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Forew

ISO 23500-4:2024(en)

ord

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

has been

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

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

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

of ISO dogumen

ISO/IECD

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

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

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had notxéceived ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad{
constitutd

For an ex

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

Organizat

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

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

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

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

SC 2, Carg
Standard

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

This seco
revised.

The main

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

d edition cancels and replaces the-first edition (ISO 23500-4:2019), which has been t¢chnically

changes are as follows:

— alterpatives to classic microbial analytical methods [endotoxin testing using rFC (tp)] Have been

incor
— furth

Alistofa

porated;
er clarifications ©on'the use of concentrates spikes and containers have been added.

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

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

complete

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

The requirements established in this document will help ensure the effective, safe performance of
haemodialysis concentrates and related materials. Haemodialysis concentrates are a mixture of chemicals
and water, or chemicals in the form of dry powder or other highly concentrated media, which are delivered
to the end user to make dialysis fluid used to perform haemodialysis and related therapies. In this document,
the dialysis fluid made by the end user mixing haemodialysis concentrate and water of the quality given in
[SO 23500-3 is discussed to help clarify the requirements for manufacturing concentrates. Therefore, it is
recommended to refer to ISO 23500-3 along with this document.

This document reflects the conscientious efforts of concerned physicians, clinical engineers, nurses,
dialysis technicians and dialysis patients_in consultation with device manufacturers and regulatary agency
representfatives to develop a standard for performance levels. The term “consensus” as applied to the
development of voluntary medical device standards does not imply unanimity of opinion, butrathé¢r reflects
the compromise necessary in some instances when a variety of interests are merged.

Because the manufacturer of the concentrate does not have control over the final dialysisfluid, anyjreference
to dialysis fluid is for clarification and is not a requirement of the manufacturer, Furthermore, label
requiremgpnts for dialysis fluid are placed on the labelling of the concentrate, it isthe user's responsibility to
ensure prjoper use.

The ratiopale for the development of this document is given in Annex A.

© IS0 2024 - All rights reserved
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International Standard ISO 23500-4:2024(en)

Preparation and quality management of fluids for
haemodialysis and related therapies —

Part 4:
Concentrates for haemodialysis and related therapies

1 Scope

This dochment specifies the chemical and microbiological requirements for concentrates|used for
haemodidlysis and related therapies and applies to the manufacturer of such concenttates.

This docyment is applicable to:
— concgntrates in both liquid and powder forms;

— additjves, also called spikes, which are chemicals that can be added)to the concentrate to sypplement
or indrease the concentration of one or more of the existing ions-il{ the concentrate and thus if the final
dialysis fluid;

— equigment used to mix acid and bicarbonate powders inte.concentrate at the user's facility.
This docyment does not apply to:

— concgntrates prepared from pre-packaged salts-and water at a dialysis facility for use in that facility;
— pre-plackaged and sterile dialysis fluid;

— sorbgnt dialysis fluid regeneration systems that regenerate and recirculate small volumes of the
dialysis fluid;

— equigment to perform patient tréatment; this is addressed IEC 60601-2-16.
This docyment does not cover_the/dialysis fluid that is used to clinically dialyse patients. Dialydis fluid is
covered ip ISO 23500-5. The making of dialysis fluid involves the proportioning of concentrate an¢l water at

the bedsifle or in a central-dialysis fluid delivery system. Although the label requirements for dialysis fluid
are placed on the labelling of the concentrate, it is the user's responsibility to ensure proper use.

2 Normative references

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

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

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

ISO 23500-5, Preparation and quality management of fluids for haemodialysis and related therapies — Part 5:
Quality of dialysis fluid for haemodialysis and related therapies

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for basic safety and essential
performance

© IS0 2024 - All rights reserved
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IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and laboratory use —
Part 1: General requirements

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

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

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

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

3.1
bicarbon]Ete dialysis fluid
dialysis fluid containing physiological or higher concentrations of bicarbonate

Note 1 to ¢ntry: Dry sodium bicarbonate, without added sodium chloride, is also used in concéntrate generators (3.3)
to producq a concentrated solution of sodium bicarbonate used by the dialysis machine to rvake dialysis flujd.

3.2
concentrpte mixer
mixer for|the preparation of dialysis concentrate for dialysis fluid at a dialysis facility

3.3
concentrpate generator
system where the concentrate is delivered to the user as a powder in a container, suitable for agtachment
to the diglysis machine with which it is intended to be uséd, and then the powder is converfed into a
concentrdted solution by the dialysis machine

Note 1 to gntry: The solution produced by the concentrate génerator is used by the dialysis machine to malke the final
dialysis fl{4id delivered to the dialyser.

4 Requirements
4.1 Concentrates
4.1.1 Physical state

4.1.1.1 |General

The concgntrate for haemodialysis can be supplied in dry or aqueous form. Packaging can be for flirect use
with a sinjgle dialysisimachine or for use in systems supplying multiple dialysis machines (bulk us¢).

4.1.1.2 |Liquid-solute concentrations

All electrolytes identified on the label shall he present within +5 % or +01 mEq/l (expressed ds dialysis
fluid concentrations), whichever is greater, of the stated concentration, with the exception of sodium, which
shall be present within +2,5 % of the labelled concentration. If used, glucose shall be present within +5 %
or 0,05 g/l (when measured as properly diluted dialysis fluid), whichever is greater, of the labelled
concentration. Where concentrates include non-traditional constituents, such as antioxidants and iron
compounds, these constituents shall be present at nominal concentrations with +5 % tolerances. If alternate,
locally approved tolerances are used, the tolerances shall be similarly stated and the rationale for their use
documented.

Most concentrates are manufactured with standard traditional chemicals such as sodium chloride,
potassium chloride, magnesium chloride, calcium chloride, acetic acid and glucose. New concentrates are
available which include additional chemicals or in which certain chemicals have been substituted by others;
for example, citric acid has been substituted for acetic acid. Where this occurs, the labelling shall correctly

© IS0 2024 - All rights reserved
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reflect this information and the substitute chemicals shall be present at nominal concentrations with +5 %
tolerance. If alternate, locally approved tolerances are used, the tolerances shall be similarly stated and the
rationale for their use documented.

