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International Water StandardsInternational Water Standards


 

What are the applicable standards in What are the applicable standards in 
Canada and Europe?Canada and Europe?


 

In what way are they different?In what way are they different?


 
What equipment is needed to comply with What equipment is needed to comply with 
the standards?  the standards?  
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SpecificSpecific standardsstandards forfor waterwater and and waterwater 
treatmenttreatment forfor HD and HD and relatedrelated therapiestherapies

CanadaCanada EuropeEurope

Z364.2.2Z364.2.2--0303 ERA/EDTAERA/EDTA 26722: 200926722: 2009 
CD 23500CD 23500**

DesignDesign

Z364.2.2Z364.2.2--0303 ERA/EDTAERA/EDTA
EDTNAEDTNA

CD 23500CD 23500**

*CD  status 10/09*CD  status 10/09

OperationOperation

Z364.2.2Z364.2.2--0303 Ph. EuropePh. Europe 
ERA/EDTAERA/EDTA 
EDTNAEDTNA 
NationalNational

13959: 200913959: 2009 Product qualityProduct quality
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Regulatory BackgroundRegulatory Background

Canada (MDR)Canada (MDR) European Union (MDD)European Union (MDD)

RO Systems:RO Systems:
Medical Medical DeviceDevice ClassClass 33
(MD (MD LicenceLicence requiredrequired))

Medical Medical DeviceDevice ClassClass IIbIIb
(MD (MD LicenceLicence requiredrequired))

HeatHeat DisinfectionDisinfection::
MD MD ClassClass 22
(MD (MD LicenceLicence requiredrequired))

MD MD ClassClass IIaIIa
(MD (MD LicenceLicence requiredrequired))
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SpecificSpecific StandardsStandards

CanadaCanada European UnionEuropean Union

Q.Q.-- System ISO 13485System ISO 13485 Q.Q.-- System ISO 13485System ISO 13485
CSA Z364.2.2CSA Z364.2.2--03 Water Treatment 03 Water Treatment 
Equipment and Water Equipment and Water QualityQuality

European European PharmacopoeiaPharmacopoeia and National and National 
standardsstandards

CAN/ CSA C22.2 No. 601.1CAN/ CSA C22.2 No. 601.1 EN 60601EN 60601--11--2 (2006) 2 (2006) forfor EMC EMC 

CAN / CSA C22.2 No.61010CAN / CSA C22.2 No.61010--1 1 SafetySafety 
RequirementsRequirements forfor ElectricalElectrical EquipmentEquipment

EN 61010EN 61010--1 (2001) 1 (2001) SafetySafety RequirementsRequirements forfor 
ElectricalElectrical EquipmentEquipment
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MicrobiologicalMicrobiological parametersparameters
PhPh. . EuropEurop. . 
(2009)(2009)

ERA/EDTAERA/EDTA 
(2002)(2002)

ISO ISO 
13959 13959 
(2009)(2009)

CSA CSA Z364.2.2Z364.2.2 
(2003)(2003)

HD: CFU/mlHD: CFU/ml < 100< 100 <100 (25)<100 (25) <100 (50)<100 (50) <100 (50)<100 (50)

UP: CFU/mlUP: CFU/ml < 0.1< 0.1 
(HP (HP waterwater))

< 0.1 < 0.1 

HD: IU/mlHD: IU/ml < 0.25< 0.25 <0.25<0.25 
(0.125)(0.125)

< 0.25 < 0.25 
(0.125)(0.125)

<2.0 (1.0)<2.0 (1.0)

UP: IU/mlUP: IU/ml < 0.03< 0.03 
(HP (HP waterwater))

< 0.03< 0.03

HD: Hemodialysis; UP: Ultrapure water/ highly purified water
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Water Treatment Water Treatment ModulesModules

PrePre 
treatmenttreatment RO 1RO 1 RO 2RO 2

HeaterHeater 9090°°C ROC RO

UFUF Ring Ring 
MainMain

SteamSteam



 

Conductivities < 2Conductivities < 2µµs/cm s/cm 
(1TDS) require permeate(1TDS) require permeate-- 
staged RO systems.staged RO systems.



 

Heat disinfection of the ring Heat disinfection of the ring 
main became a standard for main became a standard for 
automated sanitization. automated sanitization. 



