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Foreword

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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Introduction

This International Standard was developed by ISO/TC 150/SC 2. The objective was to provide users with
guidance for handling water and concentrates and for the production and monitoring 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.

Quality requirements for the water and concentrates used to prepare dialysis fluid, and for that dialysis
fluid, are prov1ded 1n ISO 13959 ISO 13958 and ISO 11663 respectlvely Thls Internatlonal Standard
doesmots et e h he-water, dialysis
watelr, concentrates, or d1a1y51s fluid. Healthcare professmnals involved in the prov151on of treatment
for kjdney failure should make the final decision regarding the applications with whi¢hythese fluids are
used| for example, haemodialysis, haemodiafiltration, high-flux haemodialysis, and:the reprocessing of
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sers, and need to be aware of the issues that the use of inappropriate fluid quality rais
herapies.

equipment used in the various stages of dialysis fluid preparationyis generally ob
alized vendors. Dialysis practitioners are generally responsible.fop maintaining tha
ving its installation. Therefore, this International Standard jprovides guidance on
maintenance of the equipment to ensure that dialysis fluid’ quality is acceptable at
us places throughout this International Standard, the usef.isadvised to follow the ma

fiptions are intended to provide the user with a basis for understanding why certai
t be required and how it should be configuired; they are not intended as detailed desig
irements for water treatment equipment are provided in ISO 26722.

rerbal forms used in this Interpational Standard conform to usage described in Ani
EC Directives, Part 2:2004. For the purposes of this International standard, the auxilig

shall” means that compliance with a requirement or a test is mandatory for complian

nternational Standard;

‘|should” means thateompliance with a requirement or a test is recommended but is no
for compliance witlr this International Standard;

imay” is used<o describe a permissible way to achieve compliance with a requirement

Internatienal Standard reflects the conscientious efforts of healthcare professiong
mediéal*device manufacturers to develop recommendations for handling water and
or.the production and monitoring of dialysis fluid for haemodialysis. This Internatior

es in each of

tained from
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hll times. At
nufacturer’s

uctions regarding the operation and maintenance of eqdipment. In those instances in which the
pbment is not obtained from a specialized vendor, it is the responsibility of the user to|validate the
rmance of the equipment in the haemodialysis setting:and to ensure that appropriate operating and
tenance manuals are available. Annex B providés$ a general description of the system fomponents
hre used for water treatment, concentrate, and.dialysis fluid preparation at a dialysis fdcility. These
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haemodialysis patients and responsible for the quality of dialysis fluid. The recommendations contained
in this International Standard might not be applicable in all circumstances and they are not intended for
regulatory application.

The guidance provided by this International Standard should help protect haemodialysis patients
from adverse effects arising from known chemical and microbial contaminants that might be found
in improperly prepared dialysis fluid. However, the physician in charge of dialysis has the ultimate
responsibility for ensuring that the dialysis fluid is correctly formulated and meets the requirements of
all applicable quality standards.

The concepts incorporated in this International Standard should not be considered inflexible or static.
The recommendations presented here should be reviewed periodically in order to assimilate increased
understanding of the role of dialysis fluid purity in patient outcomes and technological developments.
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Guidance for the preparation and quality management of

flu

ids for haemodialysis and related therapies

1 Scope

1.1

This
dialy]
such
recoj

1.2

This
used
the d

fluid
asw

The 1

a)

General

International Standard provides dialysis practitioners with guidance on the ‘prg
sis fluid for haemodialysis and related therapies and substitution fluid for use ihenliy
as haemodiafiltration and haemofiltration. As such, this International Standard fu
nmended practice.

Inclusions

[nternational Standard addresses the user’s responsibility for the dialysis fluid once th
in its preparation has been delivered and installed. For the purposes of this Internation
ialysis fluid includes dialysis water (see 3.18 for definition) used for the preparatio
and substitution fluid, dialysis water used for the prepardtion of concentrates at the u
1] as concentrates and the final dialysis fluid and substitution fluid.

cope of this International Standard includes

he quality management of equipment used toitreat and distribute water used for the

b)

)
NOTE

equip
Inter

1.3

This
regej

f dialysis fluid and substitution fluid, from*the point at which municipal water enters

paration of
le therapies,
hctions as a

e equipment
al Standard,
n of dialysis
ser’s facility,

preparation
the dialysis

acility to the point at which the finalcdialysis fluid enters the dialyser or the point at which

ubstitution fluid is infused,

quipment used to prepare coricentrate from powder or other highly concentrated
ialysis facility, and

reparation of the final dialysis fluid or substitution fluid from dialysis water and cond
Because water used to prepare dialysis fluid is commonly prepared and distributed ug

ment as the water«wused to reprocess dialysers, water used to reprocess dialysers is also co
hational Standard:

Exclusions

International Standard does not apply to sorbent-based dialysis fluid regeneration s
herate and recirculate small volumes of dialysis fluid, systems for continuous renal

media at a

entrates.

ing the same
vered by this

ystems that
replacement

ther

ny that use prppnrkngpd solutions, and systems and solutions for ppri‘rnnpnl dinlyqiq

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 11663:2014, Quality of dialysis fluid for haemodialysis and related therapies

ISO 13958:2014, Concentrates for haemodialysis and related therapies

1SO 13959:2014, Water for haemodialysis and related therapies
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014, Water treatment equipment for haemodialysis applications and related therapies

and definitions

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

3.1
acetate con

centrate

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

bicarbonate

-free dialysis fluid for use in dialysis

Note 1 to ent
Note 2 to ent
Note 3 to ent

3.2

acid concer
A-concentr
acidified co
concentrate

Note 1 to ent

y: Acetate concentrate may contain glucose.
Fy: Sodium acetate is used to provide buffer in place of sodium bicarbonate.

Fy: Acetate concentrate is used as a single concentrate.

trate

hte

ncentrated mixture of salts that, when diluted with dialysis water and bicarbc
yields dialysis fluid for use in dialysis

ry: The term “acid” refers to the small amount of acid (for example, acetic acid or citric acid) t

included in the concentrate.

Note 2 to ent

Note 3 to ent

ry: Acid concentrate may contain glucose.

or some combpination of these forms.

3.3
action level
concentrati
unacceptab

3.4
additive
spike
small amou
of a single e}

3.5

bicarbonat
B-concentr
concentrate
concentrate

levels

ht of a single chemical that, when added to the concentrate, will increase the concentr
kisting chemical.by a value labelled on the additive packaging

P concentpate
ate
d preparation of sodium bicarbonate that, when diluted with dialysis water and

nate

hat is

ry: Acid concentrate may be in the form of a liquid;'a dry powder, other highly concentrated njedia,

n of a contaminant at which steps*should be taken to interrupt the trend toward higher,

;re

htion

acid

makes dialysis fluid used for dialysis

Note 1 to entry: Sodium bicarbonate is also known as sodium hydrogen carbonate.

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

Note 3 to entry: Bicarbonate concentrate may be in the form of a liquid or a dry powder.

Note 4 to entry: Dry sodium bicarbonate, without added sodium chloride, is also used in concentrate generators
to produce a concentrated solution of sodium bicarbonate used by the dialysis machine to make dialysis fluid.

© ISO 2014 - All rights reserved
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3.6

biofilm

microbially-derived sessile community characterized by cells that are irreversibly attached to a
substratum or interface or to each other, are imbedded in a matrix of extracellular polymeric substances
that they have produced, and exhibit an altered phenotype with respect to growth rate and gene
transcription

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

Note 2 to entry: 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 rofutinely 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 biofouling.

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

Note |1l to entry: Bulk delivery includes containers such as drums, which can\be pumped into a|storage tank
maintained at the user’s facility. Alternatively, the drums can be left at the-facility and used tg fill transfer
contdiners to transfer the concentrate to the dialysis machines. Bulk delivery can also include large containers
for direct connection to a central concentrate supply system.

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

3.8
centfal concentrate system
system that prepares and/or stores concentratesat a central point for subsequent distrilpution to its
points of use

3.9
central dialysis fluid delivery system
systdm that produces dialysis fluid from'dialysis water and concentrate or powder at a cential point and
distrfibutes the dialysis fluid from.the central point to individual dialysis machines

3.10
chlorine, combined
chlotfine that is chemically~eombined, such as in chloramine compounds

Note [l to entry: There\is'no direct test for measuring combined chlorine, but it can be measured |indirectly by
measuring both totaland free chlorine and calculating the difference.

3.11
chlorine, free
chloffineg“\present in water as dissolved molecular chlorine (Cl), hypochlorous acid [HOCI), and
hypdchlorite ion (OCI-)

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

3.12
chlorine, total
sum of free and combined chlorine

Note 1 toentry: Chlorine can existin water as dissolved molecular chlorine, hypochlorousacid,and/or hypochlorite

ion (free chlorine) or in chemically combined forms (combined chlorine). Where chloramine is used to disinfect
water supplies, chloramine is usually the principal component of combined chlorine.

© ISO 2014 - All rights reserved 3
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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 entry: Colonies can also form from groups of organisms when they occur in aggregates.

3.14

concentrate generator
system where the concentrate is delivered to the user as a powder in a container, suitable for attachment

to the dialy
concentrate

Note 1 to ent
final dialysis

3.15

device
individual d
deionizer

Note 1 to er
Administrati

3.16
dialysis flu
dialysate
dialysis sol
aqueous flu
solutes with

Note 1 to ent
from dialysis
phrases as “d
usage is disc

Note 2 to en
leaving the d

Note 3 to ent
therapies, su

3.17
dialysis flu
device that
distributes

3 | N e N laacle 34+ o it dad +o 1 pa | d +1 +1 pa| 3 rad 3
TSTTACTITITCT VvV T v IITCTT IC T T et U tO— ot O STU—arra orrcIT e poOUwWUOCT 15 COTIveTtCOT

d solution by the dialysis machine

fluid delivered to the dialyser.

ialysis water purification unit, such as a softener, carbon bed, reverse osmosis un

try: This term is synonymous with the term “component” asiMised by the US Food and
bn (see Referencell69]).

id

ution
d containing electrolytes and, usually, buffer and glucose, which is intended to exch
blood during haemodialysis

'y: The term “dialysis fluid” is used throughout this International Standard to mean the fluid
water and concentrates that is delivered to the dialyser by the dialysis fluid delivery system

uraged to avoid confusion.

ry: The dialysis fluid entéring the dialyser is referred to as “fresh dialysis fluid”, while the
alyser is referred to as~“spéent dialysis fluid”.

ry: Dialysis fluid does not include prepackaged parenteral fluids used in some renal replace
th as haemodiafiltration and haemofiltration.

jd delivery system
prepares dialysis fluid online from dialysis water and concentrates or that stores

dialysis fluid

prémixed d1a1y51s fluid; c1rculates the d1a1y51s fluid through the dialyser; monitor

r'y: The solution produced by the concentrate generator is used by the dialysis machine to malk

ialysate” or “dialysis solution” are‘wsed in place of dialysis fluid in some countries; however,

toa

e the

it, or

Drug

ange

made
Such
that

fluid

ment

dialysis during dlsmfectlon or cleanlng 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 may be an integral part of the single-patient dialysis machine

or a centraliz

ed preparation system which feeds multiple bedside monitoring systems.

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

systems.
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3.18

dialysis water

water that has been treated to meet the requirements of ISO 13959 and which is suitable for use in
haemodialysis applications, including the preparation of dialysis fluid, reprocessing of dialysers,
preparation of concentrates and preparation of substitution fluid for online convective therapies

3.19
disinfection
destruction of pathogenic and other kinds of microorganisms by thermal or chemical means

Note 1 to entry: Disinfection is a less lethal process than sterilization because it destroys most recognized

athc ganicmicronrganiciac hait doac ot nacaccarily dactroys a1l pai ool fosn o
p Se e ereorSa SIS B a0e S HoteeesSarty-ae Stroy-arr i eroBiarTormsS:

3.20
empty-bed contact time
EBCT
time(taken by a fluid to pass through an empty volume equal to the volume of dparticle bed

Note [l to entry: EBCT (min) is calculated from the following formula:

HBCT = V/Q

wherte

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

Q is the flow 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 partjcles, such as
activated carbon, and water as the water flows through a bed of particles.

3.21
endgtoxin
major component of the outer cell wall of gram-negative bacteria

Note |l to entry: Endotoxins are lipopolysaccharides, which consist of a polysaccharide chain covglently bound
to ligid A. Endotoxins can acutely activate both humoral and cellular host defences, leading tq a syndrome
chardcterized by fever, shaking; chills, hypotension, multiple organ failure, and even death if allowef to enter the
circulation in a sufficient dose. [See also pyrogen (3.36)].

3.22
endgtoxin-retentive filter
ETRF
mempbrane filter used to remove endotoxins and microorganisms from dialysis water or diglysis fluid

Note [l to-entry: The performance of an endotoxin-retentive filter is usually expressed as the logarithmic reduction
value%qmﬁﬁmmmm%, i i } tor)-

Note 2 to entry: Endotoxin-retentive filters may be configured in a cross-flow or dead-end mode. Some endotoxin-
retentive filters also remove endotoxins by adsorption.

3.23

endotoxin units

EU

units assayed by the Limulus amoebocyte lysate (LAL) test when testing for endotoxins

Note 1 to entry: Because activity of endotoxins depends on the bacteria from which they are derived, their activity
is referred to a standard endotoxin.

Note 2 to entry: In some countries, endotoxin concentrations are expressed in international units (IU). Since the
harmonization of endotoxin assays, EU and IU are equivalent.

© IS0 2014 - All rights reserved 5
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3.24
feed water

:2014(E)

water supplied to a water treatment system or to an individual component of a water treatment system

3.25
germicide

agent that kills microorganisms

3.26

haemodiafiltration
form of renal replacement therapy in which waste solutes are removed from blood by a combination of

diffusion an

Note 1 to ent
solute remov
balance is m
haemodiafilt

dilution haemodiafiltration).

3.27
haemodialy
form of ren

blood flowing on one side of a membrane into dialysis fluid flowing on thé other side

Note 1 to enf
hydrostatic g
removal, par

3.28

haemofiltration

form of rend

Note 1 to ent
is maintaine
haemofiltrati
haemofiltrati

Note 2 to ent

3.29

heterotrop
not self-sust
compounds

3.30

Limulus amoebocyte lysate test

LAL test

43 +lo L - s | 1.
CUIIVUULLIUIT U111 Uusu [ lllsll ITTUA TTIICTIITIUTI A11T

y: Diffusive solute removal is achieved using a dialysis fluid stream as in haemodialysis(€ohvg
] is achieved by adding ultrafiltration in excess of that needed to obtain the desired wejghtloss

ration), after the dialyser (postdilution haemodiafiltration), or a combination ©f the two (i

sis
bl replacement therapy in which waste solutes are removed pyimarily by diffusion

ry: Fluid removal that is sufficient to obtain the desired weight loss is achieved by establisH
ressure gradient across the membrane. This fluid remoyalyprovides some additional waste s
icularly for solutes with higher molecular weight.

1 replacement therapy in which waste solutés are removed from blood by convection

ctive
fluid

hintained by infusing a replacement solution into the blood either before the dialyser (predijution

nixed

from

ing a
olute

Fy: Convective transport is achieved by ultrafiltration through a high-flux membrane. Fluid b
d by infusing a replacement solutieninto the blood either before the haemofilter (pred
on), after the haemofilter (postdilution haemofiltration), or a combination of the two (mixed di
on).

Fy: There is no dialysis fluid\stream in haemofiltration.

hic
aining, i.e. a typeof nutrition in which organisms derive energy from the oxidation of or
by either consumption or absorption of other organisms

o détect endotoxin

lance
ijution

ution

banic

assay used {

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

Note 2 to entry: Amebocyte lysate from a second horseshoe crab, Tachypleus tridentatus, may also be used to
detect endotoxin.

© ISO 2014 - All rights reserved
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3.31
manufacturer
entity that designs, manufactures, fabricates, assembles, or processes a finished device

Note 1 to entry: Manufacturers include, but are not limited to, those who perform the functions of contract
sterilization, installation, relabelling, remanufacturing, repacking, or specification development, and initial
distributions of foreign entities performing these functions. The term does not cover preparation of concentrates
from prepackaged dry chemicals at a dialysis facility or the handling of bulk concentrates at a dialysis facility
after responsibility for the concentrate is transferred from the manufacturer to the user.

3.32

microbiological contamination
contamination with any form of microorganism (e.g. bacteria, yeast, fungi, and algae) ox, ith the by-
products of living or dead organisms, such as endotoxins, exotoxins, and cyanobacterial toxins (derived
from| blue-green algae)

3.33
nonpyrogenic
not eliciting a pyrogen reaction

Note [l to entry: Historically, the threshold pyrogenic dose of 5 EU/kg/h (the minhimum dose that prpduces fever)
has been used to set endotoxin limits of devices and injectable medications:

Note 2 to entry: The volume of fluid administered should not exceed‘the volume that would result ip a total dose
of englotoxin of 25 EU/kg/h.