It is essential that the actual concentrations of the solutes contained in the concentrate be as close as
possible to the labelled amount since the final composition of the dialysis fluid will be subject to cumulative
variability from other sources within the process of dialysis fluid delivery (such as, but not limited to,
laboratory testing, mixing process or proportioning, dialysis water).

4.1.1.3 Solute concentrations based on powder

When concentrate is packaged in dry form or a combination of dry and liquid and is mixed according to the
manufactprersinstruction foruse; the concentrate strattmreet the TequiTenments of =11

4.1.2 Water

The qualify of water used in the manufacture of the concentrate shall be in accordancewith ISO 23500-3.
4.1.3 Bpcteriology of concentrates

4.1.3.1 |Bacteriology of acid concentrates

There arg no published reports of acid concentrate supporting microbial growth and, as guch, acid
concentrdte need not be tested for microbial growth.

4.1.3.2 |Bacteriology of bicarbonate concentrates

Concentrgte containing bicarbonate supplied as a liquidvshall be provided in a sealed contpiner and
manufactpred by a process validated to produce dialysis fluid meeting the microbiological requirements of
[SO 23500-5, when used in accordance with the manufacturer's instructions. Bicarbonate powdei intended
for the prleparation of concentrate at a dialysis facility shall be capable of producing dialysis fluifl meeting
the micr¢biological requirements of ISO 23500-5, when used in accordance with the manufacturer's
instructidns.

4.1.4 Epdotoxin levels

The concdntrate shall be formulated.and packaged using a process validated to produce dialysis fluid meeting
the endotpxin requirements of ISO-23500-5 or the applicable pharmacopoeia when used in accordance with
the manufacturer's instructiens:

4.1.5 Fjll quantity

The exceds fill volumie of liquid containers and the excess fill weight of powder containers used with batch
systems fpr a single“dialysis treatment shall be within 2 % of the labelled volume or weight. The fil] weight of
bulk deliviered powdered concentrate shall be such that, when mixed in accordance with the manulffacturer’s
instructiqnSy it produces liquid concentrate that meets the requirements of 4.1.1.1. The fill wgight of a
concentrdtegemerator strattbesuchrthat thedevice peT formrsasTterdedForattother dppliLdLiU 1S, the fill
volume or weight shall be 2100 % of the stated volume or weight.

4.1.6 Chemical grade

All chemicals shall meet the requirements of the applicable pharmacopoeia, including all applicable portions
of the general notices and of the general requirements for tests and assay. If all other requirements are
met, monograph limits for sodium, potassium, calcium, magnesium and/or pH can be exceeded provided
that correction is made, if necessary, for the presence of those ions in the final formulation. Also, any
pharmacopoeia requirements that the chemicals be labelled for use in haemodialysis need not be complied
with if the manufacturer is performing its own testing to meet the requirements of the applicable
pharmacopoeia.

© IS0 2024 - All rights reserved
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4.1.7 Particulates

The aqueous dialysis concentrate shall be filtered through a nominal 1 um or finer particulate filter. The
particulate filter used shall have a non-fibre-releasing membrane that does not contain material of known
potential for human injury.

4.1.8 Additives — “Spikes”

The use of concentrate additives such as potassium chloride in a canister is not recommended. Due to
differences in density, homogeneous mixing is made more difficult and there is a risk of “island formation”,
i.e. areas with a high concentration of the concentrate additive. If the dialysis machine aspirates such areas,
this can lead to a serious patient risk.

If additives are supplied, the concentration, when properly diluted with water or concentrate,ghall yield
values within +5 % by weight of the labelled value.

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

4.1.9 Cpntainers

Containers, including the closures, shall not interact chemically or physically(with the contents t¢ alter the
strength, |purity or quality of the concentrate during handling, storage and-Shipment. The contaipers shall
have clospires that prevent contamination or loss of content. Each contajiier shall be marked to indicate its
contents.[One means of indicating the contents is to use an appropriaté symbol (see Table 3).

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

If the comtainer or cannister is of a type which is suitable for use in multiple treatment segsions, an
appropridte risk control measure shall be introduced sg-that the use of the container and its contenits beyond
the initial use does not introduce risks to the patient,

The following risks exist, among others:

— crossfcontamination due to use of a(contaminated canister contents with another patient, |e.g. if the
canisfer was not used for the specific patient;

— changes in the chemical comp@sition or the microbiological contamination due to storage, ejg. beyond
the next patient treatment day;

— contdmination, evaporation and change in concentration of contents arising from incorrect re|sealing of
the container.

4.1.10 Bulk-deliveréd concentrate

When corjcentrate is delivered in bulk form, the responsibility for ensuring conformity with this focument
shall pas$ ffom the manufacturer to the user at the legal point of transfer of the shipment.|Once the
concentrdte-s transferred from the manufacturer to the user it becomes the user's respon :ibility to

maintain the product in a usable state with appropriate labels and non-tamper procedures.

4.1.11 Concentrate generators

Concentrate generator systems include systems that mix powder, or a highly concentrated liquid, into a
concentrate by forming a slurry or concentrated solution in a container designed to function with specific
dialysis machines. Mixing is accomplished by an automated dynamic proportioning system within the
dialysis fluid delivery system. Because these concentrates are delivered to the user as a powder or a
highly concentrated liquid in containers designed for specific machines, it is the concentrate generator
manufacturer's responsibility to ensure that

— all applicable clauses of this document dealing with powder are met,

© IS0 2024 - All rights reserved
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— the container will function with the machines as specified by the manufacturers of the machines, and

— undissolved powder is prevented from entering the dialysis fluid stream.

4.2 Manufacturing equipment

Any material components of the manufacturing equipment (e.g. piping, storage, and distribution systems)
that have contact with the final concentrate or any component of the concentrate shall not interact physically
or chemically with the product so as to significantly alter the strength, purity or quality of the concentrate
delivered to the user. Examples of materials that should not be used in manufacturing equipment include
copper, brass, zinc, galvanized metal or aluminium.

4.3 Systems for bulk mixing concentrate at a dialysis facility

4.3.1 General

The folloying requirements apply to systems, such as a central concentrate system, used to prepdre acid or
bicarbongte concentrates from dialysis water and powder or other highly concentfated media at|a dialysis
facility.