 

Heat disinfection of the RO Heat disinfection of the RO 
was a further development was a further development 



 

Depending on local Depending on local 
preferences UF is a common preferences UF is a common 
process step.process step.



 

Ring main DI with steamRing main DI with steam has has 
already been realized in already been realized in 
various installations.various installations.
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Water Water forfor hemodialysishemodialysis

PrePre 
treatmenttreatment

Basic Basic configurationconfiguration::

The basic configuration of a water treatment and The basic configuration of a water treatment and 
distribution system provides water for hemodialysis.distribution system provides water for hemodialysis.

PrePre 
treatmenttreatment

1.1. PrePre--treatmenttreatment ((carboncarbon, , 
softenersoftener, , particleparticle filterfilter))

2.2. Single Single stagedstaged RORO

3.3. Ring Ring mainmainRO 1RO 1 Ring Ring 
MianMian
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PermeatePermeate stagedstaged RO RO systemssystems

• Double membrane barrier Double membrane barrier 

•• 2 x 100% redundancy2 x 100% redundancy

•• Avoids bacterial growth ofAvoids bacterial growth of 
standby ROstandby RO

•• Second RO w/o waterSecond RO w/o water 
losseslosses

•• Direct feedingDirect feeding
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EndotoxinEndotoxin –– PermeatePermeate stagedstaged RORO
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General design requirementsGeneral design requirements


 

All inner surfaces must be smooth and w/o All inner surfaces must be smooth and w/o 
grooves to prevent bacterial growth grooves to prevent bacterial growth 
(Stainless steel, PVDF).(Stainless steel, PVDF).


 

All water contact materials must not All water contact materials must not 
change their physical properties or change their physical properties or 
chemical characteristics during DI.chemical characteristics during DI.


 

No leach out.No leach out.


 
High velocity and low temperature during High velocity and low temperature during 
operation to prevent bacterial growth.operation to prevent bacterial growth.
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Design requirements for UP waterDesign requirements for UP water


 

Direct feedDirect feed


 
Storage tanks should be avoidedStorage tanks should be avoided


 

Polisher (Second RO, EDI).Polisher (Second RO, EDI).


 
High shear stress, small diameters, high High shear stress, small diameters, high 
flow rates.flow rates.


 

Avoid dead space and lateral armsAvoid dead space and lateral arms
ERA / EDTA (2002)ERA / EDTA (2002)
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Pipe disconnection to avoid Pipe disconnection to avoid 
retrograde contaminationretrograde contamination



 
To avoid a retrograde To avoid a retrograde 
contamination of the contamination of the 
dialysis machines from dialysis machines from 
the drain an air gap is the drain an air gap is 
strongly recommended strongly recommended 

Air gap
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Hidden dead spacesHidden dead spaces



 
Throughout the Throughout the 
installation ball valves installation ball valves 
must be avoided.must be avoided.



 
Due to their design Due to their design 
these valves cannot be these valves cannot be 
dead space free.dead space free.
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HiddenHidden deaddead spacesspaces



 
The design of a The design of a 
compression fitting compression fitting 
includes dead includes dead 
spaces.spaces.
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Sterile Sterile clampsclamps and and fittingsfittings



 
Sterile clamps and Sterile clamps and 
fittings minimize fittings minimize 
bacterial growth in the bacterial growth in the 
ring main.ring main.
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Professional Professional samplingsampling methodsmethods



 
Easy access to theEasy access to the 
sampling ports.sampling ports.



 
Sampling ports are Sampling ports are 
integrated in the integrated in the 
sanitization processsanitization process
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DeadDead leg leg freefree ring mainsring mains



 
Permeate circulates through the ring main to the Permeate circulates through the ring main to the 
point of use.point of use.



 
High velocity / shear forces (0.5 High velocity / shear forces (0.5 –– 1 1 m/sm/s))



 
Ring main shall not affect permeate quality in Ring main shall not affect permeate quality in 
any way.any way.



