonstrated.
Water distifi- Bacterial growth and |Total viable microbial Monthly, ér as NA
bution pipipg endotoxins (see 7.4) count < action level (typically |definedy the
system 50 CFU/ml); (see 4.2.4) validation pro-
Endotoxin < action level (typi- cgss Fesults
cally 0,125 EU/ml); (see 4.2.4)
UVirradiators |Energy outputand/ Light output > XXX Monthly NA
or the lamp life span .
(see 74.3.1) Lamp life span < XXXX
Ozone gendra- |Concentration in the |Ozone concentration >XXX During each dis- |NA

Hot water disin-
fection systems

Temperature and time
of exposure of the
system to hot water

Tempeérature not less than
XX °C;)minimum exposure time
at temperature = XX min

During each dis-
infection

This informa
tion might be
available from

fection systems

germicide if-water and
contact time

tion > X,X mg/1; residual germi-
cide concentration < X,XX mg/1
after rinsing

(see 7.4.3.3) the data logg
of automateq
systems.

Chemical d}sin- |Concentrationof Germicide concentra- During each dis- |[NA

infection

Dialysis flufid Conductivity, pH, elec- [XX,X mS/cm < conductivi- In accordance pH surveillahce
trolyte concentrations |ty < XX,X mS/cm with local reg- is necessary
. . |ulations or as only if recon}-
pH n the_range 619 to 8’9 for di- specified by the |mended by the
alysis fluid containing bicarbo- |77 """ Y~ | 7 cturdr
nate, or as otherwise specified the dialysis fluid |of the dialysis
by the manufacturer . . i
delivery system |fluid delivery
(continuous system.
surveillance for
proportioning
systems)
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tion in standard dialy-
sis fluid (see 4.4.2)

50 CFU/ml); (see 4.4.2)

Endotoxin < action level (typi-
cally 0,25 EU/ml); (see 4.4.2)

Item to monitor| What to monitor Typical range of values Typical interval Comments
Standard dialy- |Bacterial growth and |Total viable microbial Monthly, rotated |The sample
sis fluid endotoxin concentra- |count < action level (typically |among machines |should be

so that each
machine is tested
at least once per
year and differ-

collected at
worst-case time
(for example,
Monday morn-

ultrapure dialysis
fluid as it enters the
dialyser (see 8.3.1 and
Annex E)

ent machines are |ing) if possible.
sampled on each
OCCasion
Ultrapure dialy- |Bacterial growth and |Total viable microbial see footnote b NA
sis fluid endotoxins in the count < 0,1 CFU/ml; endotox-
ultrapure dialysis fluid |in < 0,03 EU/ml (see 4.4.3)
as it enters the dialys- |(see 8.3.1 and Annex E)
er (see 4.4.3)
Suljstitution Bacterial growth and |Sterile and non-pyrogenic see fogthote b NA
fluild endotoxins in the (see 8.3.1 and Annex E)

ati

a [fis not possible to specify universally acceptable operating ranges for each device listed in the taple since
sorlle of the specifications will be system-specific. In those cases, the facility should define an acceptable oper-
g range based on the manufacturer's instructions or measurements of system performance.

b The actual interval for surveillance, testing, cleaning,and/or disinfection should be based on the
the|validation process and on going trend analysis (see Clause 6, 7.2.3, and 8.2.3).

results of

C.2

Clegning/disinfection strategies for .dialysis water treatment systems, dialysis water s

Cleaning/disinfection strategies

orage and

disfribution systems, concentrate distribution systems, and dialysis fluid distribution systems are
given in Table C.2.