Note|3 to entry: This definition is applicable for fluids produced by online techniques, e.g. subptitution and
priming fluids.

Note # to entry: The commonly used gel clot method ha§a sensitivity limit of 0,03 EU/ml.

3.34
product water
water produced by a water treatment system or by an individual device thereof

3.35
proportioning system
appajratus that proportions dialysis water and haemodialysis concentrate to prepare dialydis fluid

3.36

pyrdgen
fever-producing substance

Note [l to entry: Pyrogens are most often lipopolysaccharides of gram-negative bacterial origin [see dlso endotoxin
(3.21)].

3.37
sodiimrhypochorite
chenticat used fordisinfectiomof traemodialysis systents

Note 1 to entry: Commercially available solutions of sodium hypochlorite are known in different countries by
terms such as bleach and javel. These solutions are used for disinfection at concentrations recommended by
equipment manufacturers.

3.38
source water
water entering a dialysis facility from an external supplier, such as a municipal water supply

Note 1 to entry: Source water is sometimes referred to as feed water.

© ISO 2014 - All rights reserved 7
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3.39
sterile
free from viable microorganisms

Note 1 to entry: “Sterile” can be used to describe a packaged solution that was prepared using a terminal
sterilization process validated according to the methods of the applicable pharmacopoeia. A terminal sterilization
process is commonly defined as one that achieves a sterility assurance level (SAL) of 10-6, i.e. assurance of less
than one chance in a million that viable microorganisms are present in the sterilized article.

Note 2 to entry: Alternatively, “sterile” can be used to describe a solution prepared for immediate use by a
continuous process, such as filtration, that has been validated according to the methods of the applicable
pharmacopoeia to produce a solution free from microorganisms for the validated life of the filter.

3.40
storage tank
tank at the|user’s facility for storage of dialysis water or concentrate from bulk deliveries, or for
concentrate|prepared in bulk at the user’s facility from powder and dialysis water

3.41
substitution fluid
fluid used in haemofiltration and haemodiafiltration treatments which is infused directly intp the
patient’s bldod as a replacement for the fluid that is removed from the bloodpy filtration

Note 1 to entfy: Substitution fluid is also referred to as substitution solution‘orireplacement solution.

Note 2 to enfry: Substitution fluid can also be used for bolus administration, for priming of an extracorporeal
blood circuit}and for returning blood to the patient at the end of a treatment.

3.42
total dissolved solids
TDS
sum of all ions in a solution, often approximated by means of electrical conductivity or resistivity
measuremepts

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

3.43
ultrapure dialysis fluid
highly purifjed dialysis fluid that can be used in place of conventional dialysis fluid

Note 1 to entfy: A widelytaceepted specification of ultrapure dialysis fluid is <0,1 CFU/ml and <0,03 EU/ml.

3.44
user
physician ortphysician’s representative or healthcare professional with a responsibility for the
prescription, production, and delivery of dialysis ITuid

3.45

validation

process of documenting that the dialysis water treatment and dialysis fluid production systems, when
installed and operated according to the manufacturer’s recommendations, consistently 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”.
Note 2 to entry: The term “verification” is also used and refers to demonstrating that the system complies with

applicable regulations, specifications, or other conditions. A dialysis facility might be interested in both validation
and verification of its fluid production systems.
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water treatment system
collection of water treatment devices and associated piping, pumps, valves, gauges, etc., that together
produce water for dialysis meeting the requirements of ISO 13959 for haemodialysis applications and
deliver it to the point of use

4 Summary of quality requirements of ISO 13958, ISO 13959 and ISO 11663

The quality requirements set forth in this clause are reproduced from the 2014 editions of ISO 13958,
ISO 13959, and ISO 11663. The latest editions of these International Standards should be consulted
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Chemical contaminants in dialysis water
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© ISO

Contaminant Maximum concentration (mg/1)c
Contaminants with documented toxicity in haemodialysis
Aluminium 0,01
Total chlorine 0,1
Copper 0,1

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

quality of dialysis water.

b The reader is cautioned to refer to the latest version of ISO 13959 to ensure that there
have been no changes to this table.

¢ Unless otherwise noted.
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Table 1 (continued)

Contaminant Maximum concentration (mg/1)c
Fluoride 0,2
Lead 0,005
Nitrate (as N) 2
Sulfate 100
Zinc 0,1

Electrolytes normally included in dialysis fluid

Calcium 2 (0,05 mmol/1)
Magnesium 4 (0,15 mmol/1)
Potassium 8 (0,2 mmol/1)
Sodium 70 (3,0 mmol/1)
a A dialysis facility’s Medical Director has the ultimate responsibility for ensuring the
quality of dialysis water.
b The reader is cautioned to refer to the latest version of ISO 13959 to ensuré that there
have been no changes to this table.
¢ Unless otherwise noted.

Taple 2 — Maximum allowable levels of other trace elements in dialysis watera

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  The readeér is cautioned to refer to the latest version of ISO 13959 to ensure that no
changesfiave been made to the maximum concentrations shown.

4.1.3 Microbiological contaminants in dialysis water

The total viable microbial count and endotoxin concentration in dialysis water shall comply with
the maximum allowable levels specified in ISO 13959 (see 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 ISO 13959 at the time of installation.

Following installation of a water treatment, storage and distribution system, the user is responsible for
regular monitoring of the microbiology of the system and for complying with the requirements of this
International Standard, including those requirements related to action levels.
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Table 3 is adapted from ISO 13959:2014.

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

dialysis watera

Contaminant Maximum allowable level Typical action levelb
TVC <100 CFU/ml 50 CFU/ml
Endotoxin <0,25 EU/ml 0,125 EU/ml

value

a  The reader is cautioned to refer to the latest version of ISO 13959 to ensure that there have been no changes to the

s presented in this table.

b ]

ypically set at 50 % of the maximum allowable level. Other values may be set.
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Requirements for concentrate

Chemical and microbiological contaminants in concentrate

entrates used to prepare dialysis fluid shall comply with the quality requirements
3958.

bonate concentrate can grow bacteria and caution should be used to limit the bacte
bonate concentrate.

Water used to prepare concentrate

r used to prepare concentrates at a dialysis facility shall meet the requirements of I1SC
bntrate prepared at a dialysis facility shall permit the dialysis machine to prepare d
ing the requirements of ISO 11663.

Requirements for dialysis fluid
General

icable to the inlet to the. dialyser.

11663 defines thréellevels of dialysis fluid: standard dialysis fluid, ultrapure dialys
e-prepared substitution fluid. Standard dialysis fluid is considered the minimunm

Micrebiological requirements for standard dialysis fluid

fotal\viable microbial count and endotoxin concentration in standard dialysis fluid §

specified in

ial levels in

13959. Any
ialysis fluid

Fequirements contained if this clause apply to a sample of the dialysis fluid collected as close as

s fluid, and
acceptable

ty for routineyhaemodialysis. Ultrapure dialysis fluid is recommended for routine haefnodialysis.

hall comply

with

the’ maximum allowable levels specified in ISO 11663 and reproduced in Table 4. Acti

on 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 11663. 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.

Table 4 is adapted from ISO 11663:2014.
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Table 4 — Maximum allowable levels for total viable microbial count (TVC) and endotoxins in

standard and ultrapure dialysis fluida

Standard dialysis fluid

Ultrapure dialysis fluid

Contaminant Maximum allowable . Maximum allowable
Action levelb
level level
TVC <100 CFU/ml 50 CFU/ml <0,1 CFU/ml
Endotoxin <0,5 EU/ml 0,25 EU/ml <0,03 EU/ml

b Typically

a  Thereaderis cautioned to refer to the latest version of ISO 11663 to ensure that there have been no changes to this table.
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unless the manufacturer requires those tests in the instructions for use.

robiological requirements for online-prepared substitution fluid
lendations contained in this clause apply to substitution fluid as it enters the patient’s bj
all be sterile and nonpyrogenic accordingto the recommendations of ISO 11663.

fluid for convective therapies, such ashaemodiafiltration and haemofiltration, or for pri
poreal circuit or bolus administratien of fluid during a treatment, may be produced o
of ultrafiltration with endotoxin-retentive filters. This online process shall be validat
turer to produce substitution fluid that is sterile and nonpyrogenic.

ould follow the manufacturer’s instructions for the installation, use, maintenance
pf the validated system. The function of the validated system should be verified acco}
facturer’s instructions at the time of installation and confirmed by the user with re
Monitoring shalliiiclude confirmation that the dialysis water and concentrates used b
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4.4 Record retention

Records of installation, monitoring, maintenance, and disinfection of the water treatment and diglysis
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.

5 Critical aspects of system design

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 26722, with special regard to the aspects related
to the dialysis water quality, the optimal use of resources (e.g. water and energy), and the operations
of disinfection and maintenance. Concentrates may be obtained from a supplier in a ready-to-use form
or prepared at the dialysis facility from dialysis water and prepackaged salts. The technical features of
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the concentrate preparation and distribution component of the system should be based on the criteria
listed in ISO 13958.

5.1

Technical aspects

In accordance with the requirements listed in ISO 26722, the system design should specifically address
the following points:

If th
resp
impd
purif

compliance with mandatory local regulations;

capability to operate with the available feed-water supply and over the anticipated range of variation

q

1

ource water used by the provider of the feed water and variations introduced bynths
reating that water;

INOTE Source water is assumed to be potable water.

provision for adequate process monitoring;

q

ervice and maintenance.

e entire fluid handling system is not obtained from a singl€)supplier, then the ug
bnsible for ensuring that the separate parts of the systemi are compatible. For ey
rtant that the pretreatment section of the water treatmentsystem be designed to sup
ication device (usually reverse osmosis) with feed watér meeting the specifications for]

i.e. pressure, temperature, flow, and quality (for example, elimination of chemicals whic

effec

The

wate

5.2
The

adeq|

tively removed by the main purification device or.that could damage it).

r supply:

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

microbiological load, which could-lead to the introduction of an additional chlorination|
flow rates, pressure, and temperature;

1
f

he treatment techniquesused by the provider of the feed water (for example, addition of

vith the provider ofthe feed water is recommended.

Microbiological aspects

required.microbiological quality of the dialysis water and dialysis fluid is achieve
ate attention to the entire water treatment and dialysis fluid preparation cascade. For

the slysténi should be designed to reduce, as much as possible, potential sources of contamir

allo

vEeffective monitoring and disinfection of the critical parts.

nality of the
provider in

er becomes
ample, it is
bly the main
that device,
h cannot be

Choice of the water treatment system should.consider the following aspects concerning the feed-

step;

chloramine,

luoride, aluminium sulfate, etc.). Because treatment techniques can change, ongoing communication

H by paying
this reason,
ation and to

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

The distribution system should be designed to maintain dialysis water or dialysis fluid quality and,
therefore, should fulfil the following criteria:

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,

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

temperature increases or exposure to sunlight should be minimized.
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Suitable sampling ports should be available at the start and the end of the distribution loop.

6 Validation of system performance

The validation process should provide documentary evidence that the system will consistently produce
dialysis water, dialysis fluid, or substitution fluid meeting the quality requirements of ISO 13959 or
[SO 11663. An example of the validation process is presented schematically in Figure 1.

NOTE The rationale for the validation process is given in Annex E.

The validation process consists of the following:

— assignn
— assignn
— assignn
— validati
— installa
— perfornj

— revalidd

6.1 Valid
The validati
— descrip
— current

— procedy

— planning and scheduling, including'the addition of new systems, activities driven by change

periodi

The validati

for dialysis fluids.

lent of operational responsibility;
lent of clinical responsibility;

lent of legal responsibility;

bn plan;

fion and operational qualification;
jance qualification;

tion as it relates to routine monitoring.

ation plan

pn plan should be a clear and concise document covering the following:
fion of relevant systems, equipment, or processes;

status of those systems, equipment,ar processes;

res for making changes to systems, equipment, or processes;

F review.

on plan should be approved by the person at the dialysis facility with overall responsi

and

bility

14

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=51aa6e4b9f4dc65e066e8bcbf754ae24

ISO 23500:2014(E)

Assign responsible persons

Y

ORI EERETIERRRERE »| Plan the activity
i '
' | -Design IQ | Correctly installed?
i |-Requirements and V !
; | parameters 0Q | Limits set and proper operation verifie
- Iraining and T
documentation v
Risk management PQ | Consistent performance/robustngss verified
Validation approval
* | Confirmation or modification
, of-monitoring strategy
Routine monitoring :> E::% %ﬂﬁ;g%n and :> (retrospective validation))

\i

Possible system changes :> Identificationof affected components and |
risks evaluation

\alidation of the new
system

Key
IQ ipstallation qualification
0Q ¢perational qualification
PQ performance qualification

Figure 1 — Example of a validation process for a fluid preparation and distributiop system

6.2 | Installation and operational qualification

The installation qualification defines and provides the documented prooi that the system 1s 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 line with the manufacturer’s 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
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;
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6.3 Performance qualification
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with the dialysis water and)dialysis fluid quality requirements set forth in Clause 4. T

g a preventive rather.than a reactive approach to system maintenance.

s achieved with.online and offline measurements. Online monitoring of suitable param
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1ts of

and

roing
rend
hnce,

eters
tions
fline
bring

Fluid sampl

ng for microbiological testing should be performed no sooner than 24 h after disinfe

ction

to avoid false-negative results. When disinfection is performed on consecutive days, or more frequently,

samples sho

uld be taken before, and as close as practicable to, a disinfection procedure.

Guidance on parameters that should be monitored is provided in Annex C, Table C.1.

A revalidation should be performed under the following circumstances:

— modification of the maintenance and monitoring plans;

— modification of the system;

changes in the requirements for dialysis fluid quality.

In the absence of system modification, regular revalidation is still required. This revalidation consists of
a retrospective assessment of the routine results of the previous year (no additional tests are required

16
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for the revalidation process). The purpose of this review is to prove the adequacy of the maintenance
and monitoring plan under the local operating conditions. The revalidation should include a report

submitted to, and approved by, the person with overall clinical responsibility for dialysis.

7 Quality management

7.1

General

Quality control and quality assurance procedures should be established to ensure ongoing conformance
to policies and procedures regarding fluid quality. This clause defines some of the monitoring activities
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7.2.2 Monitoring of concentrate quality

Users do not have to test concentrates to demonstrate compliance with the requirements of ISO 13958
when using commerecially available packaged chemicals intended for use in preparing liquid concentrates
at a dialysis facility or when using commercially available liquid concentrates, provided that the
concentrates are manufactured in accordance with the requirements of ISO 13958. If the user prepares
concentrate from raw chemicals, the resulting concentrate should meet the requirements of ISO 13958.
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7.2.3 Monitoring of dialysis fluid quality

Dialysis fluid quality should be monitored on a regular basis for the microbiological contaminants listed
in 4.3.2 as described in 8.3.1. Methods for monitoring microbiological contaminants in dialysis fluid are
described in 8.3.

NOTE1 Tests for bacterial growth and endotoxins are not required if the system is fitted with an endotoxin-
retentive filter validated by the manufacturer and operated and monitored according to the manufacturer’s
instructions, unless the manufacturer requires those tests in the instructions for use.

NOTE 2 It is not possible to monitor compliance with the bacterial quality requirements for substitution
solutions using currently available culturing methods.

Because dialysis fluid is prepared from dialysis water and concentrates meeting the quality requirenllents
of ISO 13959 and ISO 13958, respectively, and since the dialysis water distribution system and diglysis
fluid delivery system are required to be constructed of materials that do not contributé chemical
contaminanfs to the water, routine monitoring of chemical contaminants in the dialysis fluid if not
required.

7.3 Monitoring of water treatment equipment

7.3.1 Gengral

The followihg requirements relate to and help explain the guidance provided in Annex C. A |brief
description pf the individual water treatment devices is provided. iirAnnex B.

7.3.2 Monitoring of sediment filters

There is no |easy test to determine the effectiveness of @sediment filter; however, pressure drop|(AP)
across the fjlter can be used to determine when the filter is retaining particulate matter to the point
that the filtgr will no longer allow the required watertlow without an excessive reduction in pressyre at
the outlet of the filter. A backwash cycle is usedas a preventive measure to remove particulate matter
from the sefiment filter and avoid the develgpment of an excessive pressure drop. The frequenky of
backwashing should follow the manufacturer’s recommendations. Sediment filter monitoring should
include verification that the timer usedtainitiate backwashing cycles is set to the correct time of day. A
log sheet shpuld be developed to recerd'the pressure drop measurements and timer verifications.