 
Material and design must follow the same Material and design must follow the same 
design guidelines as they are valid for the RO.design guidelines as they are valid for the RO.
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Water Water distributiondistribution systemsystem

Materials of the distribution system that contact the Materials of the distribution system that contact the 
purified water shall not interact chemically or purified water shall not interact chemically or 
physically so as to affect the purity or quality of physically so as to affect the purity or quality of 
the product water adversely.the product water adversely.
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Water Water distributiondistribution systemsystem


 

Most common materials for distribution systems in Most common materials for distribution systems in 
Europe areEurope are ::

•• PVCPVC ((
 

inexpensive, inexpensive, 
 

embrittlesembrittles, not heat , not heat 
resistant)resistant)

•• Stainless steelStainless steel ((
 

complex installation, complex installation, 
 



 
dead dead 

space free, heat resistant up to 120space free, heat resistant up to 120°°C, Standard in C, Standard in 
pharmaceutical industry)pharmaceutical industry)

•• PEXPEX ((
 

Easy to install, heat resistant 90Easy to install, heat resistant 90°°C; C; 
 compression fittings with dead spaces)compression fittings with dead spaces)

•• PVDFPVDF ((
 

complex installation, complex installation, 
 

dead space free, dead space free, 
heat resistant up to 90heat resistant up to 90°°C, Standard in semi C, Standard in semi 
conductor industry)conductor industry)
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SecondarySecondary loopsloops


 
Tubing between ring Tubing between ring 
main and HD main and HD 
machines must be machines must be 
integrated in routine integrated in routine 
disinfection.disinfection.



 
Secondary ring mains Secondary ring mains 
eliminate dead legs eliminate dead legs 
between the main between the main 
loop and the HD loop and the HD 
machine.machine.
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EndotoxinEndotoxin measurementmeasurement ring ring mainmain returnreturn
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Prevention of Prevention of biofilmbiofilm


 

Automated heat Automated heat 
disinfections of the disinfections of the 
RO and ring main RO and ring main 
minimize growth of minimize growth of 
biofilmsbiofilms. . 

© Thomas Griebe (1998) Mercator Universität Duisburg

© Thomas Griebe (1998) Mercator Universität Duisburg
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HeatingHeating processprocess diagramdiagram

HeatingHeating 15 15 –– 30 min. 30 min. 
9090°°C max.C max.

PHD 1PHD 1 1 min. 1 min. –– 3d 3d 
70 70 -- 9090°°CC

InlineInline 11 1 min. 1 min. –– 3d 3d 
70 70 -- 9090°°CC

PHD 2PHD 2 1 min. 1 min. –– 3d 3d 
70 70 -- 9090°°CC

InlineInline 22 1 min. 1 min. –– 3d 3d 
70 70 -- 9090°°CC

CoolingCooling 15 15 –– 30 min. 30 min. 
<37<37°°CC

HeatHeat DI RODI RO

ActiveActive coolingcooling

EmergencyEmergency 
CoolingCooling

Passive Passive coolingcooling 
44°°C / hC / h

RO RO StandbyStandby
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TemperatureTemperature profileprofile of RO of RO heatingheating cyclecycle
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FlownFlown--throughthrough inlineinline heaterheater
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MondayMonday TuesdayTuesday WednedayWedneday ThursdayThursday FridayFriday SaturdaySaturday SundaySunday

10 °C

35 °C

80 °C

Permanent Hot Permanent Hot DisinfectionDisinfection (PHD)(PHD)
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Permanent Hot Permanent Hot DisinfectionDisinfection (PHD)(PHD)

10 °C

35 °C

80 °C

MondayMonday TuesdayTuesday WednedayWedneday ThursdayThursday FridayFriday SaturdaySaturday SundaySunday
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Sterile FiltrationSterile Filtration

PrePre 
treatmenttreatment RO 1RO 1 RO 2RO 2

HeaterHeater 9090°°C ROC RO

UFUF Ring Ring 
MainMain
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Sterile FiltrationSterile Filtration


 
Pharmaceutical grade Pharmaceutical grade 
sterile filtration.sterile filtration.



 
Loop integrated. Heat Loop integrated. Heat 
and steam resistantand steam resistant



 
Pharmaceutical grade Pharmaceutical grade 
sampling valve.sampling valve.



 
Sterile clamps.Sterile clamps.
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PrePre 
treatmenttreatment RO 1RO 1 RO 2RO 2

HeaterHeater 9090°°C ROC RO

UFUF Ring Ring 
MainMain

SteamSteam

10 min @12110 min @121°°C ?C ?
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10 min @12110 min @121°°C!C!


 

Only DSF / stainless steel ring mains are Only DSF / stainless steel ring mains are 
qualified for steam sterilization (121qualified for steam sterilization (121°°C; 10 C; 10 
min).min).