4.3.2 Materials compatibility

The matefials of any components of concentrate mixing devices/systers (including storage and distribution
systems) that contact the concentrate solutions shall not interact chiemically or physically so as tojadversely
affect thejr purity or quality. Such components shall be fabricated from non-reactive materials (e.g. plastics)
or appropriate stainless steel. The use of materials that are known to cause toxicity in haemodialysis, such
as copper] brass, zinc, galvanized material or aluminium, are-specifically prohibited.

4.3.3 Diisinfection protection

4.3.3.1 |General

When thefmanufacturer of the mixing systeni.recommends chemical disinfectants [see 6.7.2 k)], mpans shall
be provided to restore the system to a safé condition relative to residual disinfectant prior to the system
being usef to prepare a batch of concentrate.

When formaldehyde is used, residuallevels can be determined by the Hantzsch reaction, Schiff's rpagent, or
by an equjivalent test. Residuallevels shall not exceed 3 mg/1.

NOTE Lgcal requirements’can apply.

When ozdne is used, the'residual level shall be less than 0,1 mg/l; when sodium hypochlorite is used, test
strips with a minimum'indication of 0 mg/1 shall be used.

If other chemicals are used, appropriate testing in accordance with the manufacturer’s recommgndations
shall be uped:

When the manufacturer of the mixing system recommends high-temperature disintection, a means shall be
provided to restore the system to a safe temperature prior to being used to prepare a batch of concentrate.

4.3.3.2 System lock out

When disinfection is accomplished automatically by a chemical disinfectant, such as ozone, or by high
temperature procedures, activation of the disinfection system shall result in activation of a warning system
and measures should be taken to isolate haemodialysis machines from the concentrate preparation and
distribution system.

© IS0 2024 - All rights reserved
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4.3.4 Safety requirements
Each concentrate mixing device/system shall exhibit the following minimum safety features:

a) operating controls shall be positioned so as to minimize inadvertent operation and resetting of
functions;

b) distribution controls shall be clearly labelled to minimize the possibility of error in the transfer of
concentrate.

4.3.5 Bulk storage tanks

When used 3 g ] 3
drain frogn the lowest point of the base. Bicarbonate storage tanks should have a tight-fitting lid 4
ingress of contaminants and be vented through a hydrophobic 0,45 pm air filter.

DONAle CONCEN C OIragec (adnk 10 1 Nave a Con O DOWI-SNAPEd DASE d

Rigid, non-flexing acid concentrate storage tanks can have a flat bottom and should be yented in} a way to
prevent djrt contamination of the concentrate.

Storage tanks should not have sight tubes, which can grow algae and fungi. Méans shall be prjovided to
effectivel} disinfect any storage tank in a concentrate distribution system that.is!sSubject to microbiological
contaminption.

The disinfection of acid concentrate tanks is normally not necessary. However, bicarbonate tanks|should be
disinfectdd frequently. For acid concentrate storage, alternative bulkstorage containers, such as|bladders,
can be used.

4.3.6 Ultraviolet irradiators

When corjcentrate storage and distribution systems are provided with an ultraviolet irradiator forjmicrobial
control, the following shall be complied with:

a) theultravioletirradiator shall emit radiation ata wavelength of 254 nm;

b) the ultravioletirradiator shall provide a dgse of radiant energy of 160 J/m? if it is fitted with a ¢alibrated
ultrayiolet intensity meter, otherwise-itshall provide a dose of radiant energy of 300 J/m?Z;

¢) theultravioletirradiator shall be Sized appropriately for the maximum flow rate;

d) the dltraviolet irradiator shall*be equipped with an online monitor of radiant energy output or a
recorhmended frequency gflamp replacement shall be stated;

e) the ultraviolet irradiatoershall be followed by an endotoxin retentive filter.

4.3.7 Pjping systenis

Concentrate distribution systems shall not contribute microbiological contaminants to the copcentrate.
Concentrgtedistribution systems shall be designed and operated in a manner that minimizes [microbial
proliferatfiomand biofilm formation that can contaminate susceptible concentrates. Frequent diinfection
of bicarbonate concentrate distribution systems is one way to minimize microbial proliferation and biofilm.
The disinfection of piping systems for acid concentrate is normally not necessary because acid concentrates
are typically bacteriostatic.

4.3.8 Electrical safety requirements

Where there is a possibility of a sustainable fluid pathway to the patient which is capable of conducting
electrical current, the device shall meet the requirements of IEC 60601-1 with respect to electrical

© IS0 2024 - All rights reserved
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safety. Where the electrical system is isolated from the patient the device shall meet the requirements of
[EC 61010-1, with respect to electrical safety.
NOTE There is a possibility of a sustainable fluid pathway to the patient which is capable of conducting electrical
current. Its existence would depend on the distribution system and the manufacturer's instructions for use of the
concentrate mixing system. To maximize electrical safety two cases are presented:

a) where there is a possibility of a sustainable electrical pathway, and

b) where the electrical system is isolated from the patient.

5 Tests

5.1 General

Clause 5 dpecifies test methods by which conformity with the requirements of Clause 4 shall be veyified. The
test methpds listed do not represent the only acceptable test methods available but aresintended fo provide
examples|of acceptable methods. Other test methods are permitted, provided it hasbeen demonstfated that
such metlods have been appropriately validated and are comparable to the cited-fitethods.

5.2 Comncentrates

5.2.1 Physical state

Conformify with the requirements of 4.1.1 shall be determined hyVisual inspection.
5.2.2 Soplute concentrations

5.2.2.1 |Liquid solute concentrations

Conformify with the requirements of 4.1.1.1 for calcium, potassium, magnesium and sodiunj shall be
determingd by using methods described by the American Public Health Association,[Z] the Envifjonmental
Protectiop Agency,8] applicable pharmacopgeia or other equivalent validated analytical methodd. Samples
shall be dollected in sealed containers. Appropriate sample preparation, including using suitablle mixing
vessels arnjd adjusting for pH if necessary, shall be used to ensure accurate determinations.

Conformify with the requirements‘of 4.1.1.1 for new and non-traditional concentrate constituenfs shall be
determingd by using appropriate and validated analytical methods.

