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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Globalization of laboratory operations requires standardized practices for operating automated
liquid handling systems (ALHS), communicating test protocols, as well as analysing and reporting
of performance parameters. IWA 15:2015 was developed to provide standardized terminology, test
protocols, and analytical methods for reporting test results. The concepts developed for, and described
in, IWA 15 form the foundation of the ISO 23783 series.

Specifically, this document addresses the needs of:

Tasapa e testing of
trueness and precision;

— |manufacturersof ALHS,asabasis for quality control, communication ofacceptance testspgcifications
and conditions, and issuance of manufacturer’s declarations (where appropriate);
— |test houses and other bodies, as a basis for certification, calibration, and-festing.

The tests established in this document should be carried out by trained personnel.

© IS0 2022 - All rights reserved v
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Automated liquid handling systems —

Part 1:
Vocabulary and general requirements

1 [Scope
Thif document defines terms relating to automated liquid handling systems (ALH$)»Thig document
alsq specifies general requirements for the use of ALHS. It describes types ofnALHS anpd specific
use| requirements, settings, and adjustments for each ALHS type. It also spécifies env]ronmental
reqpirements for the use of ALHS.
Thig document is applicable to all ALHS with complete, installed liquid handling devices, indqluding tips
and other essential parts needed for delivering a specified volume, which-perform liquid hanidling tasks
without human intervention into labware.
NOTE Measurement procedures for the determination of volumetric performance are given in ISO 23783-2.
The|determination, specification, and reporting of volumetric performance of automated liquid handling systems
are fescribed in ISO 23783-3.
2 |Normative references
The following documents are referred to in thé text in such a way that some or all of their content
conptitutes requirements of this document.-Eor dated references, only the edition cited dpplies. For
undated references, the latest edition of thelbeferenced document (including any amendmengs) applies.
1SQ 23783-2, Automated liquid handling‘systems — Part 2: Measurement procedures for the defermination
of vplumetric performance

ISQ 23783-3:2022, Automated-liquid handling systems — Part 3: Determination, specififation, and
repgrting of volumetric performance
3 |Terms and definitions
For|the purposesiofthis document, the following terms and definitions apply.
[SOJand IECimaintain terminology databases for use in standardization at the following addfesses:
— [IS@ Online browsing platform: available at https://www.iso.org/obp
— HECTHtectropeditaavattabteathttps7/-wwwetectropedtaorg?
31
accuracy

accuracy of liquid delivery
<ALHS> closeness of agreement between the delivered volume and the target volume

Note 1 to entry: The concept "accuracy” is not given a numerical value. A liquid delivery is said to be more
accurate when it is made with a smaller error.

Note 2 to entry: The term "accuracy” shall not be used for "trueness" and the term "precision” should not be used
for ‘accuracy,” which, however, is related to both of these concepts.

Note 3 to entry: The relationship between accuracy, systematic error, and random error of an automated liquid
handling system is explained further in ISO 23783-3:2022, 5.1.

© IS0 2022 - All rights reserved
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[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — definition and Notes 1 and 2 were modified for the
context of automated liquid handling and Note 3 was replaced.]

3.2

air displacement
<piston-operated ALHS> liquid handling principle in which a body of air is contained between the

piston and

the test liquid

Note 1 to entry: It is possible to have a large air gap (piston systems), or a smaller air gap between the test liquid
and the system liquid (liquid filled systems).

3.3

air gap
captive air
dead air vg
<piston-op
aspirated |

Note 1 to enftry: It is possible to have a large air gap (piston systems), or a smaller air gap forliquid filled syst

3.4

volume

lume

erated ALHS> air volume between the lower part of the piston and thecsurface of
quid

automate
ALHS

system witlh a complete, installed liquid handling device, including tipsyand other essential compon¢
needed for|delivering a specified volume without human interventioh into labware

Note 1 to entry: Examples of automated liquid handling systems include automated pipetting systems (APS),

automated

3.5
calibratio
<ALHS> oy

the ALHS and the delivered volume

Note 1 to eq
include a co

[SOURCE:
context of

3.6
correctior
mathematij

Note 1 to er
be deducted

[SOURCE:

liquid handling system

ispensing systems (ADS).

n
eration that, under specified conditions;establishes a relation between the target volum

try: A calibration may be expressed by a statement, a calibration curve or a calibration table. It
[rection, but correction or adjustment is not a required element of a calibration.