 

Ring main installations must comply with Ring main installations must comply with 
EC Directive 97/23/EC (EC Directive 97/23/EC (Pressure Pressure 
Equipment Directive (PED) Equipment Directive (PED) or other or other 
applicable national standards. applicable national standards. 
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Steam sterilization of ring mainSteam sterilization of ring main


 

Upon installation Upon installation 
stainless steel ring mains stainless steel ring mains 
can be equipped with can be equipped with 
additional steam traps additional steam traps 
and drain fittings.and drain fittings.



 

Installation must comply Installation must comply 
with pharmaceutical GMP with pharmaceutical GMP 
standards for steam standards for steam 
sterilization.sterilization.
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Temperature profile sterilizationTemperature profile sterilization
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Water roomWater room
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SummarySummary


 

Whilst it is not possible to predict what the Whilst it is not possible to predict what the 
standard for dialysisstandard for dialysis--quality water will be in quality water will be in 
the future, it is likely that the maximum the future, it is likely that the maximum 
allowed levels of bacteria and allowed levels of bacteria and endotoxinendotoxin 
will be reduced.will be reduced.


 

First international standards reference UP First international standards reference UP 
water quality. water quality. 
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SummarySummary


 

Regulatory Requirements for Medical Regulatory Requirements for Medical 
Devices in Canada and Europe are Devices in Canada and Europe are 
similar.similar.


 

Different Different waterwater treatmenttreatment modulesmodules cancan bebe 
combinedcombined individuallyindividually to to matchmatch recentrecent and and 
futurefuture qualityquality requirementsrequirements forfor waterwater forfor 
hemodialysishemodialysis oror ultrapureultrapure waterwater. . 
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CSA Z364.2.2 Water treatment equipment and CSA Z364.2.2 Water treatment equipment and 
water quality requirements for hemodialysiswater quality requirements for hemodialysis



 
acute, chronic, and homeacute, chronic, and home--based hemodialysis;based hemodialysis;



 
water for preparing dialyzing fluid and water for preparing dialyzing fluid and 
concentrate for hemodialysis;concentrate for hemodialysis;



 
all water intended for contact with the dialyzing all water intended for contact with the dialyzing 
fluid pathway;fluid pathway;



 
the baseline quality of the feed water and any the baseline quality of the feed water and any 
other input water;other input water;



 
water treatment and monitoring equipment;water treatment and monitoring equipment;



 
water distribution systems; andwater distribution systems; and



 
product water used for flushing blood pathways product water used for flushing blood pathways 
before sterilization (but not afterwards).before sterilization (but not afterwards).
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European Pharmacopoeia 01/2009:1167European Pharmacopoeia 01/2009:1167


 

Monograph is given for information.Monograph is given for information.


 
Analytical methods described and the Analytical methods described and the 
limits proposed are intended to be used for limits proposed are intended to be used for 
validating the procedure for obtaining the validating the procedure for obtaining the 
water.water.
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ERA/EDTA: ERA/EDTA: Sect.IVSect.IV DialysisDialysis fluidfluid puritypurity 
NephrolNephrol. . DialDial. . TransplantTransplant: 2002 17 [Suppl.7] 45: 2002 17 [Suppl.7] 45--6262



 
IV.1 Water treatment systemIV.1 Water treatment system



 
IV.2 Technical design of water treatment systemIV.2 Technical design of water treatment system



 
IV.3 Monitoring and maintenanceIV.3 Monitoring and maintenance



 
IV.4 IV.4 HaemodialysisHaemodialysis ––proportioning machineproportioning machine



 
IV.5 Electrolytic concentratesIV.5 Electrolytic concentrates



 
IV.6 Dialysis fluid purity: Implications in the IV.6 Dialysis fluid purity: Implications in the 
haemocompatibilityhaemocompatibility network systemnetwork system
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EDTNA/ERCA EDTNA/ERCA GuidelinesGuidelines 
SectionSection 3 (3 (TechnicalTechnical) Sept. 2001) Sept. 2001

GuidelinesGuidelines applyapply to to thethe controlcontrol and and monitoringmonitoring of:of:


 
Water used for preparation of dialysis fluid in all Water used for preparation of dialysis fluid in all 
settings, including patientssettings, including patients’’ homes and acute homes and acute 
care unitscare units



 
Water used for inWater used for in--house production of liquid house production of liquid 
concentratesconcentrates



