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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Alist of all parts in the ISO 8655 series can be found on the ISO website.

Any feedback or questions 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 ISO 8655 series addresses the needs of:

— manufacturers, as a basis for quality control including, where appropriate, the issuance of
manufacturer’s declarations;

— calibration laboratories, test houses, users of the equipment and other bodies as a basis for
independent calibration, testing, verification and routine tests.

—

The tests specified in the ISO 8655 serijes are intended to be carried out by trained personn
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INTERNATIONAL STANDARD ISO 8655-1:2022(E)

Piston-operated volumetric apparatus —

Part 1:
Terminology, general requirements and user
recommendations

1 Bcope

This| document specifies general requirements for piston-operated volumetric apparatus (POVA). It
is applicable to pipettes, burettes, dilutors, dispensers and manually operated precision laboratory
syringes. It furthermore defines terms for the use of piston-operated volumetric apparatys and gives
user{recommendations.

This|document does not apply to medical products intended for use on humans, e.g. for medidal syringes.

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated, references, only the edition cited ppplies. For
undjted references, the latest edition of the referenced'‘document (including any amendments) applies.

ISO 8655-2, Piston-operated volumetric apparatus= Part 2: Pipettes
ISO 8655-3, Piston-operated volumetric apparatus — Part 3: Burettes
ISO $655-4, Piston-operated volumetric dpparatus — Part 4: Dilutors
ISO 8655-5, Piston-operated volumetric apparatus — Part 5: Dispensers

ISO [8655-6, Piston-operated(volumetric apparatus — Part 6: Gravimetric reference measurement
procedure for the determination of volume

ISO B655-7, Piston-operated volumetric apparatus — Part 7: Alternative measurement procedures for the
detefmination of volume

ISO [8655-8, Piston-operated volumetric apparatus — Part 8: Photometric reference measurement
procedure forthe determination of volume

ISO B6554%9; Piston-operated volumetric apparatus — Part 9: Manually operated precision] laboratory
syringes.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO 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/

©1S0 2022 - All rights reserved 1
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3.1

adjustment
(POVA) set of operations carried out so that the delivered volume more closely corresponds to the
nominal or selected volume

Note 1 to entry: Information about the correct adjustment method can be found in the manufacturer’s instruction
manual. Some devices have more than one adjustment method. Some have none at all.

3.2
balance

(POVA) device used to determine the mass of a delivered volume

3.3

bandpass flilter

optical filtef used to selectively transmit a band of wavelengths from the total spectrum whilerejeq
shorter and|longer wavelengths than those within the transmission band

3.4

calibration

(POVA) set| of operations that establish the relationship between the delivered volume and
correspondfng selected volume of the apparatus with associated measurementuncertainties

Note 1 to enftry: Calibration requires no operation which permanently modifies the apparatus and doe

require adju

3.5
coefficient
random err

3.6
correction
mathematid

Note 1 to er]

ttment of the device.

of variation
pr expressed as a percentage of the mean deliverédvolume

al compensation of a systematic effect

try: In the context of this document;.@ systematic error can be mathematically compensatg

subtracting it from the selected volume.

Note 2 to ent
volume.

3.7

ry: The correction is applied when the user is setting the indication to deliver the corrected inte

chromophgre

compound Y

3.8

dead air va
headspace
captive air

vhich absorbs pliotons of a specific energy

lume

Foldme

air cushion

ting

the

5 not

d by

nded

(air displacement pipettes) air volume between the piston and the surface of the liquid in the tip

39

dead volume
(POVA) amount of liquid that does not belong to the delivered volume and which is contained during
operation in aspiration or expelling tubes, valves and within the cylinder

3.10

evaporation trap

accessory u

3.11

sed in a balance that minimizes evaporation of test liquid from the weighing vessel

immersion depth
(piston pipette) depth of the tip orifice of the piston pipette below the liquid surface

2
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3.12
liquid handling process tolerance
user-specified tolerance defining the maximum acceptable uncertainty in use of the delivered volume

Note 1 to entry: A POVA is fit for its intended purpose if its uncertainty in use is smaller than or equal to the liquid
handling process tolerance.

Note 2 to entry: The liquid handling process tolerance is typically expressed as a percentage of the nominal or
selected volume.

3.13

maximum permissible systematic error
permitted extreme value for the deviation of the mean delivered volume from the nomingl volume or
sele¢ted volume

Note|[ 1 to entry: The maximum permissible systematic errors of piston-operated volumetric apparatus are
specified in ISO 8655-2 to ISO 8655-5, and ISO 8655-9.