SO/IEC Guide 99:2007, 2.39, modified — definition was simplified and modified for
hutomated liquid handling; Note 1 was simplified and Notes 2 and 3 were deleted.]

]
cal compensation for a systematic effect

try: The dnathematical compensation can take different forms, such as an addend or a factor, or
from atable.

SO/IEC Guide 99:2007, 2.53, modified - added mathematical to the definition and Not

the

PINS.

ents

and

may

the

can

d l d - P i o 4=l Ph o adas. DAL ode 4 A ol adeamell
eleted estmmatedfronrtiredetmitom,anaiNoteT—was acretear]

3.7

delivered volume
quantity delivered by a liquid handling system

Note 1 to entry: Delivered volume is a conceptual term and cannot be known with complete certainty due to
measurement error.

3.8

dispense height
initial distance at which the test liquid is dispensed relative to a stated reference

Note 1 to entry: Dispensing from an initial fixed distance relative to the liquid surface will decrease the dispense
height as the liquid level rises.

2
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Note 2 to entry: Dispensing from a fixed distance relative to the well bottom will not change the dispense height
over the course of the dispense.

Note 3 to entry: Dispensing and adjusting the distance relative to the liquid surface will not change the dispense
height over the course of the dispense. This is an operational mode possible with some ALHS liquid level detection
systems.

Note 4 to entry: Dispensing and adjusting the distance relative to the well bottom will increase the dispense
height over the course of the dispense. This is an operational mode possible with some ALHS liquid level detection
systems.

3.9

dispensing system
devijice for delivering liquids from a pre-filled liquid reservoir

3.1
dis
con
det

Not
Not

31
dry

bosable tip
ponent to transfer liquid, which is attached once and after use, as definied’ by the ma
hiched and intended to be discarded

e 1 to entry: Disposable tips are usually made of plastic.

b 2 to entry: Disposable tips are in contrast to fixed tips (3.13).

|
contact dispensing

trapsferring of liquid while the tip is in contact with a dry~surface

31
fact
inte
spe

3.1
fix¢
con
prid

Not

3.14
for
dirg
pro

3.1

A

4

ory acceptance testing
rnal testing at the site of ALHS production to ensure ALHS performance to man|
Cifications

J
d tip

ponent to transfer liquid, which-tremains attached to the dispense head after use and|
r to its next use

e 1 to entry: Fixed tips are/in“eontrast to disposable tips (3.10).

3
wvard mode pipetting

ct mode pipetfing

cess of liquiddransfer where the entire aspirated volume is delivered

D

im
de

ersion depth
h-ofithe tip orifice below the liquid surface

hufacturer,

ufacturer’s

is cleaned

Note 1 to entry: Immersion depth can be applied to both aspiration and dispensing (wet contact).

3.16
individually controlled channel
<ALHS> liquid handling channel that can be operated independently of other channels

3.17

inkjet type dispenser
dispensing system which uses technologies that deliver liquid volume as individual, free-flying droplets
or jets (e.g. inkjet technology)

Note 1 to entry: For example, multiple volume increments as small as a few picolitres can be added up to dispense
volumes of several microlitres.
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3.18
labware

<ALHS> materials used in conjunction with liquid handling operations

Note 1 to entry: Labware includes, but is not limited to, disposable tips, reservoirs, receiving vessels, adapters
and microplates.

3.19

liquid class
specific liquid or liquid type, which is defined by specific liquid characteristics that require specific

settings of

the liquid handler to achieve a desired volume delivery

3.20
maximum
upper or |
volume

3.21
maximum
largest vol

3.22
measured
quantity re

Note 1 to e
quantity va

3.23
minimum
smallest vq

3.24

permissible error
wer permitted extreme value for the deviation of the dispensed volume from the ta

specified volume
me for which specifications are provided

volume
ported by a volume measuring system

ue and serves as an estimate of the delivered volume whigl'is not known with complete certaint

specified volume
lume for which specifications are provided

measurenpent method

measurem
detailed dg

Note 1 to €
procedure”.

