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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical 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 documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of,any clai
rights in fespect thereof. As of the date of publication of this document, ISO had not received no
patent(s) which may be required to implement this document. However, implemefnters are caut

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

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

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo

les of the

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

ijoned that

ailable at

does not

ford.html.

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew
This docyment was prepared by Technical Committee ISQAT'C 48, Laboratory equipment.
Alist of all parts in the ISO 8655 series can be found:dithe ISO website.

Any feedback or questions on this document shéuld be directed to the user’s national standard
complete [listing of these bodies can be found atwww.iso.org/members.html.

s body. A
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Introduction

This document addresses the needs of piston-operated volumetric apparatus (POVA) users and quality and
laboratory managers, and serves as a basis for:

— user guidance, training, and qualification;
— establishing POVA performance and test requirements to ensure fitness for their intended use;
— selecting pipetting equipment.

The tests specified in the ISO 8655 series are intended to be carried out by trained personnel.

© IS0 2024 - All rights reserved
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Piston-operated volumetric apparatus —

Part 1

0:

User guidance, and requirements for competence, training,

and P

OVA suitability

1 Scop

This docy
(POVA) (i

e

ment provides user guidance regarding the selection of piston-operated velumetric
ncluding exchangeable parts) and best practices for their use.

This docfiment also specifies requirements for user training and competencg,-Further, this

introduce

s performance tolerances and testing of POVA to ensure fitness for theéjr intended use.

2 Normative references

The follov
requirem
the latest

ISO 8655
recommel

ISO/IEC G
ISO/IEC d
(VIM)

3 Tern

For the p
ISO/IEC G

ISO and I1

ying documents are referred to in the text in such a way that’some or all of their content c
bnts of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any aniendments) applies.

L1, Piston-operated volumetric apparatus — Paxt 1: Terminology, general requirements|
dations

uide 2, Standardization and related activities — General vocabulary

uide 99, International vocabulary of-metrology — Basic and general concepts and associg

ns and definitions

urposes of this document, the terms and definitions given in ISO 8655-1, ISO/IEC Gui
uide 99 apply.

C maintain terminology databases for use in standardization at the following addresses

— IS0 Opline browsing platform: available at https://www.iso.org/obp

— IECE

ectropedia: available at https://www.electropedia.org/

\pparatus

Hocument

bnstitutes
bferences,

and user

ted terms

de 2, and

4 Requirements and best practices

4.1 Selection of POVA

All POVA shall be selected based on their suitability for the intended use. To achieve the best volumetric
performance, it is recommended to select a POVA with a nominal volume close to the volume to be delivered.
The following factors should be considered when selecting apparatus:

— small

est and largest liquid volume to be delivered;

— liquid properties;

© IS0 2024 - All rights reserved

1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=77c3f73e2139e3c5a8a7e366d8ee8eae

ISO 8655-10:2024(en)

— its application;

— the resulting impact of delivering inaccurate volumes;

— performance requirements (maximum permissible errors and/or process tolerances);
— type and size of POVA equipment;

— single-channel or multi-channel POVA;

— delivery of constant volumes during repeated steps;

— frequency of use.

NOTE Refer to Table A.1 for the selection of pipettes.

4.2 Selpction of exchangeable parts

Exchangepble parts, such as pipette tips, shall be designed to match the design of{the POVA. Changes in
material, pize of tip orifice, taper (angle), dead air volume, and retained liquid impactthe performance of the
pipetting[system.

The overdll system performance (POVA and exchangeable parts) shall be suitable for its intended purpose.
NOTE Refer to A.2 for the selection of pipette tips.

Tips madg of plastic for air-displacement pipettes are designed for)single use. They shall not be cleaned for
reuse as their metrological characteristics will no longer be reliable.

Single use of a pipette tip means mounting the tip to the pipette only once and then discarding it|after use.
While thq tip is mounted to the pipette, it may be used t¢\handle several replicate aspiration angl delivery
cycles, as|long as a tight seal between the tip and pipette’s tip cone is maintained, and no risk [ffor cross-
contaminption exists.

4.3 Best practices

4.3.1 General
Referencd shall be made to the user’symanual for the POVA.

The perf¢ormance of many laberatory instruments, including POVA, is subject to the user’s technique
(operator|effect). When using-pipettes, the user’s pipetting technique is usually the largest contrfbution to
volumetric error.[l] Guidanee for the use of air-displacement pipettes is given in 4.3.3, and for the use of
positive displacement pipettes in 4.3.5. Guidance for the use of burettes, dilutors, dispensers, and slyringes is
described in 4.3.6, 4:3.%, 4.3.8, and 4.3.9 respectively.

When hahdling<nen-aqueous liquids such as viscous, volatile, biological, surfactant-added, or |corrosive
liquids, it] is generally recommended to use positive displacement devices. When using air-displacement
pipettes fprithese liquids, reverse pipetting technique should be applied.

NOTE ISO 8655-2:2022, Annex A, identifies and quantifies possible sources of error for air-displacement pipettes.
The report of EURAMET project no. 1295[2] also quantifies common errors when using air-displacement pipettes.

4.3.2 Setting of the volume (variable volume POVA)

Setting the volume of the POVA to the desired volume is critical for the trueness of the delivered volumes.
Pipettes with screw-type plunger mechanisms should be turned at least one third of a revolution (where
possible) above the desired volume and then turned down to the desired volume. Dialling down ensures that
the micro bolt gears align in the same configuration every time a volume is set.

Adjustable-volume POVA should be returned to the nominal volume setting for storage.

© IS0 2024 - All rights reserved
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4.3.3 Air-displacement pipettes

4.3.3.1 Pipetting technique

Small variations in a user’s pipetting technique can lead to significant errors in the delivered volume. The
errors quantified in ISO 8655-2:2022, Annex A, and EURAMET project no. 1295[2] can be additive and result
in cumulative volumetric errors that can have a substantial impact on laboratory results. Using proper
pipetting technique, described in 4.3.3.2 to 4.3.4.6, minimizes errors and ensures consistently reliable
delivered volumes.