The maximum contaminantlevels referred to in ISO 23500-3 shall be used as a reference for dialysis water.

Conformify with the reqwirements for the contents of the dialysis fluid shall be determined as depcribed in
Table 1. Ofther test niethods are permitted, provided it has been demonstrated that such methods have been
appropridtely validated and are comparable to the cited methods.

Table 1 — Analytical tests for chemical components

Component Test methods

Acetate Gas chromatography, liquid chromatography, enzymatic or potentiometric methods

Bicarbonate |Acid titration and calculation, ion chromatography, or other method for total CO,

EDTA titrimetric method, atomic absorption (direct aspiration), inductively coupled plasma spectrometry (direct aspiration)

Calcium or ion chromatography

Glucose Polarimetry, enzymatic, liquid chromatography or chemical methods

Magnesium |Atomic absorption (direct aspiration), inductively coupled plasma spectrometry (direct aspiration) or ion chromatography

Flame photometry method, atomic absorption (direct aspiration), inductively coupled plasma spectrometry (direct aspiration)

Potassium or ion chromatography

Atomic absorption (direct aspiration), flame photometric method, inductively coupled plasma spectrometry (direct aspira-

Sodium tion), ion-specific electrode or ion chromatography
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5.2.2.2 Solute concentrations from powder

To test for the solute concentration from dry powders, the contents of a package should be mixed according
to the manufacturer's instructions and tested according to 5.2.2.1.

5.2.3 Water

Conformity with the water quality requirements of 4.1.2 shall be determined by using methods referenced
in ISO 23500-3.

5.2.4 Microbial contaminant test methods for bicarbonate concentrates

To ensurgcontormity with 4.1.3.Z, the samples for total viable counts should be processed and tegted using
the memMrane filter technique or other validated standard test methods such as spread plateorpour plate
techniqug. The calibrated loop technique shall not be used.

Recommended methods are shown in Table 2. Such methods provide only a relative”indicatijon of the
microbial| bioburden rather than an absolute measure. The manufacturer should detérmine which of these
methodolpgies is appropriate for the circumstance, taking into account the advantages of each methodology.

The decisjon to use longer incubation times, should be made after balancing the)need for timely information
and the type of corrective actions required when alert or action level is exce€ded with the ability {o recover
the micrgorganisms of interest. The advantages gained by incubating fot\longer times namely rgcovery of
injured mlicroorganisms, slow growers, or more fastidious microorgafiisms, should be balanced against the
need to have a timely investigation and take corrective action, as wéll as the ability of these microgqrganisms
to detrimpntally affect products or processes” (e.g. patient safety).

Salt tolerpnce studies have shown that optimal growth of organisms found in bicarbonate concentrate
occurs when the aqueous sodium chloride concentrationds-approximately 3 % to 6 %. Conseqyently, the
usage of 3 low-salt medium, such as Reasoner's agar noy 2" (R2A) or tryptone glucose extract agar (TGEA),
should be{supplemented with 4 % sodium bicarbonate:

Currently] there is no requirement for routine susveillance for the presence of yeasts and filamentpus fungi.
If such information is required, the culture niedia shall be Sabouraud or malt extract agar (MEA). Other
media, infubation temperatures and incubation times are permitted provided it has been dempnstrated
that such|methods have been appropriately validated and are comparable to the cited methods| Blood or
chocolatelagar shall not be used.

The micr¢biological purity of packaged liquid concentrates and dry powder cartridges is the resgonsibility
of the mapufacturer. Surveillance of bicarbonate concentrate produced at a dialysis facility from pqwder and
water, thqugh not required routinely, can be undertaken as part of a troubleshooting investigation|.

Table 2 — Culture techniques used in bicarbonate concentrate

Culturgmedium Incubation temperature Incubation tim¢
TGEA2 17°Cto 23 °C 7d
R2Aa 17 °Cto 23 °C 7d
Trypric soy agar (TSA)P 35°Cto 37 °C 28 h

a  The sodium content of Reasoner's 2A and TGEA is insufficient for use in culturing bicarbonate concentrate and should be
supplemented with 4 % sodium bicarbonate.

b

The sodium content of TSA is sufficient for use in culturing bicarbonate concentrate without supplementation.

5.2.5 Endotoxin levels

Conformity with the requirements of 4.1.4 can be determined by the Limulus amoebocyte lysate (LAL) test
for endotoxins.

The detection of bacterial endotoxins, which originate from gram-negative bacteria, is mainly carried out
using the amoebocyte lysate (LAL), which is obtained from horseshoe crab blood (Limulus polyphemus
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or Tachypleus tridentatus). The corresponding chapters have been harmonized between the European
Pharmacopoeia ((EP) 2.6.14.)[2], the Pharmacopoeia of the United States-National Formulary, (<85>)[10] and
the Japanese Pharmacopoeia (4.01)[111,

The LAL test is based on the humoral coagulation cascade of the horseshoe crab Limulus polyphemus. The
first enzyme in this coagulation cascade reacts with endotoxin and is called Factor C. This factor is now
produced recombinantly (biotechnologically) and offered as the rFC test by several manufacturers for the
determination of bacterial endotoxins. Compared to the LAL test, the rFC test has proven to be at least
as sensitive and reliable, but less susceptible to certain interfering factors and batch fluctuations. Due to
biotechnological production, no live animals are required as blood donors.

This new method has been incorporated into the European Pharmacopoeia (2.6.32)[12] and it is planned to
be includeddntothe United States Dhnrmar‘npnpi:\-]\l:\finnn] F'nrmn]::ry ((1 085 15)[13]

5.2.6 Fjll quantity

Conformify with the requirements of 4.1.5 can be determined by the use of appropriate volumetric or
gravimetfic techniques.

5.2.7 Chemical grade

Purity of|chemicals as specified in 4.1.6 can be determined by test methqds outlined in the agpropriate
pharmacqpoeia.

5.2.8 Particulates

Conformify with the requirements of 4.1.7 can be determined<byinspection of the manufacturing fecords of
the product to ensure that the concentrate was filtered throtigh a nominal 1 um filter.