Note 2 to e
volume meg
are part of §
process.

3.25

bnt procedure
scription of a measurement actording to one or more measurement principles

htry: Sometimes, a distinctioh is drawn between a "‘measurement method" and a "measuren
In this document, the terms/are used interchangeably.

htry: The measuremént method descriptions in this document detail the steps needed to ma
surement and caledlate certain descriptive statistics. Additional details needed to operate the A
he test process,(3/51). In this document, the measurement method is one of the components of a

measurement uincertainty

<delivered

volume> non-negative parameter characterizing the statistical dispersion of the delivg

ntry: In practice, all measurements contain some measurement error. The measured volume|i

rget

hent

ke a
LHS
test

red

volumes

Note 1 to entry: The measurement uncertainty of the mean delivered volume and the measurement uncertainty
of a single delivered volume are two distinct applications of this concept.

Note 2 to entry: The measurement uncertainty of the mean delivered volume and the measurement uncertainty
of a single delivered volume include contributions from the random errors and uncorrected systematic errors of

the ALHS.

Note 3 to entry: The measurement uncertainty includes contributions from the measuring system uncertainty,
as well as the ALHS under test.

Note 4 to entry: These measurement uncertainties can be estimated according to ISO/IEC Guide 98-3.
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3.26

measuring system uncertainty

non-negative parameter characterizing the statistical dispersion of the volume results of the
measurement procedure, which does not include the uncertainty of the ALHS under test

Note 1 to entry: The measuring system uncertainty can be estimated according to ISO/IEC Guide 98-3.

3.27
metrological confirmation
set of operations required to ensure that the ALHS conforms to the requirements for its intended use

Notf T to entry: Metrological coniirmation generally Includes calibration or veriiication, any nhecessary
adjystment or repair, and subsequent recalibration, comparison with the metrological requirements for the
intepnded use of the ALHS, as well as any required sealing and labelling.

Notg¢ 2 to entry: Metrological confirmation is not achieved until and unless the fitness of the ALHS for the
intended use has been demonstrated and documented.

Not¢ 3 to entry: The requirements for intended use include such considerations as range, resplution and
mayimum permissible errors.

Note¢ 4 to entry: Metrological requirements are usually distinct from,“and are not specified |in, product
reqliirements.

[SOPRCE: IS0 9000:2015, 3.5.6, modified — the terms ‘measutement equipment’ and ‘equipment’ were
replaced by ‘ALHS.’]

3.28
mefrological traceability
tradeability

property of a measurement result whereby ¢the result can be related to a reference [through a
documented unbroken chain of calibrations, each contributing to the measurement uncertaiInty

Note¢ 1 to entry: Additional information can'be found in the notes to definition (ISO/IEC Guide 99:20
the felated term ‘metrological traceabilitynehain’ (ISO/IEC Guide 99:2007, 2.42).

7,2.41) and

[SOPRCE: ISO/IEC Guide 99:2007, 2.41, modified — Notes 1 to 4 were deleted and a new Not¢ 1 to entry
wag added.]

3.29
midroplate
flat|plate with an array-of wells

Notg 1 to entry: SOme dimensions of microplates are defined in ANSI/SLAS standards[>-21,

3.3
mu|tichannel head
<AllHS>group of liquid handling channels operated in common

Note 1 to entry: Common arrangements of multichannel heads include 8-, 96-, 384-, and 1 536-channel heads.
Other arrangements are possible, e.g. 2-channel to 1 536-channel configurations.

3.31

multi-dispense

repeat dispense

sequential dispense

<ALHS> collection of dispenses without intervening aspiration

Note 1 to entry: First dispense can be different and is frequently wasted.

Note 2 to entry: Repeat dispenses usually dispense repeatedly the same volume, while sequential dispenses
usually dispense different volumes.