3.1
maximum permissible random error
perrhitted extreme value for the variation of the delivered volumes arouind the mean of the delivered
volumes

Note|1 to entry: The maximum permissible random errors of piston-gperated volumetric apparatus pre specified
in ISP 8655-2 to [SO 8655-5 and I1SO 8655-9.

3.15
mean delivered volume
arithmetic mean of multiple replicate delivered volumies obtained by the measurement method

prodess of experimentally obtaining one.or more quantity values that can be reasonably attfributed to a

(POYA) closeness of agreement between delivered volume and the nominal volume or selectled volume

Note|1 to entry: The cone€pt ‘measurement accuracy’ is not given as a numerical value. A measuremjent is said to
be mpre accurate wheirit offers a smaller measurement error.

Note|2 to entry: Ehie term ‘measurement accuracy’ is not the same as ‘measurement trueness’ or ‘heasurement

meastrement repeatability
mea 151

3.19

measurement uncertainty

(volume as delivered by a POVA) non-negative parameter, associated with the delivered volume, that
characterizes the dispersion of the volumes that could reasonably be attributed to the delivered volume
based on the information used

Note 1 to entry: When POVA are calibrated according to one of the procedures in ISO 8655-6, ISO 8655-7, or
[SO 8655-8, the uncertainty of the mean delivered volume is usually estimated and reported.

Note 2 to entry: When POVA are used in the laboratory the uncertainty in use of a single delivered volume can be

estimated and is discussed further in ISO 8655-10. This uncertainty is likely to be larger than the uncertainty of
the mean delivered volume.

©1S0 2022 - All rights reserved 3
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Note 3 to entry: ISO/TR 20461 and ISO/TR 16153 provide examples of the estimation of the uncertainty of the
mean delivered volume and the uncertainty in use of a single delivered volume.

3.20

measuring system

set of one or more measuring instruments, and often other devices, including any reagents and supplies,
assembled and adapted to give information used to generate measured volumes within specified
intervals for quantities of specified kinds

[SOURCE: ISO/IEC Guide 99:2007, 3.2, modified — Note to entry was deleted, and definition has been
modified for the purpose of the POVA standard]

3.21
measuring|system uncertainty
value related to the method used for the determination of volume, which does not .include the
uncertainty of the POVA under test or the operator effect

3.22

metrologidal confirmation

set of operjtions required to ensure that the POVA conforms to the requirements-for its intended ujse
t

Note 1 to entry: Metrological confirmation generally includes calibration and verification, and any necegsary
adjustment ¢r repair, and subsequent recalibration, comparison with the metrological requirements fo the
intended us¢ of the POVA, as well as any required sealing and labelling.

Note 2 to eptry: The requirements for intended use include such considerations as range, resolutionf and
maximum pgrmissible errors.

Note 3 to gntry: Metrological requirements are usually distinct from, and are not specified in, prqduct
requirementss.

[SOURCE: I$0 9000:2015, 3.5.6, modified — definition'and Note 1 to entry have been modified for the
purpose of the POVA standard, Note 2 to entry has’been deleted and following notes to entries yere
renumberedl.]

3.23
metrologidal traceability
property of a measurement result{whereby the result can be related to a reference through a
documentedl unbroken chain of calibrations, each contributing to the measurement uncertainty

[SOURCE: I§O/IEC Guide 99:2007, 2.41, modified — Notes to entry have been deleted.]

3.24
nominal vqlume
(POVA) uppgr limit.of the usable volume range as specified by the manufacturer

Note 1 to erftry« For specific piston-operated volumetric apparatus, this definition is further qualified if the
applicable pdnrts-of ISO 8655.

3.25

photometric repeatability

standard deviation of at least 10 absorbance measurements at a specific wavelength using a glass filter
calibration standard

3.26

precision

(POVA) closeness of agreement between replicate delivered volumes obtained under repeatability
conditions

Note 1 to entry: The error characterizing precision is the random error (3.27).

4 © IS0 2022 - All rights reserved
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3.27
random error
(POVA) variation of the delivered volumes around the mean of the delivered volumes

Note 1 to entry: General definitions for random error are given in the ISO/IEC Guide 99 and ISO 3534-2. The term
“random error” as used in ISO 8655 refers to the net effect of all random errors.

Note 2 to entry: The random error is ascertained by taking the repeatability standard deviation of multiple
measurements.

Note 3 to entry: This definition corresponds to measurement repeatability as the term measurement repeatability
is defined in the ISO/IEC Guide 99: measurement precision under a set of identical conditions of measurement.

Notel4 to entry: Equations for calculation of the random error are given in ISO 8655-6, 1SO 8655-7, anJl IS0 8655-8.