7.3.3 Monjitoring of cartridge filters

Cartridge filters should be)monitored on a regular basis. There is no easy test to determing¢ the
effectivenesls of a cartridge filter in removing particulate matter; however, pressure drop (AP) afross
the filter can be usedtd determine when the filter is retaining particulate matter to the point thqt the
filter will np longer-allow the required water flow without an excessive reduction in pressure at the
outlet of the| filtery’A marked decrease in AP without a corresponding decrease in flow rate can indficate
aloss of filtgrdntegrity. Cartridges are usually replaced when AP increases to some specified value|or at
a predetermimned intervat- A tog sheet shoutd be developed to Tecord the pressure drop measurenents.

7.3.4 Monitoring of softeners

Softener monitoring consists of the following: testing softened water for residual hardness; for
automatically regenerating softeners, checking that the brine tank contains a sufficient supply of
undissolved sodium chloride; and, for time-controlled softeners, checking that the timer indicates the
correct time of day. The frequency of monitoring should be based on the hardness of the feed water
and the capacity of the softener. When reverse osmosis is used, monitoring should be used to ensure
that hardness limits established by the reverse osmosis machine manufacturer are not exceeded.
A temporary rise in hardness will have a minimal effect on the performance of the reverse osmosis
system, as calcium and magnesium are removed by reverse osmosis.
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Testing for hardness should be performed using an ethylenediaminetetraacetic acid (EDTA) titration
test, with “dip and read” test strips, or a similar method. Online hardness monitors are also available.
If an online monitor is used, it should be used and maintained in accordance with the manufacturer’s
instructions. Regardless of the method chosen, users should ensure that test accuracy and sensitivity are
sufficient to satisfy the hardness monitoring requirements of the reverse osmosis machine manufacturer
when the softener is used as pretreatment for a reverse osmosis system.

When timer-controlled softeners are used, it is recommended that the hardness of the water exiting the
softener be measured as near as practicable to the end of the duty cycle. The hardness test at the end of
the duty cycle will indicate the overall effectiveness of the water softener under worst-case conditions
and will ensure that the softener is sized properly and that the regeneration schedule is adequate.
Timdrs should be checked at the beginning of each day. For volume-controlled duplex soitehers, testing
for hardness can be performed at any time of the day.

The goftener brine tank should be monitored on aregular basis to ensure thatenough:saltis presentinthe
bring tank to form saturated salt solution of sufficient volume for a minimum of one regen:Eation cycle.
Salt ysed for regeneration should meet the specifications of the softener manufacturer. In pafrticular, salt

designated as rock salt should not be used for softener regeneration since it isnot refined gnd typically
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r hardness test results and verification of timer settings and the presence of salt pelle
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Monitoring of carbon media

performance of carbon beds is monitored:by measuring the total chlorine concentry

It should be noted that sampling foritotal chlorine (the sum of free chlorine and chlo
ing a maximum level of 0,1 mg/ ef total chlorine is simpler than analysing for free
amine separately.

Kits, dip-and-read test(strips based on Michler’s thioketone (MTK or TMK), or otH
e comparable sensitivity and specificity can be demonstrated. Online monitors can :
pasure total chlorin€concentrations. If an online monitor is used, it should be used and
cordance with-the manufacturer’s instructions. Whichever test system is used, it

ifices in the
Ly cycle.

r softeners should be fitted with a mechanism to prevent water containing the high copcentrations
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I exiting the carbon bed, or exiting the-first carbon bed when a series-connected palir of beds is

ramine) and
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Cient sensitivityvand specificity to resolve the maximum levels described in 4.1.2 (see ]

h offlineltests are used, testing for total chlorine should be performed at the begin
ment.day prior to the patient’s initiating treatment. Where chloramine is used to ¢
bleAwater supply at a level of 1 mg/1 or more, testing should be repeated prior to the |

[able 1).

hing of each
lisinfect the
beginning of

pafient shift; if there are no set patient shifts, testing should be performed approximat

bly every 4 h

during operation. More frequent monitoring could be appropriate during temporary operation with a
single carbon bed, which can occur following breakthrough of the first bed. In such instances, testing is
performed on water exiting the second carbon bed in a series-connected pair. The decision to change the
frequency of monitoring should be based on the past performance of the system and on whether changes
in feed-water quality have occurred. Samples should be drawn when the system has been operating for
at least 15 min. The analysis should be performed onsite since total chlorine levels will decrease if the
sample is not assayed promptly.

Results of monitoring should be recorded on a log sheet.

7.3.6 Monitoring of chemical injection systems

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

When the chemical to be injected is prepared at a facility from powder or by dilution of a liquid
concentrate, the chemical injection reservoir should be labelled with the name of the chemical and its
concentration, the date the solution was prepared, and the name of the person who mixed the solution.
Each batch of chemical should be tested for correct formulation before use. A batch of chemical should
notbe usedfmmmults,
and verification that they meet all applicable criteria, should be recorded and signed by the.trgined
personnel pprforming the tests.

Protective dlothing and an appropriate environment, including ventilation adequate to teet applifable
environmental exposure limits, and national standards or regulations should be/-provided when
chemicals fqr injection are prepared in a dialysis facility.

7.3.7 Monitoring of reverse osmosis

Reverse osinosis systems should be monitored using continuously-réading monitors that megsure
product-water conductivity [sometimes displayed as total dissolved-selids (TDS)]. The measurenpents
can be used|to calculate rejection of solutes by the reverse osmosisinembrane and provide a measyre of
equipment gerformance. Per cent rejection is calculated using the Formula (1):

Rejectioh (%) _ Feed water conductivity — Permeate conductivity %100 )

Feed water conductivity

Many reverge osmosis systems have a direct reading-for per cent rejection.

The permeatte conductivity and rejection are boeth affected by a number of factors, such as the salinity
and composjtion of the feed water, the watertemperature, the level of dissolved gases, and the pregsure
in the system. Therefore, neither of them should be regarded as a true indicator of the water’s suitability
for dialysis.No limits are therefore set fer‘these parameters in ISO 13959. Instead, they should be used to
monitor changes in performance over'time rather than an absolute measure of the quality. This can only
be established by performing a chemical analysis of the product water in accordance with ISO 139p9.

NOTE1 Fqr two-stage reverse.6smosis systems, the per cent rejection of the second stage will be lowei| than
that of the firfst stage because-of physicochemical phenomena.

Other parameters that;should be measured include product and reject stream flow rates and various
internal pregsures to.the extent permitted by the system’s instrumentation. Although these paramgters
are not direftly indicative of treated water quality, monitoring them can help ensure that the system is
operating wlithin the manufacturer’s specifications and, thus, will aid in maintaining the performarnce of
the reverse psmosis membranes. Flow rates can be used to calculate the per cent recovery of the reyerse
osmosis system using Formula (2):

Permeate water flow rate
Recovery (%)= : %100 (2)
Permeate water flow rate + Reject water flow rate

NOTE 2  The per centrecovery is also known as the “water conversion factor”. The terms are equivalent if none
of the reject water stream is recycled to the feed-water stream (see B.2.7). If some of the reject water stream is
recycled, Formula (2) provides a measure of overall water utilization by the reverse osmosis system, rather than
the recovery of water during a single pass through the membrane module.

NOTE 3 The permeate water flow rate varies with operating pressure and temperature. To enable comparisons
to be made under different operating conditions, a normalized permeate flow rate can be calculated. Methods for
calculating the normalized permeate flow rate are available from reverse osmosis membrane manufacturers or
can be found in ASTM D4516-00 (2010).[164]
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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 done when the reverse
osmosis system is installed to ensure that the limits specified in 4.1.2 are met. It is also recommended
that chemical analyses be done 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,;

feverse osmosis rejection rates decrease by more than 10 %.

Allr
log tl

esults of measurements of reverse osmosis performance should be recorded daily’in 4
nat permits trending and historical review.

n operating

7.3.8 Monitoring of deionization

hizers shall be monitored continuously using resistivity monitors tHat compensate for t¢g
up to 25 °C and that are equipped with audible and visual alarms.“Resistivity monitors

minimum sensitivity of 1 MQ-cm (1 pS/cm or 0,1 mS/m). If the resistivity of the water at th
deionizer is less than 1 MQ-cm, the water shall not be used for dialysis. When deionization
as the primary method for removing inorganic contaminants (reverse osmosis is not employ
deionization is necessary to polish reverse-osmosis-treated:water, chemical analyses to eng
requjrements of 4.1.2 are met should be performed wheh the system is installed. Resistiy
read]ngs should be recorded on a log sheet twice eachctreatment day.
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7.3.9 Monitoring of endotoxin-retentive filters
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distn
exiti

concentrate
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rith a means

performance of endotoxin-retentive filters in dialysis water distribution, bicarbonate
ibution, or dialysis fluid delivery.systems can be monitored by testing the fluid thq
ng the filter for bacteria and endotexins. Endotoxin-retentive filters should be fitted w

of as
the f
streg
cani

sessing filter integrity and fouling. One suitable means is to monitor the pressure drop
Iter at a given product fluid<low rate using pressure gauges on the inlet (feed) and outl
ms. Alternatively, productfluid flow rate can be measured ata given pressure drop. Suck
hdicate when membranefouling has progressed to the pointthat membrane replaceme

(AP) across
et (product)
| monitoring
or cleaning

pded. Monitoring is-also necessary to ensure that the device is being operated in accgllt‘dance with
the manufacturer’s instructions. Endotoxin-retentive filters operated in the cross-flow mode should
also pe monitored 4nyterms of the flow rate of fluid being directed to drain at a given pre¢ssure drop.

Resullts of pressute-theasurements and bacteria and endotoxin levels should be recorded on a log sheet.

is ne

7.4 | Monitoring of dialysis water storage and distribution

NOTH 7.4.1 to 7.4.3 relate to and help explain Table C.1.

7.4.1 Monitoring of water storage tanks

For a system that distributes dialysis water to single-patient proportioning systems, routine monitoring
of water storage tank for total viable microbial count and endotoxin concentration is generally
accomplished indirectly by monitoring the dialysis water at the first outlet to the distribution loop. For
routine monitoring of a storage tank that supplies dialysis water to a central dialysis fluid delivery system,
or when direct monitoring of a dialysis water storage tank is performed as part of a troubleshooting
process, the total viable microbial count and endotoxin concentration should be determined using
samples drawn from a port at the outlet of the storage tank. When a change has been made to an existing
storage tank, more frequent testing should be considered to verify that bacteria or endotoxin levels are
consistently within the allowed limits. The need for additional testing should be based on the original
validation plan (see 6.1) and a risk analysis of the likely impact of the change on system performance.
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All total viable microbial counts and endotoxin results should be recorded on a log sheet and should be
subject to trend analysis.

7.4.2 Monitoring 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 4.1.3.
Monitoring 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.seufce of
contaminatjon, after which appropriate corrective actions can be taken. Total viable microbjal cqunts
and endotoyin testing should be conducted on a regular schedule according to system salidation|data
and local regulations and in accordance with 8.3.3 and 8.3.4. When a change has been made'to an existing
system, mofe 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 p hnce.
All bacteria
and the nee

7.4.3 Morn

an (see 6.1) and a risk analysis of the likely impact of the changefen system perform
and endotoxin results should be recorded on a log sheet to permit identification of tr
| for corrective action.

itoring of bacterial control devices
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itoring of ultraviolet irradiators
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Ultraviolet irradiators intended for use as a direct means:of bacterial control should be monitore
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ual alarm or an output meter is acceptable for determining if the UV lamp is emitting

diant energy. UV irradiators should be-monitored at the frequency recommended b
br. Because the radiant energy decreases with time, annual lamp replacement is typ
riodic cleaning of the quartz sleéve'may also be required, depending on the water qual
buld be used to indicate that monitoring has been performed.

y the
cally
ity. A

7.4.3.2 M¢nitoring of ozone gen€rators
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Ozone generators should be monitored for ozone output at a level specified by the manufacturer
output of th¢ ozone generatof-should be measured by determining the ozone concentration in the yj
at the most|distal point frem the ozone generator. A test based on indigo trisulfonate chemistry,
or the equivialent, or ozone-in-water test strips should be used to measure the ozone concentrati
is recommended that 0zone concentration be measured each time disinfection is performed. An o7
in-ambient-4ir testsshould be conducted on a periodic basis, as recommended by the manufactur
ensure compliafice with National Standards and regulations for the permissible exposure limit.
sheet should beyused to indicate that monitoring has been performed.

7.4.3.3 Monitoring of hot water disinfection systems

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

7.5.1 Monitoring of mixing systems

Systems for preparing either bicarbonate or acid concentrate from powder or other highly concentrated
media at a dialysis facility should be monitored according to the mixing system manufacturer’s
instructions to ensure appropriate dissolution. If a facility designs its own system, procedures should
be developed and demonstrated to ensure proper mixing of the concentrate, including establishment
of acceptable limits for tests of proper concentration. In this case, verification can be accomplished by

testing a sample from each batch prepared over a three-day period.
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and bicarbonate concentrates may be tested by measuring conductivity, density wi
1, or specific gravity with a hydrometer according to the manufacturer’s instructions: 2
red, some manufacturers of concentrate powder or other highly concentrated media
hable ranges for either the conductivity, density, or the specific gravity of c6hcéntrat]
their powder. The use of pH, alone, as an indicator of proper dissolution is-inappropr
hnd bicarbonate concentrates because large variations in concentration,do not produc
ges in pH. Concentrates should not be used or transferred to holdingtanks or distribut
all tests are completed. The testresults and verification that they meetall applicable cr
corded and signed by the individuals performing the tests.

Monitoring of additives

h additives are prescribed for a specific patient, the container holding the prescribed
Id be labelled with the name of the patient, the final‘concentration of the added ele
and time when the prescribed concentrate was mixed, and the name of the person wh
ive. This information should also be recorded in accordance with the requirements of 4
Id be affixed to the container when the mixing‘process begins.

Monitoring of concentrate distribution

fily check to ensure that the appropriate acid and bicarbonate concentrate is conn{
bsponding concentrate delivery line is recommended if the storage tank is not f
ected to its distribution piping.

a bicarbonate distribution system has been activated, dialysis fluid should be monit
sufficient data have(been obtained to demonstrate the adequacy of the disinfection
he bicarbonate disfribution system. The frequency of monitoring may then be n
toring should beperformed at least monthly. If elevated total viable microbial counts (
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There are no published reports of acid concentrate supporting bacterial growth; therefore, it is not
necessary to perform routine testing for total viable microbial count and endotoxins on those systems.
However, it should be possible to disinfect these systems.

7.7 Monitoring of dialysis fluid proportioning

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

8.1 General

The strategy for controlling the proliferation of microorganisms in haemodialysis systems primarily
involves appropriate system design and operation, and regular disinfection of the entire fluid system.
This includes the reverse osmosis membranes (especially the clean side), the distribution piping, the inlet
lines to the dialysis machines (located before the disinfection circuit of the dialysis machine), and the
dialysis machines (which have their own disinfection circuit and programme). A key conceptin ensuring
compliance with the requirements of 4.1.3 and 4.3 is that disinfection schedules should be designed
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b in order to limit biofouling (microbial growth and biofilm“formation). It is of ut
that the disinfection procedure is applied from the start of thiejoperation of the haemodig
e formed, biofilm is difficult, if not impossible, to eradicate.

ed efforts of disinfection and employing strategies for-bacterial control make it possil
icrobiological growth and biofilm formation.

tion given in this guidance is valid for the following:
ystems;

reprocessing systems;
dialysis fluid delivery systems;

sodium bicarbonate concentrate preparation and distribution systems.

8.2 Disinffection

Disinfection

is the only effective method of diminishing and inactivating microflora.

First, and mpost of all, thetrequency of disinfection is important. Disinfection should be performed

regularbasi
differentlevj

Second, all

5 to limitbipfouling within the fluid pathways of the system. Depending on the circu

urfaces in the circuit should be included in the disinfection procedure. This include
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els of disinfection may be required to comply with the fluid quality requirements of Claltse 4.

s the

reverse oS

OSIS TIEembranes (especiatly the cteam side); the distribution piping, the infet Himest

the

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

d be capable of minimizing the effects of biofouling.

Disinfection can be performed using heat or chemicals. UV lamps can be used to inactivate planktonic

cells but are

of no value against any biofilm that has formed in the system.

8.2.1 Microbiological aspects of fluid system design

The circuit downstream of the reverse osmosis system, including the clean side of the reverse osmosis
membranes, the distribution piping, tanks and filters in the distribution piping, and the inletlines to the
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dialysis machines are to be maintained and disinfected so that it is possible to fulfil the microbiological
requirements of ISO 11663 and ISO 13959.

Examples of good system design include

q

q

Once
form
distn
disin

use of a recirculation-type system,
avoidance of dead ends and dead space areas,
a high-quality finish to joints and connections,

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

jvoidance of storage tanks. If a storage tank is necessary it should be designed and co

uch a manner that it can be cleaned and disinfected.

the water treatment system has been installed, water flow should be maintained to
ation. The system design should also take into consideration preventive,maintenancg
ibution system, as well as education and training of staff in order to,Create awar
fection and microbiological control.