© IS0 2022 - All rights reserved 5
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3.32
non-conta

ct dispensing

contact-free dispensing

free-jet dis

pensing

dispensing of the liquid without contacting the target or the liquid contained in the target

3.33
outlier

member of a set of values which is inconsistent with the other members of that set

3.34
pipetting
system for

3.35

positive d
direct disp,
<piston-op

3.36
precision

bystem
aspirating and dispensing a specified volume of liquid

splacement
lacement

<ALHS> cllseness of agreement between replicate delivered volumes under'specified conditions

Noteltoe

Note 2 to eq
standard ddg

Note 3 to en
or reprodud

Note 4 to en|

ry: Precision is conceptual and not a quantity value.

try: Measurement precision is usually expressed numerjcally by measures of random error, sug
viation, variance, or coefficient of variation under the speeified conditions of measurement.

try: The "specified conditions” can be, for example, repeatability conditions, intermediate preci
ibility conditions (see ISO 5725-1:1994).

try: The relationship between accuracy, trueness, precision, systematic error, and random error

automated liquid handling system is explained furtherin ISO 23783-3:2022, 5.1.

erated ALHS> liquid handling principle in which a piston is in direct contact with the liqliid

h as

ion,

fan

hble

uid

ted

3.37

random exror

<ALHS> component of liquid handling.error that in replicate liquid deliveries varies in an unpredict
manner

Note 1 to enptry: The relationship between accuracy, systematic error, and random error of an automated li
handling syptem is explained further in ISO 23783-3: 2022, 5.1.

[SOURCE: ISO/IEC Guide.99:2007, 2.19, modified — definition was modified for the context of automg
liquid handling; Note 1 was replaced and Notes 2 and 3 were deleted.]

3.38

repeatability,

liquid delivery, repeatability

<ALHS> p[ LibiUll Uf}lbluld dC]liVCl iCb uudc1 d DCt Uf 1 cpcata‘udity LUllditiUllb

Note 1 to entry: Repeatability refers to the variability among liquid deliveries made on the same automated
liquid handling system under nearly identical circumstances. It is recognized that, because of unknown or
uncontrollable factors which influence the liquid handling process, repeated measurements will usually not
agree. The extent of this variability can be expressed by a standard deviation, called the repeatability standard

deviation.

[SOURCE: ISO/IEC Guide 99:2007, 2.21, modified — definition was modified for the context of automated
liquid handling and Note 1 was added.]
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3.39

repeatability condition

repeatability condition of liquid delivery

<ALHS> condition of liquid delivery, out of a set of conditions that includes the same liquid delivery
procedure, same operators, same measuring system, same operating conditions and same location, and
replicate measurements on the same automated liquid handling system over a short period of time

[SOURCE: ISO/IEC Guide 99:2007, 2.20, modified — definition was modified for the context of automated
liquid handling and Notes 1 and 2 were deleted.]

3.40
reproducibility
pregision of liquid deliveries under reproducibility conditions

Notg¢ 1 to entry: Reproducibility refers to the variability of replicate volume deliveries byjidentical ALHS under
differing conditions. It includes effects caused by differences among the ALHS and measurement ipstruments,
reagents, operators, laboratories, and environmental conditions. The variability of resitlts under thesg conditions
may be described by a standard deviation, called the reproducibility standard deviation.

[SOPURCE: ISO/IEC Guide 99:2007, 2.25, modified — definition was modified for the context offautomated
liquid handling and Note 1 was replaced.]

3.41
repiroducibility condition

reproducibility condition of liquid delivery
<ALLHS> condition of liquid delivery that includes different locations, environmental Eonditions,
operators, or automated liquid handling systems

3.42
reservoir

liguid container

<ALHS> vessel that contains the liquid

3.4

reverse mode pipetting
pipetting mode where a volume, larger than the target volume is aspirated into the tip anjd only the
target volume is delivered

34

single dispense

indjvidual dispense

<AIlHS> one liquid délivery per aspiration

3.45
sitd acceptance testing
in-gitu testing at the location where the ALHS will be used, typically a part of the installation process

3.46
supplier’s declaration

<ALHS> document by which a supplier gives written assurance that an ALHS conforms to the
requirements of one or more commonly accepted industry standards

3.47

systematic error

<ALHS> component of liquid handling error that in replicate liquid deliveries remains constant or
varies in a predictable manner

Note 1 to entry: Systematic error is estimated by calculating the average volume of a series of deliveries and

comparing it to the target volume of the automated liquid handling system. Frequently, this resultis expressed as
a percentage of the target volume.