The direct dependency of reliable pipetting results on the employed pipetting technique makes it imperative
to train users of handheld pipettes on the proper use of such devices and assess each user’s pipetting skills
on a regufarbasts(See Reference {3} for more formatton):

4.3.3.2 |Pre-wetting of pipette tips

After fittjng a new tip to the pipette, the desired volume of sample solution should be aspirated and
dispensed at least five times (more in environments of very low humidity). This procesSrreduces losjses due to
sample rdtention and increases the partial vapour pressure in the air cushion, reducing errors frgm sample
evaporatipn in the pipette tip. Care should be exercised not to aspirate air inte the pipette tip befween the
dispense and next aspiration of the sample.

When pipetting liquids with high vapour pressure, e.g., many organic selyents, more than five pre-wetting
cycles shquld be completed.

4.3.3.3 |Forward and reverse pipetting modes

Aqueous Jiquids are typically pipetted in forward mode as this is the mode in which pipettes arg typically
calibrated. Reverse pipetting can result in a bias that shallkbe considered. Generally, forward mode| pipetting
of aqueoufs liquids results in better accuracy.

NOTE Some air-displacement pipettes can have the following piston positions:

— neutrjl position, where the piston is not depressed;

— first sfop, where the piston is depressed to.the first stop;

— seconfl stop (sometimes called blow=put mode), where the piston is depressed beyond the first stop.

When pipetting solutions with ‘aqueous properties, forward mode pipetting should be practiced. The
plunger should be depressed-te.the first stop, then the pipette tip is immersed into the sample solfition, and
subsequently, the plunger-shotild be released at a slow yet steady rate to aspirate the sample. The sample
should b¢ dispensed into,the destination receptacle, preferably against its side wall, by deprgssing the
plunger t¢ the first stop;-pausing if possible, and then depressing it to the second stop.

Some liqyids, e.g:,viscous liquids, may advocate the use of reverse mode pipetting. The plunger should
be depregsed, to-the second stop, then the pipette tip is immersed into the sample liquid, which should be
aspirated|at’asslow yet steady rate. The sample liquid should be dispensed into the destination eceptacle
by depredsing the plunger to the first stop only A portion of aspirated sample liquid should remiin in the
pipette tip after the desired amount has been dispensed. When using filter tips in reverse mode, care should
be used that the aspirated liquid does not come into contact with the filter.

4.3.3.4 Thermal equilibrium

The air cushion between the plunger and the sample solution is susceptible to temperature influences
(see Reference [4] for more information). The pipette, pipette tip, and sample liquid should therefore be in
thermal equilibrium for correct volumetric results. In cases when thermal equilibrium cannot be established
(warm or cold liquids), the effect on the accuracy of the delivered volume shall be considered, or positive
displacement pipettes should be used (see 4.3.5).

© IS0 2024 - All rights reserved
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4.3.3.5 Hand warming

Hand-warming of the pipette by using it for extended periods of time should be avoided. Heat transfer from
the hand can lead to a thermal disequilibrium and affect the volume of the air cushion of the pipette and its
mechanical parts, introducing volumetric errors. Transmission of warmth from the hand to the pipette can
be mitigated by wearing gloves, avoiding continuous use of pipettes for extended periods of time (longer
than 10 minutes), routinely returning pipettes to the designated pipette stand, and by selecting pipette
models, which are designed to minimize heat transfer from the user’s hands.

4.3.3.6 Immersion depth

The orifice of the plpette t1p should be 1mmersed to the approprlate depth below the surface of the sample
liquid andT T a P mpie ' ' g the pipette
tip not deeply enough below the surface of the sample liquid can result in the asplratlon of airl nmersing
the tip top deeply below the surface can influence the volume of liquid aspirated due to yvariability of the
hydrostatic pressure as a function of immersion depth. Further, immersion of the tip toe:d€eply|increases
the surfage area exposed to the sample liquid and increases the chance of droplets clinging to the gxterior of
the tip. Récommended immersion depths are given in Table 1.

Table 1 — Immersion depths of pipette tip during aspirationof sample liquid

Volume to be pipetted Immersion depth below surface of the sample solu-
ul tion
mm
0,1to1 Tto2
1,1 to 100 2to3
101to 1 000 2to4
>1 001 3to6

4.3.3.7 |Speed of aspiration and dispense

The sampjle liquid should be aspirated smoothly, with a consistent, slow speed into the pipettp tip. The
optimal afspiration speed depends on the properties of the sample liquid, volume of the aspiratdd aliquot,
size of th¢ pipette and size of the pipette tip: The sample should be dispensed at a consistent speed from the
pipette infto the destination receptacle!

4.3.3.8 |Tip position during aspiration and dispense

4.3.3.8.1| Aspiration

During thle process of‘@spirating sample liquid into the pipette tip, the pipette should be held in § way that
positions[the pipette'tip straight upright, and the pipette tip should not be allowed to touch the side walls or
bottom of the sample vessel. Upon removal from the sample liquid vessel, the pipette tip should be jnspected
to ensure|that no'sample liquid droplets are clinging to the outside of the tip.

4.3.3.8.2 —Dispense

When dispensing the sample into the destination receptacle, the pipette tip should be touched against the
receptacle’s side wall at an angle of 30° to 45° and above the liquid surface so that complete sample delivery
can be achieved. Once the sample has been dispensed, the tip should be dragged along the receptacle’s wall
for 5 mm to 8 mm to ensure no droplet adheres to the tip when removed from the receptacle.

