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

Attention i§ drawn to the possibility that some of the elements of this document maly be the subject of
patent righits. ISO shall not be held responsible for identifying any or all sdeh'patenft rights. Details of
any patent rights identified during the development of the document will be in the Ifftroduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents}.

Any trade pame used in this document is information given for the convenience of @sers and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific termisvand expressions related to conformity
assessment, as well as information about ISO’s adherénce to the WTO principle$ in the Technical
Barriers to|Trade (TBT) see the following URL: Forewotd - Supplementary informatipn

The commifttee responsible for this document is [SO/ TMBG, Technical Management Bpard Groups.
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International Workshop Agreement

IWA 15:2015(E)

Specification and method for the determination of
performance of automated liquid handling systems

1 Scope

This International Workshop Agreement (IWA) specifies methods for testing the volumetric
performance of air-displacement, system-liquid filled and positive displacement automated liquid
handling systems (ALHS), including an estimation of measurement uncertainties and established

traceabilit
in this doc

é[ment may also be used to measure the volumetric performance of autoind

systems which do not aspirate the test liquid.

This TWA 4§
(including
multichann
and formul

This TWA :
summary 1

This IWA i

Iso specifies statistical methods for the determination of randtem and
intra-plate and inter-plate comparisons), analysis of measured rej
el dispensing heads, and analysis depending on dispense patterns. It fur
pe to be used for summarizing test results.

lso specifies the information to be provided to ysers of ALHS, includ
esults and performance claims.

applicable to all ALHS with complete, installed liquid handling devices,

other essenmtial parts needed for delivering a specified volume, which perform liq

without hy
automated

This IWA a

supplie
supplie

test ho

users g
and pr

The tests e

2 Norm

man intervention into microplates. Manipulation of the microplates
liquid handling system may be achieved automatically, semi-automaticall

Hdresses the needs of:

r’s declarations;
ses and other bodies; as a basis for independent certification and calibra

fthe equipment, to enable calibration, verification, validation, and routine
pcision.

stablishedvinrthis IWA should be carried out by trained personnel.

ative references

methods specified
ted liquid delivery

systematic errors
ults when using
ther defines terms

ing the display of

including tips and
id handling tasks
the deck of the

y, or manually.

rs of ALHS, as a basis for.quality control including, where appropriate, the issuance of

tion;

testing of trueness

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

For purposes of this document, the following terms and definitions apply.

© IS0 2015 -
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3.1 Definitions

3.1.1

accuracy

<automated liquid handling system> closeness of agreement between a delivered volume and the
target volume

Note 1 to entry: The concept ‘accuracy’ is not a quantity and is not given a numerical quantity value. A liquid
delivery is said to be more accurate when it is accomplished with a smaller liquid handling error.

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified]

3.1.2
air displacement

liquid handling pr

Note 1 to entry: It i

and the system liqu

TN 1.1 11 VRN e 11 +1 — h P PR
HCIPIC IIT WIIICIT 4 DOUY UL dIT 15 COIILAITICU DELWECTIT LT DISTUIL dIIU LIS LEST

possible to have a large air gap (piston systems), or smaller air gap between th
d (liquid filled systems).

liquid

e test liquid

3.1.3

ALHS uncertaint)
non-negative par
target volume

y

hmeter characterizing the dispersion of the measuréd*volumes relative to the

Note 1 to entry: Uncertainty is inversely related to accuracy, and is a‘quantity value. This value should be

expressed in accordpnce with ISO/IEC Guide 98-3.

[SOURCE: ISO/IEC|Guide 99:2007, 2.26, modified]

3.1.4
aliquot

<automated liquid handling system> single delivery during a multi-dispense

3.1.5

automated liquid
ALHS

system with a complete, installed liquid handling device, including tips and other essential pz
for delivering a spgcified volume withiout human intervention into microplates

handling system

irts needed

Note 1 to entry: Exa
automated dispensi

Imples of automated liquid handling systems include automated pipetting systemn
hg systems (ADS).

s (APS), and

3.1.6

calibration
<automated liquid
between the targ

hanhdling system> operation that, under specified conditions, establishep a relation

1 £ ALLIC 1 h | 1 1. 1 1
VOIUIIIC O UIIC ALITS dIIU UIC UCIIVETTU VOIUIIIC

Note 1 to entry: A calibration may be expressed by a statement, a calibration curve or a calibration table. It may
include a correction, but correction or adjustment is not a required element of a calibration.

[SOURCE: ISO/IEC Guide 99:2007, 2.39, modified]

3.1.7

dead air volume

captive air volume

air gap

<piston-operated automated liquid handling systems> air volume between the lower part of the piston
and the surface of the aspirated liquid

Note 1 to entry: It is possible to have a large air gap (piston systems), or smaller air gap for liquid filled systems.
Sometimes called captive air volume.

© ISO 2015 - All rights reserved
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Note 2 to entry: Commonly, an air gap can be adjusted through ALHS system parameters, while the dead air
volume or captive air volume cannot be adjusted (see 4.2.1).

3.1.8
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.

3.1.9
dispense height
height at which the test liquid is dispensed relative to a stated reference

3.1.10
dispensing system
system for delivering liquids from a pre-filled liquid reservoir

3.1.11
disposablé¢ tip
tip, which is attached once and after use, as defined by the manufacturer, detached gnd intended to be
discarded

Note 1 to enfry: Disposable tips are usually made of plastic.

Note 2 to enfry: Disposable tips are in contrast to fixed tips, which are described in 4.3.4.

3.1.12
dry contadt dispensing
dispensing|of liquid while tip is in contact with thedry target

3.1.13
factory ac¢eptance testing
internal vehdor testing to ensure ALHS petrformance to specifications

3.1.14
forward njode pipetting

direct modg pipetting

pipetting njode where theentire aspirated volume is delivered

3.1.15
immersion depth
depth of the tip below the liquid surface

Note 1 to enfrylmmersion depth can be applied to both aspiration and dispensing (wet confact).

[SOURCE: Toolpoint Photometric Volume Check Procedure:2008, modified]

3.1.16
individually controlled channel
liquid handling channel that can be operated independently of other channels

3.1.17
labware
<automated liquid handling systems> materials used in conjunction with liquid handling operations

Note 1 to entry: Labware includes disposable tips, reservoirs, receiving vessels, adapters and microplates.

3.1.18
maximum permissible error
upper or lower permitted extreme value for the deviation of the dispensed volume from the target volume

© IS0 2015 - All rights reserved 3
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3.1.19

maximum specified volume

largest volume for

which the manufacturer offers specifications

Note 1 to entry: The maximum specified volume may vary depending on instrument configuration (e.g. disposable
tip size, syringe size).

3.1.20

measured volume

quantity reported

by a volume measuring system

Note 1 to entry: In practice, all measurements contain some measurement error. The measured volume is a
quantity value and serves as an estimate of the delivered volume which is not known with complete certainty.

3.1.21

measurement me
measurement pro
detailed descripti

Note 1 to entry: The
‘measurement procq

Note 2 to entry: Th
measurement and ¢
part of the ‘test pro
a ‘test process.’

[SOURCE: ISO/IEC

3.1.22
measurement u
<measured volu

thod
redure
pn of a measurement according to one or more measurement principles

source document (ISO/IEC Guide 99) draws a distinction between ‘measurement
dure’ and that distinction is ignored here. In this IWA, the terms.are used interc

e measurement method descriptions in this IWA detail the-Steps needed to m

alculate certain descriptive statistics. Additional details needed to operate t
ress’ as defined in 3.1.43. In this IWA, the measurementynethod is one of the co

Guide 99:2007, 2.6, modified]

ertainty
> non-negative parameter characterizing the dispersion of the measur

relative to the delivered volume

Note 1 to entry: U
expressed in accord

[SOURCE: ISO/IEC

3.1.23

metrological trag
property of a mg
documented unbr

Note 1 to entry: Add
the related term ‘mq

[SOURCE: ISO/IEC

3.1.24
microplate

certainty is inversely related;to accuracy, and is a quantity value. This valu
ance with the ISO/IEC Guide 98-3.

Guide 99:2007, 2.26,;modified]

eability
asurement-result whereby the result can be related to a reference
pken chain of calibrations, each contributing to the measurement uncerta

itional information can be found in the notes to definition (ISO/IEC Guide 99:20

method’ and
hangeably.

e a volume

e ALHS are
mponents of

bd volumes

e should be

through a
nty

D7, 2.41) and

trelogical traceability chain’ (ISO/IEC Guide 99:2007, 2.42).

Guide 99:2007, 2.41]

flat plate with an array of wells

Note 1 to entry: Some dimensions of microplates are defined in ANSI/SLAS standards.[1-5]

3.1.25
minimum specifi

ed volume

smallest volume for which the manufacturer offers specifications

Note 1 to entry: The minimum specified volume may vary depending on instrument configuration.

© ISO 2015 - All rights reserved
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multichan

nel head

group of liquid handling channels operated in common
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Note 1 to entry: Common arrangements of multichannel heads include 8, 96, 384, and 1536 channel heads. Other
arrangements are possible, e.g. 2 channel to 1536 channel configurations.

Note 2 to entry: Pipetting channels in a multichannel head may be controlled by a single, common drive, or each
channel may be controlled individually.

3.1.27
multi disp

ense

repeat dispense
sequential dispense

<automate
Note 1 to en|

Note 2 to e
usually disp

3.1.28

non-conta
contact-fre
free-jet dis
dispensing
in the targ

3.1.29
outlier
member of

3.1.30
pipetting s
system for

[SOURCE: T

3.1.31

positive di
direct disp
liquid hand

3.1.32

Hpipettimg systenmms>acottectiomof dispernrses without iter vernmg aspita
Lry: First dispense can be different, and is frequently wasted.

htry: Repeat dispenses usually dispense repeatedly the same volume,)while s
ense different volumes.

ct dispensing

e dispensing

pensing

of the liquid while tip is in air and without contacting the target or th
Pt

a set of values which is inconsistenttwith the other members of that set

ystem
pspirating and dispensinga-specified volume of liquid

oolpoint Gravimetrig Volume Check Procedure:2008, modified]
splacement

acement
ling principle in which a mechanical actuator is in direct contact with the

precision

ion

equential dispenses

e liquid contained

test liquid

<of liquid handling system> the closeness of agreement between the measured volume of independent

delivered v

olumes under stipulated conditions

Note 1 to entry: Precision is conceptual and not a quantity value.

Note 2 to entry: Measurement precision is usually expressed numerically by measures of random error, such as
standard deviation, variance, or coefficient of variation under the specified conditions of measurement.

Note 3 to entry: The ‘stipulated conditions’ can be, for example, repeatability conditions of measurement,
intermediate precision conditions of measurement, or reproducibility conditions of measurement (see
ISO 5725-1:1994).

[SOURCE: ISO 5725-1:1994, 3.12, modified]

© IS0 2015 -
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3.1.33
random error

<automated liquid handling systems> component of liquid handling error that in replicate deliveries
varies in an unpredictable manner

[SOURCE: ISO/IEC

3.1.34
reservoir
liquid container

Guide 99:2007, 2.19, modified]

vessel that contains the liquid

3.1.35

reverse mode pipetting

pipetting mode in

3.1.36

single dispense
individual dispeng
<automated pipett

3.1.37
site acceptance tq
in-situ testing at tHh

3.1.38

which excess volume 1s aspirated and remains in the tip atter delivery

e
ing systems> single dispense per aspiration

psting
e user’s site, typically part of the installation process

supplier’s declaration

document by whig
one or more comn|

Note 1 to entry: Thi

3.1.39

systematic error
<automated liquid
constant or varies

Note 1 to entry: Sy

comparing it to thei
as a percentage of t

[SOURCE: ISO/IEC
3.1.40

e

h a supplier gives written assurance thattan ALHS conforms to the requ
only accepted industry standards

5 IWA can be referenced as an applicable’industry standard.

handling system> compohent of volumetric error that in replicate deliver
in a predictable manner

btematic error is estimated by calculating the average volume of a series of de
dicated volume,of the automated liquid handling system. Frequently this result
indicated volume.

Guide 99:2007, 2.17, modified]

system liquid

rements of

esremains

liveries and
is expressed

liquid used to tran

smit energy between a mechanical actuator and the test liquid

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

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

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

3.1.41

target volume
indicated volume
selected volume

volume which is intended to be delivered

© ISO 2015 - All rights reserved
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3.1.42
testliquid
liquid used for the volume measurement

Note 1 to entry: May be aqueous or other solvents. Aqueous test liquids can be pure water or contain other
compounds such as buffers, dyes or salts. The chemical composition of the test liquid can vary significantly
depending on method.

3.1.43

test process

<automated liquid handling system> detailed description of an ALHS testing procedure including
system operation and measurement method

Note 1 to entry: The test process includes all details needed to reproduce the test or interpret the results. The

" PRI IEDIE DI I S e | 1. 1 oLl o o
measuremeprmetiroa s e et M oz 5 alta IS oty a par t o tire teST PTrocess:

3.1.44
testreportg
document ffeporting the result of the testing

Note 1 to enfry: Details regarding information contained in test reports is specified in Claus¢ 8.

3.1.45
test result]
value of a characteristic obtained by carrying out a specified‘teést method

Note 1 to enfry: Test result is a broader concept than measured.volume. The test result can He a single measured
volume, a sgt of measured volumes, or descriptive statistics'stuch as the mean or standard deviation of multiple
measurements. The test method should specify what formithe test results take.

[SOURCE: IF0 5725-1:1994, 3.2]

3.1.46
traceability
metrologichl traceability
property df a measurement resulty'whereby the result can be related to a reference through a
documented unbroken chain of,calibrations, each contributing to the measurement uncertainty

[SOURCE: IFO/IEC Guide 99:2007, 2.41]

3.1.47

trueness
<automatefl liquidthandling system> closeness of agreement between the average volume delivered in a
large serieg of deliveries and the target volume

tisnotrelatedtorandemm error.

Note 1 to entsFruenessisinuerselu rolated fo sustomatic erpor

[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified]

3.1.48

validation

<automated liquid handling system> confirmation, through the provision of objective evidence, that
the requirements for a specific intended use or application have been fulfilled

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

Note 2 to entry: The test protocol for this testing should reflect the liquid volumes and instrument settings, at
which the ALHS will be operated.

Note 3 to entry: A product may meet all of its specifications (verification), but that does not ensure that it will
work in the operating paradigm (validation).

© IS0 2015 - All rights reserved 7
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3.1.49

verification

<automated liquid handling system> confirmation, through provision of objective evidence, that
volumetric performance specifications have been fulfilled

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

Note 2 to entry: Volumetric performance specifications may vary depending on the environment where the ALHS
is used, e.g. factory and field specifications may be different.

[SOURCE: ISO/IEC Guide 99:2007, 2.44, modified]

3.1.50
wet contact dispensing
dispensing of the testHguid-while-tipisinecontact-with- Hauid-presentinthe-target
3.2 Abbreviat¢d terms
See Table 1.
Table 1 — Abbreviated terms used in this document
Abbreviated term Explanation
ADS Automated Dispensing System
ALHS Automated Liquid Handling System
APS Automated Pipetting System
C2C Channel-to-Channel
Cv Coefficient of Variation
DI De-ionized
DMSO Dimethylsulfoxide
GA Grand Average
HVAC Heating, Ventilation, and Air Conditioning
IEC International Electrotechnical Commission
[WA International Workshop Agreement
MU Measurement Uncertainty
MW Molecular weight
NaOH Sodium hydroxide
0A Over All
0D Optical Density
p.a. pro analysi (purity grade of chemicals)
p-NP para-nitrophenol
RH Relative Humidity [%]
RSE Relative Systematic Error
rcf Relative centrifugal force
rpm Revolutions per minute
SD Standard Deviation
SMOW Surface Mean Ocean Water

8 © IS0 2015 - All rights reserved
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4 Operation of automated liquid handling systems

4.1 Types of automated liquid handling systems

The purpose of this clause is to provide examples of some types of ALHS. This list is not intended to be a

comprehen

sive list as technologies continue to evolve.[6]

4.1.1 Types of piston operated automated liquid handling systems

Automated

liquid handling systems can operate as follows:

variab
user wi
betweg

a large
smalle

The piston

either
(ain

beind

— beinc
The systen
have a

have m

simult
The tip can|

perma

— dispos

have multiple tips, operated by a single, common drive or moving plate witl

e volume; designed by the manufacturer to aspirate and dispense volume

ithin the specified useful volume range of the dispense head and selecte
n 10 pl and 100 pl

r volume may be aspirated into the tips, followed by a series of subseq
- aliquots.

can

have a body of air contained between the{piston and the surf:

-displacement), or
rect contact with the surface of the liquid (positive or direct displacemen

pbntact with a system liquid.
can

single tip, or

ultiple tips, operated by-individual pistons, or

ineously driven bysa-common drive.
be
hently attached to the dispense channel of the ALHS, or

hblef and used for one or more aspirate and dispense sequences.

s selectable by the
] tips, for example

uent dispenses of

ice of the liquid

t), or

1 multiple pistons

4.1.2 Types of other (pump operated) automated liquid handling systems

Pump operated automated liquid handling systems can operate as follows:

variable volume; designed by the manufacturer to dispense volumes selectable by the user within
the specified useful volume range of the dispense head.

The dispen

se head can

— be permanently attached to the instrument, or

— be exchangeable, e.g. to change the usable volume range or number of channels.

The system can

— havea

© IS0 2015 -

peristaltic or diaphragm pump to aspirate liquid from a reservoir, or
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4.2 Adjustment

4.2.1 Need for adjustment

A standard parameter set for a given fluid class may need to be adjusted for optimizing the ALHS
performance. ALHS parameters may need to be adjusted in one or more of the following situations:

to accommodate liquid-specific properties;
following the replacement of system components;

following change of labware components; or

following a change of the location of operation sites (e.g. at the factory vs. the end user’s location).

The performance
the aspiration and|

The scope of adjy
adjustment instru

Some ALHS can bg
installed system ¢
with a test method

4.2.2 Liquid cla

An automated liqgid handling system is adjusted by its manufacturer for the delivery of

volume (or multip
test solution, instr
Users of ALHS wh
the test liquid, ins

4.2.3 Adjustme

Some automated
example, it is four
user adjustment s}
the methods for th

4.3 Tips

dispense speeds, immersion depth of the tip, dispense height, air gaps, an

stable system parameters varies between ALHS models and‘the man
Ctions should be followed.

omponents. In this case, the ALHS performance at these volumes shall b
| (see Clause 6) suitable for these used volumes.

sses

le volumes as specified by the manufacturer). The manufacturer shall
ument settings, and environmental basis used for defining the standard I
h define liquid classes and test the ' volumetric performance of the ALHS 5
rument settings, and environmental basis for each tested liquid class.

nt of ALHS settings

liquid handling systems have a provision for adjustment by the user
d in routine calibration that the volume delivered is not within specific
nall be made according to the manufacturer’s instructions and by referen
e determinatien of measurement error specified in this IWA.

4.3.1 General

bf an ALHS can be corrected and optimized by adjusting system parametlers such as

d others.

ufacturer’s

used at volumes outside of the volume range specified by‘the manufactyirer for the

e validated

ts selected
report the
iquid class.
hall report

when, for
ation. Such
re to one of

The dispensing orifice of the tip shall be shaped in such a way that consistent dispensing of the liquid is
achieved. When the pipetting operation is completed, any amount of liquid remaining in or around the
dispensing orifice of the tip shall be consistent.

In the case of sterilizable tips, the sterilization procedures indicated as appropriate by the manufacturer
in user information or on packaging shall not negatively affect the metrological characteristics of the
tips such as shape, seal and wettability.

NOTE This requirement can be assessed by comparing errors of measurement using tips which have and
have not been sterilized.

4.3.2 Air-displacement tips

4.3.2.1 Air-displacement tips shall be disposable parts, usually made of plastic, which fit on the ALHS
dispensing head and prevent the instrument from contact with the aspirated liquid.
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4.3.2.2 Disposable air-displacement tips shall be fitted in accordance with the ALHS supplier’s
instructions to form a good seal between the tip and the dispensing head.

Disposable tips should not be cleaned or reused unless their metrological characteristics are confirmed
and they are shown fit for use in the specific 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 IWA.