5.2.9 Additives — “Spikes”

Conformify with 4.1.8 can be determined by disselying the additive in the appropriate concentratg and then
measuring the concentration of the added chemical to determine if the presence of the additive ajtered the
concentrdtion of that chemical to within £5.% of the amount specified on the additive label. Alternately,
the additjve can be diluted into the appriopriate quantity of water and tested to determine if thg additive
provides the stated increase in concentration within #5 % of the labelled value. Testing shouldl be done
according to 5.2.2.1 once the additiyeis mixed.

5.2.10 Cpntainers

Conformify with the requwirements of 4.1.9 can be determined by visual inspection and by agpropriate
biocompaltibility testing:xBiocompatibility testing should begin with a risk analysis. Using the results of that
risk analysis a testing'rationale should be developed using, for example, methods described in applicable
pharmacqpoeia or‘other appropriate documents.

5.2.11 Brllk delivered concentrate

Conformity with the requirements of 4.1.10 can be determined by review of the delivery procedures.

5.2.12 Concentrate generators

Conformity with 4.1.11 can be confirmed by review of the design records of the container that holds the
powder, functional testing with the intended haemodialysis machine and inspection of the product label.

NOTE It is recognized that a dialysis machine manufacturer can modify his equipment to use another
manufacturer's concentrate generator system. When this is done, it becomes the machine manufacturer's
responsibility to ensure that the concentrate generator system is compatible with the dialysis machine.
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5.3 Manufacturing equipment

The biocompatibility of material components used in the manufacturing equipment should be determined
by verifying that the components in contact with the concentrate or water are non-reactive materials
(e.g. plastics or appropriate stainless steel) that are not known to cause toxicity in dialysis fluid systems.
Biocompatibility testing should begin with a risk analysis. Using the results of that risk analysis, a testing
rationale should be developed using, for example, methods described in applicable pharmacopoeia or other
appropriate documents.

5.4 Systems for mixing concentrate at a dialysis facility
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poeia or other appropriate documents.

General

Ly with the requirements of 4.3.3.1 can be determined by testing for the disinfectant in
the end of the disinfection loop. When the disinfectant is formaldehyde, residual levg
bd by the Hantzsch reaction, Schiff's reagent ofa comparable test. When the disinfectant
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5.4.5 Bulk storage tanks

Conformity with the requirements of 4.3.5 can be determined by visual inspection.

54.6 U

Itraviolet irradiators

Conformity with 4.3.6 can be determined by inspection.
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5.4.7 Piping systems

The absence of aluminium, copper, lead, zinc, and galvanized components and the configuration of a
concentrate mixing system/device can be determined by visual inspection. Non-contribution of bacteria and
specific chemical contaminants to the solution by the distribution system can be verified by using the tests
described in 5.2.4, 5.2.5 and 5.3.

5.4.8 Electrical safety requirements

Conformity with the requirements of 4.3.8 can be determined using the tests found in IEC 60601-1, as

appropriate.
6 Labelling
6.1 General
The term| “labelling” in this document includes any written material accompanying the haemodialysis
concentrdtes and concentrate mixing system or any written instructions provided by the manufagturer.
The label|on the concentrate container shall, at a minimum, provide the applidable information fontained
in 6.2 to 4.6. Symbols specified in ISO 15223-1 and ISO 7000 can be used wheére appropriate.
With sonje machines the mixing of concentrate is automated and fot’performed by the user| In these
cases, thq instructions for use can be modified to fit the appropriate situation. For example, if th¢ machine
takes powder and liquid concentrate and mixes them internally, ittwould not be necessary to state that the
“concentrpte be mixed well before use”. The design of the machise should take this into account arjd mix the
concentrdte appropriately.
6.2 General labelling requirements for concentrates
General l1gbelling requirements for concentrates shall include the following:
a) name¢and address of the manufacturer/distributor;
b) expirly date, if applicable;
NOTE|1  Normally, the expiry date'and not the manufacturing date will be on the product.
c¢) manyfacturing date, only ifexpiry date is not applicable;
d) ident}fying lot number;
e) listofall ingredierntsiin the final concentrate and the following;
f) complosition, dncluding the concentration, in grams per litre (g/1), of each ingredient for liquid
concgntrate or the weight per container of each ingredient for powder;

g) comp

osition of the dialysis fluid, including

— the nominal concentration of each electrolyte in millequivalents per litre (mEq/1) or millimoles per
litre (mmol/1) and

— the concentration of non-electrolytes in the dialysis fluid in grams per litre (g/1) or millimoles per
litre (mmol/1);

the chemical concentration of the final dialysis fluid shall be placed on the acid concentrate label;

NOTE

2 Where there is insufficient space on the label to properly present the information required, it is
acceptable to provide this information in an alternative format such as a package insert.
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h)

D)

p)
q)

6.3 Labelling requirements for liquid concentrate

Labelling[for liquid concentrate shall include the folewing.

a)

ISO 23500-4:2024(en)

for batch systems, the volumes or weight of dialysis concentrate(s) and the amount and quality of
the water that shall be mixed; if mixing is automated, an instruction to follow the manufacturer's
instructions for use;

for proportioning systems, the ratio of dialysis concentrate and water that shall be mixed;
trade name of the product, if appropriate;

a statement regarding the storage, handling, and transportation requirements; for example: “Store at or
below room temperature”, “Do not freeze” and/or “Short-term exposure to warm conditions (40 °C) will
not harm acid concentrate”;

any special requirements that are necessary because of the specificity of the product (i.e. the use of
concgntrate generators with a specific dialysis tfluid delivery system);

a warning stating that microbial growth can occur when using bicarbonate concentrate)(bigarbonate
concqntrate only) and any other precautions that shall be taken in the mixing of the concentra[e;
a

when| appropriate, a statement to test the final dialysis fluid for one of the fglfowing paframeters:

cond]lctivity, pH, osmotic pressure, sodium concentration or chloride concentration;

a stafement that ISO-quality water meeting the requirements of ISO 2350033 shall be used to|dilute the
concgntrate to make dialysis fluid;

a statlement to not overmix bicarbonate concentrate;

a stalement regarding any special buffering concerns (includifigithe impact of varying the dialysis fluid
sodium and bicarbonate concentration during dialysis) on the labelled composition of the fingl dialysis
fluid,|if appropriate (see Clause A.1).