©1S0 2022 - All rights reserved 7
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Note 2 to entry: Systematic liquid handling error, and its causes, can be known or unknown. A correction can be
applied to compensate for a known systematic error.

Note 3 to entry: Some ALHS can be adjusted to compensate for a known systematic error.

Note 4 to entry: The relationship between accuracy, systematic error, and random error of an automated liquid
handling system is explained further in ISO 23783-3: 2022, 5.1.

[SOURCE: ISO/IEC Guide 99:2007, 2.17, modified — definition was modified for the context of automated
liquid handling; Notes 1 and 3 were replaced and Note 4 was added.]

3.48
system liquid
liquid used to transmit energy between a mechanical actuator and the liquid to be transferred

Note 1 to enftry: System liquids can reduce or completely eliminate system dead air volume.

Note 2 to enftry: System liquid is usually deionized water. For special applications, organic solyents such as DMSO
or aqueous $olutions such as saline (e.g. 0,9 % NaCl) can be used.

Note 3 to ellry: System liquid can be used for flushing and rinsing tips to minimize crdss contamination.

Note 4 to enftry: System liquid can be used as a diluent in some applications (e.g. for, diluting samples).
3.49
target volfime

indicated olume
selected vdlume
volume whiich is intended to be delivered

3.50
testliquid
liquid used for the volume measurement

3.51
test procefs
<ALHS> detailed description of an (ALHS testing procedure including system operation pnd
measuremgent method

Note 1 to entry: The test process includes all details needed to reproduce the test or interpret the results.[The
measurement method (3.24) is only.apart of the test process.

3.52
test reporg
document reporting the result of the testing

Note 1 to enftry: Details regarding information to be contained in test reports are specified in ISO 23783-3: 2p22,
Clause 6.

3.53
testresult
value of a characteristic obtained by carrying out a specified test method

Note 1 to entry: Test result is a broader concept than measured volume. The test result can be a single measured
volume, a set of measured volumes, or descriptive statistics such as the mean or standard deviation of multiple
measurements.

[SOURCE: ISO 5725-1:1994, 3.2, modified — Note 1 was replaced.]

8 © IS0 2022 - All rights reserved
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3.54

tru

eness

<ALHS> closeness of agreement between the average volume delivered in a large series of deliveries
and the target volume

Note 1 to entry: Measurement trueness is not a quantity and thus cannot be expressed numerically, but measures
for closeness of agreement are given in ISO 5725-1.

Note 2 to entry: Trueness is inversely related to systematic error but is not related to random error.

Note 3 to entry: The term "accuracy" shall not be used for "trueness".

Not

autqmated liquid handling system is explained further in ISO 23783-3:2022, 5.1.

[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified — definition was modified for the context of]
liquid handling and Note 4 was added.]

3.55

verffication

<AIlHS> confirmation, through the provision of objective evidence,that volumetric pg
spefifications have been fulfilled

Note 1 to entry: The term “verified” is used to designate the corresponding status.

3.56

voliime increment

disq
Not

Not
disg

3.5
wel

dispensing of the test liquid while the tip is in contact with the liquid present in the target

4 to entry: The relationship between accuracy, precision, trueness, systematic error, and randoy

reetly dispensed volumes which are usually addedsup to achieve larger delivered volumé
e 1 to entry: Volume increments can be as small as 11 pl in the case of inkjet-type dispensers.

e 2 to entry: If it is possible to dispense just ong‘increment, the volume increment equals the low
ense volume.