4.3.3 Positive displacement tips

4.3.3.1 Positive displacement tips shall consist of a plunger and a capillary which fit on the tip holder
of the dispensing head of the automated liquid handling system. Various materials may be used for the

plunger, su
tips may bd
instruction

4332 T
asmooth a

la. ol 1 4 H L, £l 1 L. 1 s
I d5 111t idl, lJlClDLll., Ul LTI alllit aiiu 1Ul UlIT \,apuu:u_y, SUlIl doS PlaDLlL Ul 5

reusable or disposable (both plunger and capillary are changed together;

).

he shape and material of the plunger and capillary shall confer a' good seal (

4.3.4 Fixed tips

4341 I

Fixed tips ¢
These tips
to sense co

4.3.4.2 T
characteri

Functional
recommen

of fixed tips$

escription and materials

an be manufactured from various materials,such as stainless steel or po
Imay be coated for inertness to pipetted fluids or for specific functionalit
htact with fluids in receptacles on the deck of the ALHS.

stics

ty and metrological performance of fixed tips should be tested at reguy
led to follow the manufaeturer’s cleaning protocol and use instructions fof

D«

4.3.4.3 Maintenance and’exchange of fixed tips

Fixed tips

should bevexamined for damage and tested for proper functionality af

according o the manufacturer’s instructions, which should contain protocols for the

replacemer

t of Such tips.

ass. These pipette
ber manufacturer’s

fthe tip, as well as

‘tion between the plunger and the capillary, to ensure consistent dispensing of the liquid.

lymeric materials.
y, e.g. conductivity

evelopment of cleaning protocol and testing / confirmation of metrological

lar intervals. It is
best performance

regular intervals
b maintenance and

4.4 Environmental conditions

4.4.1 Discussion and recommendations

Changes in temperature, relative humidity, and barometric pressure can cause changes in the
volumetric performance of piston-operated automated liquid handling systems. It is recommended
that temperature and relative humidity be monitored at all locations where operational performance
testing of ALHS is conducted.

4.4.2 Factory acceptance testing

Itis recommended that factory acceptance testing is performed in a location where the temperature and
relative humidity can be controlled. It is good practice to equilibrate all equipment at least 2 h prior to
testing in an environment as defined by the ALHS manufacturer. Both the ALHS and the test method can
have specific sensitivity to environmental conditions. The relevant environmental conditions and their
upper and lower limits (e.g. temperature, RH, barometric pressure) shall be identified and recorded.
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This equipment includes the ALHS, and may include a balance, plate reader, pipettes, test liquids, weight
calibration standards, etc. Any deviations from the recommended conditions shall be recorded and
reported with the test results. Estimates of the measurement uncertainty shall be based on the actual
test conditions.

4.4.3 Site acceptance and user testing

It is recognized that automated liquid handling systems are frequently installed and used in locations
where temperature, relative humidity, and barometric pressure differ from factory testing conditions.
It is recommended that site acceptance testing be performed at prevailing local conditions, which
should be stable within the requirements of the test method and the manufacturer’s specifications
before and during the time of testing. For reference, the temperature and relative humidity with their
minimum and maximum values during the time of testing should be recorded. At a minimum, the
temperature or t i i T i Fest results
for all equipment psed during this testing (e.g. ALHS, balance, plate reader, test liquids, etc.), and the
estimate of measufrement uncertainty shall reflect the actual test conditions.

Regardless of avafilable environmental controls, it is recommended that automatéed liquid handling

systems be situate
windows with diré
and vents, or high
environment of All

Deviations from
uncertainty (MU)

5 Volumetric

d in an appropriate environment that reduces temperature extremes (e.g
ct sunlight exposure, or concentrated heat sources such astautoclaves, HV|
voltage installations). Manufacturer’s recommendations for the installat
HS should be followed.

ideal/recommended test conditions need to¢be/reflected in the msg
pstimate.

performance

5.1

Automated liquid
The target volumg
assessed by measy

Volumetric perfor
control or a suppl
as by third party t

Automated liquid
properties such a
volumetric perfor]

Introduct(]‘ry discussion

andling systems (ALHS) areidesigned to deliver amounts of liquid at a tar

ring the volume of eachliquid delivery and evaluating the data.

mance is typically-assessed by suppliers as part of the manufacturing proq
er’s service offering. Volumetric performance can also be assessed by us
psting and calibration service providers.

handling~systems are designed to handle a variety of liquids of differi
5 density, viscosity, surface tension and contact angle against solid su
manceof the ALHS can vary depending on these physical properties, so a

away from
AC systems
on and use

asurement

pet volume.

is typically set using software or other digital control. Volumetric performance is

ess quality
ers, as well

hg physical
rfaces. The
description

of the test liquid s

hallbe included when reports of volumetric performance are made. This

description

of the test liquid may be made in terms of chemical composition, physical properties, or both.

Manufacturers of ALHS can make performance claims at various volumes for a particular instrument
configuration. The maximum specified volume and minimum specified volume establish a liquid
handling range over which the system manufacturer has established volumetric performance
specifications. However, in some systems it is possible for the user to program the system to deliver
volumes which are outside of this range (i.e. greater than the maximum specified volume or less than
the minimum specified volume).

In preparing for a volumetric performance test, the ALHS will be set to deliver a particular target
volume. For testing by the supplier, the target volume will frequently be identical to one of the
manufacturer’s specified volumes. Operators may decide to test at any target volume they wish.
During testing each delivered volume is expected to be slightly different from the target volume. The
delivered volume is a conceptual quantity because it cannot be known with certainty and can only be
approximated by measurement.
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In order to evaluate volumetric performance, measurements are made of individual delivered volumes.
The measured volume is a quantity which consists of a numerical value and units. The recommended
units are microlitres (pul) though related units such as millilitres (ml) and nanolitres (nl) are sometimes
used and are also acceptable. The measured volume is an estimate of the delivered volume and
departs slightly from the true delivered volume due to measurement uncertainty (MU). Measurement
uncertainty reflects the fact that no measurement is perfect.

In Figure 1, a set of measured volumes are represented as points on a target. The target volume is
represented conceptually as the centre of the target and each measured volume as a circular mark.
The width of the circular mark represents the measurement uncertainty and the true value of the
delivered volume is believed to be somewhere within each circular mark. In Figure 1, each mark is
some distance from the centre and this distance of each mark from the centre is proportional to the
error of the liquid handling system. Taken together, the set of measured volumes is related to the
accuracy o, igui i i e data set moves
closer to the centre of the target.

N

Key
1  ALHS eyror

2 targetvplume

3  measurpd volumes

Figure‘? — Relationships between target volume, measured volumes and(ALHS error

Accuracy may be improved by improving precision and trueness. These concepts are illustrated in
Figure 2. Improving precision brings the cluster of the results into a smaller bunch, while improved
trueness occurs when the centre of the cluster is closer to the centre of the target.

Accuracy, precision and trueness are conceptual terms. Quantitative expressions of these concepts are
given in terms of uncertainty, random error and systematic error, respectively.
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Improving Precision

Decreasing Random Errors

Figure 2| — Relationship between trueness, precision, and accuracy of an ALHS

Test results includle data sets of individual measured volumes, and also descriptive statiftics which
summarize the dafa sets. Systematic error and random error are two examples of descriptive statistics
which are commonly employediin the testing of ALHS.

5.2 Data collec¢tion-and examination

Each delivered volumié can be measured to determine the measured volume V. Volume mgasurement
methods are described in Clause 6.

Prior to calculating descriptive statistics, it is recommended that the measured volumes be visually
examined for evidence of outliers, trending, or patterns. Such features may indicate the need for
more detailed analysis, optimization, or additional testing to determine the cause. For purposes of
this IWA, outliers are considered to be unusual results that cannot be reliably repeated. Trending
refers to results that vary in a regular way when viewed by time or dispense order. Patterns might
be observed when viewing data in a spatial arrangement such as examining results distributed in a
plate arrangement. Visualization aids such as heat mapping may be used to help identify patterns. The
presence of outliers, trending or patterns might indicate the need for further investigation, including
optimization or repair of the ALHS.

NOTE Statistical consideration of outliers is beyond the scope of this IWA, but is discussed in detail
elsewhere.[Z8]
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Indexing to track data

With multiple different channels, replicates and experimental possibilities, an identification scheme is
needed to keep track of the data.

5.3.1

Indexing from the channel perspective

Viewed from the perspective of the liquid handler, each volume delivery can be given an index number

in the form

| isa

m isa
n isa

NOTE1 T
single chanr

NOTE 2
conditions,
over longer

T

NOTE3 1
in a short p
replicates t
used to calc
number of r

In this way,
the symbol

The chann
determinin
such as thq

provided i Annex A.

5.3.2 Inc

When voluines are dispefised into microplates for measurement, itis common to index b

plate. In 96
and A throu
This viewp
from a platp
made in m

rows, columns and plates to be translated 1nto the channel run, and dlspense order

NOTE 1

of an ordered triplet of integers (I, m,n) where:
n index for the dispensing channel and ranges from 1 to L;

n index for run, and ranges from 1 to M;

1 Index ror delivery order within a single run and ranges rrom 1 to V.

he variable L is the number of dispensing channels per ALHS. L can be as Small
el device, to 384 or greater.

he variable M is used to track different runs, which can be different experim
r which may be replicates of prior experiments for the purposes.ofiassessing ref
ime periods.

he variable N is the number of replicates in a repeatability test where the vo
eriod of time under nearly identical conditions. This{IWA does not specify a n
be used. However, the number of replicates (N) _should be reported when re
1late averages or standard deviations as the reliability of these descriptive stati
bplicates.

ameasured volume V of the n-th delivety by the I-th channel, during the nj

Vitmn)-

bl perspective is recommended, for purposes of evaluating volumetric
g whether particular channels are performing correctly. Alternative
e microplate perspective:dre described in 5.3.2. Examples illustrating

lexing from the microplate perspective

hs 1 for the case of a

bnts under different
roducibility or drift

umes are delivered
hinimum number of
peatability data are
stics depends on the

-th run is given by

performance and
indexing systems
these systems are

y row, column, and

and 384-vell microplates, it is common for rows to be designated by letter]
gh P, respectively) while columns are numbered (1 through 12, and 1 throug
bint is ef particular interest to users who may want to evaluate precision, tr
P perspectlve Index1ng schemes are not mutually exclusive. When volume

s (e.g. A through H,
h 24, respectively).

eness or accuracy
measurements are

nslthe data from the

It is not necessary to consider different plates to be different experiments. For example, a 96 tip

head could be tested by making a series of deliveries into three 96-well plates. In this case, plates 1, 2 and 3
could be considered to be dispense replicates n = 1, 2 and 3, while all three plates are considered part of a single
experiment. An example of this scenario is included in A.5.

NOTE 2  Users are frequently interested in “within plate” variation or variation and patterns across different
plates. For example, when patterns are observed within a plate, the user may be interested in whether the pattern
is repeatable across additional plates. Also, when evaluating different ALHS for a particular application, the
user may wish to evaluate data from the plate perspective without regard to the arrangements of independent
channels and thus simply compare whole plate precision of two different systems.
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5.4 Descriptive statistics on an individual channel basis

Typically, N deliveries of a constant target volume are measured and averaged to identify the actual
volume a liquid handler is dispensing. These N consecutive dispenses, referred to as a run, are usually
dispensed in quick succession to avoid pause time effects. A run can be preceded by several pre-
dispenses which are dispensed into the waste and therefore not measured or taken into account. Pre-
dispenses allow for the dispensing system to adjust to new situations, for example, a new target volume,
a change of reagent or the start of the dispensing procedure after an idle time. This way, a well-defined
and reproducible initial situation is set before a run which helps to increase precision.

The average volume delivered by a particular channel during a particular run is given in Formula (1).
This average volume can then be used in the formulae to calculate both systematic and random errors.

_ 1Y

Viom) = I Z ((1,m,n) 1)
n=1

where
V(I ) is the average of all measured volumes from channel I’ during run_m’
,m
N is the number of replicate deliveries in the run;
v is alsingle measured volume.
(I,m,n)

Systematic error [es) is estimated by the deviation of the-measured mean volume from| the target
volume. For example, if the user seeks to deliver a reagent'with a target of /., = 100 ul and|the system

delivers an actual polume of 97 pl, the systematic error:is'-3 pl (absolute error) or -3 % (reldtive error).
The determination of the systematic error of a singlechannel in a single run is given by Fprmula (2).
This formula can| be generalized and applied,_in any situation where it is desired to [compare a
measurement resylt to the target volume.

esam) =Vum tVr (2)
where
Csim is th¢ systematicerror of channel I’ during run ‘m;
v, is th¢ targétvolume, the volume intended to be delivered.

The systematic error can also be expressed 1n relative terms as shown 1n Formula (3):
Vam —Vr
eSU m) ZLX].OO% (3)
) VT

Estimates of systematic error can be improved by increasing the number of measurements in the
data set, either by increasing N, or by conducting multiple replicate runs and summing over both N
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and M. Increasing N is accommodated in Formula (1), while summing over multiple experiments is

shown in F

Vin=
where
Vi
M

Formula (4

ormula (4).

z Z (Lmn)

mlnl

is the mean measured volume from channel ‘I

is the number of runs included in the average.

either Formula (4), or by taking the M replicated results of Formula (1), and averagin

shown in F

Yy = ]

Random er
measured ¥

Srim) T

where S,

This stand
percentage

brmula (5).

| L 1 & 1 X
-2 w2 Vi) :MZ
m=1 n=1 =

ror (Sy) of a channel is usually assessed by calculating the standard deviat
rolumes under repeatability conditions, as shown inFormula (6).

N = 2
Z Vamm —Vi,m))
n=1

N-1

m) is the random error of channel Zduring run ‘m.

hird deviation can be divided biothe average volume, and multiplied by 1
as shown in Formula (7). This is the recommended descriptive statistic

and is often called the coefficient of-variation (CV).

Cy(,m)

where CV(I

Estimates
set, either
Increasing

Srt,m)
Viim)

x100 %

m) is the cogfficient of variation of channel 7" during run ‘m.

df randomerror can also be improved by increasing the number of measur
by increasing N, or conducting multiple replicated experiments and com|
Vs .accommodated in Formula (6).

(4)

an be obtained by
b them together as

(5)

ion of a series of N

(6)

00 to convert to a
for random error

(7)

ements in the data
bining the results.

Averaging CV over multiple experiments can be accomplished using a root-mean-squares approach as
shown in Formula (8) below. This formula is permissible when N is identical in each experiment.

Cyiy=

(8)

where C,,, is the coefficient of variation of channel 7" combining data from multiple runs.

NOTE 1

NOTE 2

CV results should not be combined by simple averaging (arithmetic mean).

When combining or averaging random errors, the precise details of the mathematical operation

matter, and, depending on the details may lead to a different value of the CV result. If a formula other than
Formula (8) is used, the equations used should be described in sufficient detail to permit an unambiguous
understanding.

©1S0 2015
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Examples applying these channel statistics are included in Annex A. Evaluation based on channel
statistics is particularly useful from a supplier’s perspective and is frequently used to determine
whether channels are working properly.

5.5 Descriptive statistics on a run order basis

In some cases, it is useful to view data on a run order basis. While channel analysis is useful for
determining whether an instrument requires repair or maintenance, run order analysis can be
particularly valuable during method development to determine whether the liquid handling protocol
is properly optimized to prevent systematic trending effects during the liquid delivery sequence.
For example, some programing choices can result in a “first shot effect” where the n = 1 delivery is
consistently greater or lesser than subsequent deliveries.

3 1 &
V=T 2 D Vamn )
=1 m=1
where
‘7( ) is th¢ mean measured volume from the n-th dispense of all channels and all runs;
n
L is th¢ number of channels in the ALHS.
NOTE The casq where only one run is performed (M = 1) canibe accommodated within Formula (9) and

Formula (10).

In addition to run
expressed asa CV
error or CV chang
number of times, i

Lorder volume, a run order random €rror can be calculated using Formu
1sing Formula (11). These statistics.€an be useful in determining whether
bs during the dispense order. For example, when a disposable pipette tip
 is possible that the CV will.eventually increase.

>3

=1 m=

7 2
Vimm =Vimy)
Il

Sr(m =

where Sr(n) is the

multiple runs.

LM -1

standard deviation of the n-th dispense across all channels, and combinin

la (10) and
the random
s re-used a

(10)

b data from

Siin)

Viny

C

V(n) =

X

100 %

(11)

where CV(n) is the coefficient of variation of a particular n-th dispense across all channels, and

combining data from multiple runs.

5.6 Descriptive statistics for entire data sets

The grand average volume is useful in determining the overall trueness at a particular target volume; it
is the arithmetic mean of all measured volumes in the data set and calculated using Formula (12). The

18
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grand average volume can be converted to a systematic error by analogy to Formula (2) and relative

systematic error by analogy to Formula (3).
3 1 & M
GA — LMN Z V(Iamﬂ) (12)
I=1 m=1 n=1

where VGA is the grand average volume calculated from all channels, all runs and all replicates.

Overall CV (CVpa) includes contributions from random error within each individual channel, and
also contributions from systematic differences between channels. In some cases, the overall CV is of
particular interest, and can be calculated using Formula (13).

C

V,0A 7]
where Cy/

5.7 Diffe

Systematic

o
2

m=1

L N
i =1 n=1

VGA

\ is the coefficient of variation of all measurements within the data set.

rences between channels

differences between channels are of concern to usefrs who wish to limit

variation i their experimental results, and also to ALHS manufacturers who wish

CVin their

One way t
them to ea

systems.

limit differences between channels is to,establish limits for systemat
'h channel. Therefore, when establishing.or evaluating specifications for

is important to consider whether the limits apply:to each channel evaluated individu

systematic

Channel-to
shown in F

Cycac¥

where Cy]

The channg
determinin

error calculated from the grand average volume.

Lchannel differences can also be-quantified as a channel-to-channel CV (Cy
brmula (14).

L
\/1 /(L-1)" (VaysVga)?
I=1

I7GA

c is the eogfficient of variation of the mean volumes delivered by each cha

I-toschannel CV need not be specified or calculated in all cases. However,

(13)

or compensate for
o improve overall

c error and apply
systematic error it
ally, or only to the

c2c), calculated as

(14)

nnel.

it can be useful in

g Whether channel-to-channel CV is a significant contributor to the overa

1CV.

5.8 Handling of sub-deliveries

Some systems deliver liquids by depositing multiple sub-deliveries to form a final delivered volume. For
example, acoustic dispensers, ink jet dispensers, and some other systems may deliver in this way.[2] For
the purposes of this IWA, assessing the volumetric performance of such systems is based on the volume
of the combined deliveries, without individual measurement of each sub-delivery.
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6 Measurement methods

6.1 Overview of methods suitable for measuring ALHS performance

When choosing a test method for an ALHS, the user of this IWA shall evaluate its suitability for the
specific test situation. This evaluation shall consider the requirements for systematic and random
errors of the test method, which will be applied to the ALHS being tested. The user shall ensure that
the test method has a sufficiently small measurement uncertainty (MU) for the specific test situation.
Measurement uncertainty should be determined in accordance with ISO/IEC Guide 98-3.

Test methods desjgna : : atform, while
those designated as closed methods in this IWA are spec1f1c to the ALHS platform refefenced within
the respective method.

The following Talple 2 is intended to provide an overview of methods suitablé~for evaluating the
volumetric perforinance of ALHS. For each method, this table provides the cross:reference to the method
abstract in 6.2 and the full method description in Annex B. It further describes the platg and liquid
types, which can be used for testing ALHS performance with a given method, as well as the volumes,
which can be meapured. It also lists typical accuracy and precision values achievable if th¢ method is
conducted as desdribed in detail in Annex B. The suitability of a method may also be det¢rmined by
the required equigment or environmental conditions under whichvit\needs to be carried ouf. Published
references on the [neasurement uncertainty and traceability chain are available for some methods as
noted in Table 2 apd in the detailed method descriptions. Reférences on measurement unceftainty and
traceability are piovided as information to the user of a given method and have not necessarily been
harmonized betw¢en methods or independently verified by inter-lab comparisons.

Some methods deqcribed in this IWA are very similarte each other, yet each one has its own|merits and
is therefore described as an individual method. Ne analysis of overlap, correlation, or inter¢omparison
between methods| has been performed, and the-user of this IWA shall determine the mgst suitable
method for their t¢st requirements.
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6.2 Methods for use with any ALHS platform (open methods)

The following test methods can be used for the volumetric performance evaluation of ALHS without
restriction to a particular model, platform, or technology.

6.2.1 Ratiometric photometry

This method is a photometric method using the absorbances of two different dye solutions, Ponceau S
(red) and copper chloride (blue), to determine the dispensed volume in each well of a 96- or 384-well
microplate. Both dye solutions are delivered into the wells, mixed, and the absorbance at 520 nm and
730 nm is read in a microplate reader, which allows the determination of the accuracy and precision
of the volume delivered into each individual well. A commercially available kit based on this method is
offered by Artel, Inc. as Multichannel Verification System (MVS®)1).[20-24]

This kit allgws the determination of volumes of aqueous solutions from 0,1 ul to 350+l in 96-well plates,
and from 0[01 pl to 55 pl in 384-well plates. Volumes of DMSO solutions can be determined from 0,11 pl
to 10 pl in 96-well plates, and from 0,01 to 2,5 ul in 384-well plates.