The disinfection programme could compensate for a weakness in §ystem design but wil
prevent the formation of biofilm, which can become difficult to eradicate.

8.2.2 Disinfection frequency

8.2.2.1 General

A key concept in ensuring compliance with the requirements of 4.1.3, 4.2.1, and 4.3.2 is that
scheglules should be designed to prevent bacterialproliferation, rather than being designed
bact¢ria once they have proliferated to an mnacceptable level (i.e. above the action leve
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htion because microbiological growth in a fluid system starts as surface growth (biofily
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little or nothing-could be seen in fluid samples taken from a fluid system during that tinje, even if no

ater quality
ystems, the

manufacturer’s instructions for disinfection should be followed, provided routine monitoring shows
that they are adequate to meet the requirements of 4.1.3. For systems assembled from individual
components, the frequency of disinfection necessary to minimize biofouling will vary with the design of
the system and, in the case of existing systems, the extent to which any biofouling has already occurred.

8.2.2.3 Concentrate mixing systems

Conc

entrate mixing equipment should be either

a) completely emptied, cleaned, and/or disinfected according to the manufacturer’s instructions, or

b) cleanedand/ordisinfected usingaprocedure demonstrated by the facility to be effective in routinely
producing concentrate that allows the recommendations of 4.2.1 to be met.
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The mixing and disinfection data should be recorded for each mixand disinfection cycle using a dedicated
log.

8.2.2.4 Concentrate distribution systems

Piped bicarbonate concentrate distribution systems should be disinfected either according to the
manufacturer’sinstructionsorusingaprocedure thathasbeen demonstrated by the facility to be effective
in routinely producing concentrate that allows the recommendations of 4.2.1 to be met. The disinfection
interval should not exceed 1 week. If the manufacturer does not supply disinfection procedures, the user
should develop and validate a disinfection protocol. It is recommended that monitoring of concentrate
distribution systems be performed on a routine basis. When reusable concentrate containers are used
to distribute bicarbonate concentrate, the containers and pick-up tubes should be disinfected at[least
weekly. Bicarbonate concentrate containers should be rinsed with treated water and stored inverted
at the end of each treatment day. Pick-up tubes should also be rinsed with treated water and allpwed
to air dry at|the end of each treatment day. Because there are no published reports of acid concex:r;rate
supporting |pacterial growth, disinfection of acid concentrate distribution systemsiis’not normally
required. However, it should be possible to disinfect these systems.

8.3 Micrgbiological monitoring methods

8.3.1 Gengral

The fluid system should be routinely monitored in order to verify~that the microbiological qyality
indicators (bioburden represented by total plate count and endotoxin concentration) are being met.

The frequency of sampling should meet applicable local recofimendations. If no such recommendafions
exist, the following are recommended.

a) Water slystem: The number of samples and positions of sampling should be based on the complexity
and sizg of the water system. The frequency wilkdepend on the analysis of the data collected diiring
the valiflation and revalidation activities. Menthly monitoring is most frequently adopted buf less
frequent monitoring may be possible based:on data collected during the validation and revalidation.

b) Dialysiqfluid/haemodialysis machines without a validated bacteria- and endotoxin-retentive fiilter:
Machings should be sampled on a¥egular basis to provide verification of the effectiveness qf the
disinfedtion process. The schedlile 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 monitoring is most frequently adopted.

c) Itisnotpecessary totake samples of ultrapure dialysis fluid or substitution fluids if their produgtion
paths are fitted with.bacteria- and endotoxin-retentive filters validated by the manufacturer and
operated and monitored according to the manufacturer’s instructions. It could be necessary to
sample [the dialysis fluid entering such bacteria- and endotoxin-retentive filters depending oh the
manufafturer’s instructions for use of the filters; for example, when the instructions for use specify
the qualityof 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
in the case of a patient’s pyrogenic reaction or suspected bacteremia/fungemia, an investigation and
follow-up should be initiated. This investigation could include additional sampling and extra disinfection
procedures carried out as per the manufacturer’s recommendations.

8.3.2 Sample collection

8.3.2.1 Dialysis water sample sites
Samples are to be taken at outlets of the distribution system.

Prior to sampling, the inside of the outlet can be disinfected, especially if no haemodialysis machine
is attached. The reason for such disinfection is that, over time, residual water in an outlet will support

26 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=51aa6e4b9f4dc65e066e8bcbf754ae24

ISO 23500:2014(E)

microbial growth. The disinfection can be made by flushing the inside of the outlet with 70 % ethanol
or isopropanol. A sterile cotton swab wetted with alcohol can also be used. Exposure time is to be >15s.
In principle, it is sufficient to let out enough water to rinse off the alcohol (200 ml to 500 ml) prior to
sampling. Alternatively, hoses can be disconnected from the tap and the taps opened and allowed to flush
for 2 min to 3 min before aseptically collecting a sample. Other sampling methods may be appropriate,
provided they have been validated.

Sample volumes of 5 ml to 1 000 ml or a volume as specified by the laboratory should be used. Containers
used for samples to be cultured should be sterile and endotoxin free.

8.3.2.2 Dialysis fluid samples

Sam;l)les should be collected from the dialysis fluid line according to the sampling instruetig
by the manufacturer of the dialysis fluid delivery system.

ns provided
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complete procedure follows the manufacturer’s instructions for use of the LAL assay.

sed using a syringe, the sample port can be disinfected with alcohol and allowedto’air dry. A s
hen be used to aspirate dialysis fluid out of and into the port before filling the syringe. The fil
rded and a fresh sample of dialysis fluid collected using a new sterile syringe)For sample ports
ple septum penetrated with a needle, the use of a second syringe is not nieCessary.

natively, if the haemodialysis machine permits, samples can be collected immediatg
ser by disconnecting the effluent connector and asepticallycollecting a “free/clean” ¢
allowing dialysis fluid to run for 30 s to 60 s.

for samples to be cultured should be sterile and efdotoxin free.
Heterotrophic plate count

.1 Storage of samples

bbial analysis of any fluid samplershould be conducted as soon as possible after (¢
| unpredictable changes in the nricrobial population. If samples cannot be analysed ¥
ction, follow the laboratory:s\instructions for shipping. Samples intended for colony cq
e frozen.

ge of samples for endptoxin analysis may be different from what is given above, g
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8.3.3.2 Analytical'methods
8.3.3.2.1 Membrane filtration
brane filtration is filtration of the sample through a membrane filter with pore diametgr of 0,45 um
—Membrane Htrationisamethodused-whenthesampleisto-beconcentratedto-detect low levels

of cont

level

amination (usually <1 CFU/ml). The volume to be filtered should be determined by t
of contamination and should be between 10 ml and 1 000 ml.

8.3.3.2.2 Spread-plate technique

he suspected

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.

8.3.3.2.3 Pour-plate technique

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

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

8.3.3.2.4 Dip samplers

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

8.3.3.3 Cultivation conditions

A cultivatioh method has three elements: the cultivation medium, the incubation temperature, anf the
incubation fime. Suitable cultivation conditions can be found in Table 5. Other test methods may also
be used, progvided such methods have been appropriately validated and compared to the citedunethods.

Table 5 — Cultivation techniques

Cultivation medium Incubation temperature Incubation time
Tryptone glycose extract agar (TGEA) 17°Cto 23 °C 7d
Reasoner’s agar no. 2 (R2A) 17 °Cto 23 °C 7d

NOTE 1 Itfis not necessary to use both media for routine monitoring.

For central Jodium bicarbonate preparation and distribution systems, the cultivation medium should be
supplemented with 4 % sodium bicarbonate.

NOTE 2  Ifdehydration of culture plates is a concern, then platescan be sealed using Petri-plate seals or placed
in closed plagtic bags during incubation.

NOTE3  Cglony counts of microbes in fluid distribution systems and other environmental samples arg only
relative counfts. Counts will vary depending on the length of incubation and culture conditions. No matter|what
different conglitions are used, notall viable cells willgrow on artificial media [for example, viable but not cultyrable
(VBNQ)].

8.3.4 Bacterial endotoxin test

Bacterialenflotoxinsareassayed usingthe Limulusamoebocytelysate (LAL) test. Currentpharmacoppeias
[United States (USP), European,~and Japanese pharmacopoeias] acknowledge six different tepting
techniques.

Endotoxin testing requifes-education and should be performed by fully trained personnel.
Valid tests Have to follew official applicable requirements and manufacturer’s instructions.

NOTE Itfis important to use correct types of sample containers, labelled or validated for storage of enddtoxin
samples. Appgropriate containers are usually specified by the testing laboratory or the manufacturer of th¢ LAL
testing Kkit.

9 Environment

The water treatment and storage system should be located in a secure area that is readily accessible
only to personnel authorized by the dialysis facility. The location should be chosen with a view to
minimizing the length and complexity of the distribution system. Access to the treatment system should
be restricted to those individuals responsible for monitoring and maintenance of the system.

The layout of the water treatment system should provide easy access to all components of the system,
including all meters, gauges, and sampling ports used for monitoring system performance. An area for
processing samples and performing onsite tests is also recommended. Critical alarms, such as those
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associated with deionizer exhaustion or low water levels in a storage tank, should be configured to

notify staff in the patient treatment area, as well as in the water treatment room.

Water systems should include schematic diagrams that identify components, valves, sample ports and
flow direction. 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 convenient

means of identifying the pipe content and flow direction.

If water system manufacturers have not done so, users should identify major water system components
and describe their function. How performance is verified, and what actions to take in the event that

performance is not within an acceptable range, should be readily available to the user.

10 Personnel

Policlies and procedures that are understandable and accessible are mandatory,along wit
programme that includes quality testing, the risks and hazards of improperly prepared conc
bactg¢rial issues. Operators should be trained in the use of the equipment by the’manufactur
be trfained using materials provided by the manufacturer. Additional training may be prq
matdrials from other sources. The training should be specific to the functions performed
disinfection, maintenance, and repairs). Periodic audits of the operdtot’s compliance with
should be performed. The user should establish an ongoing training-programme designed
the gperator’s knowledge and skills.
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Annex A
(informative)

Rationale for the development and provisions of this
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International Standard
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erse events. From the beginning, it was recognized that there was a problém with incly
requirements in an International Standard directed at manufacturers of'water treat
r haemodialysis machines. Although a manufacturer might be responsible for prov

, the treated water quality could change if a water treatment system is not well maint3
some change in the municipal water feeding the system. Fherefore, fluid quality stang
shed independent of the standards for the equipment used to prepare those fluids.
ay responsibility for maintaining fluid quality lies withthe healthcare professionals at|
ity under the leadership of the facility’s Medical Director, this International Standard
provide guidance to those healthcare professiofials on how to manage fluid prepar
is to comply with the requirements of the fluid\quality standards.

nical contaminants in dialysis water

provides the rationale for the requirements in 4.1.2. ISO 13959 sets forth maximum I
contaminants in three categories: chemicals with documented toxicity in haemodig
ctrolytes normally included in dialysis fluid, and trace elements. The rationale for incly
hemicals in ISO 13959, and‘for setting their maximum levels, is set forth in Annex
014.

pbiological contaminants in dialysis water
brovides the ¥ationale for the requirements in 4.1.3. ISO 13959 sets forth maximum lev

endotoxins in dialysis water, along with action levels for these contaminants. The rati
mum levels of bacteria and endotoxins is set forth in Annex A of ISO 13959:2014.
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A.4 Req

The rationale in this clause addresses the requirements in 4.2. Requirements for commercially available
concentrates are given in ISO 13958. [t 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 inhibitory in the LAL
assay. 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 patients would be
adequately safeguarded by the quality recommendations for the water used to prepare the concentrate
and for the final dialysis fluid. For users who are interested in determining bacterial levels and
endotoxin concentrations as part of a troubleshooting investigation, guidelines on performing cultures
and endotoxin assays in bicarbonate concentrate are included in 8.3.3.3 and A.10.
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A.5 Microbiological contaminants in dialysis fluid

The rationale in this clause addresses the requirements in 4.3. ISO 11663 sets forth maximum levels
of bacteria and endotoxins in three categories of dialysis fluid: standard dialysis fluid, ultrapure
dialysis fluid, and online-prepared substitution fluid. Where appropriate, action levels for bacteria and
endotoxins are also given. The rationale for the maximum levels of bacteria and endotoxins is set forth
in Annex A of ISO 11663:2014.

[SO 13959 sets a maximum allowable level for endotoxins in dialysis water of 0,25 EU/ml, while
ISO 11663 sets a maximum allowable level for endotoxins in dialysis fluid of 0,5 EU/ml. The level for
dialysis fluid is set higher than that for dialysis water in recognition that powder concentrates can
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Monitoring of carbon media

rationale in this clause addresses the requirements in 7.3.5. Intensive‘menitoring of

rommended because of the long history of adverse events related (tg chloramine co
nlysis fluid.[38] Chloramine concentrations in municipal water eaf change from day
apacity of carbon beds to remove chloramine can vary with thelpH and temperature

ature of the chloramine compounds present, and the presehcé of other substances i
dependence of chloramine removal on multiple factors, makes the performance of

edictable. Therefore, patient safety can only be ensured by intensively monitoring the j
e carbon bed. Configuring carbon beds in series and sampling from a port located betw
provides one margin of protection against chloramine breakthrough. When chlora
‘ted in the effluent from the first bed, the second bed will still have some capacity for
val. This reserve capacity allows the user to conveniently replace the exhausted bed wi
nts. The exhausted bed is discarded, the secaend bed is moved into the first position, an
ced in the second position. A new bed ofyirgin carbon should be used for replacement

pable of activating a means of diverting the water from the reverse osmosis system, fof
ing down the reverse osmosis system, should the total chlorine level exceed 0,1 mg/1.

uations where chloramine is'not used to disinfect the water, and the ammonia level in
bne carbon bed or a carbdn cartridge filter with a shorter EBCT could be sufficient. Ca
generated in a dialysis\facility, and the use of regenerated carbon is prohibited. Bac
bn beds does not regenerate the carbon, although it can allow more efficient use of the b¢
moving channels.that can form in the bed during routine operation. The recommenda
r purification system should operate for at least 15 min, before samples of water from 4§
rawn, is to guard against inadvertently sampling water that has been in the bed for
d.
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The rationale in this clause addresses the requirements in 8.1. All microbial growth in a fluid system
involves growth on surfaces. In most cases, the microbial growth starts on surfaces and consequently
little or nothing of the microbial development in the fluid system is recorded by taking fluid samples.
The surface growth occurs in patches in the earlier stages and is difficult to analyse.

No testing is able to show a complete picture of bacterial growth and the tests described and referred
to in this International Standard do not measure many microbial contaminants, including: cell wall
fragments from microorganisms; nucleic acids DNA and RNA; and metabolites of various kinds.

For this reason, a proactive disinfection programme is recommended to combat bacterial growth in the
dialysis water and dialysis fluid systems.
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A.8 Heterotrophic plate count

The rationale in this clause addresses the requirements in 8.3.3. Sensitive culturing methods should
be used to measure the low total viable microbial counts permitted for water used for haemodialysis
applications. The membrane filter technique is particularly suited for this application because it permits
large fluid volumes to be assayed. Because the membrane filter technique might not be readily available
in clinical laboratories, the spread plate assay or the pour plate assay can be used as an alternative for
water and standard dialysis fluid.[112] If the spread plate assay is used, a calibrated loop should not be
used to apply sample to the plate. The sensitivity of an assay performed with a calibrated loop is low.
A standard calibrated loop transfers 0,001 ml of sample to the culture medium so that the minimum
sensitivity of the assay is 1 000 CFU/ml. This sensitivity is unacceptable when the maximum allowable
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ed to place 0,2 ml to 0,5 ml of water or dialysis fluid on the culture medium. The pout-
 be used as an alternative method to the spread-plate method. If a sample volume-of 1
tection limit of the pour-plate method is 1 CFU/ml.