/
contact dispensing

h error of an

automated

rformance

est possible

4 |Abbreviated terms
See|Table 1 for abbrewviations used throughout the ISO 23783 series.
Table 1 — Abbreviated terms used in the ISO 23783 series
Abbreviated term Explanation
AC Alternating current
ADS§ Automated dispensing system
ALHS Automated liquid handling system
APS Automated pipetting system
AU Absorbance unit
BCV Between class variant
BSA Bovine serum albumin
CAS Chemical abstracts service, a division of the American Chemical Society
c2C Channel-to-channel
Ccv Coefficient of variation
DI De-ionized
DMSO Dimethylsulfoxide
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Table 1 (continued)

Abbreviated term Explanation
DOF Depth of focus
DUT Device under test
GA Grand average
HVAC Heating, ventilation, and air conditioning
LED Light-emitting diode
MSU Measuring system uncertainty
MU Measurement uncertainty
MW Molecular weight
ND Neutral density
4-NP 4-Nitrophenol
0A Over all
POVA Piston-operated volumetric apparatus
r/min Revolutions per minute
rcf Relative centrifugal force (g-force)
RH Relative humidity [%]
RSE Relative systematic error
ROI Region of interest
SD Standard deviation
SI International System of Units

5 Operation of automated liquid handling'systems
5.1 Types of automated liquid handling Systems

5.1.1 Geperal

Examples pf some types of ALHS-are provided in 5.1.2 to 5.1.6. This list is not intended to he a
compreher]sive list as technologies:eontinue to be developed.

Manipulation of the labware.on-the deck of the ALHS may be achieved automatically, semi-automaticglly,
or manually.

5.1.2 Piston-operated automated liquid handling systems

Piston-operatedALHS can operate as follows:

— variablewblume; designed to aspirate and dispense selectable volumes within the specified nuseable
volume range of the dispense head and selected tips (for example, between 10 pul and 100 pl).

— alarger volume can be aspirated into the tips, followed by a series of subsequent dispenses of liquid
sub-deliveries.

The dispense head can be:
— permanently attached to the instrument; or

— exchangeable, e.g. to change the usable volume range or number of channels.
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The piston can:

— either have a body of air (air gap) contained between the piston and the surface of the liquid (air-
displacement); or

— bein direct contact with the surface of the liquid (positive or direct displacement); or
— beincontact with a system liquid (liquid-filled systems are a variation of air-displacement systems).
The system can have:

— asingle tip: or
o 2 Y

— |multiple tips, operated by individual pistons; or

— |multiple tips, operated by a single, common drive or moving plate with .multiple pistons
simultaneously driven by a common drive.

The tip can be:
— |permanently attached to the dispense channel of the ALHS; or

— |disposable, and used for one or more aspirate and dispense sequences.

5.1{3 Pump operated automated liquid handling systems
Purp-operated ALHS can operate as follows:

— |variable volume; designed to dispense selectable-volumes within the specified usable voJume range
of the dispense head.

The dispense head can be:

— |permanently attached to the instrument; or

— |exchangeable, e.g. to change theusable volume range or number of channels.
The system can have:

— |a peristaltic or diaphragm pump to aspirate liquid from a reservoir; or

— |a pressurized liquidsréservoir and valves to control the liquid delivery.

5.144 Automatedliquid handling systems using inkjet-type dispensing technologies

Autpmated liquid handling systems can use inkjet-type dispensing technology, in which a pplsed force
is generatédto drive fluids through a nozzle, to directly dispense small volumes into microplates. The
nozgles.in these systems are typically re-filled by capillary action and do not require any pump or
pregsurized reservoir. Pulsed forces to drive the fluid through the nozzle can be actuated lpy thermal,
piezo-electric, or acoustic technologies.

Different types of dispensing systems cover different volume ranges. Dispensing nozzles can be
disposable or reusable.

5.1.5 Automated liquid handling systems using acoustic droplet ejection technology

Acoustic liquid handling systems apply a focused pulse of acoustic energy to the bottom of a source
reservoir surface. The source reservoir is frequently a flat-bottomed, multi-welled ANSI/SLAS format
microplate. The energy is transmitted through the reservoir and into the liquid to be transferred. A
droplet of liquid is ejected from the meniscus of the liquid. The upward bound droplet is captured by a
destination or target placed above the source reservoir. Unlike inkjet-type technologies, the technique
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does not use a nozzle. Usually, volume is dispensed via incremental droplets. The individual droplets
can be adjustable or fixed. Additional droplets can be added in rapid succession.