This methdd is suitable to determine the performance of ALHS dispensing heads with 1, 2, 4, 6, 8,12, 16,
24, 96, or 384 channels. The operating environment for this method isXl5 °C to 30 °C| (19 °C to 30 °C for
DMSO solutions), and it is not dependent on the prevailing relative htunidity and barometric pressure at
the test locption.

Measuremé¢nts performed with the Artel MVS kit are fully traceable to SI Units| through primary
reference sfandards maintained by NIST (National Institutefof Standards and Technglogy, USA) and the
NPL (Natiopal Physical Laboratory, UK), and through the'calibrators provided with the kit.[12]

A detailed ¢lescription of this method is provided inB:1.

6.2.2 Gravimetry, single channel measurement

This methdd describes the apparatus, procedure and reference material for recording measurements
with the gravimetric method. A single-pan balance is used to take a measurenjent from a single
channel at p time.

This method can be utilized\ to evaluate the volumetric performance of an ALHS, provided
accommodgptions are made fory

— the plakement of thetbalance and the weighing vessel;

— the enyironmental conditions affecting the mass to volume conversion of the mepsurement;

— manufjcturers’ recommendations regarding good practices for ALHS liquid delivery and
performance specifications are followed.

A detailed description of this method is provided in B.2.

6.2.3 Gravimetry, full-plate measurement for correlation with photometry

This method allows a direct determination of the total liquid volume delivered to a microplate by a
96- or 384-channel liquid handling system. This method is suitable for the comparison of gravimetric
and photometric results. It may be used directly on sample solutions when a large volume is delivered,
and can also be combined with sample preparation by pre-dilution in order to accurately weigh small
amounts of dye samples.

Immediately following the gravimetric measurement, volume in the filled microplate can be measured
using a photometric method. Comparison between the gravimetric and photometric results can be

1) Multichannel Verification System (MVS®) is the trade name of a product supplied by Artel, Inc. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named.
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used to measure systematic errors. For this application, the method must be performed with careful
attention to detail.

This method uses a calibrated analytical balance with a resolution of 5 decimal places located on a
vibration-free support and in a climate controlled environment (+0,5 °C stability during equilibration
and test period). Electrostatic forces are minimized, and evaporation is compensated by timed
measurements of the dispense and measurement cycles.

Traceability to SI units is achieved through calibration of the balance and accounting for density and air

buoyancy as descr

ibed in Annex C.

A detailed description of this method can be found in B.3.

6.2.4 Gravimetric regression method for low volumes

The gravimetric

volumes, between
significant. The m
those described in

This method is int]
dispensing or Pip
balance receptacle
technologies as de|

The key differencg
the determination
before and after f{
on the balance. ]
difference betwes
the liquid deliveryj
disturbances of th
accounted for in th

Typical test liquid
and a precision of

Traceability of the

A detailed descrip

6.2.5 Photomet

Fegression method (GRM) is suitable for the measurement of very -s
0,04 pl and 1 pl, where the evaporation of the test liquid during the'meas
ethod is based on a gravimetric balance as primary measurement device
ASTM E542,1S0 4787, and 1SO 8655-6).

ended to be used for non-contact dispensing devices (e.g-dispensing valv
pJet-dispensing) that deliver the liquid volume as freé flying droplet o
. The method was developed, tested and validated using such non-contact
vices under test.

 to traditional gravimetric methods used forithe measurement of larger
of the target volume: a series of balance readings is recorded over a pef
he device under test has delivered the~liquid to be measured into the|
he measurement result of the dispensed test liquid is then determi
n two linear regression lines fitted;to the recorded balance data befor
This method allows for compensation of balance drift due to evaporatio

e estimation of the measurement uncertainty.

volumes between 0,04 plto 1,0 pl can be measured with an accuracy of 2
0,8 % to 0,4 % CV.

results to SI standards is achieved through the calibrated balance.

Lion of theniethod is provided in B.4.

ry using Orange G

mall liquid
urement is
(similar to

s, acoustic
- jet to the
dispensing

volumes is
iod of time
receptacle
ned as the
e and after
h and other

e measurement (e.g. by vibratiens during the data acquisition), so that these can be

nlto 12 nl,

This method des

Cribés the volumetric performance test of ALHS, using an aqueous

iquid with

dispensing heads with 1 to 384 channels. The measurement results are traceable to SI units through the
use of a calibrated balance, calibrated pipettes, a calibrated microplate reader, and volumetric flasks.

A detailed description of this method is provided in B.5.

6.2.6 Hybrid method: gravimetry and photometry with Tartrazine

The hybrid photo-gravimetric method allows the evaluation of volumetric performance of single-
and multichannel ALHS by a combination of a gravimetric reference measurement with subsequent
photometric measurements to characterize the other channels of the instrument.

This method can be used to calculate the accuracy and precision of the ALHS’ volumetric performance.
A detailed description of this method is provided in B.6.

Traceability of the results to SI standards is achieved through a calibrated balance.
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6.2.7 Hybrid method: photometry and gravimetry with p-nitrophenol

The method describes the performance evaluation of ALHS based on photometry, followed by
gravimetry. In a first step, the random error (precision) is determined by an absorbance measurement
in microplates using p-nitrophenol (synonym: 4-nitrophenol, abbr. p-NP). This dye is stable at room
temperature and soluble in water (11,6 mg/ml at 20 °C), chloroform, methanol, DMSO, and ethanol
(100 mg/ml at 20 °C). It has the absorption peak at 405 nm and at a pH > 9,2 which is realized by using
0,1 N NaOH as well as standard solvent and diluent. The coefficient of variation (CV, in %) is calculated
from the absorbance measurement signals of individual microplate wells. Smaller test volumes are
transferred in wells prefilled with 0,1, 1 N NaOH, where they have to be dispersed homogeneously
before measurement. The dye concentrations of the different test solutions are specifically adapted
to the test volumes to give always a microplate type specific constant final volume and a constant
final dye concentration of 120 pl in all wells of the measurement plate which is within the optimal
dynamlc rapgeo e e 3l ermined first in the

ic determination of
ve to be calibrated

A detailed ¢lescription of this method is provided in B.7.

6.2.8 Hyprid method: gravimetry and photometry with Ponceau S

This methd
be used to
accuracy ig
relative ab
0,1 mg and
0,001 Abs g

A detailed

6.2.9 Pr¢

This methd
microplate
each well, i

A detailed

6.2.10 Cal

The calori

d uses gravimetry and photometry to test the volutietric performance o
determine whether it fulfils desired performance specifications. The test
based on gravimetric measurements and the test used to verify the prg
sorbance measurements. The method requirés an analytical balance w
a microplate photometer with a measurément range of 0 Abs to 2 Abs ¢
apable of measurement at 540 nm wavyelength.

lescription of this method is providéed in B.8.

pSssure sensing

"an ALHS, and can
used to verify the
cision is based on
th a resolution of
nd a resolution of

d can be used to determine the volume of liquids contained in the wells
hdependent of the-physical properties of the microplate or material meas

lescription of.this method is provided in B.9.

orimetric measurement

metric’ method allows to measure liquid volume transferred to indivi

0
A patented, pressure-based technology measures accurately and repeate‘E

a 96- or 384-well
ly the contents of

red.[25]

dual cavities of a

measuremyg

bnt.plate. A short heat pulse of defined energy induces a temperature ch

ange in the liquid.

The volume can then be calculated from the measured temperature increase of the liquid.[26.27] This
method can be used to characterize up to at least 384 liquid handling channels in parallel. Volumes of

1 pl to 300

ul can be measured with this method.

A detailed description of this method is provided in B.10.

6.2.11 Optical image analysis

This method measures the volume of delivered liquids by analysing images acquired by a high-speed
camera and stroboscopic illumination during the dispense cycle. It is suitable for ALHS, which deliver
liquid volumes as sequence of discreet micro droplets.[19]

A reference to this method is provided in B.11.
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6.3 Methods specific to an ALHS model or accessory (closed methods)

The following methods describe the volumetric performance evaluation of specific ALHS models or
accessories as defined in the respective method. These methods may be modified to be used with ALHS

platforms other th

an those described.

6.3.1 Gravimetry and hybrid method: gravimetry and photometry

This method describes the volumetric performance evaluation of Hamilton ALHS, using either
gravimetry by itself, or gravimetry combined with photometry (hybrid method). Both approaches are

described within t

his method, which is provided in B.12.

The gravimetric method uses a high precision balance and 8 pipetting cycles per single channel at the

specified volume.

new disposable tip is used for each pipetting cycle (aspiration/dispensation). For

volumes > 20 pl, t
surface mode.

The hybrid methg
Eight pipetting cyj
(aspiration/ dispe

is jet dispense. Volumes < 20 pl are dispensed in (liquid) surface mode.

6.3.2 Photomet

This photometric
384-channel dispg
into the dry wells

gravimetric and vplumetric measurement of the constituents.

A detailed descrip

he applied dispense mode is jet dispense. Volumes < 20 ul are dispensed

d, gravimetric and photometric, uses a high precision balancé~and a p
cles per single channel at the specified volume are performed: For eac
hsation) a new disposable tip is used. For volumes > 20 ul thefapplied disy

ry with Tartrazine

method describes the volumetric performance evaluation of an Ag
nse head. It uses a 0,25 % (w/v) solution oftartrazine in DMSO, which i
of a microplate (dry contact dispense). Thetartrazine/DMSO solution is p

tion of this method can be found inB/13.

in (liquid)

hotometer.
h pipetting
ense mode

lent Bravo
dispensed
repared by
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7 Specification of ALHS volumetric performance

7.1 Mandatory information to be supplied by manufacturer

IWA 15:2015(E)

The ALHS manufacturer shall provide information essential to the proper use of the apparatus and its
accessories. This information shall be in the published specification, on which the purchase contract is
based, or in instructions that accompany the automated liquid handling system, or in the certificate of
conformity and shall be as follows.

The working volume range of the system shall be described.

or acrdss the specified volume range.

settings. Reference to methods described in this IWA is encouraged.

An indication that volume variations“may result from the measurement of 1

Upon request, information regarding the interaction of the materials of the

a)
b) Them
NOTE
c¢) Them
report
d) When
7.2 Opti
a) Anyre
b)
physic
c) Any in
handli
d)
handli
e)

Information on possible liquid handling errors and recommended correc

mitiga

iximum permissible systematic and random errors shall be specified at.i

pthod(s) and environmental conditions for determining the“trueness and
ed. When applicable, the description of the method shalkinclude the tip ty

pnal information that can be supplied by manufacturer

rfommendations to assist end-users for establishing a routine testing sche
1l properties.

formation regarding the icare, cleaning and routine maintenance of the
g system.

1g system with'erganic and inorganic solutions and solvents.

e these.

ndividual volumes

The working volume range of the ALHS can be wider than the specified volume range. Generally
manufacturers’ testing results only apply within the specified range.

precision shall be
pe and instrument

applicable, the list of tips and their reference)numbers, which the ALHS manufacturer
recominends for use with the system shall be specified.

Hule and protocol.

quids of different

automated liquid

automated liquid

tive measures to
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8 Reporting

8.1 Reporting the results

8.1.1 General

The results of each test, calibration, or series of tests or calibrations carried out by the laboratory shall
be reported accurately, clearly, unambiguously and objectively, and in accordance with any specific
instructions in the test or calibration methods. The results shall be reported, usually in a test report or
a calibration certificate (see NOTE 1), and shall include all the information requested by the customer

and necessary for
the method used.

In the case of tes
agreement with th
in 8.1.2 and 8.1.3,
which carried out

In the case where
requirements of 1§

NOTE1 Testrepd
respectively.

NOTE2  The test
provided that the re

8.1.2 Testrepo

Each test report d
laboratory has val

the interpretation of the test or calibration results and all Information 1
[his information is normally that required by subclauses 8.1.2 and 8.1:3:

ts or calibrations performed for internal customers, or in the‘case o
e customer, the results may be reported in a simplified way. Any inform
which is not reported to the customer shall be readily avajtable in the
the tests or calibrations.

the test or calibration report claims compliance with{ISO/IEC 17025, the
O/IEC 17025 are normative to this IWA 15.

rts and calibration certificates are sometimes calléd test certificates and calibra

reports or calibration certificates may be isstied as hard copy or by electronic d
quirements of this International Workshep Agreement are met.

ts and calibration certificates

r calibration certificate shall'include at least the following information,
id reasons for not doing50:

st Report” or “Calibration Certificate”);

address of the {aboratory, and the location where the tests and/or calibr{
different frem the address of the laboratory;

hddress(ofithe end-user, if known;

pf the test process used; information on the test process may include refet

equired by

[ a written
htion listed
laboratory

additional

fion reports,

ata transfer

unless the

itions were

ence to the

thod in this IWA;

a description of and unambiguous identification of the ALHS tested or calibrated;

the date(s) of performance of the test or calibration;

are relevant to the validity or application of the results;

the test or calibration results with, where appropriate, the units of measurement;

test report or calibration certificate;

conditions, such as environmental conditions;

a) atitle (e.g. “Te

b) the name and
carried out, if

c) thename and

d) identific.ation
respective mej

e)

f)

g)

h)

i)

j)

k)

34

reference to the sampling plan and procedures used by the laboratory or other bodies where these

the name(s), function(s) and signature(s) or equivalent identification of person(s) authorizing the

arecord of measuring instruments, reagents, and supplies used in the testing process of the ALHS;

deviations from, additions to, or exclusions from the test method, and information on specific test
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1)  where relevant, a statement of compliance/non-compliance with requirements or specifications,
including acceptance criteria and units of measurement.

Test reports and calibration certificates should include the page number and total number of pages.

It is recommended that laboratories include a statement specifying that the test report or calibration
certificate shall not be reproduced except in full, without written approval of the laboratory.

8.1.3 Calibration certificates

8.1.3.1 In addition to the requirements listed in 8.1.2, calibration certificates shall include the
following, unless the laboratory has valid reasons for not doing so:

a) auniqye

aidantification oftha calihyation cortificqto (cnch actho carial nuumhar) o
Trererrerrreoe - o trre-co o ot r - ce rerrreore ot ot e e et 1t ot

d on each page an

identif

and ag
b) the cof
on the
c) theun
specifi

d) eviden

NOTE H

T STy

cation in order to ensure that the page is recognized as a part of the cali
lear identification of the end of the calibration certificate;

ditions (e.g. environmental) under which the calibrations were made thaf
measurement results;

fertainty of measurement and/or a statement of compliance with an iden
ration or clauses thereof;

re that the measurement results are traceable to_thé SI unit of volume, the

vidence of traceability includes documentation of the calibration status of the me

used in the esting process.

8.1.3.2 W
before and

8134 A
calibration
regulations

‘hen an instrument for calibration has been adjusted or repaired, the
after adjustment or repair, if available, shall be reported.

interval, based upon the tequirements of the ALHS end-user, if these
may supersede this recommendation.

bration certificate,

have an influence

Fified metrological

litre.

asuring instruments

calibration results

calibration certificate (or,_ calibration label) should contain a recominendation on the

are known. Legal
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9 Potential future work

A number of the participants in the IWA expressed an interest in continuing the technical work of
standardization within the structure of ISO/TC 48. This clause presents a summary of possible subjects
for additional work.

The following subjects were discussed, although there was insufficient time for inclusion in this
workshop agreement:

— aclassification as to the different types of ALHS.

a table of max

NOTE1 A numbe
mechanisms. These
considered in detail

Workshop particiy

Consideration|

ISO 8655- series of standards.

Technical wor
among these i

Consideration sho
for liquid volume 1

TTTortTT

r of liquid handling technologies have been developed that are not baged-oy
include acoustic liquid transfer, ink jet, pin tools, and other technolégies w
in this IWA.

ants also propose the following suggestions to ISO/TC 48.

should be given to harmonizing the work of this IWAkwith future revig

k should begin to study the methods available, and reduce repetition and 1
h accord with ISO/IEC Directives, Part 2 (2011);.6.3.5.6.

neasurement methods for ALHS includinhg:

— weighing in
weighing by
dual dye ratio
single dye pha
other method

NOTE 2  Inter-cor
uncertainty analysi

i

croplates;

e gravimetric regression method;

metric photometry in mictoplates;

tometry in microplates;

b such as calorimetric measurements and pressure sensing.

hparisons betweéen the measurement methods should be conducted as part of v
5 in the preposed technical reports.

NOTE3  Hybrid
single dye photom

efry.

{

ethgds are considered as combinations of the uncertainty of the two parts - W

traditional
hich are not

ions to the

edundancy

1ld be given to developing an ISO Technical Report on the estimation of yincertainty

hlidating the

eighing and

Consideration should be given to developing ISO standards for:

terminology for ALHS;
standard volume measurement methods for ALHS;

address the subject of maximum permissible errors for ALHS with these goals:

— give manufacturers guidance on format for presentation of performance claims;

— give users guidance on appropriate volumetric performance for particular applications.

NOTE 4

between fixed points should be considered as an element in one of these standards.

NOTE 5

A format for expressing volumetric performance specifications, and for interpolation of specifications

Figures 1 and 2 could be revised in the technical report on measurement uncertainty to show a more

mathematically precise expression of these ideas, such as the use of bell curves or histograms in place of the targets.
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[SO/TC 48 may wish to consider these recommendations within their overall consideration of laboratory
equipment and piston operated volumetric apparatus.

In addition to these recommendations for future work within ISO/TC 48, the participants note that there
is so far a lack of metrology support at national measurement institutions for volume measurements
in the sub-microlitre range. Such support from national or regional metrology institutions would be a
benefit to further progress in standardization of latest generation automated liquid handling systems.
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Annex A
(informative)

Applications of descriptive statistics

A.1 General

This annex includes four examples showmg how the descrlptlve statlstlcs of this IWA can be applied
to testlng of ALHS—Ea

1ding plate
for various

real ALHS.

Instead, these resplts were generated using a random number generator. Nevertheless, they provide

useful examples of how the descriptive statistics can be applied to data arranged in plate
e volumetric performance of any ALHS configuration.

used to evaluate t

The following sed
proceeding to fou

A.2 Experime

The examples in

examples.

ntal design

Clause 5. Every e

format and

tions of this annex begin with a short discussion/of experimental degign before

this annex illustrate the flexibility inherent in the indexing systems dgscribed in
perimental design should include.azdecision about the elements shown i

n Table A.1.

The first three elgments (channels, runs and replicates) relate to the I, m,n indexing schem¢ described
easurements made in microplates it is necessary to define the plate density (micro

in Clause 5. For
analytical 96- or 3

4-wells) along with the number of plates that will be used for the testing.

Table A.1 — Experimental design for each example

Element Symbol A3 A4 A5 A.6
ALHS channels I 8 8 96 8
Runs completed M 1 3 1
Replicates/run N 12 12 48
Wells w 96 96 96 384
Number of micropiates P T 3 3 1
Individual measurements - 96 288 288 384

A.2.1 Plate layouts

In addition to the information in Table A.1, it is important to define the position and order that each
channel delivers liquid into the microplate or set of microplates. Figures A.1 through A.3 show the order

that will be used in the examples found in this annex.

Figure A.1 shows a common layout when delivering into a 96-well plate using an eight channel ALHS. In
this figure, the eight channels proceed left to right, so that the first delivery from each channel is into
the first column, then repeats in order across the entire plate, for a total of 12 deliveries per channel.

This plate layout will be used in Examples 1 and 2.
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Figure A.1 — Plate layout for eight channels into a 96-well plate
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[ =74
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Row

[|=13
[|=25
[|=37
1|=49
/|=61
=73
=85

Channel

Row
B
C
D
E

well plate. [Here we see that each well in the plate contains replicate number 1. Tq collect additional
Row

replicates per channel, it is necessary to use additional plates. The lawer part of Higure A.2 shows a

recommengled pattern for numbering channels when it is necessary.to,label channeld by number rather

than usingp row and column address. This plate layout will be used in Example 3.

Figure A.2|shows a seemingly trivial example where a 96-channel head is uséd to|deliver into a 96-

F
G

39

[ =82
[ =94

93

=80
92

Figure A.2 — Plate layout for 96-channels into a 96-well plate

H
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eight channels make the first delivery (n = 1) into the first column of alternating rows (i.e. wells A1, C1,
E1, 01). Then the channels proceed left to right across the entire plate until reaching the end of the row
(micro analytical A24). Next, each channel moves downward, and continues delivering while travelling
right to left along the second row to complete the operation. This plate layout will be used in Example 4.

Figure A.3 shows a layout where an eight channel head delivers to a 384-well plate. In this layout, the

IWA 15
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Figure A.3 — Plate layout for 8 channels into a 384-well plate
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A.3 Example 1: Eight channels into a single 96-well plate

A.3.1 Experimental design and measurement results

The experimental design for this example is an eight channel ALHS delivering 12 replicates into a 96-well
plate. The plate layout is as shown in Figure A.1, and the experiment is accomplished in a single run using
only one plate. The measurement results and calculated descriptive statistics are shown in Figure A.4.