 
Water used for reprocessing dialysersWater used for reprocessing dialysers



 
Water used for preparation of Water used for preparation of ultrapureultrapure dialysis dialysis 
fluid by equipment fitted with additional pointfluid by equipment fitted with additional point--ofof-- 
use filtrationuse filtration
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ISO 26722:ISO 26722: 20092009 Water treatment equipment for Water treatment equipment for 
haemodialysishaemodialysis and related therapiesand related therapies



 
ISO 26722:2009 is addressed to the ISO 26722:2009 is addressed to the 
manufacturer and/or provider of water treatment manufacturer and/or provider of water treatment 
systems and/or devices used for the express systems and/or devices used for the express 
purpose of providing water for purpose of providing water for haemodialysishaemodialysis or or 
related therapies.related therapies.
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ISO 26722:ISO 26722: 20092009 Water treatment equipment for Water treatment equipment for 
haemodialysishaemodialysis and related therapiesand related therapies



 
All devices, piping and fittings between the point All devices, piping and fittings between the point 
at which potable water is delivered to the water at which potable water is delivered to the water 
treatment system and the point of use of the treatment system and the point of use of the 
dialysis water. dialysis water. 



 
Examples of devices are water purification Examples of devices are water purification 
devices, online water quality monitors (such as devices, online water quality monitors (such as 
conductivity monitors), and piping systems for conductivity monitors), and piping systems for 
the distribution of dialysis water.the distribution of dialysis water.
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ISO 13959: 2009ISO 13959: 2009 Water for Water for haemodialyishaemodialyis and and 
related therapiesrelated therapies



 

Specifies minimum requirements for water to be used Specifies minimum requirements for water to be used 
in the preparation of concentrates, dialysis fluids for in the preparation of concentrates, dialysis fluids for 
haemodialysishaemodialysis, , haemodiafiltrationhaemodiafiltration and and haemofiltrationhaemofiltration 
and for the reprocessing of and for the reprocessing of haemodialysershaemodialysers..



 

Does not address the operation of water treatment Does not address the operation of water treatment 
equipment nor the final mixing of treated water with equipment nor the final mixing of treated water with 
concentrates to produce the dialysis fluids used in concentrates to produce the dialysis fluids used in 
such therapies. That operation is the sole such therapies. That operation is the sole 
responsibility of dialysis professionals.responsibility of dialysis professionals.



 

Does not apply to dialysis fluid regenerating systems.Does not apply to dialysis fluid regenerating systems.
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ISO 23500 ISO 23500 familyfamily of of standardsstandards



 

ISO 23500: Guidance for the preparation and quality ISO 23500: Guidance for the preparation and quality 
management of fluids for hemodialysis and related management of fluids for hemodialysis and related 
therapiestherapies

ISO 11663: ISO 11663: 
20092009
Quality of Quality of 
dialysis fluid dialysis fluid 
for for haemohaemo-- 
dialysis and dialysis and 
related related 
therapiestherapies

ISO 13958: ISO 13958: 
20092009
Concentrates Concentrates 
for for haemohaemo-- 
dialysis and dialysis and 
related related 
therapiestherapies

ISO 13959: ISO 13959: 
20092009
Water for Water for 
haemodialysishaemodialysis 
and related and related 
thearapiesthearapies

ISO 26722: ISO 26722: 
20092009
Water treatment Water treatment 
equipment for equipment for 
haemodialyishaemodialyis 
applications and applications and 
related related 
therapiestherapies
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CD / ISO 23500CD / ISO 23500


 

GuidelinesGuidelines forfor thethe useruser / / operatoroperator. . 


 
Covers Covers designdesign, , installationinstallation, , operationoperation and and 
validationvalidation of of waterwater treatmenttreatment forfor 
hemodialysishemodialysis and and relatedrelated therapiestherapies
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ISO 23500ISO 23500


 
MicrobiologicalMicrobiological parametersparameters forfor dialysisdialysis fluidsfluids



 
MicrobiologicalMicrobiological parametersparameters forfor ultrapureultrapure dialysisdialysis 
fluidsfluids and and substitutionsubstitution solutionssolutions (ISO 11663)(ISO 11663)



 
Validation of Validation of systemsystem performanceperformance



 
StrategiesStrategies forfor microbiologicalmicrobiological controlcontrol



 
CriticalCritical aspectsaspects of of systemsystem designdesign
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