3.28
reference measurement procedure
(POYA) measurement procedure accepted as providing volume measuremeént results fi{ for use in
assepsing systematic and random errors

3.29
safe|liquid handling range
volume range of a POVA in which the measurement uncertainty-in-dse of a single delivered volume is
smaller than or equal to the required liquid handling process tolerance

3.30
selerted volume
targpt volume
test polume
(varjable-volume volumetric apparatus) volume set by the user, in order to deliver the chos¢n volume

Note|1 to entry: For a fixed-volume POVA, the selected volume is equal to the nominal volume.

3.3

spe¢trophotometer
instfument measuring the amount of light transmitted through a sample solution |at specific
wavelengths

3.3
systematic error
(POYA) difference betiveén the mean delivered volume and the selected volume

Note|1 to entry: Aecording to the ISO/IEC Guide 99, a measuring device can have multiple different measurement
errofs, each of which can be random or systematic. The term “systematic error” as used in ISO 8655|refers to the
net efffect of all systematic errors.

Note| 2 t¢ entry: For piston-operated volumetric apparatus, the systematic error is ascertained Hy taking the
diffefenee’between the mean of multiple measurements and the selected volume.

Note 3 to entry: According to ISO/IEC Guide 99, this definition corresponds to measurement error, measured
quantity value (mean delivered volume) minus a reference quantity value (selected volume).

Note 4 to entry: Equations for calculation of the systematic error are given in ISO 8655-6, ISO 8655-7, and
ISO 8655-8.

3.33

tare

device for setting the indication of a balance to zero when a load is placed on the balance pan
3.34

testliquid

liquid used for the volume determination

Note 1 to entry: Requirements for test liquids are given in ISO 8655-6, ISO 8655-7, and 1SO 8655-8.

© IS0 2022 - All rights reserved 5
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3.35

testing

(POVA) set of operations that establish the relationship between the delivered volume and the
corresponding nominal or selected volume of the apparatus with or without the estimation of the
measurement uncertainty

Note 1 to entry: Testing requires no operation which permanently modifies the apparatus and does not require
adjustment of the device.

3.36
trueness
(POVA) clos

Note 1 to entry: The error characterizing trueness is the systematic error. Equations for calculation of systematic
error are given in ISO 8655-6, ISO 8655-7 and ISO 8655-8.

Note 2 to enflry: The term ‘accuracy’ is different from ‘trueness’ and should not be used for ‘truéness’.

Note 3 to enflry: The definition based on ISO/IEC Guide 99: 2007, 2.14, which was modified-for the purpose df the
POVA standdrd.

3.37
usable volume range
volume ranjge commensurate with the liquid handling process tolerance or with the manufactufer's
specificatiops

Note 1 to enftry: When liquid handling process tolerances are considered, the lower end of the usable voJume
range of the [POVA is defined as the volume below which the relative’expanded measurement uncertainty in use
becomes larger than the liquid handling process tolerance. In this'case, the usable volume range equals thq safe
liquid handling range.

3.38
wavelength reproducibility
standard deviation of at least 10 consecutives wavelength maximum measurements at the peak
wavelength| of the reference standard

4 Abbrdviated terms

The following are abbreviated térms used in this document and the ISO 8655 series of standards.

POVA  Pigton-operated yelumetric apparatus

GUM Gulide for the Expression of Measurement Uncertainty (ISO/IEC Guide 98: 2008)

5 Typesofpiston-operated volumetric apparatus

5.1 General

POVA includes a range of devices intended to aspirate or deliver specific volumes of liquids; they can
be manually or semi-automatically operated and are controlled by mechanical, electro-mechanical or
electronic means.

5.2 Pipettes

Pipettes are used to aspirate and deliver liquids. Single-channel pipettes have one piston/cylinder
assembly. Multi-channel pipettes have a piston/cylinder assembly for each channel; the same volume of
liquid can be delivered into several receptacles simultaneously (e.g. the wells of a microplate). Pipettes
can be of fixed or variable volume.

6 © IS0 2022 - All rights reserved
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Pipettes can be of positive displacement or air-displacement type (see ISO 8655-2).

5.3 Burettes

Burettes are designed to deliver liquid progressively until the volume delivered is sufficient to satisfy
external (usually analytical) criteria such as change of colour, pH, conductivity, or polarization of the
analyte. The volume delivered can be read from a display or recorded from the apparatus by other
means (see ISO 8655-3).