NOTE Typically, single droplet volumes range from 1 nl to 25 nl, which can be delivered at a rate of several
hundred droplets per second.

5.1.6 Pin tools

In this type of liquid handler, a metal pin is used to transfer an amount of liquid by first immersing part
of the pin into a liquid, then withdrawing and delivering the liquid by contact with the destination.

Pin tools dan have various geometric features to promote the retention and delivery of liquid ~S¢lid,
slotted and grooved pins, as well as threaded bolts, have been used in pin tools. Pin tools are géneffally
used in artays, such as 96-, 384-, or 1 536-well designs attached to a base plate. The attachments|can
be rigidly fixed by pressing or screwing the pins into a base plate. These are called “fixed pins”. Floafing
pin designs are also employed, where the pin is placed into a guide and can move in the akial direcfion
relative to the base plate.

5.2 Types of pipette tips for ALHS

5.2.1 General

Piston-operated ALHS make use of tips, which fit on the ALHS-dispensing head and prevent|the
instrument from contact with the aspirated liquid. The quality, use, and care of these tips can affect{the
volumetridperformance of the ALHS. The dispensing orifice of thetip shall be shaped in such a way that
consistent|dispensing of the liquid is achieved. When the pipetting operation is completed, any amqunt
aining in or around the dispensing orifice of the tip shall be consistent.

Dispensing heads with multiple channels shall be fittéd with tips of the same type, model, and lof on

of sterilizable tips, the sterilizatien procedures indicated as appropriate in the yser
or on the packaging shall not négatively affect the metrological characteristics of the [tips
such as shdpe, seal and wettability.

NOTE This requirement can be assessed by comparing liquid handling errors using tips which havel|and
have not begn sterilized under otherwiseidentical conditions.

5.2.2 Air-displacement tips

Air-displadement tips shallbe considered automatically exchangeable parts (see 6.8.1), usually made of
plastic.

After use gdnd dismeunting from the dispensing head, these tips shall not be cleaned or re-used unless
their metrplogical characteristics are confirmed, and they are shown to be fit for use in the spe¢ific
application] (validation).

NOTE Variability of the amount of externally retained liquid or an incomplete seal will contribute to poor
precision when testing with one of the methods described in this document.

5.2.3 Positive displacement tips

Positive displacement tips shall consist of a plunger contained in a rigid tip wall. The rigid tip wall
connects to the mandrel of the ALHS dispensing head, and the plunger is actuated through an internal
movement mechanism. Various materials can be used for the plunger, such as metal, plastic, or ceramic
and for the tip wall, such as plastic or glass. These pipette tips can be reusable or disposable (both
plunger and tip wall are changed together, per manufacturer’s instructions), and shall be considered
automatically exchangeable parts of the ALHS (see 6.8.1).
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5.2.4 Fixed tips

Fixed tips can be manufactured from various materials, such as stainless steel or polymeric materials.
These tips can be coated for inertness to pipetted fluids or for specific functionality, e.g. conductivity to
sense contact with fluids in receptacles on the deck of the ALHS.

Fixed tips should be examined for damage and tested for proper functionality at regular intervals
according to the manufacturer’s instructions, which should contain protocols for the maintenance and

replacement of such tips (see 5.3).

Fixed tips shall be considered other exchangeable parts according to 6.8.3.

5.3| Cleaning of re-usable components and confirmation of metrological charac

Somie ALHS contain re-useable components, which come into direct contact with\the san
durfng regular use of the ALHS. These components can include, but are not limited to, tips,

tubng, and can consist of a variety of materials, such as stainless steel or polyitheric materi
without specific coatings.