Prigr to referring to the “Typic¢alinterval” column. Consult the manufacturer's instructions for

more detail
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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 clean-

Element(s) to be

Cleaning/

system, CDDS

Individual dialysis
console

(See B.7.2)

disi:ll;g(/! tion cleaned/disinfected | disinfection Typical interval Comments
Reverse osmosis|The membrane Disinfection Monthly, or The product side of the mem-
module should be according to brane is considered to be a part
disinfected, paying manufacturer’s of the dialysis water distribu-
particular attention instructions tion system. It should be disin-
to the product side fected at an interval sufficient
(See D.1) . . )
(See 8.2, 8.2.1) to routinely produce dialysiy
T water meeting the quality
requirements of Claus€’4.
(See D.1, 3rd paragraph.) If
needed, the feéd'side of the
membranesshould be cleaned
periodicdllyto remove foulapts
that cdn'degrade membrane
perfermance.
Water storgge |Tanks and pipes Disinfection Monthly, or More frequent disinfection
tanks (See 8.2.3.2) according to might be necessary if indicat-
A manufacturer’s ed by microbiological testing
instructions results.
Water distyi- Piping system Disinfection Monthly,or More frequent disinfection
bution pipipg (See 8.2.3.2, D.1) according to , might b(? necessary 1f1nd1§at-
system I maniifacturer’s ed by microbiological testing
instructions results.
UVirradiatjors |Quartz sleeve Periodic cleaning
(See 7.4.3.1) (See 7.4.3.1)
Concentratp Tanks and piping Cleaning and/or Disinfection is usually not
mixing systems (See 8.2.2.3) disinfection ne_e(_ied for acid concentrate
mixing systems.
Concentratp Tanks and piping Disinfection Weekly If using sodium hypochloritg for
distribution disinfection, a concentration|of
systems (bfcar- (Seefl.2.3.3, B.5.3.2) Sz;}%'l’ last para- 0,5 % to 1 % is recommende(l.
bonate) If cleaning with acetic acid,
a concentration of approxi-
mately 0,15 % acetic acid is
recommended. (See B.5.3.2, ith
paragraph.)
Disinfection is usually not
needed for acid concentrate
distribution systems.
Dialysis ma- System Disinfection According to By 1ts own disiniection circuit
chine manufacturer's and programme. (See 8.2, 3rd
(See 8.2) . :
instructions paragraph.)
Central dialysis |Dialysis fluid deliv- |Disinfection Daily Use chemical disinfectant or
fluid delivery |ery system (See B.2.2) hot water. (See B.7.2, 3rd par-

agraph.)

NOTE The actual interval for cleaning and/or disinfection should be based on the results of the validation process and
ongoing trend analysis (see Clause 6 and 8.2.3).
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Annex D
(informative)

Strategies for microbiological control
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strategy for controlling the proliferation of microorganisms in haemodialysis system

nat disinfection schedules should be designed to prevent bacterial proliferation, rather
gned to eliminate bacteria once they have proliferated to an unacceptablelevel. With th

r associated lipopolysaccharides (bacterial endotoxins), and nontdberculous mycobact
t frequently come from the community water supply, and levels.of those bacteria can b
ending on the water treatment system, dialysis fluid distribtition system, type of dialys
method of disinfection.

ems frequently use pipes that are of larger dianieter and longer than are needed to
system. Gram-negative bacteria in fluids remaining in pipes overnight multiply rapidly a

volume and surface area. Such colonization results in the formation of protective bio
jcult to remove once formed and thatprovides a barrier between the bacteria and germi

disinfection.

Bio
ori
Mos
agg
con
pro

nterface or to each otherf88}. Biofilms can occur at solid-liquid, solid-air, and liquid-air

Leins, which fornThydrogel matrices[89l. The structure of biofilm, and the physiologica

of hiofilm organistws, confer an inherent resistance to antimicrobial agents, whether those
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biotics, disinfectants or germicides.

hanisms responsible for resistance can include

delayed penetration of the antimicrobial agent through the biofilm matrix,

lves proper system design and operation, and regular disinfection of water treatment §
Inodialysis machines. A key concept in ensuring conformity with the requirements of 4.|

Veillance levels of bacteria and endotoxins serves to demonstrate that‘the disinfection g
ffective, not to indicate when disinfection should be performed. Gnam-negative watg

fomponents of dialysis water treatment and distributiensystems, and dialysis fluid prep{
ribution systems, can serve as reservoirs of microbidl contamination. Dialysis water d

lired flow. Oversized piping increases both the ‘total fluid volume and the wetted surf]

wet surfaces, thus producing bacterial ‘populations and endotoxin quantities in pra
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ilm is a community of microbrganisms consisting of cells that are irreversibly attached fjo a surface

interfaces.