11ts obtained using the methods outlined in this International Standardfaye only a rel
the bioburden in dialysis water or dialysis fluid and do not provide a measure of the abs
rden. The original clinical observations on which the microbiological requirements
standard methods agar (SMA), a medium containing relatively fewnutrients.[Z5] Late

vas recommended because it was thought to be more appropriate for culturing bicarbo
ialysis fluid. However, several studies have shown that the'wse of nutrient-poor media,
blucose extract agar (TGEA) or Reasoner’s agar no. 2 (R2A), results in an increased recq
'rom water.[110][113][115][116] Extending the culturirg\fime up to 7 d and using incub
s of 23 °C to 28 °C have also been shown to increase the recovery of bacteria compar
pr 48 h at 35 °C to 37 °C.[110][113][116]

oring for microbial contamination in ultraptire dialysis fluid, the maximum allowable
equires that culturing be performed using the membrane filtration method with a mini
ultrapure dialysis fluid being passed through the filter. The use of larger volumes (
i1l provide greater sensitivity, but theimproved sensitivity needs to be balanced againg
Kk of contamination in collectingland handling the sample. The addition of 2 % to 8 % so
to the medium can enhance the.recovery of organisms.[114] Even with these more sen;
rompliance with the stringentrequirement that online-prepared substitution fluid be st
emonstrated by culturing;-it has to be ensured by use of a validated process. Monitori
on of online-prepared\sutbstitution fluid will depend on the production system and s}
d according to the@anufacturer’s instructions.

e, the culturing conditions recommended in this International Standard could fail to idg
e of some organisms. Specifically, the recommended methods might not detect the preg
pntuberculgus mycobacteria that have been associated with several outbreaks of infe
nits.[Z81i85] Also, the recommended methods will not detect fungi and yeast, which
to eontaminate water used for haemodialysis applications.[82]
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responsibility of the manufacturer. Monitoring 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. However, salt tolerance studies showed that optimal growth of organisms
found in bicarbonate concentrate occurred when the sodium chloride concentration was approximately
3 % to 6 %.[81] 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.
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The rationale in this clause addresses the requirements in 8.3.3.3. Since dialysis is not stopped between
sampling and obtaining the results of the tests, a long incubation time of 7 d is of no disadvantage or
practical importance. However, significant contamination might be detected earlier by performing
intermediate counts (e.g. every 2 d).

A.10 Bacterial endotoxin test

The rationale in this clause addresses the requirements in 8.3.4. Bicarbonate concentrate inhibits the
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Annex B
(informative)

Equipment

B.1 General
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nt used to prepare concentrates at a dialysis facility candefound in ISO 13958.

ysis requires a well-functioning water treatment and distribution system, since di3
prformed without an adequate supply of water. In addition, certain components of the y
hd distribution system are critical to its operation.’An example of such a critical compq
iting pump in an indirect feed system. A dialysis facility should develop contingency pla
lure of its water treatment and distribution‘system or a critical component of that syj
bency plans should describe how to dealwith events that completely prevent dialysis
med, such as failure of the facility’s.municipal water supply or electrical service follo
caster or water main break. Other.plans should address how to deal with sudden chd
[ water quality, as well as with fajlure of a critical component of the water treatmen

systems.
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Water treatment systents consist of three basic sections: a pretreatment section that conditions the v
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y. The'pretreatment section commonly includes a sediment filter, cartridge filters caj
paxticles of various sizes, a softener, and carbon beds. The primary purification pr
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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 26722, including certain design and performance specifications for individual
water treatment devices.

B.2.2 to B.2.9 provide general information. 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 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.
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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 4.1.2.

Users are encouraged to obtain detailed descriptions of all water treatment components, together with
operating manuals and maintenance procedures, from the manufacturer or the supplier of the water

treatment and distribution system.
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anent, backwashable sediment filters, also known as “bed filters”, are frequently 1
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manfifacturer’s recommendations, for setting thefrequency of backwashing.

B.2.3 Cartridge filters

Cartridge filters consist of a cylindricakcartridge of the filter medium with a central drain
cartifidge is contained within a filter housing with seals to separate the feed and product-wafter streams.
In thle pretreatment cascade, transparent filter housings can be useful because they allowf any carbon
or resin leakage to be seen without the need to break the integrity of the system. The holising can be
clearnled to remove any algae growth when the filter cartridge is changed. For this reason, ufe of opaque
housjings for cartridge filters is recommended, but not required. If transparent housings arje used, they
should not be exposedto natural light, in order to minimize proliferation of algae. Cartiridge filters
should be fitted with' gauges to measure the hydrostatic pressure at the filters’ inlet and outlet. Although
cartifidge filters.may be installed at the inlet to a water treatment system, their usual application is as
a finpl filtration(step prior to reverse osmosis. Resistance to flow through the filter incrgases as the
cartifidge aeeumulates particulate material, as indicated by an increase in AP. When the maximum AP
recommended by the filter manufacturer is reached, the cartridge should be replaced accqrding to the
mantyfaeturer’s instructions.

jtge core. The

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.

A softeneris 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
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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 with a mechanism to prevent water
containing the high concentration of sodium chloride used during regeneration from entering the
product-water line during regeneration. For softeners with a time-controlled regeneration cycle, the
face of the timer should be visible to the user. Operating controls should be positioned so as to minimize

inadvertent
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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/l chloramine, each bed should have an empty-bed contact time
(EBCT) of at least 5 min at the maximum product-water flow rate (a total EBCT of at least 10 min). Some
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
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
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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 technologies can be used provided there is a redundant means of chloramine removal and
thata total chlorine concentration ofless than 0,1 mg/l is verified in a sample collected after the primary
device before each treatment. Possible alternatives include: a granular activated carbon bed followed by
a dense carbon block; and two carbon block filters in series.
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B.2.6 €hémical injection systems

Che tion 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.
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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 pretreatment 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
controlling parameter should be independently monitored. There should also be a means of verifying
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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 4.1.2. 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 chemical |njection is used in the pretreatment cascade, users should ensure that the additionygf the
chemical ddes not interfere with the operation of subsequent purification processes, including the
primary putification process. For example, the performance of thin-film composite reverse osmosis
membranes|might be affected by the pH of the feed water. At pH levels below 7, the rejection of flupride
can be substantially reduced, compared to its rejection at a pH of 8.

B.2.7 Reverse osmosis

Reverse osmosis (RO) systems have become widely used in haemodialysisiwater treatment systems,
largely becquse these devices remove dissolved inorganic and organic solutes, as well as bacterig and
bacterial enfotoxins.

The following requirements apply to reverse osmosis systems.

a) When used to prepare water for haemodialysis applicatiens, either alone or as the last cheical

capable| at installation, of meeting the requirements.of1SO 13959, when tested with the typical feed
water of the user.

b) Reversg osmosis devices should be equipped with online monitors that allow the determinption
of rejection rates and product-water conductivity. The product-water conductivity monitor should
activatg audible and visual alarms when the product-water conductivity exceeds the preset alarm
limit. The alarms should be capable of notifying staff in the patient care area when reverse osmosis
is the last chemical purification process in the water treatment system. Monitors that megsure
resistivjty may be used in placeof-eonductivity monitors.

The RO membrane separation-process components are a semipermeable membrane, typically|in a
spiral-wounld configuration,a pump, and various flow and pressure controls to direct the flow of water
through the|system. In opération, feed water is pressurized by the RO pump and is then directed along
the surface pf the semipermeable membrane. A portion of the water is forced through the membrgne; a
process that i i i
the water cg
membrane i
surface and

“cross-flow fi
eventually lead to foulmg and membrane failure. In some reverse osmosis systems a portlon 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 flowmeters, usually in the product water and the rejected water
streams, to monitor the output of the RO system and gauges to monitor the pressure at various points
in the system. Although not indicative of treated water quality, monitoring flow rates and pressures can
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help ensure that the system is operating within the manufacturer’s specifications and th
ensure RO reliability.

In addition, it is recommended that, when a reverse osmosis system is the last chemical
process in the water treatment system, means should be incorporated to prevent patient

us will help

purification
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 vi
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
various feed-w
suchproblems;
and fonitoring to ensure that the

RO is operated within its design parameters.

B.2.8 Deionization

Deionization (DI) is an ion exchange process that removes both anions (negatively charg
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“mixpd-bed” or “unibed systems”.
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exanpple, once the hydroxyl ions are depleted, anionic contaminants in the water will disp
ions from the anion exchange resin.[26] This phenomenon has led to high levels of fluoride in|
water, with subsequent patient injury and death.[23][21] Deionization, even in combinat]
endotoxin-retentive filter, does not'remove certain low-molecular-weight toxic bacterial pr
as mjficrocystins. For the above reasons, use of deionization as the primary means of tre
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Many believe that\a’two-stage reverse osmosis system operated in a redundant con
rable to a combination of reverse osmosis and deionization.

fails,
prefe

The
bein
high
a ref

most commen configuration for DI is to have two mixed beds in series, with resistiv
b placed'downstream of each bed. Upon exhaustion of the first bed, reliance for water o
resistivity shifts to the second bed, and dialysis operations may be continued for a sho
lacement bed is installed, provided that the product water from the second tank h

Figuration is
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Fsufficiently
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resicrivify of 1 MQ.cm or greater

DI has a finite capacity that, when exceeded, will cause dangerously high levels of contami

nants 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 pr

oduct-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 t
has a resistivity below 1 MQ-cm.

Feed water for deionization systems should be pretreated with activated carbon, or a
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

Therequirements given above for deionization might notapply to electrodeionization (EDI) technology,

which can be used as an alternative to deionization following reverse osmosis in haemodialysis applications.
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B.3 Dialysis Water storage and distribution

B.3.1 General

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 specifically
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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 storage tank installed in a water distribution system. Internal spray mechanisms can facilitate
effective disinfection and rinsing of a storage tank.
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types of water distribution systems are used: direct feed systems and indirect.feed s
t feed system, dialysis water flows directly from the last stage of the purification ca
s of use. In an indirect feed system, dialysis water flows from the end.¢fthe purifica
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Table B.1 — Guidance on piping materials used in dialysis water distribution systems
and their compatibility with common disinfectants

Material hy[s)gglllllltl)lrl'ite Peracetic acid | Formaldehyde Hot water Ozonea
(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
PE X X X X
ABS X
PTFE X X X X X
Glass X X X X X
NOTE 1 X dejotes probable compatibility.
NOTE 2 PVC |= polyvinylchloride, CPVC = chlorinated polyvinylchloride, PVDF = polyvinylidene fluoride, PEX = qross-
linked polyethylene, SS = stainless steel, PP = polypropylene, PE = polyethylene~ABS = acrylonitrile butadiene styrene,
PTFE = polytdtrafluoroethylene.
a  Ozone refers to ozone dissolved in water, not ozone gas.

Table B.1 is hot intended as an exhaustive compilation of all*pessible compatible combinations of pfping
material angl disinfectant. Considerations of compatibility'should include any joint materials and| pipe
fittings, as well as the actual piping material. The concentfration of germicide and the duration, frequgency,
and conditigns (flow, pressure, temperature) of exppsure should also be taken into account.

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

If the length of a connection exceeds three times the pipe diameter, it should be exposed to germicide
during routjne disinfection.

B.3.4 Bacterial control devices

B.3.4.1 Gdneral

Traditionally, chemigaldisinfection has been used to prevent bacterial proliferation in dialysis Water
storage and|distribution systems. One consequence of the increased attention being paid to bacterial
control in tHe dialysis water storage and distribution system is an interest in alternatives to traditjonal
chemical digiffection, including ultraviolet irradiators, ozone generators, and hot water disinfeftion
systems. Botirozonmeamdtot-water camrattow more frequent disinfectiomrof thediatysiswater storage
and distribution system because prolonged rinsing is not needed to remove residual disinfectant from
the system before dialysis is recommenced. The use of ozone or hot water is possible only if the systems
are constructed from appropriately resistant materials. This limitation applies not only to the piping
and any storage tank that may be in the system but also to all pumps, valves, and other fittings, including
any O-rings and seals they may contain. Ultraviolet irradiation can be used to kill planktonic cells, but it
has no impact on bacteria located in biofilm. In order to achieve an effective and preventive disinfection
with the respective system, the user should refer to the recommendations given by the manufacturer of
the device or system.

B.3.4.2 Ultraviolet irradiators

When 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
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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
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 pretreatment section of a water
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.3 Ozone disinfection systems

fection system should be capable of delivering ozone at the concentration and for the ex
fied by the manufacturer. When ozone disinfection systems are used, it is recommef
ent air ozone monitor be installed in the area,of the ozone generator.

e generators convert oxygen to ozone ugihg a corona discharge or ultraviolet irradiatio

a contact time of 10 min, measured at:the end of the distribution loop, is capable of killj
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br exposure times and/or higher concentrations of ozone. Ozone can also degrade endd

e can degrade many plastic' materials, including PVC and elastomeric O-rings and seal
e can be used for bacterial control only in systems constructed from ozone-resista
B.3.3).

4 Hot water.disinfection systems

vater may) be used to control bacterial proliferation in dialysis water storage and

water disinfection system should be capable of delivering hot water at the temperatur
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h used to control bacterial proliferation in dialysis water storage and distribution systems, an ozone

posure time
ided that an

h. The ozone
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5. Therefore,
Nt materials
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ms. The exposure time should be according to the manufacturer’s instructions. The wafter heater of

b and for the
distribution

sure time specified by the manufacturer at any site in the dialysis water storage and

system. The manufacturer’s instructions for using hot water disinfection systems should be followed.
If no manufacturer’s instructions are available, the effectiveness of the system can be demonstrated
by verifying that the system maintains a specified temperature for a specified time and by performing
ongoing surveillance with bacterial cultures and endotoxin testing.

NOTE1 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 A, can be used for quantification of heat disinfection between 65 °C to 100 °C (see
[SO 15883-1). Temperature and time can be combined to yield a number representing a dose capable of achieving
the required reduction in viable organisms.
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Ao = Y10(T-80)/z . At

where
T isthe temperature in °C;
z isequalto 10 °C;

At is the selected time period in seconds.
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sinfection systems can be used only in systems constructed from heat-resistant/mate
DF (polyvinylidene fluoride), PEX (cross-linked polyethylene), SS (stajnless steel
ene), and PTFE (polytetrafluoroethylene) (see B.3.3).

entrate preparation
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d is customarily prepared from two concentrates: thel bicarbonate concentrate, y
ium bicarbonate (and sometimes additional sodium-chloride), and the acid concent
ins all remaining ions, acetic acid, and sometimes, glucose. Some systems have also
hat prepare acid concentrate from individual ceriponents, such as from a sodium chl
d a concentrated solution of the remaining minor electrolytes.

[rate can be supplied by the manufacturerin bulk or in single-use containers. In some d
cturer will pump the acid concentrate from bulk delivery containers into a holding
is facility. Systems have recently been introduced that allow a user at a dialysis facili

nto a bulk storage tank at the.dialysis facility, the user is responsible for maintainin
in its original state and to ensure that the correct formula is used according to the pat
. Acid concentrate prepared at the dialysis facility from powder and dialysis water i
bility of the user.

concentrate can be-supplied by the manufacturer in one of the following three ways:
er cartridges-that are used to prepare concentrate online at the time of dialysis;
hged powder that is mixed with dialysis water at the dialysis facility;

-tredtment containers of liquid concentrate.
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concentrate from packaged powderand dialysis water using a mixer. If the acid concenjtrate

o the
ent’s
also

d~ean also be prepared from a single concentrate that contains acetate. The buff

er is

provided to the patient in the form of acetate, which is metabolized to yield bicarbonate. Acetate-based
dialysis fluid is now rarely used in clinical practice. In general, acetate-based concentrate is handled in
a similar manner to that of acid concentrate, except that acetate-based concentrate systems use only
one concentrate which is mixed with dialysis water. The labels of acetate-based concentrate are colour-
coded white.

B.4.2 Materials 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
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toxicity in haemodialysis, such as copper, brass, zinc, galvanized material, lead, and aluminium, are
specifically prohibited.

B.4.3 Labelling

B.4.3.1 General

Labelling strategies should permit positive identification by anyone using the contents of concentrate
mixing 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,
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facility is strongly discouraged.

ncentrate produced at a dialysis facility. These records should include the’concentr
uced, the volume of the batch, the lot numbers of powdered concentrate packages, the m
e powdered concentrate, the date and time of mixing, any test results, the person pef
g, the person verifying mixing and test results, and the expiration’date, if applicable.

ugh it is the responsibility of facilities to develop and use (abelling to positively
ents of mixing tanks, bulk storage/dispensing tanks, and coni¢entrate containers, the g
bllowing subclauses are suggested.

.2 Mixing tanks

to batch preparation, a label should be affixed to the mixing tank that includes
hration and the chemical composition or fgrimulation of the concentrate being pr¢

oncentrate manufacturer’s package label provides a convenient and comprehensiy
ifying the chemical composition or<formulation of the concentrate; however, the lot
ation date should be marked outbecause they apply only to the dry powder.

.3 Bulk storage/dispensing tanks

e tanks should be permanently labelled to identify the chemical composition or formulg
ents. As with mixing tanks, bulk storage/dispensing tanklabelling can be conveniently a
fixing a copy of the-Concentrate manufacturer’s package label.

4 Concentrate containers

entratecontainers maybenondisposablevessels provided by haemodialysis machine mg

hiners'depends on the variety of concentrate formulations used and on whether the
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sis‘machines with different proportioning ratios; the latter practice is strongly dis

ouraged. At

a minimum, concentrate containers should be labelled with sufficient information to differentiate the
contents from other concentrate formulations used at the facility. If a chemical spike is added to an
individual container to increase the concentration of an electrolyte, the label should show the added
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

© IS0 2014 - All rights reserved 45


https://standardsiso.com/api/?name=51aa6e4b9f4dc65e066e8bcbf754ae24

ISO 23500:2014(E)

example, ventilation and personal protective equipment should be used to handle any residual dust that
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.
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dialysis

fluid that allows the recommendations of 4.3.2 to be met.