Ifitis not possible to dispense against the side wall of the destination receptacle, and the sample is dispensed
into the liquid contained in the destination receptacle, below its surface, liquid from the destination
receptacle can cling to the outside of the tip, or can accidentally be aspirated back up into the tip. If this
technique is practiced, it should only be during forward-mode pipetting, and the blow-out function should
be used if the pipette is designed with it. The tip should be immersed as shallowly as possible below the

© IS0 2024 - All rights reserved
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liquid surface to avoid unintended delivery of sample liquid from the outside of the tip to the destination
receptacle.

4.3.3.9 Pause after aspiration

The pipette tip should remain immersed below the surface of the sample liquid for a period of time after
the plunger has reached its initial position after the completion of the aspiration stroke. For results with
the best precision, this pause should be the same after each aspiration. The duration of this pause depends
on the liquid properties, such as its viscosity, as well as on the volume of the aspirated liquid. Table 2 gives
recommended pause times for aqueous solutions.

Table 2 — Duration of pause after aspiration of aqueous liquid

Volume of aspirated liquid Pause after aspiration
ul S

0,1to1

1

1,1to 100

1

101 to 1 000

1

>1001

3 orlonger @

a  For pif

ettes with nominal volumes over 5 ml, the pause can last up to 5 s to allow for fiil’equilibration of pressur¢.

4.3.3.10

Wiping tij
out of the
reagent. ]

4.3.4

4.3.4.1

Liquid pr
nature of
of non-aq

4.3.4.2

Positive @
pipettes,
allow con
should be
waiting t

employed|

Uking air-displacement pipettes for liquids with properties differing from water

Tip wiping

bs during pipetting is not recommended. Wiping the tip.introduces the risk of wicking san
tip. Cross-contamination may jeopardize results and compromise the integrity of the sg
ouching the tip orifice can introduce large volumetric errors.

General

bperties for solutions exhibiting nen*aqueous behaviour can vary considerably, depend
the liquid. Guidance in 4.3.4.2 t0:413.4.6 is general and should be adjusted, depending on
leous properties.

Viscous liquids

isplacement pipettes should be used for pipetting viscous liquids. When using air-disj
reverse pipetting“miode should be employed. Aspiration and dispense speeds should be
sistent and centinuous liquid flow in the pipette tip. Waiting times after aspiration and
increasedstarallow each cycle to be completed. The optimal aspiration and dispense sy
mes, depend on the viscosity of the liquid; the higher the viscosity, the slower speeds

Wide-ori

i¢ecand low-retention pipette tips may be used, if available, for the make and model of t

ple liquid
mple and

ng on the
he extent

placement
slowed to
dispense
eeds, and
should be

e pipette

used. The

pipette tip shall not be physically altered from its supplied design (e.g., by cutting the tip

a larger orifice), as this alters its volumetric performance.

to achieve

4.3.4.3 Biological solutions

Ensure homogeneity of the biological solution, particularly if not all constituents are fully soluble. Biological
solutions can exhibit a variety of liquid properties, including increased viscosity, decreased surface tension,
and/or constituents that can separate from the solution, either on the inside or outside of the tip, or as a
layer on top of the aspirated liquid.

Positive displacement pipettes should be used for pipetting biological solutions with increased viscosity
or components that can adhere to the inside of the tip. The recommendations for pipetting viscous liquids

© IS0 2024 - All rights reserved
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should be followed (see 4.3.4.2). When using air-displacement pipettes, reverse pipetting mode should be
employed.

When using air-displacement pipettes, wide orifice tips may be used, particularly when pipetting suspended
cells.

4.3.4.4 Volatile liquids

Volatile liquids are characterized by an increased rate of evaporation, as compared to water, at normal
temperatures due to their high vapour pressures. The evaporation rate of a liquid increases as the pressure
above that liquid decreases. As a liquid is aspirated by a POVA, the evaporation rate increases, which
increases the evaporation of liquid molecules into the dead air space inside the pipette tip. This increases
the volunfeof gasimthe dead=airspace, whith i turm reduces theamournt of Hiquidthat tam bejaspirated
inside thq tip and can lead to loss of liquid from the tip (dripping). As a result, the transferred vglume of a
liquid witlh high vapour pressure can be lower than that of a liquid with lower vapour pressub€. See 4.3.3.2
regarding the importance of pre-wetting tips.

The use pf positive displacement pipettes or syringes is recommended for liquidsywith a high vapour
pressure.

4.3.4.5 |Liquids with surfactants

Surfactanits (detergents) alter the surface tension of the liquid, which s one of the key liquid groperties
when usipg air-displacement pipettes. It is therefore recommended e use positive displacement pipettes.
Liquids containing surfactants tend to develop foam when pipettediWhen using air-displacement pipettes,
appropridte measures (e.g., filter tips) should be used to prevent foam from entering the pipette phaft, and
reverse plpetting mode should be employed.

4.3.4.6 |Corrosive liquids

Strong mineral acids and bases, concentrated salt solutions, as well as organic solvents can interadt with the
materials|of the pipette tip, pipette shaft, piston, ot seals and gaskets. Liquids of corrosive nature|should be
pipetted ¢arefully with filter tips, or with positive displacement pipettes of type D2. Care should be taken
that no liquid or aerosol enters the pipette shaft.

Corrosiveliquids and their vapours can lead to increased wear of pipette components, and the pipefte should
be inspecfed, maintained, and calibrated more frequently than when used with non-corrosive liquiids.

4.3.5 Ppsitive displacementpipettes

4.3.5.1 |Pre-wetting of pipette tips

After fittihg a new tip+tbo the pipette, the desired volume of sample solution should be aspirated and ¢lispensed
at least tWice. This.process reduces a potential air gap between the aspirated liquid and the piston end.

The positjve.displacement tip should be inspected after it has been removed from the sample liquid|container
to verify fhlapliquid did not pass over the piston seal.