t microorganisms can{form biofilms and more than 99 % of all microorganisms live in such
regates. A feature of @l biofilms is that the organisms are embedded in a matrix of micro
Kisting of extracelludar polymeric substances (EPS). The EPS comprises mainly polysacch

bial origin,
arides and
attributes
agents are

altered 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
bioavailable[20].
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Routine disinfection should be performed to control bacterial 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 might be more efficacious if the pipes are treated first with
a descaling agent. However, in some cases, complete or partial replacement of a distribution system
might be the only way to re-establish control over mature biofilm.

It is commonly believed that maintaining flow through piping systems at all times minimizes biofilm
formation. However microbial growth and biofilm formation in hydraulic systems cannot be controlled
by the fluid velocity[21]. Data from the semiconductor industry show that a Reynolds number of 3 000 in

a piping sy on
the interna
velocity of

Even if it

formation
substitute
pipes from

1 surfaces of pipes[22]. [A Reynolds number of approximately 3 000 is obtained with@
0,15 m/s in a 2-cm-diameter pipe (0,5 ft/s in a 3/4” diameter pipe).]

vere possible to specify a minimum flow velocity that was effective in redueing bio
and bacterial contamination, use of such a minimum flow velocity would not provic
for regular disinfection of the distribution system. Other measures can(also help pro
contamination. A mechanism should be incorporated in a distributionsystem to enf

that disinf

branches and taps that can trap fluid should be eliminated because they act-asreservoirs of bact
and are capable of continuously inoculating the entire volume of the systent. Joints between sect
of piping ahd between piping and fittings should be formed in a manner that minimizes the forma
of crevices|and other voids that might serve as sites for bacterial colonization. Pipes should not be
with a haclksaw. Any burrs should be removed before the joint is foried. These measures also minin
the possibillity that pockets of residual disinfectant could remain in‘the piping system after disinfect

A storage {

of fluid and surface area available and can serve as a.niche for water bacteria. Storage tanks

therefore 1
are freque
of the tank

bacterial proliferation. A bacteria- and endotoXin-retentive filter, distal to the storage tank, or s
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bctant does not drain from pipes during the disinfection period. Dead=end pipes and uny

ot recommended for use in dialysis water ordialysis fluid distribution systems unless t
ntly drained and adequately disinfected. It'could be necessary for the user to scrub the s
to remove bacterial biofilm if the tank design and maintenance are not adequate to prey

of bacterial control device, is recommended.

aemodialysis machines, routine disinfection with hot water or with a chemical germi
to a disinfection port on/he' machine does not disinfect the line between the outlet f
5 water distribution system and the back of the dialysis machine. Users should establi
for regular disinfection of this line. One approach is to rinse the haemodialysis mach
containing germicide or hot water when the dialysis water distribution loop is disinfec
edure is used with*a chemical germicide, each haemodialysis machine should be rinsed
he absence of residual germicide following disinfection.

hes for bicarbonate concentrate should be minimized (normally less than 24 h), as wel
of fresh"bicarbonate concentrate with unused portions of concentrate from a prev
manufacturer's instructions should be followed if they are available. Facilities that rg
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Bicarbona

€ CONCENtrate can Support protific growtir of microorgantsms. Containers and pick up tu

bes

can be disinfected with household sodium hypochlorite solutions (300 mg/I to 600 mg/I1 free chlorine),
with a contact time of about 30 min or according to another nationally approved standard or regulation,
or according to the manufacturer's instructions.

The containers and pick-up tubes should be disinfected at least weekly or at a frequency required by
local regulatory requirements. Following disinfection, the bicarbonate concentrate containers and
concentrate pick up tubes should be rinsed with treated water, allowed to air dry and stored inverted
at the end of each treatment day.
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D.2 Microbial surveillance methods

D.2.1 General

The microbial quality of dialysis water is surveilled 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.

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 dne is used,
can|be necessary during qualification of a newly installed system or when-roubleshooting the cause
of dontamination 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 lo¢p.