B.4.5 Additives

disinfected using a procedure demonstrated by the facility to be effective in routinely producing

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.
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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
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

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

B.5

Concentrate storage and distribution

B.5.1 Materials compatibility
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galvanized material, lead, and aluminium, are specifically prohibited.

2 Bulk storage tanks (acid concentrate)

dures should be in place to control the transfer of the acid concentrate from the delive
E storage tank to prevent the inadvertent mixing of different€oncentrate formulationg
hnk and associated plumbing should form an integral system to prevent contaminatio
entrate. The storage tanks and inlet and outlet connéctions, if remote from the tan
e and labelled clearly.

B Distribution systems

entrate may be distributed from a central preparation point using reusable concentrat
contain sufficient concentrate for one to-two treatments, or it may be distributed thro
m that provides concentrate connections at each treatment station. A combination
ms may also be used, with some.¢oncentrates distributed by concentrate containef
igh a piping system. Two commoh gonfigurations used for distributing concentrate thrg
m are gravity feed and pressurized. Gravity feed systems require an elevated tank;
ms deliver the concentratewusing a pump and motor and do not require an elevate
mum allowable concentrate delivery pressure is specified by the manufacturer of the ¢
ery machine and should.not be exceeded.

ted tanks are ustally smaller than those used for preparing concentrates. Elevate
bonate concenthate distribution should be equipped with conical or bowl-shaped bo
g lids, a spray-mechanism, and high- and low-level alarms. Any air vents should hj
pphobic yert filters.

.14 Acid concentrate distribution systems

'y container
. If possible,
n of the acid
K, should be

e containers
ugh a piping
f these two

and others
ugh a piping
pressurized
d tank. The
lialysis fluid

d tanks for
'toms, tight-
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Acid

concentrate delivery piping stoutd be fabetied and cotour-coded red at the point o

" use (at the

container filling station or the dialysis machine connection). More than one type of acid concentrate may
be delivered, and each line should clearly indicate the type of acid concentrate it contains. Even though
there are no published reports of acid concentrate 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 atthe point ofuse (atthe concentrate
container filling station or dialysis machine connection). All joints should be sealed to prevent leakage
of concentrate.
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Because bicarbonate concentrates provide excellent media for bacterial proliferation,[80][81] 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 4.3.2. The manufacturer’s
instructions can provide an initial disinfection schedule. However, this schedule might need to be
adjusted on the basis of the user’s bacteriological monitoring. 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 ¢f residual concentrate before disiniection.

All chemical disinfectants (e.g. sodium hypochlorite and peracetic acid products) that are ¢omp4dtible
with dialysis machines can be used to disinfect bicarbonate concentrate distribution systems Howlever,
some disinfectants attack biofilm better than others. Appropriate dwell times and(concentrafions
should be used as recommended by the manufacturer of the concentrate system. if-this informpation
is not availgble, sodium hypochlorite solutions, such as bleach, may be used at a dilution of 1:10( and
proprietary| disinfectants at the concentration recommended by the manufacturer for disinfefting
piping systgms. In the event that precipitation or salt build-up impedes flowthrough a piping sys$tem,
cleaning with a 1:34 solution of 5 % acetic acid (e.g. distilled white vinegar) is recommended. $ome
manufacturgrs supply bicarbonate concentrate systems with UV irradiation or ozone systemfs for
bacterial control.

UV irradiatjon devices that are used to control bacterial prolifération in the pipes of bicarbgnate
concentrate|distribution systems should be fitted with a low;pressure mercury lamp that emits|light
at a wavelength of 254 nm and provides a dose of radiant ¢fiergy of 30 mW-s/cm2. The device should
be sized for|the maximum anticipated flow rate according to the manufacturer’s instructions and be
equipped with an online monitor of radiant energy output that activates a visual alarm indicating that
the lamp shpuld be replaced. Alternatively, the lamp _should be replaced on a predetermined sch¢dule
according t¢ the manufacturer’s instructions to miaintain the recommended radiant energy output. It
is recommehded that UV irradiators be followed by an endotoxin-retentive filter. Disinfection df the
bicarbonate|concentrate distribution systent should continue to be performed routinely.

When used o disinfect the pipes of a bicarbonate concentrate distribution system, an ozone genefator
should be cgpable of delivering ozoné at the concentration and for the exposure time specified by the
manufacturgr. When ozone disinfection systems are used, ambient air should be monitored for dzone
according tq national standards.and regulations.

When heat is used to disinfech the bicarbonate distribution system, the time and temperatures should
be validated by the manufacturer.

Overagitatign or mixing of bicarbonate concentrate can result in loss of CO2 from the solution. Lgss of
CO3 results |n an ificrease in pH and favours the formation of carbonate that can lead to precipitation of
calcium carponaté in the fluid pathways of the dialysis machine following dialysis fluid proportioning.

B.5.3.3 Concentrate outlets

For piped concentrate distribution systems, each treatment station is equipped with a concentrate outlet
for bicarbonate, one or more outlets for acid concentrate, and a dialysis water outlet for connection to
the inlet line 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.
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B.6 Dialysis fluid proportioning

Essentially, all dialysis fluid is produced with three fluid streams: dialysis water, acid concentrate, and
bicarbonate concentrate. This three-stream combination produces a highly buffered dialysis fluid with
a pH between 6,9 and 8,0. Dialysis fluid can also be prepared from a single concentrate that contains
acetate to provide a dialysis fluid in which buffer is provided to the patient in the form of acetate, which
is subsequently metabolized to yield bicarbonate. However, acetate-containing dialysis fluid is now
rarely used in clinical practice.

Different manufacturers of dialysis machines use different methods of controlling the proportions
of the concentrates. These can be generally grouped into two categorles
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Table B.2 — Symbols and colour.coding for different concentrate proportioning|ratios

. . Bicarbonate con-
Acid proportiening
. . centrate
Corcentrate type ratio? Geometric symbol Comments
. (blue colour cod-
(red colour coding) .
ing)
35X 1:34a Square Dry, liquid, or car-
tridge

36,3BX 1:35,83a Circle Dry or liquid Bicarbonalte concen-
trate contains some
NacCl.

45X 1:44a Triangle Dry, liquid, or car-

tridge

36,1% 135:1= Piatrond Cartr idgc Powdercar Lridges
may be used for other
proportioning ratios,
except for 36,83X, in
which the bicarbonate
concentrate also con-
tains NaCl.

NOTE Acetate-containing concentrate is colour-coded white.

a  Acid: bicarbonate and water.

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

Injuries related to improper dialysis fluid are rare, but they can and do happen when all procedures
are not followed. Frequently, when the error occurs, several patients have been exposed before the
facility recognizes the mistake. For example, because one of the concentrates is acidic and the other is
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 manufacturer’s instructions regarding
dialysis fluid conductivity, including measuring the approximate pH with an independent method before

starting the

treatment of the next patient, if recommended by the dialysis machine manufacturer.
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sinfectant or hot water. Such disinfection should include the tubing connection t¢ the

haemodialysis console as well as the dialysis console.

Microbiological monitoring of central dialysis fluid delivery systems should be similar to that described
in 8.3. Monitoring should include the 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 dialysis consoles. The frequency of monitoring 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 during
the validation and revalidation activities. Monthly monitoring is most frequently adopted but less
frequent monitoring may be possible based on data collected during the validation and revalidation.
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b) Dialysis fluid/haemodialysis machines without a validated bacteria- and endotoxin-retentive filter:
Machines should be sampled on a regular basis to provide verification of the effectiveness of the
disinfection process. The schedule of sampling will depend on the type of disinfection process being
used. Each machine should be sampled at least once per year and different machines should be
sampled on each occasion. Monthly monitoring is most frequently adopted.

c) Itisnotnecessary totake samples of ultrapure dialysis fluid or substitution fluids if their production
paths are fitted with bacteria- and endotoxin-retentive filters validated by the manufacturer and
operated and monitored according to the manufacturer’s instructions. It could be necessary to
sample the dialysis fluid entering such bacteria- and endotoxin-retentive filters depending on the
manufacturer’s instructions for use of the filters; for example, when the instructions for use specify

fhe quality of the fluid entering the f1Iter. (See also Annexes D and E.)

The results of testing should be subjected to trend analysis. When results exceed the actipn levels, or
in the case of a patient’s pyrogenic reaction or suspected bacteremia/fungemia,an'investigation and
follow-up should be initiated. This investigation could include additional samplingand extraldisinfection
procgdures carried out as per the manufacturer’s recommendations.

B.7.3 Dialysis fluid storage

Central dialysis fluid delivery systems usually include a dialysis flujd'storage tank. The tamk should be
designed to drain completely; for example, it should have a sloging bottom and a drain aft the lowest
point, and be ventilated through a hydrophobic 0,45 pm air filter,

B.7.4 Materials compatibility

All cpmponents used in dialysis fluid storage and délivery systems (including storage tapks, pumps,
valves and piping) should be fabricated from materials (e.g. plastics or appropriate stainlegs steel) that
do n¢t interact chemically or physically with thedialysis fluid to affect its purity, or with the¢ germicides
or ggrmicidal procedure used to disinfect the System. The use of materials that are known to cause
toxidity in haemodialysis, such as copper,“brass, zinc, galvanized material, lead, and alpminium, is
specifically prohibited.
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Annex C
(informative)

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

C.1 Moni

Table C.1 p
fluid. The rd

toring systems

Fovides guidelines on monitoring systems used for preparing and distributing didlysis
commendations given in Table C.1 can be used as a starting point for develeping a qyality

management programme for dialysis fluid when the manufacturer or supplier of the'system doefs not

provide ade

juate instructions. Not every item listed in Table C.1 will be required in‘albdialysis faciflities

and the frequency of monitoring may differ depending on the nature of the water@&upplied to the diglysis

facility; for

treatments
and any ap

NOTE R¢

Table C.1 — Suggested framework for monitoring water treatment equipment,

distribution systems, and.dialysis fluid

xample, whether or not the water supply is disinfected using chloramine. The actual quality
management programme for a given facility will depend on the componentstised in that facility’s water
Enmtem, the purposes for which the fluids are to be used, the results of validation procedures,

icable local regulations.

fer to footnotes 2 and b for an explanation of the use of Xs itnthe “Typical range of values” colupn.

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

Sediment filter Pressure drop across the |Pressure dropiess than XXXX Daily NA
filter (see 7.3.2)

Sediment filter Backwash cycle timer Backwash clock set to XX:XX Daily NA

backwashing setting (see 7.3.2)

cycle

Cartridge filtqr Pressure drop across the\[Pressure drop less than XXXX Daily NA
filter (see 7.3.3)

Water softengr Residual hardness.of Hardness as specified by the manu- | Daily NA
product watep{see”7.3.4) |facturer of the reverse osmosis

equipment.

Water softengr Level of undissolved salt |Saltlevel at XXX Daily NA

brine tank in tank (sée 7.3.4)

Water softengr Regeneration cycle timer |Regeneration cycle timer set to Daily NA

regeneration ¢ycle/| setting (see 7.3.4) XX:XX

a [tisnotp

bssible to specify universally acceptable operating ranges for each device listed in the table since some

bf the

specifications Will be system-speciiic. In those cases, the facility should deline an acceptable operating range based on the
manufacturer’s instructions or measurements of system performance.

b Theactual interval for monitoring, testing, cleaning, and/or disinfection should be based on the results of the validation
process and ongoing trend analysis (see Clause 6 and 8.2.2).
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Item to monitor

What to monitor

Typical range of values

Typical interval

Comments

Carbon beds

Product-water total chlo-
rine 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
these typical
intervals). (Note

thaj use of an
enline monitor
can|provide con-
tinyous monitor-
ing And avoid the
neefl for offline
monitoring.)

Chenical injection | Level of chemical in the |Chemicallevel in reservoir = XXX; |Daily (continuous NA

systejm reservoir, injector func- |controlling parameter in range XX |mehitoring is pref-
tion, value of the control- |[to XX erable)
ling parameter (e.g. pH)

(see 7.3.6)

Revefse osmosis |Product water conductiv- |Rejection = XX % Daily (continuous NA
ity, total dissolved solids . monitoring is pref-
(TDS), or resistivity Conductivity < XX uS{cry erable)
and calculated rejection
(see 7.3.7)

Revefse osmosis |Product and reject flow |Product watef:flow rate = X,X1/min|Daily (continuous NA
rates, and calculated monitoring is pref-
recovery (see 7.3.7) XX % < re}dvery <XX % erable)

Deionjizers Product water resis- Resistivity 2 1 MQ-cm Continuous moni- |[NA
tivity or conductivit . torin
(see¥7.3.8) y Conductivity <1 puS/cm J

Endofoxin-reten- |Pressure drop across the |Pressure drop less than XXXX or Daily NA

tive fjlters filter at a fixed flow.rate |flow rate greater than XXX
or product-watel flow
rate at a fixed(prnessure
drop (see 7Z3.9)

Watef system Chemicallcontaminants |Maximums as listed in Tables 1 Yearly These recom-

chemlical contami-
nant

as listed in Tables 1 and 2
of1S0 13959:2014

and 2

The parameters to be monitored
should be defined by the valida-
tion process on the basis of the
expected contaminants.

mendations apply
to dfialysis water.
However, chemi-
cal fnalysis of
soufce water (or
analysis results
frorp the water
supplier) is nec-

essary to evalu-
ate the overall
performance of
the water treat-
ment system.

a  Jtis not possible to specify universally acceptable operating ranges for each device listed in the table since some of the
specifications will be system-specific. In those cases, the facility should define an acceptable operating range based on the

manufacturer’s instructions or measurements of system performance.

b The actual interval for monitoring, testing, cleaning, and/or disinfection should be based on the results of the validation

process and ongoing trend analysis (see Clause 6 and 8.2.2).
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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 4.1.3)

Endotoxin < action level (typically
0,125 EU/ml); (see 4.1.3)

Monthly, or as
defined by the
results of the
validation process
for storage tanks
supplying a central
dialysis fluid deliv-
ery system

Specific testing
at this location

is performed

to troubleshoot
contamination of
the distribution
system for tanks
connected to a
water distribu-

Hon-piping sys-
) b el =

tem until a g{?t-
tern of consistent
compliance yith

limits’can beg
demonstratgd.

Water distriby
tion piping system

Bacterial growth and
endotoxins (see 4.1.3)

Total viable microbial
count < action level (typically
50 CFU/ml); (see 4.1.3)

Endotoxin < action level (typically
0,125 EU/ml); (see 4.1.3)

Monthly, or as
defined by the
validation pfocess
results

NA

UV irradiator Energy output and/ Light output > XXX Manthly NA
or the lamp life span .
(see 7.4.3.1) Lamp life span < XXXX

Ozone generafors |Concentration in the Ozone concentration > XXX During each disin- |NA

water and contact time
(see 7.4.3.2)

Contact time > XXX

Residual ozone after disinfec-
tion < X, XX mg/I1

fection

Hot water dis
fection systems

Temperature and time of
exposure of the system to
hot water (see 7.4.3.3)

Temperature npt less than XX °C;
minimum expesure time at tem-
perature 2XX min

During each disin-
fection

This information
might be avdila-

ble from the|data
logs of autorhated
systems.

Chemical disinfec-

tion systems

Concentration of germi-
cide in water and contact
time

Germicide concentra-

tion > X,X mg/|; residual germicide
Concentration < X,XX mg/1 after
rinsing

During each disin-
fection

NA

Dialysis fluid Conductivity, pHf-electro- | XX,X mS/cm < conductiv- In accordance with |pH monitorihgis
lyte concentrations ity < XX,XmS/cm local regulations or |necessary ofly if
. . as specified by the |recommend¢d b
p_H m Fhe range (.5'9 to 8,0 for dialy- manpufactureryofthe the manufactureyr
sis fluid contgmmg bllc.arbonate, dialysis fluid deliv- |of the dialysj|s
or as otherwise specified by the ery system (con- fluid delivery
manufacturer tinuous monitoring |system.
for proportioning
systems)
Standard dialysis |Bacterial growth and Total viable microbial Monthly, rotated The sample
fluid endotoxin concentration |count < action level (typically among machines so [should be col-

in standard dialysis fluid
(see 4.3.2)

50 CFU/ml); (see 4.3.2)

Endotoxin < action level (typically
0,25 EU/ml); (see 4.3.2)

that each machine
is tested at least
once per year and
different machines
are sampled on each
occasion

lected at worst-
case time (for
example, Monday
morning) if pos-
sible.