Example 1

8 channel device, L =8
onesinglerun, M =1

12 replicates per channel, N =12

measured in one 96 well plate Channel Statistics
() [Form. 1 Form. 3 | Form. 7
Channel 1 [ 2 [ 3] 4« ] s ] 6] 7] 8 9 10 | 11 | 12 v(l) es) | cvn
1=1 97,87 9772 9833 9899 9879 97,98 9843 99,32 9946 99,23 97(51; 98,28 | -1,72% | 1,06%
*
1=2 97,60 9953 9827 9998 9844 10042 10028 9854 9737 100,84 99,95 @j 0 99,44 | -056% | 1,42%
1=3 98,23 | 9662 IG5050 9614 9824 9679 97,77 9793 9831 | 9628 9699 53 97,23 | -277% | 0,90%
=4 99,09 100,74 10041 101,02 10015 100,12 100,53 [10211] 9994 99,19 100,68 | 0,68% | 1,13%
=5 97,31 | 9641 9807 9797 | 9673 9927 9913 9858 = 9693 9830 9785 9831 97,86 | -2,14% | 0,94%
1=6 9653 9635 97,54 OS50S S5 97,79 97,99 9748 9887  9862\9742 97,65 97,31 | -269% | 1,05%
1=7 9711 9713 9912 97,16 = 9653 97,10 9815 97,14 9945 97&@‘ 9816 98,05 97,70 | -230% | 0,91%
1=8 I 97,86 NOS600 9850 9943 9856 9837 9711 9853 9735 4747 9778 97,57 97,84 | -2,16% | 099%
max e g(1) 0,68%
Run Prder Statistics mineg(l) -2,77%
| 1 2 3 4 5 6 7 8 9 10 1 12 hax CV() | 142%
Form9 | vy | 9813 | 9730 | 9832 | 9825 | 97,98 | 9848 | 9862 | 9850.} 9826 | 9853 | 9826 | 9889
Form.3 | esfn) | -1,87% | -2.70% | -1,68% | -1,75% | -2,02% | -1,52% | -1,38% | -1,50% | -1,74% | -147% | -1,74% | -1,11%
Form.11 | CV[n) | 1,88% | 1,42% | 1,38% | 1,75% | 1,73% | 136% | L14%|\1.09% | 1,99% | 153% | 1,09% | 2,09%

Overall Statistics Form. 14
Grand Avg | Forip. 12 CVeoe
Vea 9829 1,21%

Overall CV | Forip. 13
CVoa 1,9%

Figure A-4'— Results and calculated statistics for Example 1

A.3.2 Statistics results

Channel statistics~are shown to the right of the data. The eight channel averages are calculated
by applying Formula (1) to each of the eight rows, and relative systematic error (es) is calculated
by compar|ng €ach of these channel averages to the target volume using Formula [(3). Channel CV is
calculated for each row using Formula (7).

Run order statistics are shown below the data. The 12 run order average volumes are calculated using
Formula (9) and the relative systematic error is calculated by using Formula (3). The run order CV is
calculated by applying Formula (11) to the eight measurements in each column.

Overall statistics are shown at the bottom left part of Figure A.4. The grand average volume (Vga) and
overall CV (CVpy4) are calculated using Formulae (12) and (13), respectively.

The channel to channel CV (CVc2c) is shown in the lower right and is calculated using the eight channel
means in the column shown above the channel to channel CV box in Figure A.4. In this example, the
overall CV resultis 1,53 % which is somewhat larger than the channel to channel CV (1,21 %). Also, the
maximum channel CVis 1,42 % [maximum of all the CVs calculated by Formula (7)]. In this example, we
see that both channel to channel differences and channel CV contribute to overall CV.
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A.4 Example 2: Eight channels into three 96-well plates

A.4.1 Experimental design and measurement results

The experimental design for this example is an extension of Example 1, again with an eight channel
ALHS delivering 12 replicates into a 96-well plate. The plate layout is as shown in Figure A.1. However,
in Example 2, the experiment consists of three separate runs using three plates. The measurement
results and calculated descriptive statistics are shown in Figure A.5. This example shows how multiple

runs may be combined for a more thorough testing.

A.4.2 Statistics results for Example 2

Channel statistics are shown to the rlght of each set of plate data The elght channel averages are

calculated by appling ;
by comparing eac of these channel averages to the target Volume using Formula (3) Ch
calculated for each row using Formula (7).

NOTE Because [the experiment was defined to be three different runs, we have calctilated th
sets of channel statistics here. However, if the experiment had been defined as one run across
(N = 24), then only one set of channel statistics would have been calculated. It is impentant to precise
experiment in order]to know how the data should be analysed.

Run order statistics are shown below the last plate of data. The 12 run order average V|
calculated using Formula (9) which includes a summation over the)M = 3 runs; 24 data
averaged for eacH of these calculated means. The relative systématic error is calculate
Formula (3). The rjpun order CV is calculated by applying Formulay11) to the eight measurems¢
column for each plate (24 volume measurement points for each'run order CV result).

Overall statistics dre shown at the bottom left part of Figure A.5. The grand average volume

5 calculated
hnnel CV is

ee different
three plates
ly define the

plumes are
points are
d by using
bnts in each

and overall

b] statistics
(4) and (8).

Lastly, the channe] to channel CV is showh_in the extreme lower right and is calculated using the eight

channel mean volymes calculated by Fermula (4) and shown in the column above the channe
CV box. When mulfiple runs are included in a single experiment, Formula (14) shows that th
channel statistics fhould be usedfas-s illustrated in this example.

The overall CV resplt in Example 2 is similar to the channel to channel CV. From this we see t
to channel differefces arehe dominant contributor to overall CV in this example.

to channel
b combined

hat channel
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Example 2
8 channel device, L =8
three replicate runs, M =3
12 replicates per channel, N = 12
measured in three 96 well plates
Channel Statistics, Run 1
Runl,m=1 Form. 1 Form.3 | Form.7
1 2 3 4 5 6 7 8 9 10 11 12 V(lLm) es(lm) | CV(lLm)
A 101,72 101,17 100,87 102,38 101,44 100,92 101,17 102,21 100,79 103,27 101,44 102,19 101,63 1,63% | 0,74%
B 98,14 97,67 98,51 98,14 97,41 99,15 99,01 97,95 97,36 97,78 -2,22% | 0,91%
C 99,55 101,91 97,83 100,25 99,72 99,60 100,04 97,47 98,78 99,35 9991 101,99 99,70 -0,30% | 1,36%
D 99,44 100,09 100,54 100,23 100,01 100,02 101,32 100,99 100,10 99,45 101,89 98,76 100,24 0,24% | 0,86%
E 103,21 102,69 102,15 102,57 103,80 103,99 103,90 103,35 104,53 103,86 3,86% 1,09%
F 102,33 = 103,78 101,74 102,14 102,83 101,94 @ 103,73 103,37 100,97 @ 103,74 102,09 102,37 102,59 2,59% | 0,88%
G 10361 101,71 101,20 102,11 10239 102,31 101,00 102,13 = 104,14 102,92 101,29 102,54 102,28 2,28% | 0,93%
H 100,78 100,78 100,53 100,99 100,58 99,10 99,27 98,20 100,73 99,84 100,67 99,58 100,09 0,09% | 0,88%
maxeg(lm)| 3,86%
minles(lm) | -2,22%
max|CV(lm)| 1,36%
Channel Statistics, Run 2
Run2, m =2 Fprm.1 | Form.3 | Form.7
1] 2 | 3 4 5 6 7 8 | 9 | 10 | 112 am) | esam) | cvam
A 102,7 101,86 100,11 102,28 10049 101.37 102.17 101.09 102,54 101.81 10%46 * 102,37 101,67 1,67% | 0,82%
B 9651 9981 9912 | 9714 9794 9926 9825 | 9694 9889 JNg530 INGSG5N| b759 | -241% | 1,55%
C 101,2 99,44 99,59 99,29 99,59 97,86 98,92 98,19 98,01 99,9 &99,79 99,53 9,28 -0,72% | 0,94%
D 99,2 101,46 99,09 100,01 100,33 99,22 100,39 101,03 100,30 63 99,18 99,35 P9,93 -0,07% | 0,78%
E 103,4 102,06 101,60 103,17 104,01 103,54 10455 104,50 q§99 103,25 101,88 103,48 3,48% 1,17%
F 102,8: 105,07 102,15 102,51 100,86 101,60 | 104,07 104,36 102,'@) 3,89 102,55 102,54 102,94 2,94% 1,17%
G 102,0 101,11 100,88 101,52 103,30 101,82 100,84 101,15 10%,63% 103,00 103,13 102,76 101,94 1,94% | 0,89%
H 100,2 100,29 101,33 99,52 96,28 98,66 100,27 101,69 , \9@,@2 100,46 99,21 101,61 P9,96 -0,04% | 1,48%
maxeg(lm)| 3,48%
minfeg(lm) | -2,41%
maxCV(lm) | 1,55%
Figure A.5|(continued on the next page)
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Channel Statistics, Run 3
Run3, m=3 Form. 1 Form.3| Form.7
1 | o2 | 3 | a4 | s | e | 7| 8 [ 9o | 10| 11| 1 vim) | estm | cvim
A | 10122 101,74 101,06 10137 10262 103,10 10231 101,18 99,65 101,10 10378 103,25 101,87 | 1,87% | 1,15%
B 9815 9849 9836 | 9694 97,28 IN95000 9891 9847 9895 9889 97,81 | -219% | 1,07%
c | 10039 | 9810 101,67 10032 101,14 1000 99,90 100,17 10029 9950 99,23 9947 100,02 | 0,02% | 091%
D | 101,05 10151 = 9841 9830 9873 9846 101,06 100,79 99,60 10005 9948 100,65 9984 | -0,16% | 1,17%
E | 10387 10461 10398 101,97 10447 102,07 | 10593 10582 10402 10463 10371 104,33 10412 | 412% | 1,15%
F_| 10246 10294 102,55 10327 10293 101,97 103,37 10249 10356 10346 10271 10316 10291 | 291% | 047%
G| 10379 10068 10223 10308 10334 101,81 10276 101,45 101,89 10334 10201 101,70 10234 | 234% | 090%
H_ | 10232 9952 10039 10032 | 9837 9912 9948 99,56 100,52 10031 100,40 100,12 100,04 | 0,04% | 097%
maxeg(lm)| 412%
Run Order Statistics, all three runs combined mineg(lm) | -2,19%
no 1 2 3 4 5 6 7 8 9 10 11 12 max CV(lm) | 1,17%
Form.9 V(n) | 101,13 | 10091 | 100,80 | 100,94 | 100,83 | 10048 | 101,27 | 101,04 | 101,09 | 101,38 | 100,98 | 101,08
Form.3  es(n) | 1,13% || 0,91% | 0,80% | 094% | 0,83% | 0,48% | 1,27% | 1,04% | 1,09% | 1,38% | 0,98% | 1,08%
Form. 11 cv(n) | 2,23% || 2.30% | 1,81% | 1,62% | 2,20% | 1,95% | 221% | 2,39% | 2.25% | 225% | 1,95% | 2,23%

Overall Statistics Channel Stafistics, All Runs
Grand Avg|Form. 12 OI"omL 4 | Horm.3 | Form.8
Vea 101,00 |« calculatpd as average of all 288 wells 410 e s(1) cv

101,72 1,L72% | 0,92%
Overall CV|[Form. 13} 97,73 2,27% | 1,21%
CVoa 2,10% |« calculatpd as CV of all 288 wells 99,67 0,33% | 1,09%
100,00 ,00% | 0,95%
103,82 B,82% 1,14%
102,81 P.81% | 0,89%
102,19 £.19% | 091%
100,03 D,03% | 1,14%

max eS(1) B,82%

min eS(1) 2,27%

max CV(1) 1,21%

Form. 14
CVeac
1,97%

Figure A.5 — Results and calculated statistics for Example 2
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A.5 Example 3: 96-channels into three 96-well plates

A.5.1 Experimental design and measurement results for Example 3

IWA 15:2015(E)

The experimental design for Example 3 is a 96-channel head delivering 3 replicates into a series of
three 96-well plates. The plate layout is as shown in Figure A.2, and the experiment consists of only
one run. The measurement results and some calculated descriptive statistics are shown in Figure A.6.

Additional

calculated statistics are shown in Figure A.7.

A.5.2 Statistics results for Example 3

Run order
one deliver]
shows how
experimen

Calculation
by applying
manner us
larger valu
following n

NOTE H
results in a
up to 2,01 9
random nur
estimating (
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y from each channel the mean and CV across each plate is a run order.stat
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of channel statistics is shown in Figure A.7. The 96 different\channel aver:
Formula (1) to the same well in each of the three plates, Cliannel CV is calg
ng Formula (7). The channel CV results are heat mapped, green to yell
bs in the yellow cells are a consequence of the expefimental design and a
ote.

ecause the experiment design has N = 3 replicates'the calculated CV has 2 degr
wider range of values for the channel CV. In Eigure A.7, the channel CV results
). This range is not the result of different performance in channels as all results

V with a small number of replicates.

her examples, calculation of gnand average volume and overall CV use |
ctively, and the statistics are_calculated over all 288 measurement resu
rhannel CV is calculated usirg all 96 of the channel averages shown at the

Gtatistics are shown to the right of each set of plate data. Because each

late contains only
stic. This example
arrangement and

iges are calculated
ulated in the same
w. The seemingly
'e explained in the

bes of freedom. This
range from (0,07 %
were obtained with

hber generator modelling identical CV for each channel. This example illustrates the difficulty of

‘ormulae (12) and
Its in the set. The

top of Figure A.7.
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Example 3
96 channel device, L =96
onerun, M =1
3 replicates per channel, N =3
measured in three 96 well plates
Replicate 1,n =1
1 | 2 3 4+ | 5 | 6 7 8 9 12 Run Order Statistics, n = 1
A 9843 9881 9839 10034 9936 9834 9849 10271 102,02 103,42 Form. 9 | Form. 3 [ Form. 11
B 99,93 | 9758 10076 9821 | 9577 10325 = 9626 9994 10039 99,96 99,59 vin) | estn) | cvm
c 10328 10027 99,64 101,40 9899 9992 99,98 10050 = 10340 99,59 | 9634 102,09 100,07 | 0,07% | 2,30%
D 99,29 10041 | 9695 10355 9832 | 9617 WHOASAN 10270 10296 9859 102,60 | 10471
E 98,77 10024 101,83 101,65 9809 10305 9734 9674 99,64 9842 99,64 10272
F 99,08 10296 101,07 101,92 10003 = 9756 10243 10011 9818 100,63 [NH08/ZZ0 100,67
G 102,24 101,84 9932 100,64 98,67 10121 101,08 10243 10359 9805 10320 100,84
H 9818  1007f 100,69 10200 _ 97,40 9853 10311 100,65 100,97 _ 99,72 | 96,52 100,19
Replicate 2,n =2
1 | 2 3 4 5 6 | 7 | 8 9 10 11 | 12 Run Order ftatistics, n = 2
A 98,74 1002f 9838 99,08 = 9688 9769 97,66 10124 10125 H 9831 102,92 [\Form. 9 | Fprm. 3 [ Form. 11
B 9807 | 968p | 9927 9834 9783 10193 [ 9550 9834 100,16 10036 | 9669 10044 vin) | dstm) | cvm
c 10023 1008p 10230 10229 9995 9966 99,18 100,65 101,31 9814 | 9573 10 ? 99,90 | -0,10% | 2,15%
D 9846  99,0p 9737 101,94 9890 | 9656 WMOAGN 9911 101,99 9768 10132 @
E 9861 10155 100,17 9877 9843 10256 97,64 9905 9978 9923 9846 40127
F 99,92 [11048F | 10028 10017 101,65 9998 9976 100,00 9822 9946 ﬁs 98,49
G 10298 1035) 9875 10050 9852 101,65 10228 101,89 10309 9844 18" 101,08
H 97,85 1022p 100,85 WA05040 9856 99,92 10330 9873 100,87 99,92/ \98,04 10242
Replicate 3,n =3
1 | 2 3 | 4 | s 6 | 7 | 8 | o9 10 11 | 12 Run Ordertatistics, n = 3
A 9861 995p 9870 9955 97,34 9856 9687 10261 101, H 101,05 102,18 Form. 9 | Fprm. 3 [ Form. 11
B 99,67 1004 100,85 9823 97,97 10270 . 9510 100,39 98,80 | 9570 | 99,84 vin) | dsm) | cvm
c 101,01 101,2) 101,07 100,88 101,05 101,17 10055 99,85 85 9879 9743 101,11 99,98 | -0,02% | 2,27%
D 9836 990f 9792 10276 9915 | 9618 WNO4ABEN 100,12 }101,17 96,76 11104881 100,63
E 101,15  99,8) 100,06 10023 | 97,20 10226 9866 0887 9776 99,08 9809 100,23
F 99,46 | 1037 9874 | 10338 9993 9923 101,56 99,23 9805 99,30 | 103,24 100,00
G 10409 10295 9891 101,70 9841 10247 101,3&0101,29 10335 9892 101,70 101,53
H 97,15 1023 10038 10349 9800 _ 97,35 10277 101,20 101,22 10135 _ 9620 10231
Figure A.6 — Results and-some calculated statistics for Example 3
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one run, M

=1

Example 3 (continued)
96 channel device, L =96

3 replicates per channel, N =3
measured in three 96 well plates

Average Volume by Channel, V(1)

IWA 15:2015(E)

Form. 1 1 2 | 3 4 | s 6 7 | 8 9 10 11 12|  |Form.14
A 9859 9952 9849 99,65 97,86 9820 97,67 102,19 101,66 99,15 = 102,84 CVeac
B 99,22 9829 10029 9826 9719 102,63 | 9562 9956 101,27 99,71 | 9586 99,96 2,10%
C 101,51 100,78 101,00 101,53 100,00 100,25 99,90 10033 10252 9884 | 9650 101,57
D 98,70 9949 = 9741 10275 9879 | 96,30 100,64 102,04 97,68 102,94 102,49
E 99,51 100,53 100,69 100,22 9791 102,62 97,88 9706 9906 9891 9873 101,41
F 99,49 [110384" 10003 101,82 10054 9892 101,25 99,78 9815 99,80 104781 99,72
G 10f10 10276 9899 100,95 9853 101,78 101,57 101,87 103,34 9847 102,69 103,19
H 9,73 101,81 100,64 | 10351 97,99 9860 103,06 100,19 101,02 10033 . 9692 101,01

Systpmatic Error by Channel, e (1)

Form. 3 L 2 | 3 4 | 5 | & 7 | s 9 10 M| 12 maxes(1)| 478%
A -141% -048% -1,51% -035% -2,14% -1,80% -233% 219% 1,66% -0,)85%  2,84% mineg(1)| -542%
B -018% -171% 029% -1,74% -281% 263% . -438% -044% 127% -0,29%Y| -4,14% -0,049
C 191% 0,78% 1,00% 153% 000% 025% -0,10% 033%  252% <L;16% | -350% 157%
D -1,30% -051%  -259%  2,75% -1,21% | -3,70% 0,64%  2,04% %-232% 294% 2,499
E -049% 053% 0,69% 022% -209% 262% -212% -294% -0,94%.)-1,09% -127% 1,41%
F -031% [7384% " 003% 182% 054% -1,08% 1,25% -0,22% -L8S% -0,20% -0,289
G 340% 276% -101% 095% -1,47% 1,78% 157%  1,87%/5834% -1,53% 269% 1,15%
H 237% 181%  0,64% _ 351%  -2,01% -1,40% _3,06%  0,19% < 1,02%  0,33% | -3,08%  1,64%

Coefficient of Variation by Channel, CV(1)

Form. 7 L 2 | 3 4 5 | 6 2~ 8 | 9 | 10 1 | 12 [max cv()] 2,01%
A 016% 073% 0,19% 064% 1,35% 046% 083% 081% 038% 1,03% 166% 0,61%
B 1,q2%  1,94% 088% 007% 126% 0,64% ~061% 1,08% 1,70% 081% 079%  0,44%
C 1,96% 047% 1,32% 0,70% 1,03% 0,80%.<)0,69% 042% 1,06% 0,74% 089% 0,48%
D 041% 080% 050% 078% 043% 023% 007%  184% 0,88% 094% 175% 2,01%
E 143% 091% 099% 144% 065% *039% 071% 192% 1,14% 043% 082%  1,23%
F 042% 092% 1,18% 158%  096%\~125% 1,34% 048% 0,09% 073% 129% 1,12%
G 041% 082% 030% 065% 0:8% 062% 062% 056% 024% 044% 084% 0,35%
H 044% 091%  0,24% 147% (059% 130% 026% _1,29% 0,18% _ 0,88% _ 1,01%  1,24%

minCV() 0,47%
max CV(l) 2,1% <« note the broad rangethat results from CV values with only n = 3 replicates

Overall Statisi

Grand Avg]

For

n. 12

Via

99

98

Overall CV]

For

n. 13

CVoa

,43%

Figure A.7 — Additional calculated statistics for Example 3
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A.6 Example 4 - Eight channels into one 384-well plate

A.6.1 Experimental design and measurement results for Example 4

The experimental design for Example 4 is an eight channel head delivering 48 replicates into one 384-
well plate. The plate layout is as shown in Figure A.3 with the pattern shown as travelling left to right
down the first row, then moving downward and travelling back in the reverse direction on the second
row to complete the operation. The experiment consists of one run. The measurement results and
calculated descriptive statistics are shown in Figure A.8.