For| dialysis machines that are not fitted with validated endotoxin-retentive filters, diglysis fluid
sanjples should be collected from enough machines so that each.maechine is tested at least onge per year.
For|dialysis machines fitted with validated endotoxin-retenfive filters, samples should b collected
according to the filter manufacturer's instructions. If testihg of any haemodialysis machinle reveals a
levgl of contamination above the action level, an investigation should be conducted. The inyestigation
shojild be based on the presumption that other haemodialysis machines might also be contaminated. It
sholild include a review of conformity with disinfection and sampling procedures and an asgessment of
microbiological data for the previous three months to look for trends. The offending maching¢ should be
re-tlested and an additional sample of machines@ested to determine if the contamination wag limited to
a single machine or more widespread. The person in charge should also be notified.

Cultures should be repeated when bacterial counts exceed the allowable levels. If cultyre growth
exceeds permissible standards, samples from the dialysis water distribution system or diplysis fluid
distribution system and haemodialysis machines should be cultured weekly until acceptdble results
are|obtained. Additional sample$.should be collected when there is a clinical indication of 4 pyrogenic
reagtion or septicaemia, and following a specific request by the clinician or the infectjon control
praftitioner.

Sanpples are always collected before sanitization/disinfection or no sooner than 24 h after djsinfection.
For|systems disinfeeted daily, samples should be collected before, and as close as practicgble to, the
next disinfectionsSamples from haemodialysis machines should always be collected before djsinfection.
Culture dialysis-water and dialysis fluid weekly for new systems until a pattern has been gstablished.
For|established systems, culture monthly unless a greater frequency is dictated by historicpl data at a
givéen institution. If bio-fouling is suspected, for example due to erratic microbiological tesf results, it
could be necessary to check for the presence of biofilm (see D.2.3).

D.2.2 Sample collection

Samples are collected directly from sampling ports situated in different parts of the dialysis water
or dialysis fluid distribution system. In general, the sampling ports should be opened and the dialysis
water or dialysis fluid should be allowed to run for at least 60 s unless the sampling port manufacturer
instructions for use state otherwise, before a sample is collected in a sterile, endotoxin-free container.
Containers validated for collection of endotoxin samples should be used to collect samples. 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. Sampling ports should be disinfected using a cotton swab or
sterile gauze wetted with alcohol, or as recommended by the port manufacturer. The sample should be
collected only when no disinfectant residual is present.
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Dialysis fluid samples should be collected from a sampling port in the dialysis fluid inlet line 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. Sampling ports may 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 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

D.2.3 Heterotrophic plate count

Samples sHould be analysed as soon as possible after collection to avoid unpredictable charges in[the
microbial topulation. If samples cannot be analysed within 4 h of collection, they sheuld be stored at
<10 °C without freezing and during transit to the laboratory. Sample storage for morethan 24 h shquld
be avoided

The reference method for culturing is the membrane filtration technique. Withthis method, a kngwn
volume of fample or diluted sample is filtered through a 0,45 pm membrane filter and the membrijane
filter is asgptically transferred to the surface of an agar plate. The spread-plate technique may als¢ be
used. With| this method, an inoculum of at least 0,1 ml of sample is spread equally over the surfade of
the agar plpte. Use of a calibrated loop to apply the sample to the agar'plate is not permitted. The ppur-
plate techilique may also be used. A sample volume of 0,1 ml to 0,3'ml is usually used with this method.
Dip samplérs should not be used. The culture medium used should be selected based on the typg of
fluid to be| analysed e.g. standard dialysis fluid, water used“in the preparation of standard diallsis
fluid, ultrapure dialysis fluid, water used for the preparation of ultrapure dialysis fluid or fluid used for
online therjapies such as haemodiafiltration. Blood andehocolate agars should not be used.