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

b The actual interval for monitoring, testing, cleaning, and/or disinfection should be based on the results of the validation
process and ongoing trend analysis (see Clause 6 and 8.2.2).
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Item to monitor

What to monitor

Typical range of values

Typical interval

Comments

Ultrapure dialysis
fluid

Bacterial growth and
endotoxins in the
ultrapure dialysis fluid
as it enters the dialyser
(see 4.3.3)

Total viable microbial

count < 0,1 CFU/ml; endo-
toxin < 0,03 EU/ml (see 4.3.3)
(see 8.3.1 and Annex E)

Before the first

use to validate the
system and monthly
thereafter

Bacterial growth
and endotoxin tests
are not necessary if
the system is fitted
with a bacteria- and

NA

endotoxin-retentive
filter validated by
the manufacturer
and operated and
monitored accord-
ing to the mianufac-
turer’s instructions.

Substitution fluid

Bacterial growth and
endotoxins in the
ultrapure dialysis fluid
as it enters the dialyser
(see 8.3.1 and Annex E)

Sterile and nonpyrogenic (see 8.3.1
and Annex E)

Bacterxial growth
and.eridotoxin tests
arenot required if
the system is fitted
with a bacteria- and
endotoxin-retentive
filter validated by
the manufacturer
and operated and
monitored accord-
ing to the manufac-
turer’s instructions.

NA

a  [pis not possible to specify universally acceptable operating ranges for each device listed in the table sin
specifications will be system-specific. In those cases, the‘facility should define an acceptable operating rang
manyfacturer’s instructions or measurements of system performance.

b Theactual interval for monitoring, testing, ¢leaning, and/or disinfection should be based on the results off
procgss and ongoing trend analysis (see Clause.6 and 8.2.2).

ce some of the
b based on the

the validation

C.2

See Table C.2.

NOT]H
column.

Cleaning/disinfection strategies

Refer to theZmanufacturer’s instructions for more detail prior to referring to the “Typ

© IS0 2014 - All rights reserved

ical interval”
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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-
ing/ disinfec-

Element(s) to be

Cleaning/ disin-

Typical interval

Comments

. cleaned/disinfected fection
tion
Reverse osmosis |The membrane module |Disinfection Monthly, or accord- |The product side of the membrane
should be disinfected, ing to manufactur- |is considered to be a part of the
paying particular atten- er’s instructions dialysis water distribution system.
tion to the product side It should be disinfected at an inter-
(See D.1) val sufficient to routinely produce
LS Q.1 0O I - - - R
RS dialysis water meeting the qujlity
requirements of Clause 44(Séq D.1,
3rd paragraph.) If needed, the|feed
side of the membrane should he
cleaned periodically t6 removg fou-
lants that can dégrdde membrpne
performance!
Water storagg Tanks and pipes Disinfection Monthly, or accord- |More frequent disinfection might
tanks ing to manufactur- |be negessaty if indicated by mlicro-
(See 8.2.2.2) s : ) - X
er’s instructions biological testing results.
Water distri- Piping system Disinfection Monthly, or accord- }Mere frequent disinfection might
bution piping See 8.1 8.2 D1 ing to manufactur-,~ fbe necessary if indicated by mlicro-
system (See8.1,8.2,D.1) er’s instructions biological testing results.

UVirradiator

Quartz sleeve

Periodic cleaning

system, CDDS

Dialysis console

(See 7.4.3.1) (See 7.4.3.1)
Concentrate npix- | Tanks and piping Cleaning and/or Disinfection is usually not negded
ing systems (See 8.2.2.3) disinfection E(;:nasad concentrate mixing syfs-
Concentrate dfis- |Tanks and piping Disinfection Weekly If using sodium hypochlorite for
tribution systpms disinfection, a concentration qf
(bicarbonate) (See 8.2.2.4, B.2.3.2) gr(;;}%'l’ last para- 0,5 % to 1 % is recommended
If cleaning with acetic acid, a don-
centration of approximately 0[15 %
acetic acid is recommended. ($ee
B.5.3.2, 4th paragraph.)
Disinfection is usually not negded
for acid concentrate distributijon
systems.
Dialysis machfne |System Disinfection According to manu- |By its own disinfection circuiand
facturer’s instruc- programme. (See 8.2, 3rd parg-
(See 8.1) tions graph.)
Central dialysjis  |Dialysis fluid delivery  |Disinfection Daily Use chemical disinfectant or hjot
fluid delivery system (See B.7.2) water. (See B.7.2, 3rd paragraph.)

Qoo oy
[CAcicp e rvavay)

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 8.2.2).
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Annex D
(informative)

Strategies for microbiological control

General

The ftrategy for controlling the proliferation of microorganisms in haemodialysis systenlxs primarily

involves proper system design and operation, and regular disinfection of water treatment
haenpodialysis machines. A key concept in ensuring compliance with the requiremeénts of 4

is th
desig
mon
is ef
their
most
depe

ht disinfection schedules should be designed to prevent bacterial proliferation, rathe
ned to eliminate bacteria once they have proliferated to an unacceptablelevel. With t
toring levels of bacteria and endotoxins serves to demonstrate that-the’ disinfection
fective, not to indicate when disinfection should be performed.-Gram-negative waf
associated lipopolysaccharides (bacterial endotoxins), and nontuberculous mycobac
frequently come from the community water supply, and levels_of those bacteria can |
nding on the water treatment system, dialysis fluid distribtion system, type of dialy

and

All c
distn
Systd
requ
Systd
wet 9
and
remd

Biofi
inter
micr
A fea
of ex]
whic
orga
disin

MecH

L

ethod of disinfection.

ibution systems, can serve as reservoirs of microbial contamination. Dialysis water
ms frequently use pipes that are of larger didameter and longer than are needed ta
red flow. Oversized piping increases both thetotal fluid volume and the wetted surfac
m. Gram-negative bacteria in fluids remainifig in pipes overnight multiply rapidly and
urfaces, thus producing bacterial populations and endotoxin quantities in proportion t
surface area. Such colonization resultsin the formation of protective biofilm that is
ve once formed and that providesabarrier between the bacteria and germicide during

|m is a community of microorganisms consisting of cells thatare irreversibly attached tq
face or to each other.[117] Bjofilms can occur at solid-liquid, solid-air, and liquid-air inte
porganisms can form biofilms and more than 99 % ofall microorganismslive in such agg
ture of all biofilms is-that the organisms are embedded in a matrix of microbial origi
tracellular polymeric-substances (EPS). The EPS comprises mainly polysaccharides a
h form hydrogelmatrices.[133] The structure of biofilm, and the physiological attribut
hisms, confer @njinherent resistance to antimicrobial agents, whether those agents arg
fectants or germicides.

anisms'responsible for resistance can include

elayed penetration of the antimicrobial agent through the biofilm matrix,

system and
1.1.3 and 4.3
" than being
his strategy,
programme
er bacteria,
teria (NTM)
be amplified
5is machine,

ponents of dialysis water treatment and distributionsystems, and dialysis fluid preparation and

distribution
handle the
e area of the
colonize the
the volume
difficult to
lisinfection.

asurface or
rfaces. Most
regates.[132]
, consisting

d proteins,
bs of biofilm
antibiotics,

— 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 biofouling. The key to
avoiding biofouling 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.[134]
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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, in many dialysis facilities, there is no flow through distribution systems when the
dialysis facility is not in operation, such as at night and on Sundays. Further, it has been demonstrated
that microbial growth and biofilm formation in hydraulic systems cannot be controlled by the fluid
velocity.[119
system is

found on thq internal surface of the pipes.[126] Even if it were possible to specify a minimum flow vel
that was effective in reducing biofilm formation and bacterial contamination, use ¢f-stich a mini
flow velocity would not provide a substitute for regular disinfection of the distribution system. (
measures can also help protect pipes from contamination. A mechanism should-be incorporated i
distribution|system to ensure that disinfectant does not drain from pipes duringthe disinfection p4gri
Dead-end pipes and unused branches and taps that can trap fluid should be(€liminated because thd
as reservoirjs of bacteria and are capable of continuously inoculating thé entire volume of the syj
Joints betwgen sections of piping and between piping and fittings shiould be formed in a manner
minimizes the formation of crevices and other voids that might serve as sites for bacterial colonizati

Pipes shoulg
measures al
system afte}

A storage t3
of fluid and
therefore ng
are frequen
of the tank {
bacterial pr
other form

For most hg
connected t
the dialysis
procedure fi
water conta
procedure i
for the abse

Storage tim

| not be cut with a hacksaw. Any burrs should be removed before the joint is formed. T
so minimize the possibility that pockets of residudddisinfectant could remain in the p
" disinfection.

nk in the dialysis water or dialysis fluid distribution system greatly increases the vo

surface area available and can servecas a niche for water bacteria. Storage tank
t recommended for use in dialysis water or dialysis fluid distribution systems unless
ly drained and adequately disinfecfed. It could be necessary for the user to scrub the
o remove bacterial biofilm if thé tank design and maintenance are not adequate to pr¢
pliferation. A bacteria- and endotoxin-retentive filter, distal to the storage tank, or
f bacterial control deviceisrecommended.

emodialysis machines, routine disinfection with hot water or with a chemical germ
p a disinfection porfien the machine does not disinfect the line between the outlet

rregular disirfection of this line. One approach is to rinse the haemodialysis machines
ining germicide or hot water when the dialysis water distribution loop is disinfected. |
b used with'a chemical germicide, each haemodialysis machine should be rinsed and t¢
hce of residual germicide following disinfection.

bs-for bicarbonate concentrate should be minimized (normally less than 24 h), as w

the mixing

offrach hicarhaonate cancentrate with unuced nartione aof concentrate fram a2 nro
Ot c—pO oSO CcoREEeHatte T ot

iping

lume
5 are
they
sides
rvent
bome

icide
from

water distributjonnsystem and the back of the dialysis machine. Users should establish a

with
f this
bsted

b1l as
yious

T oo T oo orc e —corc e tracte— v oo TP

batch. The manufacturer’s instructions should be followed if they are available. Facilities that reuse
concentrate containers for bicarbonate concentrate should disinfect the containers at least weekly.
Bicarbonate concentrate can support prolific growth of microorganisms. Containers can be disinfected
with household sodium hypochlorite solutions (300 mg/1to 600 mg/l1 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. Following disinfection, the containers should be drained, rinsed, and
inverted to dry.
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D.2 Microbial monitoring methods

D.2.1 General

The microbial quality of dialysis water should be monitored regularly to validate the effectiveness of
the disinfection programme. The frequency of monitoring should be determined during the process
of system validation. In the absence of a formal determination of frequency, monitoring is usually
performed monthly. Monitoring can be accomplished by direct plate counts, in conjunction with the
measurement of bacterial endotoxins.

Samples of dialysis water should be collected from several places to give an indication of the microbial

quality of the water throughout the dialysis water distribution system. For routine monitor
should be collected from the last outlet of the dialysis water distribution loop, where.di
entefs equipment used to reprocess dialysers, and where dialysis water enters equipm
preppare bicarbonate concentrate or from the bicarbonate concentrate mixing tank, Additi
such|as at the end of the water treatment cascade and at the outlet of the storage tank, if
can

of cd
syste

ntamination within the dialysis water distribution loop. For central dialysis fluid
ms, samples should be collected from the last outlet of the dialysigfluid distribution I¢

For
samyj
year,
accoj
level
shou
shou
micr
reted
a sin

lialysis machines that are not fitted with validated endotoxin-retentive filters, d
les should be collected from enough machines so that eaclh’ machine is tested at leg
For dialysis machines fitted with validated endotoxin-retentive filters, samples should
‘ding to the filter manufacturer’s instructions. If testing of any haemodialysis machi
of contamination above the action level, an investigation should be conducted. The i
Id be based on the presumption that other haemodialysis machines might also be cont]
Id include a review of compliance with disinfection and sampling procedures and an ¢
bbiological data for the previous three monthsito look for trends. The offending machi
ted and an additional sample of machines tested to determine if the contamination w
ble machine or more widespread. The person in charge should also be notified.

Culty
perny
systd
Addi
septi

ires should be repeated when bacterial counts exceed the allowable levels. If culture gro
lissible standards, samples from(the dialysis water distribution system or dialysis fluid
m and haemodialysis machines should be cultured weekly until acceptable results a
fional samples should be colécted when there is a clinical indication of a pyrogenid

aemia, and following asspecific request by the clinician or the infection control practi

Samples should always-be’ collected before sanitization/disinfection or no sooner than
disinffection. For systems disinfected daily, samples should be collected before, and
practicable to, the mext' disinfection. Samples from haemodialysis machines should always
before disinfection=-Culture dialysis water and dialysis fluid weekly for new systems until a
been| established. For established systems, culture monthly unless a greater frequency is
histdrical data-ata given institution. If biofouling is suspected, for example due to erratic mid
test results;+it could be necessary to check for the presence of biofilm (see D.2.3).
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hlysis water
ent used to
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e necessary during qualification of a newly installed system or when-froubleshooting the cause
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Samples should be 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 before a sample is collected in a
sterile, endotoxin-free container. Containers validated for collection of pyrogen samples should be used
to collect samples. A minimum of 50 ml of fluid, or the volume specified by the laboratory performing
the test, should be collected. Sampling ports should be disinfected using sterile gauze saturated with
alcohol, or another solution validated for this purpose, to wipe the sampling port. The sample should be
collected only when no disinfectant residual is present.

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
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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 30 ml sterile syringe should then be used to aspirate dialysis fluid
out of and into the sampling port before filling the syringe. The filled syringe should be discarded, and
a fresh sample of dialysis fluid should be collected using a new sterile syringe. At least 25 ml of fluid, or
the volume specified by the laboratory performing the test, should be collected in sterile endotoxin-free
specimen containers.

D.2.3 Hete

rotrophic plate count

Samples should be analysed as soon as possible after collection to avoid unpredictable changes in the

microbial p
at <10 °C dy
reference m
of sample o}
aseptically {
With this m
plate. Use o
technique n

bpulation. If samples cannot be analysed within 4 h of collection, they should bestored
ring transit to the laboratory. Sample storage for more than 24 h should be avoided] The
bthod for culturing is the membrane filtration technique. With this method, a known volume
diluted sample is filtered through_a 0,45 pum membrane filter and the menibrane filter is
ransferred to the surface of an agar plate. The spread-plate technique miay’also be fised.
bthod, an inoculum of at least 0,2 ml of sample is spread equally over the'surface of the|agar
f a calibrated loop to apply the sample to the agar plate is not permittéd. The pour-plate
ay also be used. A sample volume of 1 ml is usually used with this;method. Dip samplers

should not e used. The culture medium should be tryptone glucose extract'agar (TGEA), Reasogner’s

agar no. 2 (H
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times and t
During incu
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C
plates contZIining fewer than 30 colonies or more than 300 colenies is desired, larger or smaller vol;

may be cult
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L2A), or another medium that can be demonstrated to provide €quivalent results. Bloo
ars should not be used. Plates should be incubated at 17 °Cte<23 °C for 7 d. Other incub
bmperatures may be used if it can be demonstrated that they provide equivalent re
bation, the plates should be sealed or kept in a plastic bag to avoid desiccation of the a

ern. Colonies should be counted using a magnifying.device. If a more accurate count

ired. Smaller volumes can be obtained by making 1:10 serial dilutions in sterile phos
ber volumes are required, the membrane filtration method should generally be used.

brile;
phic
fthe
film.
ratic
from
lable

flly impossible to keep a dialysis water or dialysis fluid distribution system st
smswillalways be present on surfaces waiting for nutrients which, in the case of lithotr
fan even be inorganic.[118] Heterotrbphic plate counts do not provide a good measure
biofilm. Fluid samples give no information about the site, extent, or composition of a big
films contaminate the fluid in a distribution system, they do so only very irregularly. Ef
s might indicate the presence of biofouling since clusters of cells might be sloughed
with release of bacterid into flowing fluid. Currently, few practical methods are avai
ne detection of biofilm: Conventional methods rely on sampling-defined surface areps or
e of test surfaces (€oupons) with subsequent analysis in the laboratory. A classic exajmple
led “Robbins device”,[135] which consists of plugs inserted flush with pipe walls, thgreby
b the same sheay stress as the wall itself. After given periods of time, they are removed and
the laboratety for all biofilm-relevant parameters. The disadvantage of such systems is the
ween atfalysis and result. Jacobs et al. (1996)[136] described a simple spectrophotometric
method, using a nucleotide-specific fluorescent stain (4,6-diamidino-2-phenylindole)} and
medsurement. Other methods which report biofilm growth online, non-destructively and
have been invented. They are all based on physical methods. If careful attention is pgid to

routine disinfection, routine monitoring for biofilm is not necessary. However, when the level of biofilm
leads to a biofouling situation, it might be necessary to determine the level of biofilm in the system using
the methods currently available.

D.2.4 Bac

Bacterial en

terial endotoxin test

dotoxin testing is done using the Limulus amoebocyte lysate (LAL) assay. Two basic types of

assay can be performed. The firstis a kinetic assay, which is available in a colourimetric or turbidimetric

format, and

the second is a gel-clot assay.