A.6.2 Statisticsxresults for Fvampln 4

Channel statistics|for each of the eight channels is shown on the right hand side of Figure.Al8 using the
indicated formulap. In this example, each channel delivered into two rows, so the‘dalculgtions must
span the proper rqws.

Run order statisti¢s are shown below the plate results. There are N = 48 replicates per chapnel, which
results in 48 run drder statistics.

Calculation of grahd average volume and overall CV use Formulae (12) and (13), respectively, and the
statistics are calcplated over all 384 measurement results. The channel to channel CV ig calculated
using the results df the eight channel averages.

48 © IS0 2015 - All rights reserved
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Example 4
8 channel device, L =8
onerun, M =1
48 replicates per channel, N =48
measured in one 384 well plate
1 | 2 ] 3 ] 4 | s 6 7 | 8 | 9 10 11 12
A 5244 5231 5222 51,76 5237 51,90 5265 5246 52,03 51,38
B 51,83 5240 51,80 51,95 5228 5216 5220 51,24 51,46 52,04
o 50,31 4940 5099 5047 5023 51,11 5028 4950 50,66 50,72 50,04 50,40
D 5044 50,15 50,39 50,08 50,06 4959 5033 5048 50,85 4991 4989 50,19
E 4957 | 4881 4943 4984 4960 5044 4993 4947 5035 4951 49,14 4870
F 49,64 4959 49,83 4974 | 4860 | 4978 4952 5034 49,79 49,67 4993 _ 4913
G 5209 51,77 51,09 51,57 | 5284 51,38 51,79 51,33 51,20 51,98 5141 51,02
H 5273 | 5082 5141 50,67 51,13 5216 5095 | 5263 51L,70 5091 5169 5129
1 50,35 50,04 50,31 51,50 4981 50,32 5048 49,98 50,83 50,21 49,75 5091
J 497p 5030 50,80 49,74 50,28 50,32 49,95 49,60 50,16 4974 50,13 50,03
K 49,3 49,48 49,03 4898 4879 49,01 4931 49,12 4934 4887 4991
L 4888 4881 4894 4893 4899 4908 4878 4909 | 4819 4897 4917
M 51,0 50,27 50,78 5059 5149 50,84 5029 51,41 50,59 50,88 5046 50,71
N 50,7 4959 51,13 5150 5096 51,76 50,54 51,09 50,53 49,83 51,13 51,37
0 49,3E 4938 = 4848 4888 4883 48,68 4857 4869 4878 49,58
P 49,9 4957 | 4860 4890 4855 4873 4945 4930 4881 4962 4935
Channel statistics N = 48
Form.1 | Form.3 | Form.7
13 [ 14 | 15 16 17 | 18 19 20 21 | 22 23 24 Channel] v | es() | CVOD
.
525p 51,68 52,69 51,88 5276 52,54 52,07 2 52,19 51,94 1 5223 | 445% | 091%
523 5211 5253 5215 5129 5262 5282 5174 52,67 194 5166 51,70
.
502p 50,18 4951 5029 50,70 50,07 = 4934 5027 495 51,05 50,70 49,76 ) 5034 | 068% | 091%
50,2 50,25 49,19 50,58 5020 49,84 50,20 49,99 60,27 4982 50,08 4932
487p 50,16 49,83 4952 50,39 4985 4995 50,07 50014 50,81 4988 4983 3 156 | -087% | 1.04%
500p 49,80 4946 50,65 50,04 | 4847 @ 50,25  5042°°750,02 4929 4990 49,60
512f 51,65 = 5250 50,79 = 5209 51,88 51,60 50,63° 5160 5166 5209 5088 s s1e2 | 3.24% | 106%
512p 5124 5194 5146 5143 51,31 5093 ‘54,33 5127 | 5225 5078 51,01
F -
50,5 50,51 49,93 50,00 5001 5075 5058(/) 4961 4959 5099 4948 50,72 s 5037 | 075% | 090%
504p 50,76 50,52 50,02 49,82 4947 50,65 49,89 50,56 49,75 50,49 50,74
49,4t 49,13 4959 = 4881 72 49,15 | 4842 4864 4956 49,42 6 1013 | 174% | 086%
49,0 49,19 49,37 4880 4849 4889 4873 4873 49,09 4942 4855
51,6p 50,26 50,15 = 51,78 5153 | 5@12° 51,62 51,26 50,52 5050 4997 = 52,04 ; s078 | 156% | 1.12%
50,6 51,35 50,81 51,33  50,80,~\5{,24 5068 50,23 50,89 5058 5121 5186
487|L 49,00 4954 49,03 493 48,78 49,08 4952 4923 4957 4918 4876
- 0/ 0,
493p 4981 | 4897 4890 As}ag\h 4976 4929 4890 5030 | 4875 4857 N I Il ks
Run oijder statistics
Form. 9 n= n=2 n=3 n=4 n=>5 n=6 n=7 n=8 n=9 n=10 | n=11 | n=12
V(n) 50,5f | 50,18 | 50,29 ¢, 50;37 | 5052 | 5056 | 50,20 | 50,28 | 50,49 | 50,55 | 50,16 | 50,16
n=48 | n=47 | ns46~| n=45 | n=44 | n=43 n =42 n=41 | n=40 | n=39 | n=38 [ n=37
504 | 5016 ]( 50,35 | 50,19 | 50,10 | 5044 | 50,25 | 50,64 | 50,27 | 4991 | 5039 | 5028
n=13 | nl=14"| n=15 | n=16 | n=17 | n=18 | n=19 | n=20 | n=21 | n=22 | n=23 | n=24 Form. 14
50,4 . [(50,17 | 5041 [ 5050 | 50,60 | 5027 | 5043 | 50,43 | 50,14 | 50,69 | 5038 | 5042 CVeoc
[ 2,36%
n=36 | n=35 | n=34 | n=33 | n=32 | n=31 | n=30 | n=29 | n=28 | n=27 | n=26 | n=25
50,43 | 50,56 | 50,22 | 5056 | 50,15 | 49,95 | 50,52 | 50,20 | 50,41 | 50,38 | 5029 | 50,17
Overall Statistics
Grand Avg| Form. 12
Vea 50,34
Overall CV| Form. 13
CVoa | 235%
Figure A.8 — Results and calculated statistics for Example 4
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Annex B
(informative)

Test methods for ALHS performance

The following methods are described in this annex.

Open methods:

B.1 Ratfiometric photometry

B.2 Grgvimetry, single channel measurement

B.3 Grgvimetry, full plate measurement

B.4 Grgvimetric regression method

B.5 Phqtometry with Orange G

B.6 Hybrid method: gravimetry and photometry with:Tartrazine
B.7 Hybrid method: photometry and gravimetry with p-nitrophenol
B.8 Hybrid method: gravimetry and photometry with Ponceau S
B9 Prgssure sensing

B.10 Calprimetric measurement

B.11 Optical image analysis

Closed methods:

B12 Grgvimetryand hybrid method: gravimetry and photometry
B.13 Phqtomietr'y with Tartrazine
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B.1 Ratiometric photometry?

A dual-dye ratiometric photometry method and system for performance verification of
multichannel liquid delivery devices

Outline of the method:

(s]

os}
—

o=}
—

I

B.1.1 Introduction

-~

1 Introduction

2 Principle of operation
3 Precedure

4 Volume calculations

5 Traceability

The ratiomfetric photometry method and system described hereinis performed thrdqugh a patented[29]
technology|developed and offered for sale by Artel, Inc. This comimercially available system is known as
the MulticHannel Verification System, or MVS®3). The core principles of operation arg briefly discussed

herein; mofe detailed descriptions can be found elsewhere,[21-24]

This docurhent provides an operational overview ofsthe MVS, its capabilities, and [the traceability of

measurements[12] made through this system.

B.1.2 Principle of operation

The MVS d¢termines volumes delivered to-microplates using the following components:

1.

Samplg solutions: These solutions contain two dyes with distinct absorbance rhaxima at 520 nm
(red) and 730 nm (blue). The red dye concentration varies from one type of saniple solution to the
next, which allows for measuring different volume ranges (e.g. more concentrdted dye is used to
measufe lower volumes). The blue dye concentration is fixed and uniform betwegn different sample
solutiops. Sample sqlutions are stable for more than 1 year when stored at room) temperature and
when fjrotected from'light (amber bottles).

Diluent: The diluent contains only the blue dye, but at the same concentration as in the sample
solutiops. The diluent solution is stable for more than 1 year when stored at room temperature and
when protected from light (amber bottles).

Microplates: ANSI/SLAS standard 96-well or 384-well microplates are characterized on a lot basis
to determine the bottom diameter or width (depending on plate type), and side-wall taper angle.
Additionally, wells are characterized to correct for any non-uniformity in well dimensions. This
characterization is used to generate a well-specific correction, which is then applied to every well
throughout that lot of plates.

Microplate reader/Calibrator plate: A plate reader fitted with tailored interference filters
optimized for absorbance measurements of the red (520 nm) and blue (730 nm) dyes is used. As
with any spectrometer, the measured results are dependent on instrument stability and on the
characteristics of the individual interference filters used for wavelength selection. To account for
these two variables, a calibrator plate is used which consists of sealed precision cuvettes containing

2)

Contributed by Artel, Inc., Westbrook, Maine, USA

3) Multichannel Verification System (MVS®) is the trade name of a product supplied by Artel, Inc. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named.
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solutions of the same dyes used in the diluent and sample solutions. The calibrator plate provides
an optical standard for calibrating the daily performance of the plate reader. The calibrator plate is
stable for one year when stored at room temperature and when protected from light (storage case).

The above system components are used to measure the volume of sample solution dispensed into a
well(s) of a microplate. As shown in Figure B.1, the liquid dispenser under test is used to dispense
the target volume of sample solution into the microplate wells. Diluent is also added, either before or
after the sample dispense. The amount of diluent added is used only to create a measurable volume of
solution. Once the diluent and sample are in the wells, the solutions are thoroughly mixed, and the plate
reader measures the absorbance at 520 nm and 730 nm for each solution-filled well in the microplate.
The measured absorbance values, the known concentrations of red and blue dyes, and the known
dimensions of the microplate wells are all used to calculate the volume of sample in each well.

}\‘ 520) 730

Figure B.1 — Ljquid dispenser used to dispense the target volume into the microplate wells

Figure B.1 explandtion: For small test volumes (Vs), a dispensed droplet of sample solution will adhere
to the well sidewall and will not spread across the plate bottom. To allow for accurate }}hotometric

measurements at 20 nm and 730 nm (As20,730,), the well is backfilled with diluent (V) to a tofal working
volume (V7). The two solutions are mixed prior,to'-making any photometric measurements. Because the
sample solution cgntains the same concentrdtion of blue dye as the diluent, the total workling volume
is determined fro‘J\ a photometric measutement at 730 nm of the beam path (/) through the solutions.

Although this figure depicts the sample solution being dispensed first, the order of solutign dispense
can be altered in practice.

B.1.3 Procedurne

1. Ensure proper envirohmental conditions for operation. Operating temperature range|is 15 °C to
30 °C. All sysfem components should be in thermal equilibrium (*2 °C) with the liqyid delivery
device being tpsted.

2. Calibrate the plate reader using the calibrator plate. This ensures that normal daily fluctuations
of the plate reader are removed from the measurement. This calibration measurement is good for
10 h, or until the temperature changes by more than + 2 °C, at which point a new measurement of
the calibrator plate should be collected.

3. Fill amicroplate with baseline solution (a clear buffer solution). For 96-well microplates, the proper
fill volume is 200 pl. For 384-well microplates, the volume is 55 pl. The baseline plate should be
mixed on the orbital mixer to evenly spread the solution and provide a uniform surface meniscus
for all wells. Measure the prepared baseline plate in the plate reader. This provides a baseline
reading at 520 nm and at 730 nm which will be used for the next 10 h, or until the plate reader is
calibrated again.

4. Fill a solution reservoir appropriate to the liquid dispenser under test with the desired sample
solution (see Table B.1). Keep the reservoir covered when not in use to protect from evaporation.
Solutions should be left exposed for no longer than 20 min to 60 min, depending on exposed surface
area, reservoir fill volume and environmental conditions. Each sample solution contains a known
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concentration of Ponceau S dye with a quantified peak absorbance at 520 nm. This known peak
absorbance is reported as the absorbance per pathlength (a, see Formula (B.3) below).

Table B.1 — Sample solution concentration and operating volume range

Range HV| Range A | Range B | RangeC Range D

Range E

Diluent

Nominal absorbance
per pathlength of red
dye (ar)

1,88 3,71 14,58 72,53 185,21

738,50

Nominal absorbance
per pathlength of blue
dye (ap)

0,610 0,610 0,610 0,610 0a

0a 0,610

Testable v

96-W

blume range,

2,000-
9,999

1,000 =
1,999

10,00-
49,99

200, 1=
350,0

50,00-

ell () 200,0

0,1000 NA

Testable v

blume range,
384-well (ul)

10,00- 2,500- 0,500- 0,3000+
55,0 9,999 2,499 0,4999

>

NA

0,3000 NA

Concent

Fation of blue dye for these solutions is irrelevant because the final test valume is compoq

ed mostly of diluent.

NOTE

Filla s
evapor
exposd
not ha
device
a conti
at 730
Formu

Using ¢
microp
dispen

Pre-fil
approx

Inspec
the we
60 s, of

Mix th|

of 1 mm,,dt a speed of 1 300 rpm to 1 500 rpm for 60 s for 96-well micropl

bparate reservoir with diluent. Keep the reservoir covered when not in u
ation. Solutions should be left exposed for no longer than 20 min to 60 1
d surface area, reservoir fill volume and environmental conditions. Not
e to be dispensed by the same liquid dispensér under test. It can be di
that is capable of delivering the approximate required volume. The diluen
olled, known concentration of a copper-EDTA complex with a quantified
nm. This known peak absorbance is reported as the absorbance per g
a (B.1) below].

he liquid delivery device under test, dispense the target volume of sampl]
late. This dispense can either béxa “dry contact dispense” into empty well
se” into wells pre-filled with the diluent.

or post-fill diluent (into the microplate. The amount of diluent
imate (10 %).

 the filled plates for excessive droplets of solution near the well top, or for
Is. If either ogcuy, then the plate should be centrifuged at 1 000 rpm to 2 (
until the droplets have been pushed into the wells, and the bubbles have |

e total'welume of solution (sample plus diluent) on an orbital mixer w

se to protect from
nin, depending on
e: the diluent does
spensed from any

[t solution contains

| peak absorbance
athlength [ay, see

e solution into the
5, or a “wet contact

required is only

bubbles trapped in
00 rpm for 30 s to
been pushed out.

ith a rotary orbit
htes. For 384-well

microp

lates, mix at a speed of 2 600 rpm to 2 700 rpm for 120 s.

Improper mixing may result in non-homogeneous solutions which will incorrectly skew the final results.

10. Insert the fully mixed microplate into the plate reader and measure the absorbance at 520 nm and
730 nm.

B.1.4 Volume calculations

The amount of sample volume delivered is calculated in three steps:

1.

Because the concentration of the blue dye is the same in the sample solution and in the diluent,
Formula (B.1) is used to determine the liquid depth (/) in each well, which is equivalent to the
pathlength of light passed through the sample (see Figure B.1). By measuring the absorbance of the
blue dye at 730 nm (A730) and incorporating the known absorbance per unit pathlength of the blue

dye at

730 nm (ap), the liquid depth is determined by:
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A
1=-7530 (B.1)
ap

where
| is the pathlength;

A730 isthe absorbance at 730 nm;
ap  isthe absorbance per unit pathlength.

2. Once the liquid depth is known, the geometrical equation for the volume of a truncated cone can be
used to determine the total volume of liquid in the well. (NOTE: for 384-well plates, the geometry
is a truncated, square-based pyramid.) At this point, the well-specific geometrical correction is
applied to reduce well-to-well variability. The calculation of the total volume (V7) is(based on the
liquid depth (4) as determined from Formula (B.1), and the known quantities of taperangle (6) and
diameter (D) ¢f the microplate wells, as shown in Formula (B.2):

D? 2 tand 3 tan®6
Vr =7TIT+7TDI + 7l (B.2)
where:
Vr  isthe tdtal volume;
D is the djameter of the well bottom;
0 is the sifle wall taper angle.

3. The calculatipn of the sample volume (Vs) is based on the total volume (V7), the measured
absorbance off the blue dye at 730 nm (A4730), the measured absorbance of the red dyq at 520 nm
(As520), and th¢ known quantities for the abserbance per unit path length of the blue dy¢ at 730 nm
(ap) and the aljsorbance per unit path lengthrof the red dye at 520 nm (a;), as given by Forimula (B.3).

a A
Ve =Vr (—b][ﬂj (B.3)
ar )\ 730

where
Vs is the sgmple volume;
ar is the alpsorbance per unit pathlength at 520 nm;

Aspp is the abserbanece-at520-nm-
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Traceability of this ratiometric photometry system to the International System of Units (SI) occurs
through three main measurement paths:

1) charac

terized microplates,

2) characterized solutions,

3) characterized plate reader absorbance measurements.

Every volume tested with this method produces a final result that is calculated based upon all three

traceable

+lc [12]

Character

Microplate

well variability is further characterized using absorbance photometry,and the

measuremg
Plate read

The calibrg
reader. The
the daily p
using a refé

Sample so

The absorh
dilution m
spectrophdg
wavelength
pathlength

CIrS o

zed microplates

5 are characterized using traceable dimensional measurements of e:

bnts is confirmed using the gravimetric dilution method descfibed in B.3.

er

solution filled cuvettes in the plate provide optical standards which arg
erformance of the plate reader. The absorbance values of these cuvetts

utions

ance per unit pathlength of all solitions is measured directly, or throug
bthod described in B.3. Traceable absorbance measurements are made
tometer whose performance s maintained against calibrated ND gla
| standards. A cuvette of¢alibrated internal pathlength is also used to

rence spectrophotometer which is traceable‘to neutral density standardg.

ich well. Well-by-
final accuracy of

tion plate provides the traceability path to the méasured absorbance values from the plate

used to correlate
bs are determined

th the gravimetric
using a reference
5s, and calibrated
provide a known
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B.2 Gravimetry, single channel measurement®

Outline of the method:

B.2.1 Introduction

B.2.2 Terminology

B.2.3 Apparatus

B.2.3.1 Balance

B.2.3.2 Ligpid reservoir

B.2.3.3 Wejghing vessel

B.2.3.4 Envyironmental conditions monitoring
B.2.4 Tes|t liquid

B.2.5 Tegt environment conditions

B.2.6 Prdcedure

B.2.6.1 Tegt parameters

B.2.6.2 Teslt procedure

B.2.7 Evgluation

B.2.7.1 Calpulation of mass loss due to-evaporation
B.2.7.2 Cornpversion of corrected mass'to volume
B.2.8 Trajceability

B.2.1 Introduction

This method descyibes the-apparatus, procedure and reference material for determining mg¢asurement
error using the grapvimetric'method. A single pan balance is used to take a measurement frpm a single
channel at a time.

B.2.2 Terminology

Refer to the terms and definitions in Clause 3.
B.2.3 Apparatus

B.2.3.1 Balance.

The gravimetric method requires the use of a balance of appropriate capacity for the test volume. The
resolution of the balance used should be determined by the nominal volume of the apparatus under
test, as shown in Table B.2.

4) Contributed by: Gilson, Inc., Middleton, Wisconsin, USA
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Table B.2 — Recommended balance performance depending on measured volume

Nominal volume of appa- Recommended balance |Recommended balance| Recommended balance
ratus under test (1) resolution repeatability linearity
pl mg mg mg
1to 10 0,001 0,002 0,005
> 10 to 100 0,01 0,02 0,05
>100to 1 000 01 0,2 0,5

B.2.3.2 Liquid reservoir.

The liquid reservoir shall be large enough to accommodate all test liquid required for the complete
series of tepts.

B.2.3.3 Weighing vessel.

Mass lost [due to evaporation shall be taken into consideration when' selecting an appropriate
weighing vessel.

It is recommended that the weighing vessel be supplied with-a lid to mitigate |mass loss due to
evaporation. This is particularly important if the vessel is moved at any time dulring the weighing
process. If fhe vessel remains stationary throughout the weighing process and a lid [is not used, then a
height-aboye-fluid to diameter ratio of 3:1 is recommended.