Instrfictions for use:
1) The label shall include instructions to mix thoroughly prior to use and instructions rot to use
damaged containers. When bicarbonate is used, a warning shall be included noting that[microbial
girowth can occur in concentfated or diluted bicarbonate solutions.
2) 'The labelling shall state‘that once opened, the bicarbonate concentrate shall be used Within the
time limit specified-by/the manufacturer, or within 24 h, unless measures to extend [that limit
are documented. The time limit for use (determined by the manufacturer) shall be the period
during which the,-concentrate consistently produces a dialysis fluid that meets the chemical and
nicrobiologicalr'ecommendations of ISO 23500-5 when used in a properly maintained sygtem.

3) Liquid concentrate labelling can include geometric symbols (see Table 3) to differentiatq different
proportioning ratios. If such symbols are used, the numbers representing the proportionipg system
should also be easily visible and located within the boundarles of the geometrlc symbol.|The label

p contains

no potassium or no calc1um this 1nformat10n shall be promlnently dlsplayed on the label If colour

coding is used, red should be used for acid, blue for bicarbonate and white for acetate.

Fill volume of the container.

Nominal conductivity of the final dialysis fluid when mixed according to the manufacturer's instructions
or a statement that such information is available from the manufacturer.
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6.4 Labelling requirements for powder concentrate

Labelling for powder concentrate shall include the following.

a)
2)
s
s
c
C
b) Instr
0
d) Ifapp
e) Forb
as we
mixir
f) Dialy
6.5 Ad¢
Labelling
a) a list

b) dilutional effects on the final dialysis fluid of any liquid additives (labelling on liquid additives

6.6 Labelling requirements for concentrate generators

Labelling[for concentrate generators shall include the following:

a)

b)

Instructions for use:

1) The label shall include recommended storage and handling conditions and mixing precautions.
When bicarbonate is used, microbial limits for water used and other microbial concerns (e.g.
disinfection of mixing and storage apparatus) shall be stated. The maximum storage time (shelf
life) before dissolution and following dissolution shall be stated for specified storage conditions.
Where necessary, to ensure quality of the product by the end user, directions shall instruct the user
on the proper use of the product. Such directions shall include, but not be limited to, the quality of

The amount of water that shall be used to reconstitute the concentrate.

sure proper dilution of the final dialysis fluid and any specific precautions that shall{bg
ensure proper use of the product.

wder concentrate labelling can include geometric symbols (see Table 3) to differentiate
oportioning ratios. If such symbols are used, the numbers representing the_proportioni
hould also be easily visible and located within the boundaries of the geomeétric symbol.

bntains no potassium or no calcium, that shall be prominently displayed on the label
bding is used, red should be used for acid and blue for bicarbonate!

ictions for mixing the dry powders into a liquid concentrate.

licable, the mixing equipment for which the powderds‘to be used.

carbonate concentrate, the time limit for use in order to prevent possible microbial conta
1l as, appropriate warnings that residual bicarbonate concentrate, uncleaned mixing t|
g systems will support microbial growth.

Kis water should be used to mix the conéentrate.
litives

for additives shall include thefollowing:

form

propoértioning system or dialysis machine with which they are to be used;

la and the subsequentchange to the dialysis fluid, which result from the addition of the

or pH) to
 followed

different
Ng system
The label

hould incorporate a means of differentiating between acid and bicarbonate. If a concentrate

If colour

mination,
hnks, and

of the product(s) for which the additive can be used; the effective changes in the concentrate

hdditive.

only).

NOTE

with t

It is possible that a manufacturer can modify their machine to accept another manufacturer's
concentrate generator system. In this case, the machine manufacturer has the responsibility to label the machine

he correct concentrate generator system model and manufacturer.

the amount of time that the concentrate generator can reasonably be expected to provide solution,
based on a manufacturer's specified flow rate to the dialyser (e.g. 6 h at a flow rate of 500 ml/min);
alternatively, the capacity of the concentrate generator can be expressed as the volume of concentrate
which can be produced by the concentrate generator;

any additional information that shall be known by the user to ensure that the product will be used

corre

ctly (e.g. water quality, shelf life after mixing, among others).
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Table 3 — Symbols for concentrate container system: Concentrate types

Designation Total mixb.c Acid mixd-e Bicarbonate mix®8 Symbol
35X 1+1,23+32,77 1+34 1+2746
Square
1+1,83+34 1+ 35,83 1+19,13
Circle
1+1,72+42,28 1+44 1+ 25,16
15X Triapgle
é 6.1X 1+1,1+34 1+35,1 1+31,8
Dian[ond
Othéra (new) TBDa TBDa TBDa TBpa

a2 Any ngw mix that does not fit the above matrix should be designated with a uniqlie geometric symbol with the rati¢p contained
in the symlol (to be determined).

b The tofal mix proportions are expressed as the sum of the acid concentraté, the bicarbonate concentrate and thq water mix
proportionjs.

¢ There|can be minor differences in mix proportions within each’concentrate type; for example, 1 + 1,18 +[32,82 and
1+1,26+32,74 instead of 1 + 1,23 +32,77,and 1 + 1,58 + 42,42 instead of 1 + 1,72 + 42,28.

d  The acjd mix proportions are expressed as the sum of the acid toncentrate, and the bicarbonate concentrate and water mix
proportionjs.

¢ Mix prpportions of 1:34 and 1:44 can be used instead of 1 + 34, and 1 + 44.

f The bifarbonate mix proportions are expressed as-the sum of the bicarbonate concentrate, and the acid concgntrate and
water mix proportions.

&  Bicarbpnate mix proportions are based on 8,4 % (84 g/1) sodium bicarbonate solution (1 000 mmol/1). Other solutjions can be
used clinicplly and their use can result in a different mix proportions.