The kinetic LAL assay uses control standard endotoxins to generate a standard curve to which unknowns
are compared and concentrations are determined using linear regression. The kinetic assays employed
in laboratories generally use a computer-driven spectrophotometer that automatically calculates the
amount of endotoxins on the basis of colour development or onset times for gel formation.
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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-
clot tubes are available from several commercial sources, and kits with the following sensitivities are
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 sample to be tested.
The second tube contains LAL reagent, a known amount of endotoxins, and the sample to be tested. The
second tube acts as a positive control to confirm the absence of any interference that might lead to a
false-negative result. Positive control tubes are available from the suppliers of commercial LAL assays.

D.3

Interpreting the results of microbial monitoring

Ongd
the 1
99 %
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a sy
disin
Mor¢
disin
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E.2.4
with
varis
the p

ing governance of the water system is critical to the safe delivery of dialysis. Cultuge 're
resence of planktonic organisms in a fluid storage and distribution system. Howeve
of all microorganisms in such a system live in biofilms on the surfaces of the system.[13]
|d be taken in interpreting culture results since a low bacterial count might be'gbtained
tem was contaminated with an established biofilm if the sample was taken-at a point

fection, but before a biofilm shedding event re-established a population-of planktonic
information on the degree of microbial contamination and, as a consequence, the ade
fection schedule, can be obtained by considering both the culture'results and endotox
g based on the worst-case scenario. .

sampling and disinfection regimes should be in accordance) with the system validati

sults reflect
-, more than
2] Thus, care
even though
n time after

organisms.
quacy of the
n levels and

bn plan (see

bility, is appropriately addressed. Modifications in,the disinfection process may be
resence of such increasing trends.

). Careful monitoring of the results of the microbiologicallanalyses should be undertalen, together
areview of the trends so that any possible increase noted, not explained by the normally observed

ecessary in
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Annex E
(informative)

Validation

E.1 General and background

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

The dialysiq fluid and the substitution fluid used for online convective therapies are the result
online process and are used immediately after their production. For this reason, the\use of “batch
control” techniques based on testing at fixed intervals is not the most effective way to ensur
required quplity level is continuously reached. Periodic assessment of the chemical and microbial
tnot identify a potential problem; for example, if that problem arose\just after a test sample

quality mig
was collectd
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E.2 Valid

d.

e, compliance with the requirement that substitution fluid tsed for online conve

d adequately monitored process.

ing plan of the overall system (i.e. including the steps from the dialysis water produ
ation of the dialysis fluid and substitution fluid)cis-based on the knowledge acquired
n plan for the specific dialysis water or dialysis fluid production system and the monit
bplicable to the dialysis fluid production devices as validated by the manufacturer.

hen using a validated and monitored priocess for removal of bacteria and endotoxins 2
hine, sampling of the substitution fluid is not needed. The presence in the system of |
ent (e.g. dialysis machine or endotexin-retentive filters) that have already been validat
turer is sufficient to ensure fluid-quality, provided those parts and equipment are opel
ce with the manufacturer’s fnstructions. Sampling of the dialysis water or dialysis
brformed if required by the'mmanufacturer of the validated process.

asons, and under the-above-mentioned conditions, an effective monitoring strategy sk

the direct sampling,of the dialysis and/or dialysis fluid and on monitoring of the pr
as recommendedby the manufacturer and defined by knowledge of the water treatme
l preparation-system acquired during the validation phase.

ationsprogramme

bf an

b the
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sterile cannot be demonstrated by culturing but has to bje ensured by the application of a

ction
with
bring
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E.2.1 Gen

eral

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 the

quality requirements of ISO 13959 and/or ISO 11663.

E.2.2 Validation steps

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

— validation plan;

62

installation and operational qualification;

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=51aa6e4b9f4dc65e066e8bcbf754ae24

ISO 23500:2014(E)

— performance qualification;

— revalidation through the data collected during routine monitoring.

E.2.3 Validation plan

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

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

installation and operational gualification

Thel

plan

E.2.4

As ddg
funct
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q
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systd
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extended period and /that continuously monitored parameters provide full surveillance o
perfq

Undse

Thef]
analy
qualj

1

q

1

jd demonstration that the system performsyall the required actions and can be operated iy
\

erformance qualification, and
evalidation.

fevel of detail in the plan should reflect the risk, complexity and novelty of the’system. Th
should define all responsibilities during validation and subsequent system operation.

. Performance qualification

scribed in Clause 6, the aim of performance qualification is to-establish that the systen
ions consistently to produce water and dialysis fluid of‘the required quality when
‘dance with the defined procedures and with an incoming water supply of defined cha

brerequisites for performance qualification are as follows:

i demonstration that the plant has been installed'in accordance with the design plans a
he manufacturer’s procedures for installatigir(i.e. installation qualification);

vith relevant technical manuals (i.e..op€rational qualification).

rmance qualification includes périodic assessment of a set of physical, chemical, and mid
meters to demonstrate that.a’ consistent performance pattern can be achieved for
m design and performancerequirements.

sampling and testing pattern can be relaxed during the monitoring phase (norma
ded it can be demonstrated that the system consistently yields high quality res

rmance.
r these assumiptions, the following pattern for performance qualification can be adopt

irstphaserequiresafullchemicaland microbiologicalanalysisofthedialysiswater ormig
rsis“of the dialysis fluid, followed by regular microbiological analyses to demonstrat

le validation

,as a whole,
operated in
racteristics.

nd following

accordance

robiological
the specific

operation)
Its over an
F the system

ed.

robiological
e consistent

ty_in the interval between disinfections. During this period, all the information abou

[ the system

behaviour should be collected and fine-tuning of the action 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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Attainment of two consecutive results within the action level allows the successful completion of
performance qualification and the start of routine monitoring operations.

E.3 Consequences for the monitoring strategy

As a result of the validation process for the water treatment or dialysis fluid preparation system,
adequate maintenance and routine monitoring plans are established. Based on these regimes, system
monitoring starts after performance qualification and ensures ongoing conformance to quality criteria
regarding dialysis fluid and in-house produced concentrates.

Trend ana]xj Sls H‘\rnngh mnhifnring should be used as a3 source of advanced information on Sy tem

performancg, thus enabling a proactive approach to system maintenance with consequential operiational
and financigl benefits.

Monitoring |s achieved with online and offline measurements. With current technology,the ‘majorjty of
parameters|have to be measured offline.

The online onitoring of suitable parameters (such as conductivity) provides immediate identificption
of deviationf from normal operating conditions, offering the following advantages:

— timely iflentification of potential problems in their early stage;

— quick anpd easy diagnosis of the root causes (incoming water quality/technical malfunction);
— implementation of necessary countermeasures;

— triggering of specific offline measurements.

As mentiongd above, a purely time-based offline sampling regime has inherent limitations fof the
monitoring |of a continuous production process sincevdeviations might occur during the sampling
intervals.

Table C.1 lists possible monitoring parameters.dand related frequencies of measurement.
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Annex F
(informative)

Special considerations for home haemodialysis

General

The

quality of dialysis water used to prepare concentrate and dialysis fluid is as impoertqnt for home

haenpodialysis as it is for in-centre haemodialysis. This International Standard is written principally to

addr

ess equipment used for in-centre haemodialysis. While many of the provisions-of'this International

Stanglard are also applicable to home haemodialysis, the latter treatment might pose spme special
challenges not encountered with in-centre haemodialysis. Similarly, home haémodialysis mlight require
somg departures from the provisions of this guidance regarding dialysis fluid’preparation. Because of a

rene
this
homj(
syste
apply
and Y
Valid
Also
whic

Hom
for d
gene
dialy
a der

innex was included in this International Standard to address some'of the concerns part]
e haemodialysis setting. The recommendations included in this annex apply to watg
ms assembled from individual components. Some of the reeoinmendations in this ann
 to systems for home haemodialysis containing integrated’water treatment equipmg

ated systems require assurance that the system is being operated under the validated
the recommendations of this annex do not apply t&’sorbent-based dialysate regenerat
h are excluded from the scope of this International Standard.

rhaemodialysisdiffersfromin-centre haemodialysisinthatthe patientorahelperwillbg
ay-to-day operation and maintenance of the water treatment and other dialysis eg

sis centre should provide trainingifithe operation and maintenance of the equipment
nonstration of competence in those areas before home treatments are begun.

ved interestin home haemodialysis and, in particular, the use of morefrequent treatment schedules,

icular to the
r treatment
bx might not
nt designed

yalidated to produce water and dialysis fluid of the quality required by ISO 13959 angl ISO 11663.

| conditions.
on systems,

responsible
uipment. In

ral, these individuals will not have formal technical training in haemodialysis. Therefore, the

and require

F.2 | Fluid quality

Dialyfsis water, concentrate, and dialysis fluid used for home haemodialysis applications shojild meet the
quality requirements-setforth in Clause 3 of ISO 13959:2014, Clause 4 of ISO 13958:2014, gnd Clause 4
of ISP 11663:2014.

E.3 | Utilities

To intorporate a haemodialysis machine in ahome, the home will need a water supply, a drain/connection,
and 4 dedicated power source. It is recommended that the utility companies providing water and power

to the patient’s home be notified that home dialysis is being performed at thatlocation and that restoring
service after any interruption should be a priority.

F3.1 Water supply

If the water is supplied by a municipal water system, it should meet the applicable standards for
drinking water. Periodic evaluation of source water should be performed to confirm that it meets this
International Standard.

If the water is not supplied by a municipal water system, for example, water obtained from a private well,
applicable drinking water standards might not be met. Since the quality of such water might change over
time, and since the water source might not be routinely monitored, the source water should be analysed
at least yearly. More frequent analyses can be needed if the water source is subject to seasonal changes
or contamination from sources such as septic tanks, underground fuel storage tanks, or agricultural
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waste and chemicals. These analyses might not need to include all the contaminants listed in Tables 1
and 2 of ISO 13959:2014 if only certain contaminants are known to be of concern. If there is documented
contamination of the water from any of the sources listed above, use of the water for home haemodialysis
should be reconsidered. If the home also has a septic system, the source water should be monitored for
contamination by fluids from the septic system. Water quality should also be analysed following a heavy
rain or flood.

If a system is used that contains integrated water treatment equipment designed and validated to
produce dialysis water and dialysis fluid of the quality required by ISO 13959 and ISO 11663, there
should be periodic evaluation of the feed water to demonstrate that the quality of the feed water meets
the requirements for that system or, if not, that there is adequate pretreatment.

1pply should support the maximum demand of the water treatment components. The plping
patient system should be at least 1 cm in diameter. The water pressure should meet the
quirements of the water treatment system, typically at least 150 kPa (approximately 20 psi
Dther components in the home that use water can temporarily reduce the water presspire if

The waters
to a single-j
minimum re
or 1,5 bar).

activated. T
pressure co
the dialysis
a bladder t3
the system {
might need

11d cause the RO system used for dialysis water treatment to shut down, thereby trigg
machine’s low-water-pressure alarm. If fluctuations in water pressure become an i

Fo increase the pressure setting of the well pump, increase the size of the pump, or ins

booster punpp to ensure adequate pressure.

Water temp

temperature

Removal of
removal ded
the minimu

desired dial
water of an
1SO26722:2
to provide W
demand for
the dialysis

Backflow pij
with any re
specified byj

brature might be an issue, particularly during winter,“Fhe performance of an RO syst

chloramine by activated carbon is also température dependent, with the efficien
reasing as the temperature decreases. Finally,the treated water temperature needs to

the heater in the dialysis machine might be unable to increase the temperature t
ysate temperature. A tempering valyéscould be needed to ensure a consistent supy

D14, 4.2.3,and the water heater should be capable of delivering the amountofhotwater ne
rater of the desired temperature for the duration of the dialysis treatment. Alternativel
treated water may be reduced during periods of reduced water temperature by decre
fluid flow rate.

otection should be. installed before the start of the water treatment system in compl
quirements of theloeal plumbing code. These devices should be inspected at the freqy
the local plumbing code.

F.3.2 Dralin

The drain s
and any wa

hould be capable of supporting the maximum flow from the dialysis machine, RO syj
Ler pretreatment equipment. Typically, a 2,5 cm or larger diameter drain pipe is ne

The drain s

hould mr‘nrnnrqu some means of nrnfprhnc na:nncf back clnhnn such as an air bre

hese components include showers, toilets, clothes washers and dishwasher’s! A loss of

nk may be installed in the line supplying water to the water treatment system to :
o continue operation during periods of low water pressure. Honjes with an individual

dependent, with the product-water flow rate deereasing as the temperature decre

m requirement for the dialysis machine, typically 10 °C. If the water temperature decr¢
below 10 °(,

vater
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Ssue,
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well
tall a
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ases.
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pases
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hdequate temperature. If a tempering valve is installed, it should meet the requirements of
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tem,
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the wastewater stream to avoid backflow from the drain system into the haemod1a1y51s machine or
any water treatment component with a drain line. If the home has a septic tank, the septic tank should
be able to process the volume of water from this drain. It might not be possible to perform nocturnal
haemodialysis in a home with a septic tank since this tank might not be able to support the volume of
water delivered to it over an extended period (8 h). Another potential limitation is that the septic system
will be exposed to disinfectant chemicals (sodium hypochlorite, peracetic acid, hydrogen peroxide, etc.),
which could kill the bacteria needed for the septic system to function.

F.3.3 Electrical wiring and power supply

When haemodialysis equipment is used in the home, consideration should be given to the requirements
of IEC/TR 62653 with respect to wiring. The power source used for the haemodialysis equipment should
comply with the requirements of IEC 60601-2-16.
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F.4 Environment

Haemodialysis involves large volumes of water and waste dialysate. Loose tubing connections or
equipment malfunction might produce leaks that can cause damage to the home. If water treatment or
dialysis equipment is located on an upper floor, leaking fluids might seep through the floor and damage
ceilings on lower levels. It is recommended that areas where water is treated for dialysis, and in which
dialysisis performed, be designed to contain fluid spills when they occur. The flooring material should be
water resistant and capable of being easily cleaned. Carpeting or wooden floors are not recommended.
In addition to being difficult to clean, carpet can mask blood spills in the dialysis area.

Home haemodialysis generally requires an area for storage of supplies, including dialysis concentrate.
That[area should provide a year-round environment that Meets the manufacturer s recommendations
for storage of the supplies.

E5 | EQuipment
F5.1 General
The gquipment selected for home haemodialysis should be simple to.operate. The patienft/helpers in

the home should be formally trained in the proper operation and maintenance of the haemddialysis and

supplorting water treatment equipment by the dialysis centre or its designee.

The bd water. As
sis water of

ntaminants

inal configuration of the water treatment system will depend on the quality of the fe
with|in-centre dialysis, the water treatment system shquld'be designed to produce dialy
the quality set forth in Clause 3 of ISO 13959:2014, when supplied with water containing cc
at thie highest anticipated level. Water treatment eqUipment may include sediment filterf, softeners,
carbpn beds, reverse osmosis (RO) system, or deienizers (DI). Depending on the contamipants in the
watelr, additional water treatment equipment may’include iron filters, dealkalinizers, and I;J‘tcrate filters.
Unless specified otherwise in ISO 26722 or in this International Standard, water treatment equipment
for hpme haemodialysis should meet the regurirements of ISO 26722.

F.5.2 Softener

A wi

iter softener might be needed to prevent calcium and magnesium from forming §

me
and
wat
nee

Softd
used
salt

cont
the s

branes of a reverse osmdsis system. For water with a high level of hardness, removd
agnesium with a softener can be necessary if the reverse osmosis system is to prod
that meets the requirements of ISO 13959 for calcium and magnesium. A softener ty]
d to support a deionization system.

ners should/be/regenerated or exchanged on a regular basis. Only sodium chlori
to regenerate a softener. Potassium chloride should not be used for softener regen

ins sediments and other impurities that might damage O-rings and pistons and clo
oftener control head. Single tank softeners can be set to regenerate automatically on

cale on the
1 of calcium
uce dialysis
bically is not

should be

gEation. Also,
lesignated’ as rock salt should not be used for regeneration since it is not refined apd typically

o orifices in
set days or

aften

they have processed a designated amount of water; alternatively, regeneration can

be initiated

manually. Softeners used for haemodialysis applications that regenerate automatically are fitted with
a mechanism to prevent water from entering the product line during regeneration. Typically, the timer
on the softener is not interlocked to stop the reverse osmosis system when regeneration occurs. If the
dialysis machine is producing dialysis fluid at that time, a low water pressure alarm will occur. For that
reason, attention should be paid to setting the time for softener regeneration, particularly when daily
nocturnal haemodialysis is being performed.

F.5.3 Carbon media

Atleast one carbon bed or filter should be installed even if the water supply is from a well and no chlorine
is present. Inaddition to chlorine, carbon can remove organic contaminants from ground water, including
solvents, pesticides, industrial wastes, and substances leaking from underground storage tanks. When
water is obtained from a municipal water supply containing 1 mg/1 or more of chloramine, two carbon
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