4.3.5.2 Immersion depth

The orifice of the pipette tip should be immersed to the appropriate depth below the surface of the sample
liquid and remain at this depth while aspirating sample liquid into the pipette tip. The orifice should be
immersed at least 2 mm below the liquid surface, irrespective of the nominal volume of the positive
displacement pipette.

4.3.5.3 Tip wiping

If necessary, for example, when pipetting highly viscous liquids, wipe the outside of the tip or the capillary
with a clean medical wipe after aspiration of the liquid. It is crucial to not touch the orifice as sample liquid

© IS0 2024 - All rights reserved
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can be wicked out of the tip, resulting in large volumetric errors. Cross-contamination may jeopardize
results and compromise the integrity of the sample and reagent. It is recommended to choose a tissue which
is lint-free and inert to the liquid being pipetted. The tissue should be disposed of in a safe, hygienic manner.

4.3.5.4 Dispense
Once the sample has been dispensed, the tip should be dragged along the receptacle’s wall for 5 mm

to 8 mm to ensure no droplet adheres to the tip when it is removed from the receptacle. Manufacturer’s
recommendations should be followed for achieving a regular pipetting cycle.

4.3.6 Burettes

4.3.6.1 |Thermal equilibrium

The burefte and the reservoir, already filled with liquid, should be acclimatised long enough‘to teach thermal
equilibrigym.

4.3.6.2 |Liquids

Prior to ysing a burette with a particular liquid (e.g., viscous, volatile, corrosive, suspensions dontaining
solid partjicles, etc.) the manufacturer’s instruction manual and/or liquid datasheet should be condqulted and
checked fpr compatibility with the intended liquid.

The use ¢f titrants that can form deposits shall be confirmed by {he manufacturer’s instructign manual
because they can damage the burette components.

Strong mineral acids and bases, concentrated salt solutions, asiwell as organic solvents can interadt with the
materials|of the burette and result in increased wear or dan¥age to some components of the burette.

Aggressive liquids and their vapours can lead to incréased wear of burette components and the burette
should b¢ inspected, maintained, and calibrated miore frequently than when used with non-gggressive
liquids.

When usihg the burette with liquids that cancrystallize, the burette should remain filled with the|liquid.

Completely cleaning the burettes directly after use can prevent possible damage from the used ligpids.

4.3.6.3 |Priming

The burefte should be primed-with the liquid before use in order to remove any air bubbles|from the
system. PFiming also servesto'facilitate the equilibration of temperature differences between the liquid, the
burette’s nner walls, andthe plunger.

4.3.6.4 |Other handling aspects

The liquidl delivery velocity should be established according to the manufacturer’s instructiong as it can
affect the|delivered liquid quantity.

The first drops of liquid shall be discarded before starting the delivery if instructed to do so by the
manufacturer. Liquid delivery should be achieved with the minimum number of interruptions to the liquid
flow.

4.3.6.5 Maintenance

The condition of the valves and aspiration tubes shall be checked frequently. Please refer to 4.3.6.2 for
potential types of damage. The manufacturer’s instructions should be followed and applied by trained
personnel.

© IS0 2024 - All rights reserved
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4.3.7 Dilutors

The manufacturer’s instructions for general maintenance of the dilutor should be followed, with particular
attention to cleaning the liquid path.

The dilutor and the liquids to be used with the dilutor shall be in thermal equilibrium. Prior to use, the
system should be primed to remove air pockets from all liquid lines and valves.

The dilutor should be cleaned frequently according to the manufacturer’s instructions. Generally, cleaning
with caustic or acidic solutions should be avoided.

The dilutor should not be allowed to run dry while using buffers or other salt solutions, as these substances
can crystallize in the liquid path.

4.3.8 Dlispensers

4.3.8.1 |Thermal equilibrium

The dispdnser, already filled with liquid, should be acclimatised long enough to reachithermal equjlibrium.

4.3.8.2 |Liquids

Prior to using a dispenser with a particular liquid (e.g., viscous, volatile,corrosive, suspensions dontaining
solid particles) the manufacturer’s instruction manual and/or liquid.data sheet should be conspulted and
checked fpr compatibility.

The use ¢f liquids that can form deposits shall be confirmed-by the manufacturer’s instruction manual
because they can damage the dispenser components.

Strong mineral acids and bases, concentrated salt solutians, as well as organic solvents can interadt with the
materials|of the dispenser and result in increased weai;or damage to some components of the disgenser.

Corrosive liquids and their vapours can lead to increased wear of dispenser components and the dispenser
should befinspected, maintained, and calibrated niore frequently than when used with non-corrosiye liquids.

When using the dispenser with liquids that can crystallize, the dispenser should remain filled with the
liquid.

Cleaning the dispenser completely with distilled water directly after use can prevent possible damage from
the used liiquids.

4.3.8.3 |Priming

The dispgnser should\be primed with the liquid before use in order to remove any air bubbles| from the
system. PFiming also'serves to facilitate the equilibration of temperature differences between the liquid, the
dispenset|’s innerwalls, and the plunger.

4.3.8.4 |Other handling aspects

The liquid delivery velocity should be established according to the manufacturer’s instructions as it can
affect the dispensed liquid quantity.

4.3.8.5 Maintenance

The condition of the valves and aspiration tubes shall be checked frequently. Please refer to 4.3.8.2 for
potential types of damage. The manufacturer’s instructions should be followed and applied by trained
personnel.

© IS0 2024 - All rights reserved

8


https://standardsiso.com/api/?name=77c3f73e2139e3c5a8a7e366d8ee8eae

4.3.8.6

ISO 8655-10:2024(en)

Single-stroke dispensers

Single-stroke dispensers can be mechanically or electronically operated.

4.3.8.7

Multi-dispensers (repeaters)

Multi-dispensers can be mechanically or electronically operated.

The first drops of liquid shall be discarded before starting the delivery if instructed to do so by the
manufacturer. Liquid delivery should be achieved with the minimum number of interruptions to the liquid

flow.