6.7 Labelling for concentrate' mixer systems

6.7.1 General
Labelling[for concentrate mixing devices shall include the following:
a) nam¢and addre€ss of manufacturer (affixed to the device);

b) tradelname'and type of device (affixed to the device);

¢) model and serial number (affixed to the device);
d) warning that product literature should be read before use of the concentrate mixing system;

e) prominent warnings about substances (e.g. germicides) that need to be removed from the device before
using the device;

f) identification of fitting type or specification when necessary to prevent improper connections
(preferably attached to the device, but otherwise included in the instructions for use).
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6.7.2 Product literature for concentrate mixers

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

information:

a) awarning that each batch of concentrate should be tested according to the manufacturer's instructions
before use;

b) awarning that selection of concentrate mixing equipment for dialysis is the responsibility of the user;

¢) a description of the device or system, including a list of monitors, alarms and component devices
provided as standard equipment;

d) a schpmmatic dtagrant of the device or SySTeENT STTOWINE the focation of any valves, Omine mpnitors or
sampling ports;

e) operdting specifications, such as water pressure and flow rate;

f) detailed instructions for use, including initial start-up, testing and calibration, eperation and meaning
of alarms, operational adjustments to monitors, alarms, and controls and connéctions;

g) safety features and warnings concerning the consequences if these featurnes atre circumvented,;

h) infornation pertaining to online monitors of water or concentrate quality, including operatioral factors
that dan affect monitor performance (e.g. temperature);

i) constfruction materials, identified generically, that are in contagtwith solutions;

j) information about germicides and cleaning agents known.to be compatible with materials ufed in the
devick, as well as information about known chemicals with which materials used in the constfuction of
the d¢vice are incompatible;

k) if apglicable, a method of cleaning and disinfecting the equipment, the time interval between|cleanings
and disinfections of the system and a method ofremoving the residual germicide;

1) other] maintenance and service instruetions, including recommended preventive majntenance
procgdures, and schedules, recommended surveillance schedules, troubleshooting guidelineq intended
for the user, service information, a recommended spare parts list, a warning of the consequences if
mainfenance instructions are not followed;

m) a wafning that if, after installation and subsequent use, any component of the concentrafe mixing
system is changed or replaced, the user should conduct appropriate tests and calibrations;

n) wherf ultraviolet irradiators are used, the necessary maintenance steps, such as bulb replacgment and
cleanjng, to maintain the system.
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Annex A
(informative)

Rationale for the development and provisions of this document

A.1 General

The item nufacture
haemodidlysis concentrate. This document addresses both liquid and dry concentrates. It-is*addressed
primarily|to manufacturers but has useful information for the user.

Systems tlhat regenerate dialysis fluid by passing the dialysis fluid through systems to _réestore tHe dialysis
fluid's original content have been specifically excluded from the scope of this document:

Concentrate solutions whether liquid or dry, whether general or specific, are prepared and puf into use
as dialysip fluid by the user; this critical final step is not under the control ¢f'the manufacturer] Whereas
the manyfacturer has the responsibility to ensure that the concentrate ‘solutions are manufactured in
accordange with the requirements of this document, the facility using and preparing dialysis fluid from the
concentrdted solutions has the responsibility to ensure that its professional staff (physicians nursing and
technical|staff) are adequately instructed, trained and informed t6 ensure that the concentrate|solutions
are used in a safe and effective manner.

Haemodiglysis is a complex procedure whose aim is to normalize chemical abnormalities and control
acidosis arising from renal insufficiency. Many different cen¢éntrated solutions in liquid or powdef form are
available rommercially. They are used with a variety of proportioning and mixing systems, the airp being to
deliver a flialysis fluid most appropriate to the patient's clinical requirements, to achieve normalization of
chemical pbnormalities and to optimize acid base balance.

Dialysis fluid is produced by the mixing of(three components: the acid concentrate, the biftarbonate
concentrdte and dialysis water, the latter meeting requirements detailed in ISO 23500-3. This njixing can
be done bly the use of proportioning systems intended for single patient use or performed centrally with the
fluid thus|{produced supplied to the bedside.

Whereas |in some dialysis unitsy-a-single formulation can be used for all patients receiving treatment,
increasingly, the dialysis fluid electrolyte and buffer contentis individualized and ‘prescribed’ for the patient,
whereby the physician prescgibeés the individual sodium or bicarbonate buffer content for the patjient. Such
prescription affords the patient a high degree of treatment tolerability.

The electfolyte and_buffer content of the dialysis fluid is dependent upon the acid and bicarb¢nate mix
ratio goveérned by the proportioning system or dialysis machine in use and the concentrate type. Minor
differencgs in thewrix ratio within each of the concentrate types can exist as indicated in Table 3 pnd users
should copsult the dialysis machine manual for the exact proportioning ratio to ensure that the diallysis fluid
produced|nieets the clinically prescribed electrolyte and buffer concentration.

One of the functions of the dialysis fluid is to correct metabolic acidosis present in patients undergoing
dialysis treatment. Because bicarbonate is the most important buffer in the body, the choice of bicarbonate as
a dialytic buffer is a logical consequence. Current haemodialysis treatments utilize proportioning or mixing
technology which uses two separate concentrates mixed with dialysis water — the acid concentrate and the
bicarbonate concentrate. The acid concentrate, sometimes referred to as acidified concentrate as it contains
small amounts of acid, also contains most of the electrolytes. The bicarbonate concentrate contains sodium
bicarbonate. The use of two separate concentrates is necessary to avoid the precipitation of carbonate
formed by bicarbonate coming into contact with divalent ions in particular calcium and magnesium, which
if formed presents major technical problems.

Depending on the type of acidified concentrate in use, the acid component may be in the form of sodium
acetate, sodium di-acetate, citric acid or lactate. Acetate and lactate are metabolized to bicarbonate in a 1:1
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ratio, while citric acid generates bicarbonate in a 3:1 molar ratio. In selecting the dialysis fluid bicarbonate
prescription, the physician should consider all sources of buffer delivered to the patient during the dialysis
treatment, including the bicarbonate in the bicarbonate concentrate, the acetate, citrate or lactate in the
acid concentrate which, when metabolized form bicarbonate. In selecting the bicarbonate prescription,
the physician should additionally consider the patient’s nutritional status assessed by history, physical
examination, anthropometrics, serum albumin and protein nitrogen appearance, since individuals whose
metabolism results in a small acid load are at higher risk of developing metabolic alkalosis following
treatment. Decisions regarding the bicarbonate prescription should also take into account changes in serum
potassium, magnesium and calcium concentrations during dialysis, and the presence and severity of heart
disease.