Clegning of re-useable components depends on the chemical, physical-and biological prope
liqguids used with these components. Therefore, no generally applicable.cleaning protocol can
The basic steps are decontamination, if needed, removal of deposits on the tips, and recon

rteristics

ple liquids
valves, and
hls, with or

'ties of the
be defined.
btitution of

the|component to a similar condition as it was during its prior,use. In many cases, flushing and washing

with system liquid (often, deionized water) is adequate. For<ertain applications, an addition
liguid (mostly acidic or basic), which can subsequently bexneutralized and rinsed off with
liquid, is needed. In critical cases, many steps are required; e.g. after an extended flushing, :
decpntamination step (e.g. for a certain exposure tini€) can be followed by a dedicated neu
and|rinsing step. This can even be followed by a dedicated priming step (e.g. BSA coating) to
sion properties.

volumetric performance of the ALHS after the cleaning of re-useable components shal
escribed in this document. Testing of the ALHS volumetric performance is not necessaj
hble component is cleaned as part.of the validated, automated routine operation of the
Cuting an automated cleaning stepiof fixed tips after use).

Testing and calibration of ALHS

6.1 Metrological cenfirmation

6.1/1 General

5 clauselgives requirements and recommendations for metrological confirmation of 4
hnel of the ALHS shall be tested. The ALHS volumetric performance (systematic and rang
and expanded measurement uncertainty) may be verified against the manufacturer’s pg

Thi
cha

al cleaning
fhe system
1 dedicated
tralization
restore the

| be tested
y if the re-
ALHS (e.g.

\LHS. Each
om errors,
rformance

spetifications or user requirements. It is permissible to determine the volumetric perf

rmance of

the ALHS without comparison against specifications or tolerances. Volumetric performan
reported in accordance with 1SO 23783-3.

6.1.2 Calibration

ce shall be

The calibration of ALHS shall be performed by using one of the methods described in ISO 23783-2. The
systematic and random errors and an estimation of the expanded measurement uncertainty shall be

calculated and reported.

NOTE
measurement uncertainty.
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6.1.3 Routine tests

Routine tests performed in accordance with one of the methods described in ISO 23783-2 can be
used to evaluate the volumetric performance of the ALHS and may include an estimation of the
expanded measurement uncertainty. In case no estimation of measurement uncertainty is developed,
the volumetric performance shall be evaluated by the systematic and random measurement errors

according to ISO 23783-3.

NOTE

6.2 Cha

Routine tests include tests while optimizing ALHS performance for a specific use case.

nnels to test

Each chanmel of an ALHS shall be tested according to one of the procedures described in ISO2378

and the teg

6.3 Test

ALHS volu
be close to
A minimun
volumes m|

Test volun
methods g
configurat
in ISO 237

International Standard.

If an altern
test proced

6.4 Test
Physical py

Test liquid
that the tej
NOTE1 |

NOTEZ2

6.5 Rep

During thg
deliveries

t results of each channel shall be reported according to ISO 23783-3:2022, Clause‘6,

volumes

metric performance shall be tested at a minimum of 2 volume settings! [Test volumes sh
the maximum and minimum of the declared volume range of the tested ALHS configurat
h of 3 volume settings shall be tested to claim linearity over the teSted volume range. Of
hy be tested based on agreement between the concerned parties:

es delivered by an ALHS, which exceed the volume measurement constraints of the
ven in ISO 23783-2 shall be tested with a suitable altérnative method. If the tested A

83-2, at least one volume setting shall be tested according to a suitable method of

ative method is used for testing volumes, that method shall be validated against one of]
ures described in ISO 23783-2.

liquids

operties of liquids can alter the delivered volume by an ALHS.

t can be reproduced.
xamples of physical@roperties include density, viscosity, surface tension, and vapour pressure.

'he influence ofdiquid properties on the delivered volume depends on the design of the ALHS.

icate measurements

calibration of an ALHS, each volume setting shall be tested with at least 10 repli

3-2,

uld
ion.
her

test
LHS

on is capable to deliver volumes within the range ef‘one of the test methods described

that

the

5 used for the metrologicalyeonfirmation of ALHS shall be described in sufficient detail so

Cate
vith

hfithe test volume. Routine tests or optimization of ALHS settings may be performed v

fewer repli

6.6 Test

cates.

frequency

The user of the ALHS should define the calibration interval considering the recommendations of the

manufactu

NOTE

rer and user requirements.

User requirements to determine the frequency of calibration or performance verification can include,

but are not limited to, the environment in which the ALHS is used, the types of liquids transferred, the frequency
of use, frequency and nature of maintenance events, and process tolerances.
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