439 S

4.3.9.1

Syringes
the same

4.3.9.2

The syrirjge and liquid should be in thermal equilibrium with the environment in order to obta
volume transfer results. Therefore, the syringe and the liquid should bé.acclimatised long enoug]
thermal gjquilibrium.

4.3.9.3

After fitt

inside the syringe.

NOTE

4.3.9.4

Setting th

should be

to be deliyered. If available, optical @ids may be used to adjust the volume.

4.3.9.5

The need
while asp
of the liqu

4.3.9.6

Tinges

General

may be used with a needle or a tube. For simplicity, this document only uses the term n
recommendations apply to syringes used with tubes.

Thermal equilibrium

Priming

ng the syringe with the needle, it shall be primed with the liquid until no bubbles af

Some bubbles can be very small and not easy.to-detect.

Setting of the volume

set by adjusting the plunger until the fiducial line corresponds to the graduation line of tl

Immersion depth

e should be immeérsed to a suitable depth below the surface of the liquid and remain at

id can resu}tin the aspiration of air.

Velocity of aspiration and delivery

cedle, but

n correct
1 to reach

e present

e syringe volume correctly is crucial for the accuracy of the delivered liquid quantity. The volume

he volume

his depth

irating liquidinto the syringe. Immersing the syringe needle not deeply enough below the surface

avoid the

1ntroduct10n of air bubbles The sample should be delivered with a slow and consistent veloc1ty from the
syringe into the receiving vessel.

4.3.9.7

Aspiration

During the process of aspiration of liquid, the syringe should be held straight upright, and the needle should
not touch the side walls or the bottom of the vessel. Upon removal from the vessel and plunger adjustment to
the desired volume, the syringe needle should be inspected to ensure that no liquid droplets are clinging to
the outside of the needle.
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4.3.9.8 Delivery

When delivering the liquid, the needle should touch the vessel wall above the liquid surface at an angle of
30° to 45°. Once the liquid has been delivered, the needle should be dragged along the vessel wall for 5 mm
to 8 mm to ensure that no droplet adheres to the needle.

[fitis not possible to dispense against the side wall of the destination receptacle, and the sample is dispensed
into the liquid contained in the destination receptacle, below its surface, liquid from the destination
receptacle can cling to the outside of the needle or can accidentally be aspirated back up into the needle. The
needle should be immersed as shallowly as possible below the liquid surface to avoid unintended delivery of
sample liquid from the outside of the needle to the destination receptacle.

4.3.9.9 Hamdwarnming

Handling|the syringe for extended periods of time can cause hand warming effects, which“cqn lead to
thermal disequilibrium, thus introducing volumetric errors. Heat transfer to the syringe can be mitigated by
wearing gloves and only touching the flanges and top of the plunger.

4.3.9.10 |Cleaning
Syringes $hould be cleaned immediately after use.

To avoid yolume changes through glass erosion and destruction of graduations, syringes should Qe cleaned
gently with detergents of low alkalinity. The manufacturer’s instructions should be followed.

5 User qualification and re-qualification

5.1 General

Volumetric performance is the ability to consistentlyzdeliver accurate volumes. For most pistonftoperated
apparatus, in particular air-displacement pipettes, the volumetric performance is directly dependgnt on the
techniqug employed by the user of the apparatus=Significant random errors, as well as systematic|errors, in
the volumletric performance of a POVA can bedntroduced by the technique employed by its user. With certain
types of FOVA, such as pipettes, the user and"POVA form a system, and the overall volumetric performance is
dependenft on the POVA and its user.

5.2 Us¢r training

Persons who use, test, or calibrate POVA shall be trained on the correct use of the apparatus and [should be
provided [with refresher training at regular intervals. Topics described in this document form 4 basis for
user traifing and should )be included. Training topics may be amended for individual circumstances and
requirements.

NOTE Training:for persons who use POVA for laboratory work can be different from training for persons who
solely calilprate ROVA.

Measurerhent procedures described in 1ISO 8655-6, 1SO 8655-7, or ISO 8655-8 are suitable for evalhiating the
user when volumes are delivered by a calibrated POVA.

5.3 User competence

Users of POVA shall demonstrate the competence necessary to operate the relevant types of POVA at
the relevant volumes for their work. The laboratory should establish and document the competence
requirements for each POVA user, including qualification and training requirements.

User competence shall be assessed on a regular basis, at least every 12 months. The frequency and method
of user competence assessment may be determined through a risk assessment of the user’s work in the
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laboratory. Tolerances required of the POVA user shall be determined by the laboratory’s requirements. No
less than four replicates per volume shall be tested.

NOTE

User competence can be monitored by proficiency testing, or as inter-comparison between users.

5.4 User qualification

User qualification shall include training (5.2) and demonstrated competence (5.3) in the use of the specified
POVA according to this document. A qualified user according to this document shall complete a qualification
assessment on a regular basis, as determined by the risk assessment of the user’s work, or at least every

12 months.

User qualifieation—shal-be-earried—outusing—a—suitable-method—oef-testing—whichshal-bestated in any

documentation according to 5.5.

5.5 Do¢umentation of user qualification

The laborjatory shall have procedures, and retain records, for all training, refreshertraining, competence

assessmept, and qualification of POVA users. A report of training or competence assessment may|be issued

to the user.

At least the following information shall be reported in the user training or/user competence agsessment

report:

a) indication whether it is a training report or competence assessmént report;

b) ident|fication of the user;

¢) in cade of user training, the trainer shall be identified;

d) identjfication of the POVA used for training or skills assessment, including the type of tip§ or other
exchdngeable parts used with the piston-operatedvolumetric apparatus for the test;

e) test donditions under which the test was performed, including at least the ambient temperpture and
relative humidity of the room;

f) volumpes at which the user was trained-and/or assessed;

g) criterjia of the operator competence assessment, e.g., systematic and random errors or uncerfainties in
use of a single delivered voluine for the tested volumes;

h) referg¢nce to ISO 8655-10Cand the employed test method (e.g., by reference to ISO 8655-6, ISO $655-8, or
a spefific test procedure'in ISO 8655-7);

i) any deviation frofm’this document;

j)  volumetric measurement results for each delivered volume;

k) total pumber of replicate measurements made for each tested volume, and the number of megsurement
results used for statistical analysis:

1) date of test and duration of validity.