Validated [media selections, incubation times.and temperatures are specified in ISO 23500-3,
[SO 2350014 and ISO 23500-5. During incubation, the plates can be sealed or kept in a plastic bag to
avoid desidcation of the agar if that is a concers, e.g. for methods requiring 7-day incubation. Colohies
should be founted using a magnifying dewice. If a more accurate count from plates containing fewer
than 30 cdlonies or more than 300 colonies is desired, larger or smaller volumes may be cultufed.
Smaller volJumes can be obtained by miaking 1:10 serial dilutions in sterile phosphate buffer. If larger
volumes aije required, the membrahne filtration method should generally be used.

It is virtuplly impossible ta”keep a dialysis water or dialysis fluid distribution system stefile;
microorgahisms will always*be present on surfaces waiting for nutrients which, in the cas¢ of
lithotrophic organisms,-€ah even be inorganic[23]. Heterotrophic plate counts do not provide a good
measure df the presence of biofilm. Fluid samples give no information about the site, extent] or
compositign of a biofilm. Although biofilms contaminate the fluid in a distribution system, they d¢ so
only very {rregularly. Erratic colony counts might indicate the presence of bio-fouling since clusters
of cells mighthelsloughed from the biofilm with release of bacteria into flowing fluid. Currently, [few
practical méthods are available for the routine detection of biofilm. Conventional methods rely on
sampling-defined surface areas or on exposure of test surfaces (coupons) with subsequent analysis
in the laboratory. A classic example is the so-called “Robbins device”, which consists of plugs inserted
flush with pipe walls, thereby experiencing the same shear stress as the wall itself[24]. After given
periods of time, they are removed and analysed in the laboratory for all biofilm-relevant parameters.
The disadvantage of such systems is the time-lag between analysis and result. Jacobs et al. (1996)[25]
described a simple spectrophotometric surveillance method, using a nucleotide-specific fluorescent
stain (4',6-diamidino-2-phenylindole), and automated measurement. Other methods which report
biofilm growth online, non-destructively and in real time have been invented. They are all based on
physical methods. If careful attention is paid to routine disinfection, routine surveillance for biofilm is
not necessary. However, when the level of biofilm leads to a bio-fouling situation, it might be necessary
to determine the level of biofilm in the system using the methods currently available.
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D.2.4 Endotoxin test

Endotoxin testing is performed using the Limulus amoebocyte lysate (LAL) assay. A variety of different
assay methods are available and a number of new methods are in development. Existing available
methods include, gel-clot, which is semi-quantitative, 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 negative
result; that is, it shows if endotoxins are present, or not, at a particular concentration. Single-tube gel-
clottubes are available from several commercial sources, and kits with the typical following sensitivities
available: 0,015 EU, 0,03 EU, 0,06 EU, 0,125 EU, 0,25 EU, and 0,5 EU. At a minimum, two tubes should be
run|each time the assay is performed. The first tube contains LAL reagent and the samplet¢ be tested.
The second tube contains LAL reagent, a known amount of endotoxins, and the sample to be fested. The

AL assays.

secpnd tube acts as a positive control to confirm the absence of any interference that might lead to a
false-negative result. Positive control tubes are available from the suppliers of commercial L

p to which
he kinetic
omatically
badings, or

The
unk
ass

cald
ons

kinetic LAL assay uses control standard endotoxins to generate a standard curve
nowns are compared and concentrations are determined using lineab Tegression. ]
hys employed in laboratories generally use a computer-driven spectrophotometer that au
ulates the amount of endotoxins on the basis of colour developmerit, turbidimetric r
et times for gel formation.

e available
'm larvae,

rt from the LAL test a number of assays with varying spegificities and sensitivities ay
quantify and define biologically active substances of)microbial origin (e.g. silkwo
onuclear cell cytokine assay, and 1,3-8 D-glucans).
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D.3 Interpreting the results of microbiaksurveillance

Micfrobial surveillance or culture results are dependent upon three basic parameters: cultul
culure temperature, and culture duration, Recommended methods and cultivation conditi
found in ISO 23500-3, ISO 23500-4 and ISO*23500-5. Accurate microbiological surveillance is
in establishing the microbial content of the water and dialysis fluid. Culture results obtaine
methods outlined in this document’are only a relative indicator of the bioburden in dialys
dialysis fluid and do not provide,a measure of the absolute bacterial burden.