The gravinpetric regression method can also be used to quantify mass loss due to|evaporation. This
method is [only recommended when using an opén weighing vessel that is not moved during the
measurement process. See Method B.4 for further details.

B.2.3.4 Epvironmental conditions monitoring

The enviropmental conditions of the test room shall be monitored using equipment with appropriate
resolution ind uncertainty of measureément, as shown in Table B.3.

Taple B.3 — Equipment specifications for monitoring the test room enviironment

Equipment Resolution Accuracy
Thermométer for liqaid 0,1°C 0,5°C
Thermomédter for'air 0,1°C 1°C
Hygrometgr 1% RH 5% RH
Barometer (75 u v ) HePa

Provided that instrumentation is chosen in accordance with the table above, the instrumental
measurement uncertainty due to environment monitoring equipment will not have a significant effect
on the mass to volume conversion for the volume ranges covered by this method. Refer to ISO/TR 20461
for more information.

B.2.4 Testliquid

The reference liquid class for the gravimetric method is distilled or deionized water conforming to
grade 3 as specified in ISO 3696, degassed or air-equilibrated. The water shall be at room temperature.

Other liquid classes may be used provided the sensitivity of the given liquid class to environmental
conditions is known and accounted for where significant. The recommended values within Tables B.3
and B.4 may not be applicable.
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B.2.5 Test environment conditions

In order to control the variability of the results, the test environment should be kept as stable as
possible. Table B.4 below contains recommended ranges for environmental conditions. The change in
recorded value over the duration of the session should remain within the recommended value.

Table B.4 — Environmental conditions during the test

Environment condition Range Change during the test

Water temperature 15to 30 °C <1°C

Air temperature 15to 30 °C <3°C

Relative humidity 40to 70 % <10 %

Provided that testlenvironment conditions remain in accordance with the table above, the'instrumental

measurement unce
conversion for the

The balance shall

environment as thle apparatus under test.

B.2.6 Procedurne

B.2.6.1 Testsetyp

B.2.6.1.1 Testin|

The test volume
typically recommg

nominal volun

approximately

the lower limi

These test volume

B.2.6.1.2 Numbg

For the establish
measurements sha

rtainty due to the environment will not have a significant effect on the'mas
volume ranges covered by this method. Refer to ISO/TR 20461 for metre in

be placed in a draft free environment on a stable surface.within the

7 volume

pr volumes selected should be representative of typical use. Manufac
nd three volumes:

he,
r 50 % of the nominal volixhie,
 of the useful volume range or 10 % of the nominal volume (whichever is

5 conform to the test volume statement in ISO 8655-6.

er of measurements per volume to be tested

mentSor re-establishment of conformity to manufacturer’s specifi
|ILbe-taken at each test volume.

s to volume
formation.

same test

turers will

breater).

rations, 10

If the gravimetric method for the determination of measurement error is used for other purposes, such
as supplier’s quality control or supplier’s after-sales service:

the number of tested volumes,

— the number of measurements per volume, and

— where applicable the number of tested channels

may be changed to an appropriate number. If correlation to the reference method is desired, it shall be

based on empirica

58
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B.2.6.1.3 Test environment conditions

The environmental conditions shall be recorded at the beginning and the end of the weighing procedure.
The difference between the two readings shall be compared against Table B.4.

The ALHS and balance shall be powered on and allowed to equilibrate with the test environment before
testing begins.

B.2.6.2 Test procedure

B.2.6.2.1 Preparation of weighing vessel

In order tq yield a consistent mass loss due to evaporation across all measunemégnts, the weighing
vessel shal] be prepared with an initial volume of test liquid sufficient to complétely cover the bottom
of the vessél.

—

B.2.6.2.2 [Determine mass loss due to evaporation

The enviropmental conditions of the test room, the time taken tolperform a single [measurement and
the handlirjg of the weighing vessel during a measurement wilkafféct the mass loss due to evaporation.

Before preparing the ALHS to perform liquid delivery, a\series of at least 10 blapk measurements
shall be taken.

a) Record the tare weight of the weighing vessel bp,0r tare the balance to zero (bg  0).

b) If the yeighing vessel needs to be moved:to a delivery position, move the wgighing vessel into
position and remove the lid if a lid is used. When positioning the weighing vefsel, the following
conditjons shall be met:

1) th¢ testliquid shall not be delivered to the weighing vessel;
2) the¢ ALHS liquid delivery apparatus shall not come into physical contact with the weighing vessel.

c) If liquid must be delivéred or the liquid delivery apparatus must come intof contact with the
weighipg vessel in order to perform a blank measurement, place the weighing|vessel next to the
delivery location and'deliver the blank measurement to a waste vessel.

d) Perform a blank delivery.

e) Recordthe'weight of the weighing vessel as b;. A single measurement of mass loss flue to evaporation
is calcylated as shown in Formula (B.4):

b'; = b; —by (B.4)

where
b’i is the mass loss due to evaporation;
b; is the weight of the weighing vessel;
by  isthe tare weight of the weighing vessel.

f) Find the average mass loss due to evaporation by taking the average of all blank measurements
Formula (B.5).
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(B.5)

b is the average mass loss due to evaporation;

n is the number of blank measurements.

B.2.6.2.3 Preparation of ALHS

If the ALHS under [test uses a system-liquid, prepare the system-liquid according theto-manufacturer’s
recommendations

The ALHS shall be prepared by attaching a disposable tip or tips (if applicable) and performing a
pre-rinse or equiljbration cycle. This will ensure the consistency of the delivered volum¢ across all
measurements.

a) Apre-rinseis fypically performed when the ALHS is dispensing asingle volume for everylaspiration.
1) Fill the tip with the test volume and expel to waste five times.
b) An equilibratipn cycle is typically performed when the ALHS is performing multi-dispenses.
1) Fill the tig with test liquid sufficient for multiple-dispenses and an additional volumg to discard.
2) Discard the additional test liquid to waste.

After the ALHS is|prepared, place the weighing-vessel on the balance weigh pan and tare jor zero the
balance.

B.2.6.2.4 Making a measurement

a) Record the tept room environmental conditions (temperature, relative humidity, and parometric
pressure) at the beginning.of testing.

b) Ifthe weighing vessel must be removed from the balance weigh pan in order for the ALHS to deliver
the test liquid| remove the weighing vessel and place where appropriate for the ALHS.

c) If the weighing vessel has a lid, remove the lid. Deliver the test liquid to the weighing vessel at the
currently selected test volume. Replace the lid if applicable.

d) If the weighing vessel must be moved to the balance weigh pan in order to take a measurement,
move the weighing vessel to the balance weigh pan.

e) Record the balance reading as m;.
f) Tare or zero the balance and begin a new measurement.
g) Perform as many measurements as required.

h) Record the test room environment conditions at the end of testing.

60 © IS0 2015 - All rights reserved


https://iecnorm.com/api/?name=3193f31ac694689702a6590fbeab961d

IWA 15:2015(E)

B.2.7 Evaluation

B.2.7.1 Calculation of mass loss due to evaporation

The average mass loss due to evaporation shall be added to each balance measurement. The resultant
mass will be referred to as the corrected mass or m’; as shown in Formula (B.6):

(B.6)

ection taking into
hce readings m; to

mean temperature

(B.7)

hermal expansion

(B.8)

" apparatus.

on factor and the

m', =m, + b
where

m’;  is the corrected mass with evaporation;

mj ils the balance measurement.
B.2.7.2 Cpnversion of corrected mass to volume
The values| m; obtained in accordance with B.2.6.2.4 are balance readings. A corr
account wdter density and air buoyancy is necessary for the conversion of the bala
volumes Vil The Z correction factors specified in Table C.1 (Annex C)\¢an be used.
Convert ea¢h mass m; obtained from B.2.6 by applying the Z cortection factors at the
and baromegtric pressure measured in B.2.6 and the following Formula (B.7).
where

Vi ils the calculated volume from the mdass m’;

Z i|s the Z correction factor.
If the test femperature is different-from the temperature of adjustment and if the
correction | factor y of the piston-operated volumetric apparatus is known, yse the following
Formula (B.8) instead of the previous Formula (B.7):

Vi=m'|-Z-y
where vy is the thermal expansion correction factor of the piston-operated volumetri
See ISO/TR 20461 for further details regarding the calculation of the Z correcti
uncertainty factors associated with mass to volume conversion.

After all measurements have been collected for each test volume, refer to the volumetric performance
section of this document for information on statistical interpretation and presentation of the results

(see Clause

5).

B.2.8 Traceability

The traceability of the gravimetric method is dependent upon the following criteria.

regional reference standards.

the relevant international or regional reference standards.

© IS0 2015 -
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B.3 Gravimetry, full plate measurements)

Weighing method for determining total dispensed volume in a whole plate

B.3.1 General

This method may be used to directly determine the total liquid volume dispensed to a microplate by a
liquid handling system with a 96-channel or 384-channel dispensing head.

This method may also be used for comparing photometric methods to gravimetric methods where
volume measurements are made by both methods. Comparison of the two results can be used for
purposes of methd

This method can allso be used to determine sample volume in cases where the sample.js'dil
a mixture prior tg
lack of bias of phot

B.3.2 Materials

Microplates (¢
Semi-micro ar
Plate weighin
Static remova
Personal prot

Liquid to be
homogeneous

Automated lid
200 pl, or 384

Test room env
60 ml amber S
Diluent liquid

Micro analytid

dispensing. This pre-dilution method is a particularly accurate: way fo
ometric methods at small volumes.

/equipment
6-well or 384-well).
alytical balance with 0,000 01 g readability, 200 g'capacity and a draft sh
b adapter for balance pan.
device.
ection equipment (PPE).

iveighed. NOTE: in case of dyé)solutions or custom liquids, ensure co
mixing of the solution.

uid handling system with multichannel heads of either 96-channels se
channels set to deliver 55 pl.

ironment according to ISO 8655-6.
crew-cap bottles, for preparing dilutions.
for cases-where smaller sample volumes are desired.

akbatance of 0,000 001 g readability, 5 g capacity with an evaporation trg

d validation (cross checking) or 1or calibration of the photometric methodt.

ed to form
assessing

ield.

mplete and

[ to deliver

B.3.3 Discussion

1.

This test measures volume by gravimetric weighing of sample solution which is dispensed into
microplates with a single dispense cycle by a 96-channel or 384-channel dispensing head.

Gloves need to be worn while performing testing. Gloves must be kept clean to prevent weight
changes due to deposit of material during handling of the microplate.

If the plates will be read by the photometric method, they must be inspected to ensure that they
are free of scratches or imperfections. Reject plates with visible imperfections. Use filtered air to
blow off every well of each plate to remove dust.

Before each weighing, remove static from each plate and plate cover by holding in front of an
ionizing static eliminator.

5)
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Use a cover to protect plates from dust until ready for use, and also to minimize evaporation during
the weighing process.

The density of all solutions must be known. Measure the density of sample solution, diluent, and
any prepared dilutions

B.3.4 Procedure — Sample preparation by dilution

1. Ensure that all material samples have equilibrated within the laboratory for 2 h.
2. Mix each sample by gentle inversion.
3. Calculate the desired dilution volumes using Formulae (B.9) and (B.10).
v, = K‘;’_b (B.9)
where
Vis is the amount of sample solution used to make the dilution;
Vi is the target amount of sample desired for each well;

where Vjqip the amount of diluent to be used.imwpreparing the diluted sample.

4,

10.

11.
12.

Vig =W, -V

Vp is the total volume of diluted sample in the bottle{typically 60 000 pl);
Vw is the working volume per well (e.g. 200 pl for96-well plates and 55 ul fof 384-well plates).

(B.10)

Is

If the amount of sample is greater than(? 000 plitis permissible to dispense sample directly into the
bottle And weigh as described in steps 6 through 8. Smaller volumes of sample must be measured
as desdribed in steps 9 through 13:

Label gach empty amber bottle to clearly identify the contents. Set a pipette or volumetric dispenser
to the gppropriate volume:

Place the amber bottle'on the semi-micro analytical balance pan with cap on (loosgly) and press tare.

Removi cap and.dispense the appropriate amount of sample solution into the bgttle, place the cap
back o tightlyxand record the weight after balance has stabilized.

Removg.cap and carefully dispense the appropriate amount of diluent into the bgttle, using caution
not to eetrttaminate-the-tip-ofthe-dispenser—TFightenthe-ecap,place bottdle-on—eentre of balance pan

and record the weight after balance has stabilized. Continue with step 14.

To weigh samples smaller than 1 000 pl, place an empty vial on the micro analytical balance
pan and ensure appropriate evaporation trap has been placed on balance and equilibrated. Add
approximately 2 000 ul of sample solution to the vial.

Perform an evaporation measurement. Record initial weight. Open the trap door and insert the
pipette tip. Without touching the vial on the balance, mimic aspiration of sample solution by
aspirating air. Carefully withdraw the pipette, and close the trap door. When balance has stabilized
record the final weight.

Place a 60 ml amber bottle on the semi-micro analytical balance pan and press tare.

Dispense the appropriate volume of diluent solution into the amber bottle. Record the net
weight of diluent.
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13. Record the initial weight from micro-analytical balance. Using a new pipette tip for each dilution,
aspirate the appropriate volume of sample solution and dispense into the bottle containing dispensed
diluent. Rinse the tip in the solution by aspirating and dispensing down the side of the bottle. Record
the net weight of sample solution removed from the micro balance, corrected for evaporation.

14. Mix each dilution carefully by gentle inversion at least 20 times.

B.3.5 Procedure - Delivery to plate and weighing

Ensure that each solution is mixed, if necessary mix by gentle inversion.

Thermally equilibrate the liquid handling system, labware and test solution for at least 2 h in a
stable test room (0,5 °C) prior to conducting this test. Use a continuously recording environmental
monitoring system to confirm stable temperature during the equilibration and testing period.

Place the empty microplate with cover onto the balance pai, keeping the weight d

this initial indlicated weight as weight Wj. Move the plate to the deck of the liquid handl

watch at the rhoment that liquid is dispensed. Gover the plate as soon as possible after

tip multichannel head to dispense 50 pl oftest solution.

1.

2.

3. Place the weig

NOTE

is not supported by

4. Exercisetheb
this calibratio

5. Use the static
centred on thg

6. After balance

7. Use a 96 tip nf
and record th

8. Remove static
after stabiliza

9. Measure evap

for the amounft of time recorded in step 7 above. Place the cover onto the microplate and

process descr

equal to W7 mlinus W

B.3.6 Calculati

1.

NOTE

The weighing adapter is designed to help centre the microplate, and also to ensure that th

hing adapter centred on the balance.

balance structures other than the weighing pan.

hlance and perform calibration checks. Note the density of the,mass standal
n. This density of the metal mass standards is required forthe conversion

elimination device to remove static electricity from the microplate anc

pan.

is stabilized, press the tare button. Balange should display a reading of z

ultichannel head to dispense 200.ubof test solution into a 96-well plate.

e elapsed time since filling. Altérnatively, when testing in a 384-well platg

charge, then place the filled, covered plate on the balance pan. Record or p
kion as Wi.

pration by returning the microplate to the instrument deck, then removin

jbed in step_8. Record the weight after this evaporation trial as W>. Eva

b’ of total volume delivered to the plate

e microplate

'ds used for
bquations.

| the cover.
f the plate

bro. Record
ng system.

btart a stop
dispensing
p, use a 384

rint weight

g the cover
repeat the
poration is

Calculate the corrected weight change, W, following Formula (B.11).

where

64

is the weight change;
is the initial indicated weight;
is the weight after liquid delivery, once it has stabilized;

is the weight after the evaporation trial.

This assumes that the amount of evaporation per weighing cycle is approximately constant.

W, = (W, - W)+ (W, -W,)

(B.11)
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2. Calculate the Z correction factor, which will be used to convert weight of liquid to volume, using the
correct densities according to Annex C, Formula (C.2). Do not use the Z factor values in Table C.1.
3. Convert the weight of the liquid (W) to volume (V) by using Formula (B.12):
V,=Z-W, (B.12)
where
%3 is the volume of the liquid;

Z i

s the Z correction factor, per Annex C.

The result is the measurement of the total volume (V/;) delivered to the plate.

4.  When the liquid volume (V1) is for a dilute mixture, it is possible to calculatera d}lution factor (Fgi1)
which |s used to calculate the amount of sample solution delivered to thesplate. The dilution factor
(Fai) i§ calculated in three steps.

First calculate the mass of liquid sample (mjs) used to prepare the mixture with Formula (B.13):

[1-pg / ps]
my, =W, ——2—5= (B.13)
[1-pq/ pis]

where

mys s the mass of liquid sample used to prepare‘the mixture;
Wis s the weight of sample solution used to prepare the mixture, as calculated from balance
dlisplay indications;
pa  Isthe density of air as calculatediin Annex C;
Ps ils the density of the mass standards used to calibrate the balance;
pis s the density of the liquid sample solution.
Next, calcujate the mass of liquid diluent, myy
L [1-pg /R4l
myg =Wy ———7o= (B.14)
[1-pa/Pid]

where

myd isthe mass ofthe ]iqnid r]i]nnnf;
Wiq  is the weight of diluent solution used to prepare the mixture, as calculated from balance
display indications;
pid  is the density of the liquid diluent solution.
Then calculate the dilution factor, Fgj
m
Fan = Pim . (B.15)
Pl My +my]
where pjp, is the density of the liquid mixture.
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Finally, the sample volume (V) is calculated as shown in Formula (B.16), by multiplying the total
measured volume calculated with Formula (B.12) by the dilution factor Fgjj;

Vs =Fy -V, (B.16)

where Vs is the sample volume.

This quantity (Vs) is the total volume of sample solution delivered to the plate. The total sample
volume can be divided by the number of wells in the plate to calculate the average amount of sample
solution per well.

B.3.7 Reporting

i - =l | 1 11l 1 cdeladal dn > A L 00 e
The test report forrthisnrethodshatt COMIPTY WTITIT tITC TCPOT tITg TCUIT CIITIICS O CIdUst O-
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B.4 Gravimetric regression method (GRM)®)

B.4.1 Method description

In order to determine the volume of a liquid delivery in the sub-ul range based on the gravimetrically
measured mass change caused by this liquid volume on a high precision balance, similar equations as
provided by the ASTM E542, ISO 4787, or ISO 8655-6 standards are used. The required formulae and
the basic measurement procedure are discussed in publications for large volume calibrations in detail.
[28-33] For the GRM method described here, the formula for determination of the liquid volume V),

based on a gravimetrically measured mass m is considered as follows [Formulae (B.17) and (B.18)]:

L q-Pa (B17)

V(T)=m —————
() ’ pw(T)_pa Pc

~

where
V(T) i the volume at temperature T;
m i|s the gravimetrically measured mass of the sample;

P i's the density of the measured liquid at temperature’T;
w
P ils the density of air at temperature T;

a

P ils the density of the weights used to alibrate the balance.

Vyo = W(T)-[1=¥(T - 20)] (B.18)

where
V20  iis the volume at the)reference temperature of 20 °C;
T i|s the temperature in units of °C;

y i|s the thermal coefficient of expansion of the measured liquid.

The measureéd primary quantity is the total mass m on the weighing dish of the|balance, which is
Conventionany vvcishcd b_y theused-batance—Themass \.hausc eatrsed b_y the-additior of a llquld volume
AV is denoted Am. The mass of the additional liquid is supposed to be the difference of mass before
(mpefore) and after (mafter) the dispensing event as given in Formula (B.19):

Am = mafter — Mpefore (B.19)
where

Am is the mass of the added liquid;

Mbpefore is the mass before the dispense;

Mafter is the mass after the dispense.

6) Contributed by: IMTEK, University of Freiburg, Freiburg im Breisgau, Germany
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The mass values mpefore and mygier are of course subject to a measurement error resulting from the
error of the weighing process especially from the error of the used gravimetric balance.

Simply speaking the mass of the dispensed liquid volume is mainly determined by the difference of the
mass before and after the dispensing event. Usually, the average values of a series of weighing results
that are acquired before the dispensing event and after a settling time of a few seconds are considered
as appropriate measurement results for mpefore and mafrer. However, due to evaporation the mass of
the liquid loaded on the weighing dish of the balance changes over time. After the settling time, which
is required to equilibrate the balance tray, the mass detected is no longer corresponding exactly to the
mass directly after the dispensing event and it is continuously decreasing further due to evaporation.
It is therefore not admissible to consider simple average values of balance readouts for determining
Mpefore and Mafter if the liquid volumes are so small that evaporation becomes significant during the
measurement. Therefore, within the GRM method the values mpefore and master are determined by a
linear regression hased on several balance readouts acquired before and after the dispensing event (see

Figure B.2 below) jnstead of using an average value.
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® Balance readouts

E‘) A Laisp —— Linear regression
¥ 438,2000 :\ . o
cEs Mater =PI~ = - Prognosis interval
438,150 0
| |
438,100 0 I Settling time |
1 | ~
438,050 0 , ,
| I
438,000 0 SNt |
~ % € Mpefore
| |
4379500 1 1 i
0 10 20 30 40
Time [s]
NOTE Halance readouts (dots) before and aftersdispensing are displayed as a functiop of time. Readouts

acquired befween the two vertical lines are not used for calculation (settling time of the baldg
Figure B.2'= Plot of a typical measurement

A detailed dlescription of the measurement procedure and formulae for performing th
are given ih Reference [15]along with a detailed uncertainty analysis and a bench

MVS methdd (Method B.1 in;this document) in the volume range from 40 nl to 400 nl}

B.4.2 Liquid classes

The GRM njethodcan be executed with any liquid. The lower the vapor pressure of t
the evaporption-and the better the measurement accuracy. Liquids with high vapd

nce).

e linear regression
mark to the Artel

he liquid the lower
r pressure can be

used, but wlill¢ause larger measurement errors. Therefore, and for consistency with

xisting standards,

itis recommended to use water as test liquid.