6 POVA qualification and re-qualification

6.1 General

Performance requirements shall be established for the POVA used to perform the laboratory’s operational
tasks. Regularly assessing these performance requirements shall ensure that the POVA is fit for its intended
purpose.
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Calibration, testing, and routine test requirements for the POVA shall be established to ensure continued
adherence to the performance requirements.

It is best practice to determine the scope and frequencies of such requirements through a risk assessment.
6.2 Metrological performance requirements

6.2.1 POVA maximum permissible errors

ISO 8655-2, ISO 8655-3, ISO 8655-4, ISO 8655-5, and ISO 8655-9 include product specifications for POVA's
maximum permissible systematic and random errors. These product specifications should be considered
when selecting POVA so that the laboratory’s performance requirements can be met.

6.2.2 Ljquid handling process tolerances

Liquid hdndling process tolerances represent the maximum acceptable uncertainty ‘in‘use of a single
delivered|volume. They take into account the error of the POVA, as well as the impact of the user, |the liquid
and the epvironmental conditions under which the POVA is used.

NOTE1 [Uncertainty in use of a single delivered volume is associated with a single delivered volume in dajily use and
includes bgth systematic and random errors of the POVA (see Clause 7).

NOTE 2 |[A POVA is fit for its intended use if its uncertainty in use of a single,delivered volume is smaller than or
equal to the liquid handling process tolerance.

NOTE 3 |Theliquid handling process tolerance is often expressed as.a percentage of the nominal or selectpd volume.

EXAMPLE If a biological assay is performed with a required\accuracy of 10 %, the laboratory cah consider
establishijg a liquid handling process tolerance of, for example,‘2 %. This way, the uncertainty contribuftion of the
liquid deliyery process is controlled and small compared to the‘overall requirement of the assay.

6.2.3 Eptablishing performance requirements

Achievable performance requirements should.be set for POVA. They can be based on maximum pg¢rmissible
systematic and random errors, but may diffet from the POVA product requirements given in ISP 8655-2,
[SO 865543, ISO 8655-4, ISO 8655-5 and ISO’8655-9. Alternatively, liquid handling process toleran¢es can be
used as pe¢rformance tolerances. Regional, national, industry-specific, or organization-specific reqyiirements
for perforjmance tolerances can apply,

NOTE1 [As an example, in thesabsence of known liquid handling process tolerances, CLSI QMS 23[5] recommends
random eifror tolerances be limtited to 1 % of the POVA’s nominal volume at all selectable volumes, and fystematic
error tolerfances be limited to 2% of the nominal volume.

Setting performance tolerances too tightly can result in unnecessary calibration and routine test failures,
even thoygh the liquid handling process tolerances can accommodate a wider range of delivered volumes.
Setting tolerances.teo large can prevent the detection of damage to the POVA.

NOTE 2 |Mé€eting manufacturer’s performance specifications for POVA can be difficult, depending on user
techniqueg, environmental conditions, age of the POVA, as well as its use and maintenance history.

6.3 Frequency

Metrological confirmation, including calibration or testing, shall be performed on a regular basis and at
least once every 12 months. Routine tests shall be performed on a regular basis, preferably at shorter time
intervals. The frequency shall be based on a risk assessment and determined so that the continued fitness of
the POVA for its intended use is documented. Regional, national, industry-specific, or organization-specific
requirements for the frequency of calibrations, testing and routine tests can apply.

In a risk assessment it is best practice to consider the laboratory's work or a specific application. The risk
assessment includes an impact evaluation of a process outcome if incorrect liquid volumes are used, as well
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as its probability of occurrence. The tighter a tolerance is, the larger is the probability of occurrence that an
incorrect liquid volume is used.

6.4 Replicate measurements

6.4.1 General

Calibration and testing of POVA according to the reference measurement procedures described in ISO 8655-6
and ISO 8655-8, or according to ISO 8655-7, require at least ten replicate measurements for each volume
setting. Routine tests may be performed with less than ten, but not less than four, replicate measurements
per volume setting.

6.4.2 Ill1pact of the number of replicate measurements on uncertainty

The unceftainty associated with the calculated random and systematic errors increases when the number
of replicate measurements is reduced.

ISO/TR 16153 and ISO/TR 20461 provide information on how a decreasingynumber of|replicate
measurerhents increases the uncertainty. [ISO/TR 16153:2023, Clause 11, and ISOfTR 20461:2023, Llause 11,
describe the choice of an appropriate coverage factor based on the estimated effective degrees of freedom
Vo using|the Welch-Satterthwaite formula. The corresponding coverage factor k can then be d¢termined
from ISOAIEC Guide 98-3:2008, Table G.2; an excerpt of that table is shown‘in Table 3. Coverage fact¢rs shown
in Table 3|for effective degrees of freedom between 1 and 10 are based onra coverage probability of 95,45 %.

Table 3 — Coverage factors k for different effective degrees of freedom v

Vest 1 2 3 4 5 6 7 8 9 10
k 1397 | 4,53 3,31 2,87 2,65 2,52 2,43 2,37 2,32 2,28

For unceftainties of type A, such as the experiniéntal standard deviation measured by n|replicate
measurerpents, the effective degrees of freedom are-given by Formula (1):

Veff =n- 1 (1)

where:

Vo ip the number of effective degrees of freedom;
n  ip the number of replicate measurements.

The use of less than 4 replicate measurements at each volume is not recommended as the confidence levels
are sever¢ly reduced.