Tryptone Glucose Extract Agar (TGEA) or Reasoner’s Agar No. 2 (R2A) incubated at 17° C
perjod of 7 days, or Tryptic.Soy Agar incubated at 35 °C for 48 hours are all validated and
methods. The user should determine which of these methodologies is appropriate for the cir
taklng into account the-advantages of each. According to the United States Pharmacopeia, “t
to use longer incubation times, should be made after balancing the need for timely informat
typp of correctiye-actions required when alert or action level is exceeded with the ability,
icroorganisms of interest. The advantages gained by incubating for longer times name
of ipjured_niicroorganisms, slow growers, or more fastidious microorganisms, should b
agajnstthemneed to have a timely investigation and take corrective action, as well as the abil
midreorganisms to detrimentally affect products or processes” [e.g. patient safety][2].

e medium,
ons can be
important
d using the
s water or

23° C for a
acceptable
fumstance,
he decision
on and the
to recover
y recovery
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It should be further noted that measurements, reflect the presence of planktonic organisms in a fluid
storage and distribution system. However, more than 99 % of all microorganisms in such a system
live in biofilms on the surfaces of the system[26]. Thus, care should be taken in interpreting culture
results since a low bacterial count might be obtained even though a system was contaminated with
an established biofilm if the sample was taken at a point in time after disinfection, but before a biofilm
shedding event re-established a population of planktonic organisms.

The primary approach in respect of interpretation of microbiological test results is the use of trend
analysis. This enables the point at which corrective action should be taken to be identified. A suggested
algorithm in respect of actions to be taken, in the event of endotoxin levels >0,25 EU/ml and a bacterial
content of >100 CFU/ml is outlined in Figure D.1.
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Lk

Proceed with
1 &— Rw<MAL Rd < MAL > Rwassessment
Yes Yes
l No l No
2 Consider additional measures

« Extraordinary disinfection

» Replace POU filter

« Replace dialysis machine

¢ Reassess Rd

« Consider to stop the treatment

(in agreement with medical responsible)

D
Consider to stop the
) —— treatment (in agreement
with medical responsible)

|

Consider additional measures \\\(

« Extraordinary disinfection 0

« Replace water treatment co nents

(e.g. distribution loop, RO m ne, specific devices)

¢ Reassess Rw and Rd

« Update protocol (inc@s possible revalidation)
.

X\
Rw < MAL
7 Rd < MAL > 1
No Yes

Key

A |Microbial parameters assessed according to system validation results

B |Extraordinary disinféction (might involve the need to change disinfection methods).

Samples shall be ¢ellected no sooner than 24 hours after disinfection

C |Additional measures might involve the need to change disinfection methods, changing of compongnts (e.g. RO

membrane);;Samples shall be collected no sooner than 24 hours after disinfection

D [Interruptionh of the treatment must always be agreed with the medical user responsible on the basjs of the risk

analysis: Furthermore, the assessment of the dialysis fluid must be taken into account in this analysis

NOTE Reproduced with permission from: Good Dialysis practice: Water and Dialysis fluids: Boccato C, Evans

D Lucena R, Vienken ] . Pabst Publishers Lengerich, Germany, ISBN 978-3-95853-111-6.

Figure D.1 — Evaluation of microbial surveillance results and relevant (corrective) actions
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Annex E
(informative)

Validation

This anney provides background for Clauses 6 and 8 as well as for Annex C.

The dialys]s fluid and the substitution fluid used for online convective therapies are theresult o
online proftess and are used immediately after their production. For this reason, the ise of “b:
control” tegchniques based on testing at fixed intervals is not the most effective way to ensure

required

ality level is continuously reached. Periodic appraisal of the chemicalahd microbial f|

[ an
itch
the
Juid

quality might not identify a potential problem; for example, if that problem arosejust after a test sample

was collec

Furtherm
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The survei
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strategies

Moreover,
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and equipn
the manuf3
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should be performed if required by thesmanufacturer of the validated process.