To achieve the cllmcally required dialysis fluld comp051t10n in respect ofelectrolyte and buffer content, users
should pa ioni
system of dialysis machine in use. Recognition and application of appropriate concentrates te, ptpduce the
desired djalysis fluid is the responsibility of the end user as at the present time, adequate survéillance does
not exist which ensures that mismatched concentrates do not produce a final dialysis fluid/of prpper total
conductivity but of improper composition. The user is therefore cautioned not to rely selély on copductivity
measurerfients to ensure safety, but to consider all relevant factors, including pH.

The final|step of using or selecting concentrate solutions in the preparation of dialysis fluid is pot under
the contrpl of the manufacturer. Therefore, within this document, an attempt has been made fo set out
requiremepnts (including both manufacturer and user responsibility) to ensute correct formulatiop and use.
Within tHis context, stringent requirements have been reserved for spegifications which if not|complied
with can pose serious threats to the patient. More liberal standards have been chosen when the tisk to the
patient is{low.

A.2 Requirements

A.2.1 Gpeneral

A.2.1.1 pPverview

The displpy of identification data and basic(content information provides necessary informatiqn for use
and refergnce and ensures traceability. Theuse of bicarbonate dialysis fluid requires the utilization of two
concentrdtes because concentrated calcium and bicarbonate will precipitate when combined. T¢chnology
for dual groportioning is widely available, however manufacturers of equipment have not adopted a single
unified approach, consequently, different systems proportion at different ratios (e.g. 35X, 36,843X, 45X).
Systems dan use dry powder made into a concentrated solution by the dialysis fluid delivery system. Some
concentrdtes contain sodiuntehloride in the bicarbonate solution, requiring a corresponding adjuystment in
the parallel counterpart acid concentrate, while others can use sodium acetate, sodium diacetatp or citric
acid in tHe acid concentrate, necessitating careful attention to bicarbonate that the metabolism of these
compoun
acid base

At the prj
do not pr
therefore'e v . y ¢ v :
relevant factors 1nclud1ng pH Recogmtlon and apphcatlon of approprlate concentrates to produce the
desired dialysis fluid is the responsibility of the end user.

Standards for bicarbonate dialysis fluid delivery systems thus should address both proportioning and
surveillance systems, as well as concentrate packaging and labelling.

In view of the potential for improper use of concentrate, a decision has been made to emphasize the
importance of user education and training and to specify labelling.

Bicarbonate dialysis fluid can increase precipitation and scaling within the dialysis fluid path, including
electrodes that the fluid path contains. Regular, effective dialysis fluid path cleaning is critical to machine
performance. Haloduric bacteria can multiply in bicarbonate concentrates, although no bacteria are
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known to multiply in acid or acetate concentrates. Specifications for handling, shelf life and microbiologic
surveillance should be established by each user in accordance with manufacturer's recommendations.
Manufacturers should provide full information and rational guidance for health professionals to produce
safe, appropriate dialysis fluid.

With present technology, the final safeguard is a responsible operator of the equipment. To achieve this final
safeguard, staff members should be trained and supervised. Such measures are the responsibility of the
medical director of the dialysis programme.

Acetate concentrate is a single component concentrate that uses sodium acetate as the buffer rather than
bicarbonate. As technology has advanced, the use of acetate concentrate has diminished.

A-2-1-2 ;ly Diba} atatc

Concentrgte can be in either aqueous or dry form, depending on the application. In some cases,@portion of the
concentrdte is aqueous and the remainder is in dry form; in other cases, two aqueous concentrates gre used.

A.2.1.3 [Solute concentrations

Itis essenftial that the actual concentrations of the solutes contained in the concentrate be as close as possible
to the lab¢lled amount since the final composition of the dialysis fluid will be suibject to cumulative yariability
from othgr sources within the process of dialysis fluid delivery (including but not confined to laboratory
testing, njixing process or proportioning, dialysis water). At present it is1tot practical to accuratdly specify
and measpre relative contributions from each of these potential sources and to adjust for them.

Although lexcessive variations can be hazardous to the patient, tolerances of less than 5 % for glucoye and the
minor catfions corresponding to a variation of 0,1 mEq/1 for the\xnmiinor cations or of 5 mg/dl for glucose can
be consistently achieved. This variance is necessary to accountfor minor amounts of such solutes present in
the other|raw materials and limitations of manufacturing:and testing.

A.2.1.4 Water

It was de¢ided that there should be some assuraiice that the water used to prepare the concentrate would
not signifjcantly contribute to the chemical cantaminant levels present in the concentrate itself. Acfordingly,
the requiyements for water in ISO 23500-83 were referenced.

A.2.1.5 Microbiology of bicarbonate concentrates

Bicarbongte concentrates have-been shown to support microbial growth and to provide another lpioburden
source cdpable of rapid increase after dilution.l14]-[13] Recognition of this hazard requires fdditional
precautiops in preparatignycontainers, storage and prompt use to avoid excess growth of jhaloduric
organismg. This documéntprovides acceptable methods described in 5.2.4 for microbiological sugveillance.
[t should be noted haweéver that the methods do not provide a measure of the absolute microbial burden but
are only grelativedindicator of the bioburden. Other methods can be used, provided it has been dempnstrated
that suchmethods*have been appropriately validated and are comparable to the cited methods.

Currently there is no requirement to specifically undertake testing for the presence of yeast and filamentous

13 baoild ba vacoaioad el o ool oo Baefraciiaxntl: o szictaanitls ot o ni o bt o] oo o o
fungl, 1t shoetHaoe reCogrzctTrarsuat organrsrsTT ocquetry COCKTISTvwIt ot e roorarcontars linants.

A.2.1.6 Fill quantity

The supplier should ensure that the volume or weight is consistent with the label and thus, with expectations
of the user.

A.2.1.7 Chemical grade

It is recommended that all chemicals meet the requirements of the applicable pharmacopoeia. The limits
of sodium, potassium, calcium, magnesium and pH can be exceeded, provided that the exceptions are
compensated for in the final formula. Since these ions were being added to the final formula, it would be
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