NOTE 1 [For n=10.er more replicates, k = 2 can be used by convention, assuming a normal distribution.

NOTE 2 |Detailed examples for n = 10 replicates are described in ISO/TR 16153 and ISO/TR 20461.

EXAMPLE I this example, a Toutine test 15 carried out with 1 = # replicate measurements, with the goal to
estimate the uncertainty in use of a single delivered volume according to Formula (A.3) of ISO/TR 20641:2023 or
Formula (A.5) of ISO/TR 16153:2023. In this case, according to Table 3, the effective degrees of freedom are 3 and the
coverage factor is k = 3,31.

6.5 Pass/fail decision rules

6.5.1 General

The decision rule for the determination of the pass/fail status of a POVA shall be agreed and documented.
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6.5.2 No comparison to tolerances

The systematic error and random error for the volume measurements according to ISO 8655-6, SO 8655-7,
or ISO 8655-8 may be reported without comparison to performance tolerances and without determination
of the pass/fail status of the POVA under test.

6.5.3 Pass/fail determination of calibration

The pass/fail status of a calibration shall be determined by assessing the systematic and random errors
versus established tolerance limits. The expanded uncertainty of the mean delivered volume shall be
estimated and include contributions from the measuring system, the POVA under test, and the liquid delivery
process. Additionally, the measurement uncertainty in use of a single delivered volume can be estimated.

NOTE The approaches given in ISO/TR 16153 and ISO/TR 20461 meet the requirements for uIncertainty
estimatior]s in 6.5.3. Guidance in the ISO/IEC Guide 98-3 is also applicable.

6.5.4 Ppss/fail status of routine tests

For routine tests, the evaluation may be performed by assessing the systematic and’'random errqrs versus
establish¢d tolerance limits. Alternatively, both errors may be combined into the uncertainty ip use of a
single deljvered volume that is assessed versus the liquid handling process tolerance.

NOTE An example for a routine test evaluation is described in ISO/TR 20461:2023, A.3.3 and ISO/TR 16$153:2023,
A.3.3.

6.5.5 Ppss/fail assessment

6.5.5.1 [Simple acceptance rule

A binary $imple acceptance rule may be applied for thetdetermination of the pass/fail status. The|impact of
the numbgr of replicates on the confidence level shallkbé considered.

6.5.5.2 |Other acceptance rules

Guard bands and non-binary acceptance rules may be applied. These acceptance rules are described
elsewherg, e.g., in ILAC Guide 8lel.

6.6 Safp liquid handling range

The volurpetric performancé-of adjustable volume POVA is usually best at or near the nominal vqlume and
worst at ifs lowest selectabte'volume.

The relatjve uncertainty in use of a single delivered volume increases with decreasing volumes. [The point
at which the relative‘uncertainty equals the liquid handling process tolerance represents the POYA’s lower
useable limit (see-Figure 1). This is the minimum volume the POVA can still deliver with a given|accuracy.
s become
h POVA is
umes are
smaller than the required tolerance, yielding con51stently accurate results. The POVA’s limit, and thus its
safe liquid handling range, depends on the chosen liquid handling process tolerance.

To account for uncertainty variations contributed by the POVA operator, consumables, liquid properties,
environmental conditions or other uncontrollable factors in daily use, the known uncertainty may be
multiplied by a safety factor. This safety factor provides an additional safety margin (Figure 1, range “e”)
between the POVA'’s lower useable limit and the safe liquid handling range.
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mechanical devices a quire routine maintenance to ensure consistent performan
jilures. The level an uency of maintenance depend on the POVA, its use, and its user

g?acturer’s recommended maintenance required and its frequency
b determine maintenance frequency through a risk assessment.

At a mini

— physikal ins@on for damage and functionality;

— leak e‘séssxgre appropriate;

um, the f lemg shall be performed at least every 12 months:

ce and to
The user
It is best

— replacement and/or lubrication of parts susceptible to wear (e.g., seals, tip cones, etc.) according to
recommendations given in the user manual;

— confirm correct mounting and ejection of disposable or reusable parts (e.g., pipette tips, syringe needles,

etc.).

In case an as-found calibration is required, any maintenance should only be carried out after the as-found
calibration has been performed. If maintenance includes an adjustment, it shall be followed by an as-left

calibratio

NOTE

n to confirm performance.

An as-found calibration establishes the performance of the POVA prior to maintenance and/or adjustment.
An as-left calibration establishes the performance of the POVA after maintenance and/or adjustment.
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7 Uncertainty in use of a single delivered volume

Uncertainty of measurement is considered in detail in ISO/TR 16153 and ISO/TR 20461, based on the
highly defined procedures in ISO 8655-6, ISO 8655-7, and ISO 8655-8. Use of a POVA in a routine laboratory
(e.g., clinical or research laboratory) rather than a testing or calibration laboratory, and with differing
environmental conditions and liquids, will inevitably provide results that differ from those obtained under
reference conditions.

The concept of uncertainty in use of a single delivered volume is a method for the determination of accuracy
in routine use. This means that one can assess added potential error and suitability for purpose by
performing testing done by the user in their laboratory, i.e., in the environment in which the POVA is used.
Testing POVA with the consumables used in regular use and under the conditions of regular use gives the
closest copretationof-metrotogica reatibration/testingandregutaruse

The unceftainty in use of a single delivered volume is useful when assessing the accuracy-ofa|delivered
volume for a particular application and when evaluating POVA by routine testing. For' teutine testing,
performefl by the user and in the user’s environment, the uncertainty in use of a single delivered vplume can
be assessed against the liquid handling process tolerance.

The unceftainty in use of a single delivered volume is larger than the uncertainty of the mean|delivered
volume bgcause it includes both systematic and random errors of the deliveries (see ISO/TR 16[153:2023,
Annex A dnd ISO/TR 20461:2023, Annex A).