For these

be based on the direct sampling of the dialysis water and/or dialysis fluid and on surveillance of

process p3
treatment

E.2 Vali

E.2.1 Ge

ed.

re, conformity with the requirement that substitution fluid_used for online convec
e sterile cannot be demonstrated by culturing but is ensuredby the application of a valid4
itely monitored process.

Fion of the dialysis fluid and substitution fluid) is based on the knowledge acquired with|
plan for the specific dialysis water or dialysis fluid production system and the surveilla
hpplicable to the dialysis fluid production devices as validated by the manufacturer.

lvhen using a validated and monitored process for removal of bacteria and endotoxins at
ichine, sampling of the substitution fluid’is not needed. The presence in the system of p
nent (e.g. dialysis machine or endotgxin-retentive filters) that have already been validate
cturer is sufficient to ensure fluid,quality, provided those parts and equipment are oper4
hce with the manufacturer's instructions. Sampling of the dialysis water or dialysis f

pasons, and under the above-mentioned conditions, an effective surveillance strategy sh

rameters as recommended by the manufacturer and defined by knowledge of the w
br dialysis fluidpreparation system acquired during the validation phase.
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lance plan of the overall system (i.e. including the stéps'from the dialysis water production to

the
nce

the
hrts
1 by
ted
Juid

uld
the
hter

The performance of the dialysis water or dialysis fluid production system should be verified to
demonstrate that the system is “fit for purpose”. The validation procedure should provide documentary
evidence that the process will consistently produce dialysis water, dialysis fluid, or substitution fluid

meeting th

e quality 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;

68

installation and operational qualification;
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performance qualification;

revalidation through the data collected during routine surveillance.

3 Validation plan

The validation plan is the road map for successful validation and provides a complete picture of the

dial
The

ysis facility's validation activities.

validation plan defines and lists all necessary activities and documentation for

The

validation plan should define all responsibilities during validation and subsequent system o]

E.2

As (
fun
acc

The

istattatiomadoperationat quatificatiorn;
performance qualification, and
revalidation.

level of detail in the plan should reflect the risk, complexity and novelty of the sy

4 Performance qualification

lescribed in Clause 6, the aim of performance qualification is to ‘establish that the system,
Ctions consistently to produce water and dialysis fluid of-the required quality when ¢
rdance with the defined procedures and with an incoming'water supply of defined char

prerequisites for performance qualification are as follows:

a demonstration that the system has been installed in accordance with the design
following the manufacturer's procedures for.installation (i.e. installation qualification);

ademonstration thatthe system performsall the required actions and can be operated in
with relevant technical manuals (i.e. operational qualification).

formance qualification includes periodic appraisal of a set of physical, chemical, and micq
hmeters to demonstrate that a‘eonsistent performance pattern can be achieved for
em design and performance trequirements.

sampling and testing (pattern can be relaxed during the surveillance phase (normal

ended period and.that continuously monitored parameters provide full surveillance of
formance.

er these assifimptions, the following pattern for performance qualification can be adopte

rstem. The
beration.

as a whole,
perated in
hcteristics.

plans and

hccordance

obiological
he specific

operation)

vided it can be demonstrated that the system consistently yields high quality results over an

fhe system

d.

water or

first<phase requires a full chemical and microbiological analysis of the dialysis
robiological analysis of the dialysis fluid, followed by regular microbiological a

anstrate consistent quality in the interval between disinfections. During this peri

alyses to
d, all the
tion levels

performed.

In this phase, the testing frequency of the microbiological parameters is kept at a higher level to create
a “trend analysis” and to identify any deviations to ensure the patients’ safety.

The achievement of at least three consecutive results, consistently below the action level, allows the
start of the second phase where the final frequency of testing of microbiological parameters and the
final frequency of disinfection are implemented. Sampling should be performed prior to disinfection
or, alternatively, not sooner than 24 h after the disinfection process, to avoid false-negative results and
to demonstrate adequate system behaviour. Samples taken after disinfection are used to demonstrate
the effectiveness of the disinfection procedure; they should be taken at least once after the first
disinfection and following any significant deviations in the microbiological quality of the dialysis
water or dialysis fluid.
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