B.4.3 Environmental conditions

The environmental conditions (temperature, humidity, pressure) have to be recorded in order to be
considered in the volume calculations similar to other gravimetric methods. Though environmental
conditions do influence the evaporation rate there is no requirement for specific or constant
environmental conditions. As long as they are recorded the measurement algorithm accounts for the
appropriate corrections. Still, conditions with low evaporation and vibration isolated tables for hosting

the balance are favourable to achieve highest measurement accuracy.

© ISO 2015 - All rights reserved
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B.4.4 Traceability

Traceability for the GRM can be established through the calibrated balance that is used for

measuring

the mass of the liquid or through comparison of measurements to the Artel MVS method (Method B.1),

which is traceable in itself. In most practical cases use of a calibrated balance will be suffic
further verification and validation is needed. To calculate the final measurement result, a

ient and no
regression

analysis of the measured balance readings before and after the addition of the liquid is required as well

as the use of Formulae (B.17) and (B.18). The method is described in full detail in Reference

B.4.5 Measurement uncertainty

The measurementuncertainty has bes sed-according to ISO/IEC Guide 98-3 in the vg
between 40 nl and 1 000 nl.[15] a combined standard uncertainty of typically
expanded uncertajfinty of typically 12 nl have been determined for volumes in the range fr
1 pl. The uncertainty is dependent on the volume to be measured as well as environimental
In particular, the fincertainty analysis of the GRM method does take random erxors of thd
balance readouts pefore and after the addition of the liquid into account. Therefore, it is
assign each individual data set an individual measurement error. Thus, it'is possible to

results with high|performance of the device under test but poor measurement accuracy
weighing errors due to vibrations or unsteady evaporation by convection in the measur
from result with poor performance of the device under test but hightmeasurement accur
not possible by gravimetric methods that consider only the average mass value, but not the
distribution of indjividual balance readings.

According to the H
have been shown

enchmark experiments presented in Refeérence [15], the results of the Gl
to be largely consistent with the ArtelhMVS photometric method that w
reference (Method B.1). Systematic deviations (bias) between the methods were observed i
of =26 nl to 6 nl (-10,7 % to 5,4 % relative bias). Over the whole range from 40 nl to 1 000 nl
of the GRM methodl and the Artel MVS method were estimated to be consistent with a lineari

[15].

lume range
6 nl and an
bm 40 nl to
conditions.
individual
possible to
distinguish
(e.g. large
ement cell)
hcy. This is
p statistical

RM method
yas used as
h the range
the results

ty of RZ = 1.
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B.5 Photometry with Orange G7)

Orange G colourimetric method for pipetting heads with 1 to 384-channel

IWA 15:2015(E)

Outline of the method:

B.5.1 Principle of the method

B.5.1.1 Applicable volume ranges

B.5.2 Preparation of solutions

B.5.2.1 Chemical substances used

B.5.2.2 Buffer solution 0,1 M

B.5.2.3 Orange G 8,0 g/1

B.5.2.4 Orange G 2,0 g/1

B.5.2.5 Orange G 1,6 g/1

B.5.2.6 Orange G 0,2 g/1

B.5.3 Calibration curves

B.5.3.1 Orange G 0,2 g/l in 384-well plate
B.5.3.2 Orange G 2,0 g/1in 384-well plate
B.5.3.3 Orange G 0,2 g/l in 96-well'plate
B.5.3.4 Orange G 2,0 g/l in 96/well plate
B.5.3.5 Orange G 8,0 g#lin 384-well plate
B.5.4 Pipetting procedure

B.5.4.1 96-wéll microplates

B.5.4.2 384-well microplates

B.5.1 Prine¢iple-ofthemethod

— The method is suitable for 96 and 384 multichannel heads and for ALHS with individual channels as

well.

— The method is traceable to SI by calibrated balance, volumetric flasks and pipettes.

— The manual pipettes must be regularly serviced and calibrated according the manufacturers guide

lines.

— The balance must have at least 0,001 mg resolution. It must be regularly serviced and calibrated
according the manufacturers guide lines.

— The microplate reader must be regularly serviced and calibrated according the manufacturers
guide lines.

7) Contributed by: Tecan Schweiz AG, Mannedorf, Switzerland.
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B.5.1.1 Applicable volume ranges

The pH meter must be regularly serviced and calibrated according the manufacturers guide lines.

The method is used for aqueous liquids.

The method can easily be adapted to DMSO and water/DMSO mixtures. The solubility of Orange G
in DMSO and DMSO/water is similar to the solubility in aqueous liquids.

The diluent is buffered at pH = 7 because Orange G is also a pH indicator shifting the absorbance

maximum.

The dye solution is pipetted in a microplate and the complementary amount of buffer solution is
added to fill the well to a certain volume.

Based on the measured ODs, the CVs are determined.

Based on the ¢
Four stock sol

For every stog
manual pipett

From every dilution, five replicates are manually pipetted in a microplate.

The microplat]
The measured
A calibration ¢
Store the Oraf]

The shelf life
temperature.

Solutions that

alibration curve, the volumes pipetted and the accuracy are calculated¢
itions at different concentrations are prepared.

k solution, a dilution series for coverage of the volume range intended is g
ing using a calibrated pipette.

e is read out at 492 nm with 620 nm as reference wavelength.
ODs shall not exceed OD = 2.

urve is calculated based on the data points measured.

ge G solutions in amber glass bottles,

time of Orange G solutions and-buffer solutions is generally 2 months

have developed streaks shall be disposed.

Table B.5 — Applicable volume ranges

repared by

at ambient

Orange G solutions Test volumes Test volumes
concentration in 96-well microplate in 384-well micrgplate
g/ pl pl
0,2 10 to 100 2 to 20
1,6 2to 10 —
2,0 — 0,25to 2
8,0 g/l 1to 2 —

72
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B.5.2 Preparation of solutions
B.5.2.1 Chemical substances used

Table B.6 — Chemical substances used

Substances/ Degree of Formula Molecular weight Safety data
solutions purity

Orange G — C16H10N2Na207S> 452,36 g/mol —
Disodium_hydrogen- purum NaoHPO4e2(H20) 17799 g/mol —
phos-phat¢ dihydrate

Sodium hydroxide, 1 M — NaOH 40,0 g/mol caustic
Deionised water — H»0 18,0 g/mol —
Operationpl Safety Note: Sodium hydroxide is caustic and may\cause sever¢ corneal damage

if eye contact occurs. Wear chemical safety goggles and gloves*when operafling with sodium
hydroxidef In case of contact with skin or eyes, immediately flitish eyes with plenty of water and
get medicql aid.

B.5.2.2 Buffer solution 0,1 M
— Weighted sample: 35,6 g + 0,1 g disodium hydrogen phosphate dehydrate.

— Add thle weighted sample into a 2 000 ml_beaker glass and fill it right up under the mark with
deionized water.

— Add 2(000 pl (e.g. 2 x 1 000 ul with’ the hand pipette) of sodium hydroxide 1 M in into the
volumgtric flask.

— Stir th¢ disodium hydrogen phesphate dehydrate until it has completely dissolved (approximately
30 minf).

— Fill the solution into afplastic bottle for storage.
— Check the pH with apH-meter (pH = 7). Record measured values.

— Check the pH.before use for preparation of Orange G solutions. Record measured values.

B.5.2.3 Ofrange G 8,0 g/1

— Original weight: 4,0 g + 0,05 g Orange G (analytical balance).

— Add the original weight into a 500 ml volumetric flask and fill it right up under the score with
buffer solution.

— Putamagnetinto the volumetric flask.

— Place the flask with magnet onto the magnetic stirrer.

— Stir the Orange G until it has completely dissolved.

— Remove the magnet and fill up the flask to the score with buffer solution.

— Fill the Orange G into an amber glass bottle for storage.
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B.5.2.4 OrangeG2,0g/1

B.5.2.5 Orange |

B.5.2.6 Orange |

74

Original weight: 2,0 g £ 0,01 g Orange G

Add the original weight into a 1 000 ml volumetric flask and fill it right up under the score with
buffer solution.

Put a magnet into the volumetric flask.

Place the flask with magnet onto the magnetic stirrer.

Stir the Orang

e G until it has completely dissolved.

Remove the m

Fill the Orang

Admeasure 1(
Transfer the 1

Rinse the 100

agnet and fill up the flask to the score with buffer solution.

e G into an amber glass bottle for storage.

G 1,6g/1
0 ml of the 8 g/1 Orange G solution into a 100 ml volumetric flask.
00 ml into a 500 ml volumetric flask.

ml volumetric flask with buffer solution and add the rinse to the buffer s

the 500 ml volumetric flask.

Fill up the flas
Close the 500
Flip the 500 n
Fill the Orang

Admeasure 5(

k to the score with buffer solution.
ml volumetric flask with the designated stub.
1 volumetric flask several timesfor good mixing.

e G into an amber glass bottle for storage.

50,2g/1

ml of the 2 g/1-Orange G solution into a 50 ml volumetric flask.

Transfer the 50 ml in 500,m] volumetric flask.

Rinse the 50 1
500 ml volum

hl volumetric flask with buffer solution and add the rinse the buffer solut
btric flask.

Fill up the flagk

l{ fo thn SCO

blution into

on into the

Close the 500 ml volumetric flask with the designated stub.

Flip the 500 ml volumetric flask several times for good mixing.

Fill the Orange G into an amber glass bottle for storage.
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B.5.3 Calibration curves
B.5.3.1 Orange G 0,2 g/1 in 384-well plate

Table B.7 — Calibration points for test volumes 2,5 pl to 20,0 pl in 384-well microplates

Orange G Buffer solution Combined volume Equals to test volume
0,2g/1
50 pl 1 ml + 450 pl 1,5 ml 2,5 ul
oul 1ml+440ul 1,5 ml 3,0 ul
1Pp0 pl 1 ml+ 400 pl 1,5 ml 5,0 ul
2P0 pl 1 ml+300pul 1,5 ml 10,0 ul
4P0 pl 1ml+ 100 pl 1,5 ml 20,0 pl

— Pipett¢ volume of Orange G solution (according to the table abovejin test tubes|using a calibrated
manual pipette.

— Add the complementary amount of buffer solution (accordiudg to the table above)[to the test tubes.
— Mix th¢ solutions by gently agitating the tubes.

— Pipett¢ 5 replicates of 75 ul of each solution in a row of a 384 microplate fising a calibrated
manuall pipette.

— Measufe the microplate at a wavelength 0492 nm (Orange G) and 620 nm (Refefrence).
— Calculgte the average of 5 replicates of the same solution. Reject outlier if approgriate.
— Plot test volumes versus OD values

— Calculgte the regression curve.

20
1,8%~
146 |
1,4 +
1,2 +
0T
08
0,6 y = 0,0749x + 0,0015
04 - R? =0,9997

02

0,0 1 1 1 1 1 1 1 J
0,0 2,5 5,0 7,5 10,0 12,5 15,0 17,5 20,0

Calibration regression curve

0])

Target volume [pl]

NOTE Each point represents the average of 5 replicates manually pipetted.

Figure B.3 — Calibration curve for test volumes 2,5 pl to 20,0 pl in 384-well microplates
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B.5.3.2 Orange G 2, 0 g/L in 384-well plate

Table B.8 — Calibration points for test volumes 0,25 pl to 2,0 pul in 384-well microplates

Orange G Buffer solution Combined volume Equals to
2,0g/1 target volume
10 ul 2ml+ 990 ul 3,0 ml 0,25 ul
20 ul 2ml+ 980 ul 3,0 ml 0,50 pul
40 ul 2ml+960 pl 3,0 ml 1,00 pl
80 ul 2ml + 920 ul 3,0 ml 2,00 pl

NOTE

76

Pipette volumye
manual pipett

Add the complementary amount of buffer solution (according to the table above)to the t

®

Mix the solutipns by gently agitating the tubes.

Pipette 5 replicates of 75 pl of each solution in a row of a 384 microplate using a
manual pipetfe.

Measure the microplate at a wavelength of 492 nm (Orange G) and'620 nm (Reference).

Calculate the dverage of 5 replicates of the same solution. Réject outlier if appropriate.

Plot test volurhes versus OD values.

Calculate the regression curve.

trg— calibrated

2,0
1,8 |-
1,6 -
1,4
1,2
1,0 ~
08
0,6 >
0,4
02

Calibration regression curve

y=0,7252x + 0,0066
R*=1,0000

0,0

02 04 06 08 10 12 14 16
Target volume [pl]

18

2,0

Each point represents the average of 5 replicates manually pipetted.

Figure B.4 — Calibration curve for test volumes 0,25 pl to 2,0 pl in 384-well microplates
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B.5.3.3 Orange G 0,2 g/1in 96-well plate

Table B.9 — Calibration points for test volumes 10,0 ul to 100,0 pl in 96-well microplates

IWA 15:2015(E)

Orange G Buffer solution Combined volume Equals to
0,2g/1 target volume
100 pl 1 ml+900 pl 2,0 ml 10,0 pl
300 pl 1ml+ 700 pl 2,0 ml 30,0 pl
500 ul 1 ml+ 500 pl 2,0 ml 50,0 pl
7P0 I TmI+ 300 pl 2,0 ml 70,0 pl

1000 pl 1ml 2,0 ml 100,0 ul

— Pipett¢ volume of Orange G solution (according to the table above) in,tést tubes

manual pipette.

— Add thg complementary amount of buffer solution (according tothe table above)

— Mix th¢ solutions by gently agitating the tubes.

using a calibrated

to the test tubes.

— Pipett¢ 5 replicates of 200 pl of each solution in a %W of a 96 microplate fising a calibrated

manual pipette.

— Measufe the microplate at a wavelength of 492 nm (Orange G) and 620 nm (Refefrence).

— Calculgte the average of 5 replicates of the same solution. Reject outlier if approgriate.

— Plot test volumes versus OD values.

— Calculgte the regression curve.

oD

2,0

1,8
1,6
1,4
1,2
1,0
0,8

Calibration regression curve

0,6
0,4
0,2
0,0

y=0,0197x + 0,0128

R*=0,9986

10 20 30

50 60 70 80

Target volume [pl]

90

100

NOTE Each point represents the average of 5 replicates manually pipetted.

Figure B.5 — Calibration curve for test volumes 10,0 ul to 100,0 pl in 96-well microplates
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B.5.3.4 Orange G 1, 6 g/1in 96-well plate

Table B.10 — Calibration points for test volumes 2, 0 ul to 10,0 pul in 96-well microplates

Orange G Buffer solution Combined Volume Equals to
1,6 g/1 target volume
20 ul 1 ml +980 ul 2,0 ml 2,0 ul
30 pl 1ml+ 970 ul 2,0 ml 3,0 pul
50 pl 1 ml+950 ul 2,0 ml 5,0 pl
70 ul Tml+930 ul 2,0 mlI 7,0 gl
100 ul 1ml+ 100 pl 2,0 ml 10;0 ul

— Pipette volumle of Orange G solution (according to the table above) in test tub€s tsing 4 calibrated
manual pipette.

— Add the complementary amount of buffer solution (according to the table‘above) to the test tubes.
— Mix the solutipns by gently agitating the tubes.

— Pipette 5 replicates of 200 ul of each solution in a row of‘a 96 microplate using a calibrated
manual pipetfe.

— Measure the rpicroplate at a wavelength of 492 nm (Oraige G) and 620 nm (Reference).
— Calculate the @verage of 5 replicates of the same solution. Reject outlier if appropriate.
— Plot test volurhes versus OD values.

— Calculate the regression curve.

2,0 -
1,8 -
1,6 -
14 -
1,2 €
LON-
0,8 -

0,6 -
y=0,1674x+ 0,0129
0,4 + 2
R%=1,0000
0,2

0,0 1 1 1 1 1 1 1 1 1 J
00 10 20 30 40 50 60 70 80 90 10,0

Target volume [pl]

Calibration regression curve

oD

NOTE Each point represents the average of 5 replicates manually pipetted.

Figure B.6 — Calibration curve for test volumes 2,0 pl to 10,0 pl in 96-well microplates
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B.5.3.5

Table B.11 — Calibration points for test volumes 0,5 pl to 2,5 pl in 96-well microplates.

Orange G 8, 0 g/1in 96-well plate

IWA 15:2015(E)

Orange G Buffer solution Combined Volume Equals to

8,0g/1 target volume
5ul 1ml+995 ul 2,0 ml 0,5 ul

10 pl 1 ml+990 pul 2,0 ml 1,0 ul

15 pl 1 ml + 985 pl 2,0 ml 1,5 ul

Jot T +980Tt 2,0t 2,0 ul

25 ul 1 ml+ 975 ul 2,0 ml 2,5 ul

— Pipett¢ volume of Orange G solution (according to the table above) in,test tubes|using a calibrated

manual pipette.

— Addth
— Mix thq

— Pipettg

manuall pipette.

— Measu
— Calculd
— Plot te

— Calculd

e solutions by gently agitating the tubes.

t volumes versus OD values.

te the regression curve.

e complementary amount of buffer solution (according tothe table above)

e the microplate at a wavelength of 492 nin (Orange G) and 620 nm (Refe

rence).

te the average of 5 replicates of the saime solution. Reject outlier if approgriate.

oD

2,0 -
1,8 -
1,6
1540+
1,2
1,0 -
0,8 -

Calibration regression curve

0,6
04
0,2
0,0

/ y = 0,9442x + 0,0265

R?=0,9999

0,0

02 04 06 08 10 12 14

Target volume [pl]

1,6

1,8

2,0

NOTE Each point represents the average of 5 replicates manually pipetted.

Figure B.7 — Calibration curve for test volumes 0,5 pl to 2,5 pl in 96-well microplates
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B.5.4 Pipetting procedure

B.5.4.1 96-well microplates

80

The target volume of the appropriate Orange G concentration is pipetted to the wells of a 96-well
clear flat bottom microplate.

The complementary amount of buffer solution is added to fill the well to the end volume of 200 pl.

The plate is shaken on a microplate shaker for mixing for 30 s at 1 000 rpm (rotations per minute).

The microplate is centrifuged for 60 s with 164 rcf (relative centrifugal force) for removing air
bubbles and establishing a defined meniscus.

The micropla

measurementj.

€ 1S measured a nm as reference waveleng

flashes per

The target volume of the appropriate Orange G concentration is pipetted to'the wells of a 384-well

clear flat bott
The complems
The plate is sh

The microplaf
bubbles and a

The micropla

measurementj.

bm microplate.
ntary amount of buffer solution is added to fill the wellto an end volume

aken on a microplate shaker for mixing for 15 s@t 2 000 rpm (rotations p

defined meniscus.

e is measured at 492 nm with 620:nm as reference wavelength (10

of 75 ul.

br minute).

e is centrifuged for 60 s with 164 rcf (relative centrifugal force) for rgmoving air

flashes per

© ISO 2015 - All rights reserved


https://iecnorm.com/api/?name=3193f31ac694689702a6590fbeab961d

IWA 15:2015(E)

B.6 Hybrid method: Gravimetry and photometry with Tartrazine®

Outline of the method

B.6.1 Hybrid photo-gravimetric method

B.6.1.1 Method name and summary description

B.6.1.2 Method description

B.6.1.2.1 Preparation

B.6.1.2.2 Gravimetric measurement

B.6.1.2.3 Photometric measurement

B.6.1.3 Fluid properties

B.6.1.3.1 Introduction

B.6.1.3.2 Recommended stock solutions for measuring 96>channel plates
B.6.1.3.3 Recommended stock solutions for measuring 384-channel plates
B.6.1.4 Calibration

B.6.1.5 Environmental conditions

B.6.1.6 Traceability

B.6.1 Hyprid photo-gravimetric miethod

B.6.1.1 Method name and summary description

The hybrid photo-gravimetrnic method allows multichannel liquid handling instruments to be
characteriged by a combination of a gravimetric reference measurement with subsefjuent photometric
measurements to characterize the other channels of the instrument.