Due cons]deration should be given to the fact that calibrations are carried out using defined tqst liquids
whilst th¢ POVA in normal use is commonly not used with these test\liquids. The differences that may be
experiended in normal use, as compared to calibration results, shauld'be determined.

Furthermlore, the accuracy of delivered volumes may vary with the skillset and experience of the POVA
users. To ficcount for such differences in daily use, the uncertainty in use of a single delivered volurhe may be
multiplied by a safety factor when being assessed against‘the liquid handling process tolerance.
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Annex A
(informative)

Selection of pipettes and exchangeable parts

A.1 Pipettes

The folloy
overview
operated.

a) Pisto
b) Pisto
c) Pisto
d) Pisto

e) Pisto

f) Pisto
NOTE
g) Pisto
h) Pisto
i) Serol
>1m
j)  Volun
k) Trang
calibt
Table A.1
Variable
volume. Vi
using the
volumes.
NOTE

illg LypesS Ulr pipctu:b dl'c dVdild‘UlU dlld LUllllllUlll_y ubcd ill ld‘UUl dlUI iUb. FUI LIIU bdktﬂ Ulr
of pipettes, the list in this subclause and Table A.1 also contain pipettes that are'n

h-operated, air-displacement, fixed volume pipettes
h-operated, air-displacement, variable volume pipettes
h-operated, air-displacement, variable volume, multi-channel pipettes
h-operated, positive displacement, fixed volume pipettes (typesDhand D2, see A.2.3)
h-operated, positive displacement, variable volume pipettes{types D1 and D2, see A.2.3)
h-operated, manual and electronic multi-dispensers

Sometimes, these dispensers are colloquially referredto as “repeater or ratchet pipettes.”
h-operated, adjustable spacing multi-channel pipettes
h-operated, electronic single channel and multi-channel pipettes

bgical pipettes, made from glass or plastic, with a graduated volume scale — usually fo

hetric glass pipettes with single calibration mark

fer pipettes made from glass (Pasteur pipettes) or plastic (transfer pipettes), with o
ation marks

lists advantages and-disadvantages of these types of pipettes.

olume pipettes exhibit their most accurate volumetric behaviour at or near the pipette’
Vhile adjustable volume pipettes sometimes allow a very wide range of volumes to bq
pipette within its safe liquid handling range of volumes ensures delivery of sufficiently

Eor. example, it is preferable to pipette 20 pl of sample with a 2 pl to 20 pl adjustable volume pi

nominal velumie instead nfncing a10 |r|| to 100 :_I] pipette setat 20 |r||

complete
pt piston-

- volumes

Ir without

5 nominal
selected,
r accurate

bette at its
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Table A.1 — Selection of pipette type

Pipette Type

Recommended Use

Advantages

Disadvantages

Air-displacement, fixed
volume, single channel
pipettes

All aqueous samples.

Samples with low and medi-
um viscosity.

Samples with low vapour
pressure.

Typically higher accura-
cy than variable volume
pipettes.

Prevents user error due to
improper volume adjust-
ment or accidental volume
change if setting is not
properly locked.

Fixed volume setting.
Limited numbers of fixed
volumes available from
manufacturers.

Air-displacement, varia-

All aqueous samples.

One pipette can be used for

Possibility of improper

ble Volunl’e,‘si‘ﬂ‘gl’e‘e’hauuc} Sampies with lTow and medi- [& vat ;ct_y of-votumre octt;uso. vohtme octtius ]u_y user can
pipettes um viscosity. reduce trueness.,
Samples with low vapour Possibility of accidental vol-
pressure. ume changewhen|volume
setting.is-not lockgd.
Air-displacement, varia- |All aqueous samples. Suitable for work in mul- Eachchannel is regarded

ble volunje, multi-channel
pipettes

Samples with low and medi-
um viscosity.

Samples with low vapour
pressure.

ti-well plates.

as-single channel pipette
and is subject to cglibration
requirements.

Systematic and rapdom

error specification)s can be
larger than for single chan-
nel models.

Positive displacement,
fixed volume pipettes

All aqueous samples.
Samples with medium and
high viscosity.

Samples with medium to
high vapour pressure.

Hot and cold samples.

Aspirated.sample is com-
pletely dispensed from tip.

Suitable for non-aqueous,
vis¢ous, biological, and
other samples which are
difficult to pipette with
air-displacement pipettes.

Single volume per

Pipette tips are m
expensive than th
air-displacement pipettes.
Risk of cross contgmina-

tion of samples unjess the
tip is disposed of hetween
samples.

pipette.
re
se for

Positive displacement,
variable yolume pipettes

All aqueous samples.
Samples with medium and
high viscosity:

Samples with medium to
high vapeur pressure.
Hot-and cold samples.

Aspirated sample is com-
pletely dispensed from tip.
Suitable for non-aqueous,
viscous, biological, and
other samples which are
difficult to pipette with
air-displacement pipettes.
Useful for all volumes with-
in the safe pipetting range.

Pipette tips are m
expensive than th
air-displacement pipettes.
Risk of cross contgmina-

tion of samples unjess the
tip is disposed of hetween
samples.

re
se for

Electronikc air-displace-
ment pipettes

All aqueous samples.
Samples with low and medi-
um viscosity.

Samples with low vapour
pressure.

Typically better repeata-
bility (increased precision)
than manually operated
pipettes.

Some pipettes can be
prngrnmmpd ta deliver

Electronic pipettef are typ-
ically more expengive than
manual pipettes.

multiple dispenses from one
aspirated aliquot of sample.

Multi-dispensers

All aqueous samples.
Samples with low, medium,
or high viscosity.

Samples with low or high
vapour pressure.

Suitable for repetitive
delivery of the same volume
without the need for aspira-
tion after each delivery.

Trueness and precision can
be inferior compared to
single delivery pipettes.
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