5.4 Dilutors

fors are used to deliver mixtures of liquids of defined volumetric proportions. T}Le intended
nes of sample and dilution fluid, chosen to provide a combined volume of the feqtired dilution
, are user-selected prior to the uptake and delivery of the liquids. According to, ISO’865%-4, dilutors
be constructed with or without valves and may be of fixed or variable volume.

Dilu
volu
ratid
can

5.5 | Dispensers

uid. Single-
spensers or

ensers are used for the repetitive delivery (dispensing) of a measured volume of lig
ke dispensers provide a single delivery from each filling stroke. Multiple delivery di
het-based systems provide multiple deliveries from each filling stroke (see ISO 8655-5)

Disp
stro
ratc]

5.6 | Syringes

Manpally operated precision laboratory syringes arednstruments used for delivering ligpnids and/or

gases (see ISO 8655-9).

6 [General requirements

6.1 | Frequency of calibrations and tests

Meti
atle

at shorter time intervals than/metrological confirmations (see 6.5). The frequency of 1

conf]
the ¢
freq

ological confirmation, including calibration or testing, shall be performed on a regulg
hst once every 12 months (See'6.4). Routine tests shall be performed on a regular basig

irmations and routine.tests for POVA shall be based on a risk assessment and determ
ontinued fitness ofthe’POVA for its intended use is documented. Industry- or organizat
iency requirements-shall be followed.

r basis and
, preferably
hetrological
ned so that
ion-specific

If a POVA fails todmeet the performance requirements, re-examining or voiding all results in which this

POV,
risk
proy

A has been\used since the last passing test result should be considered. The number
of being.voided can be reduced by performing more frequent tests. Frequent and reg
ides assurance of performance.

f results at
ular testing

6.2

Reporting measurement errors

The systematic error in the ISO 8655 standard series is based on historic convention within the
pipetting industry, and is opposite to ISO/IEC Guide 99:2007, because in this series of standards, the
selected volume of the POVA is considered as the reference value.

6.3

Exchangeable Parts

Some POVA require the use of exchangeable parts during typical use (e.g. disposable pipette tips). These

exch

angeable parts constitute an integral part of the POVA under test.

Metrological confirmation and routine tests of the POVA should be performed using the type of
exchangeable parts, which are used during the typical operation of the POVA.

© IS0 2022 - All rights reserved
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Handling of exchangeable pipette tips shall be minimised, e.g., when fitting or changing tips, to avoid
any thermal transfer, which can introduce volumetric errors.

Documentation of the exchangeable or disposable part shall include make, model, and if available, lot or
serial number.

6.4 Metrological confirmation

Metrological confirmation of all POVA shall be performed on a regular basis to ensure that the apparatus
meets the requirements for its intended use.

Metrologicd
procedures
according t
measureme

6.5 Rout

The routing
monitoring
intervals m

— risk of §
frequer
numbe
aggresy
acceptd
manufg
numbel

liquid h

The determpination of the delivered volume shall be done following the procedures specifie

[SO 8655-6

6.6 Main

If maintenance or répair is to be carried out, metrological confirmation should be considered bég

and after st
of the deviq
performed.

described in ISO 8655-6 and ISO 8655-8. Metrological confirmation may also be peTifof
b one of the alternative measurement procedures described in ISO 8655-7, provided’'thal
nt procedure meets the requirements of [ISO 8655-7:2022, 4.1.

ine testing

or analytical quality control routines, for example, every three months (see 6.1). Other
hy be adopted giving due consideration to the following factorss

ipplication;

cy of use;

 of users of the POVA;

ive nature of the liquid to be delivered and its\wapours;
ble maximum permissible errors;

cturer’s information;

" of dispenses performed on each-occasion of use;

andling process requirements.

and [SO 8655-8, onbythe adoption of other methods in accordance with ISO 8655-7.

tenance and repair

Ich actions. No assumption shall be made that such actions do not change the perform
e ahd results obtained before maintenance or repair will have no relevance if this i3

I confirmation of POVA should be pertormed according to one of the reference measurement

med

[t the

e testing of the POVA shall be performed at regular intervals as-part of test equipinent

time

d in

fore
ance
not

6.7 Suitability to give statements on performance

ISO 8655-2, ISO 8655-3, ISO 8655-4, ISO 8655-5, and ISO 8655-9 provide product requirements for
maximum permissible systematic and random errors. The reference measurement procedures of
[SO 8655-6 and ISO 8655-8 are considered suitable for determining whether these requirements are
met.

Alternative measurement procedures are provided in ISO 8655-7. These procedures are suitable for
determining that maximum permissible systematic and random error requirements are met provided
that the requirements of [SO 8655-7:2022, 4.1, are fulfilled.
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