B.6.1.2 Method-description

B.6.1.2.1 |Préparation

Materials

Precision balance with 0,01 mg readability or better;

Measurement equipment for temperature, humidity and atmospheric pressure;
Absorbance Reader;

Microplate Shaker;

Micro centrifuge tubes 1,5 ml;

Flat-bottom 96-well plates, non-treated, Polystyrene (PS) OR Flat-bottom 384-well plates, non-treated,
Polystyrene (PS);

8) Contributed by: Integra Biosciences AG, Zizers, Switzerland
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Reagent reservoirs 100 ml and 300 ml;
Distilled water for pre-wetting and dilution;
Test solution (see Fluid Properties B.6.1.3).

Tips need to be pre-wetted to coat the inside of the liquid contacting parts and to equilibrate humidity of
the air space inside tip and the pipette. This is achieved by aspirating from the reservoir and dispensing
to waste the maximum test volume 3 times. This is required every time a tip is changed.

The precision balance should be checked with ASTM Class 2 or OIML E2 test weights before
measurements.

B.6.1.2.2 Gravimetric measurement

The grid of a 96- apd 384-well plate is used to identify channels of a pipetting head.

The gravimetric measurement is performed on a corner channel (e.g. H1 for a 96-channgl pipetting
head, P1 on a 384-channel head). This will be the reference channel.

Five measurements of the reference channel are taken at the nominal volume:-When workinlg with tips,
do not touch them|by hand to avoid any thermal transfer.

1) Place a micro fentrifuge tube on the balance and tare the balance

2) Pre-wet the rfeference channel three times at the high test'wolume and dispense td the micro
centrifuge tube that has been used to tare the balance. Lid nieeds to be closed immedjiately after
dispense to ayoid evaporation and place it on the balance. This first result is not recorded.

3) With the samg tip aspirate the test volume again by, immersing the tip only as much a$ necessary
(2 mm to 3 min).

4) Dispense to tHe test tube, touching the tip agdinst the inside wall, close the tube immed]ately.
5) Record the wdight in mg.

6) Repeatsteps 3 to 5 four times to get-five readings.

7) Repeat steps 7 to 6 for the medium (50 %) and low (10 %) test volume 5 times each.

The values obtaing¢d by balanee'readings are in milligrams. These values need to be convertgd to micro
litres using the Z dorrection‘factors. They take into account the water density and air buoygdncy during
weighing at the cofresponding test temperature.

Convert each weight/ebtained in step 5 to volume in pl by applying the correct Z correctign factor as
described in Anndx €” Add tagether the delivered volumes V; and divide the sum hy 5 to provide the

mean volume 7 delivered at test temperature, as shown in Formula (B.20).

(B.20)

14 is the mean volume of 5 delivered volumes;

Vi is the delivered volume.
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B.6.1.2.3 Photometric measurement

B.6.1.2.3.1 For Tartrazine as dye, the measurement wavelength is 450 nm. A reference measurement
is performed at 620 nm for each plate. Bandwidth of the measurement is 10 nm. The readings from the
reference wavelength (620 nm) are subtracted from the readings of the absorbed wavelength (450 nm)
to eliminate the background absorbance and to compensate for reader and microplate tolerances.

A conversion plate needs to be created to correlate the optical density (OD) as measured by the
photometer to microlitres:

1) For test volumes < 100 ul: Aspirate 100 pl of distilled water from reservoir by immersing the tip(s)
2 to 3 mm below the surface of the water and dispense to one row of wells in a plate. Be sure to
keep plate covered to prevent evaporation.

2) Aspirafe the low test volume of the selected range of test solution from the reseJl:roir by immersing
the tip[2 to 3 mm below the surface of the solution and dispense to one colymn of a microplate.

3) Read pprtial plate with reader to obtain the optical density readings.

4) Subtraft 620 nm readings from 420 nm absorbance readings.

B.6.1.2.3.2[ Calculate the conversion factor to correlate optical density to microlitres as follows:

1) Calculgte the mean of the OD according to Formula (B.213, where e.g. n = 8 for a 9p-well plate, n = 16
for a 384-well plate:

O :-]-xZOD,. (B.21)
L ——

where

op Isthe mean optical density;

OD; s the optical density perwell.

2) Calculgte the low actualmean weight of the reference channel of the gravimgtric measurement
accordjng to Formula (B:22):

o
Myes =% > M (B.22)

where

M ; is the low actual mean weight of the reference channel;
re

M;  isthe weight measured for each channel.

3) Convert mass to volume by applying the appropriate Z correction factor (see Annex C) with
Formula (B.23):

Vg =M ogxZ (B.23)

T

where V. is the volume delivered by the reference channel.

4) Calculate the conversion factor C according to Formula (B.24):
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%4

ref

0D

C=

where C is the conversion factor correlating optical density to volume.

Dispense all plates

1)

to be measured in a row:

(B.24)

For test volumes < 100 pl and 96-well plates: Aspirate distilled water from reservoir by immersing

the tip(s) 2 mm to 3 mm below the surface of the water and dispense to all wells of the plate:
use 100 pl for 96-well plates and 60 ul for 384-well plates. Be sure to keep the plate covered to
prevent evaporation.

2)

If working with disposable tips: Load new tips to the pipetting head and pre-wet the tips.

3) For volumes <

volume.

4) Aspirate thel

to 3 mm beloW

5)
6)

Place plate on
Read the optid
7) Subtract refer
8) Using the cony

V. =CxOD,

B.6.1.3 Fluid prp

B.6.1.3.1 Introd

Dye: Tartrazine, C
appropriate mixin

Diluent: Distilled ¥

The concentration
range of the plate

10 pl: Aspirate 10 pl distilled water and an air gap of 0,5 pl before aspiraf

pw test volume (10 %) of test solution from the reservoir by immersing th

the surface of the solution and dispense to all wells of the plate:

shaker and shake at medium speed for 2 min.
al density of entire plate.
ence readings from high absorbance readings.

rersion factor C, convert the OD readings to ¥oliime, following Formula (B

perties

uction

AS 1934-21-0, Supplier: Alfa Aesar GmbH and Co KG, ensure homogenous
28

vater, filtered with 0,5 pm syringe filter.

should béadjusted so that the measured optical density lies in the optir
reader {ustally an OD < 2).

ing the test

e tip 2 mm

25):
(B.25)

dilution by

hal reading

The following twq s€ctions are recommended stock solutions for measuring volumes in 9¢- and 384-
well plates. Shelf life“of these solutions is 2 weeks when stored in a closed container atl 20 °C and
protected from direct light.
B.6.1.3.2 Recommended stock solutions for measuring 96-well plates

Table B.12 — Recommended stock solutions for measuring 96-well plates
Volume measurement range [pl] 1,25t0 12,5 12,5t0 125 30 to 300 125to 1 250
Working conc. [mg/ml] 10 1 0,4 0,1
Tartrazine [mg] 50 20 20 20
Distilled water [ml] 5 20 50 200

84
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B.6.1.3.3 Recommended stock solutions for measuring 384-well plates

Table B.13 — Recommended stock solutions for measuring 384-well plates

Volume measurement range [pl] 1,25t0 12,5 12,5to 125
Working conc. [mg/ml] 2,5 0,25
Tartrazine [mg] 12,5 5
Distilled water [ml] 5 20

B.6.1.4 Chplibration

To calibratp the subsequent photometric measurement one channel is meaSured gr
accuracy ahd precision of this channel is determined and is then used_as'a refere
the channels. All other channels are measured by photometry and are'then relativel
reference channel.

B.6.1.5 Epvironmental conditions
Measureménts should be performed under conditions of the'ISO 8655-6 standard.[32

— Draft free environment;

— Ambient temperature 18 °C to 25 °C, constang (0,5 °C) throughout the measurements;

— Ambient relative humidity > 50 %;

— Liquid

prior tp measurements to reach:temperature equilibrium with ambient.

B.6.1.6 Tfaceability

Precision 4
must be ca

handling equipment and cofisumables must be stored in test environmg

alance and measurement equipment for temperature, humidity and atm

avimetrically. The
hce for the rest of
y compared to the

ent for at least 2 h

ospheric pressure

ibrated by an\accredited test lab. Calibration history needs to be documented for reference.
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B.7 Hybrid method: Photometry and gravimetry with p-nitrophenol?

Photometric and gravimetric liquid handling check procedure to determine the random error
(precision) and the systematic error (accuracy) of ALHS

Outline of the me
B.7.1

B.7.

N
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Summary of the method principle

Method details
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B.7.2.8

B.7.1 Summary

The method descy
handling systems.

Test reagents

Test conditions

Test execution

Photometric determination of the random error{precision)
Gravimetric determination of the systematic error (accuracy)
Test evaluation

Testreport

Possible error sources

Method traceability

y of the method principle

ibes a reliable liquid handling check procedure for automated multichg
16,34-36] In a first-Step the random error (precision) is determined by an

measurement in npicroplates using p<nitrophenol (synonym = 4-nitrophenol, abbr. = p-NP).

stable at room ten

hperature and soluble in water (11,6 mg/ml at 20 °C), chloroform, methsz

and ethanol (100 mg/ml at 20°€). It has the absorption maximum at 405 nm at pH > 9,2 whic}

by using 0,1 N Na(Q

H as standard solvent and diluent. The coefficient of variation (CV in %) i{

from the absorption measurement signals of individual microplate wells. Smaller test v

transferred in wel

s pre-filled with 0,1 N NaOH, where they have to be dispersed homogeneo

measurement. Th

nnel liquid
absorption
This dye is
nol, DMSO,
| is realized
calculated
blumes are
usly before

p dve concentrations of the different test solutions are specifically ada

ted to the

test volumes to give always a microplate type specific constant final volume and a constant final dye
concentration of 120 pM in all wells of the microplate, which is within the optimal dynamic range of
the absorption reader. The random error (precision) is determined always at first in the evaluation
of an automated multichannel liquid handling system followed by a gravimetric determination of the
systematic error (accuracy). The microplate absorption reader and the analytical balance have to be

calibrated at regul

ar intervals and the test conditions have to be considered strictly.

9) Contributed by:

86

Analytik Jena AG, Jena, Germany.
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— Photometer for 96- and 384-well microplates with 405 nm and 620 nm option, e.g. Tecan GENios
Plus (resolution 0,0001 OD, linearity 0 OD to 3,0 OD: * 1,5 % and 0,005 OD, precision 0 OD to 3,0
OD: + 1,0 % and 0,005 OD, accuracy 0 OD to 2,0 OD: + 1,0 % and 0,01 OD), scheduled service and
manufacturer calibration is needed.

— Calibrated analytical balance, e.g. Mettler Toledo AG245 (Capacity 41 g to 210 g, readability 0,1 mg

to 0,01

H PP 3 2|
O CarroT atrulr 15 1IcCTOCorn

mg, repeatability 0,1 mg to 0,02 mg, linearity + 0,2 mg), scheduled service and authorized
A

certified

— Calibrg

ted manual pipettes to prepare the test solutions.

— High qpuality clear flat bottom polystyrol 96- and 384-well microplates: suital

measu
microp

— Highgq
— Microp

— Microp

B.7.2.2 T

— p-nitrg

rements, e.g. Greiner Bio One # 655 010 and # 781 101, _respectivel
lates have to be unpacked 1 week before the measurement.

hality microplate sealing tape, e.g. Nunc # 236 2609.
late shaker, e.g. BioShake iQ.
late centrifuge, e.g. SIGMA 6K 15.

pst reagents

phenol, MW 139,11 g/mol, spectrophotometric grade.

— Sodiulﬂhhydroxide (NaOH) pellets, MWy40,00 g/mol, p.a., for preparation of 0,1
i

and d
— DI wat
— Option|

The final p
of about 1,
optimal p-
formats ar

ent, density = 1,004 g/cm3.at 20 °C.
br (purity type II, conductivity < 1 uS/cm), density = 0,998 g/cm3 at 20 °C.
al DMSO dried, purity = 99,9 %, density = 1,10 g/cm3 at 20 °C.

NP concentration in the wells of the microplate should be 120 uM to res
which is within the optimal dynamic range. In Tables B.14 and B.15, {
NP concenfrations for the different test volumes in both, 96- and 38
e summarized.

le for absorbance
y, vacuum packed

N NaOH as solvent

ult in an OD value
he corresponding
4-well microplate

10) The examples given include trade names of products. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of the products named.
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Table B.14 — Optimal p-NP test concentrations for different test volumes in 96-well microplate
format with 200 pl final volume per well

Test volume Prefilled volume Test concentration
0,1 N NaOH p-NP
ul ul/well mM
200,00 0 0,12
100,00 100,00 0,24
50,00 150,00 0,48
25,00 175,00 0,96
10,00 190,00 2,40
5,00 195,00 4,80
2,00 198,00 12;00
1,00 199,00 24,00
0,50 199,50 48,00
0,25 199,75 96,00
0,20 199,80 120,00
0,10 199,90 240,00

Table B.15 +— Optimal p-NP test concentrations for different test volumes in 384}well

microplate format with 50 ul final'volume per well

Test volume Prefilled volume Test concentratjon
0,1 N NaGH p-NP
ul ul/well mM
50,00 0,00 0,12
25,00 25,00 0,24
10,00 40,00 0,60
5,00 45,00 1,20
2,00 48,00 3,00
1,00 49,00 6,00
0,50 49,50 12,00
0,25 4975 24 00
0,20 49,80 30,00
0,10 49,90 60,00

The different p-NP test concentrations are prepared from a stock solution. All solutions have to be
filtered before use and should be stored in the dark at room temperature no longer than 3 months.
While 0,1 N NaOH is used as diluent as well as standard solvent to prepare the test solutions for the
liquid handling check procedure, other solvents to prepare the test solutions are possible. According
to all of our experiences the liquid handling performance for higher test volumes than described in the
Table B.14 is comparable or becomes better.

B.7.2.3 Test conditions
The tests have to be performed in an air conditioned room or at room temperature at constant

environmental conditions (temperature variation less than * 1 °C, air humidity variation less
than + 10 %). All test equipment, disposables and all reagents have to be in equilibrium with these
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environmental conditions for at least 1 h. Temperature and air humidity at the beginning and the end of
the tests have to be documented in the test report. The analytical balance has to be placed nearby the
liquid handling device under evaluation to limit evaporation.

B.7.2.4 Test execution

The test results have to be calculated from at least 3 parallel measurements per test volume. The tests
have to be performed at least with the smallest specified volume and one, or even more, higher volumes.

B.7.2.4.1 Photometric determination of the random error (precision)

The precision as described here defines the variation of the transferred test volume between the
different wells of a microplate. The microplates have to be prefilled with the appropriate volume (see
Tables B.14amdB-15)comsidering thetest votume amdthe microptate formmat—The prefilled volume
is always ip the uncritical high volume range where the random error is very small. The absorbance
measureme¢nt signal is mainly caused by the test solution and even a potentialsyst¢matic error of the
prefilled vplume transfer would not influence the random error calculation'of th¢ test volume in a
significant way.

The pipetting methods have to be set-up in the software of the liquid-liahdling device|with the following
rules and system parameters:

— One sef of new tips per volume and pipetting mode;

— Reducg piston speed to default speed/3;

— Reducg vertical speed for moving tips out of the liquid to default speed/3;
— Prime fips at least 5 times with the maximum tip volume;

— Implenpent a break of 1 s after every aspiration and dispensing step;

— Immerfion depth of the tips in the liguid should be 1 mm to 2 mm;

— Reverse mode pipetting of thefest volume with at least 5 pl additional aspiration volume;

— Pipetting back the first testwolume in the test solution reservoir followed by pipetting of the test
volumg in the microplate;

— Ejecting the residual:volume with maximum blow-out volume back into the spurce reservoir or
waste,[move the&ips out of the liquid and set pistons back to start position (zero];

— Immediatesealing of the microplate;

— Shakinfg'efthe plates for at least 10 min (with careful acceleration and a final spged adapted to the
microplate format used to avoid splashing);

— Centrifugation of the microplates to remove bubbles and to flatten meniscus (e.g. 2 min at 2 000 rpm);
— Read-out not earlier than 1 h after finishing the pipetting procedure;

— Daily quick cross-check of the absorption reader performance by turning a test plate by 180° and
comparison of the results (in addition to scheduled service and manufacturer calibration) to exclude
trending or patterns caused by the reader.

B.7.2.4.2 Gravimetric determination of the systematic error (accuracy)

The accuracy as described here defines the agreement between the mean transferred volume in the
corresponding destination wells of a microplate and the volume setting per well in the pipetting
method. The variation of the accuracy from well to well is defined by the random error of the liquid
handling device, which should be checked at first and has to be in the specified range.
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Immediately after the prefilling of the microplates with the prefilled volume (see Tables B.14 and B.15)
the tare weight has to be read after the stabilization of the balance. Then the test solution has to be
transferred as described in B.7.2.4.1 and the microplate weight has to be read again immediately. The
time interval from weighing before and after the test solution transfer should not be greater than 15 s
to limit the evaporation to be less than 1 %o of the test volume, otherwise the evaporation has to be
measured at the specific environmental conditions and the calculation has to be corrected accordingly.

Itis possible to combine the determination of the systematic error with the determination of the random
error via weighing the microplates before and after the transfer of the test solution. Here the specific
density of the test solution (see B.7.2.2) has to be considered in the calculation of the accuracy (see
B.7.2.5). The results are only acceptable if the random error of the automated liquid handling system
under evaluation is in the specified range for the tested volume.

B.7.2.5 Testeva

2
uadtivil

The random error
relative standard
mean OD signal oy

The systematic ej
values. The real v

(precision) is calculated as relative coefficient of variation (CV in %)-It'd¢g
leviation between the OD signals of all single wells of a microplate [in rel
er this microplate.

ror (accuracy) describes the proximity of the measurement results to
blume per well is measured by weighing considering the\specific density

liquid and the nunmber of wells. The difference between the measured valume and the targg

calculated as accu

Please refer to Claj

Facy (in %) in relation to the target volume.

1se 5 of this document for further details on these calculations.

scribes the
htion to the

the target
of the test
t volume is

B.7.2.6 Testrepprt

The test report shall conform to Clause 8 of this documeént, and include the following additignal details:

test volumes 4
solvent);

— ind test solutions (p-NP concentration dissolved in 0,1 N NaOH or anothér specified

test method with system parameters/(e.g. pre-wetting of tips, forward or reverse mod
single- or multi-dispensing, prefilled volume, additional aspiration volume, piston spe¢
vertical speed, method references, etc.).

P pipetting,
ed, breaks,

B.7.2.7 Possibld error sources

Bubbles or ungven liquidisurfaces in the wells;

— Splashing duelto heavy shaking or inattentive removal of the sealing tape;
— Inhomogeneo isdistribution of the test solution in the diluent e g caused hy insufficien shaking or
waiting time;

Incomplete or incorrect system parameter settings;
Irregularities in the microplates;
Evaporation;

Incorrect or instable environmental conditions.

B.7.2.8 Method traceability

The traceability of the gravimetric method to SI units is achieved through frequent calibration of the
balance with certified standards by authorized institutions. The date of the last calibration shall be
documented in the test report.
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Outline of the method

B.8.1 Combined gravimetric and photometric test method
B.8.1.1 Method name and summary

B.8.1.2 Method description

B.8.1.2.1 Dispense accuracy

B.8.1.2.1.1 Items needed for the dispense accuracy test
B.8.1.2.1.2 Gravimetric measurement

B.8.1.2.2 Dispense precision

B.8.1.2.2.1 Items needed for the dispense precision test
B.8.1.2.2.2 Photometric measurement

B.8.1.3 Preparation of Ponceau S and Tween solutions
B.8.1.3.1 Required reagents, materials and equipment
B.8.1.3.2 Preparing the reagents

B.8.1.3.3 Preparing the solutions

B.8.1.4 Fluid properties

B.8.1.5 Environmental conditions

B.8.1.6 Traceability

B.8.1.7 Possible sources of error

B.8.1 Combinedgravimetric and photometric test method
B.8.1.1 Method name and summary

The combined gravimetric and photometric test method provides a simple procedure for the end users
to determine the performance of multichannel liquid handling instruments at customer premises. The
method comprises a gravimetric whole plate accuracy measurement and photometric measurement to
determine the precision of liquid dispensing.

B.8.1.2 Method description

This method is used to verify that the microplate dispensing instrument fulfills given performance
specifications. The test used to verify the accuracy is based on gravimetric measurements and the
test used to verify the precision is based on relative absorbance measurements. The method requires
an analytical balance with a resolution of 0,1 mg and a microplate photometer with a measurement
range of 0 to 2 Abs and a resolution of 0,001 Abs, capable of measurement at 540 nm wavelength. The
measurement uncertainty of this method is described in a supplemental document.[17]

11) Contributed by: Thermo Fisher Scientific Oy, Vantaa, Finland
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B.8.1.2.1 Dispense accuracy

B.8.1.2.1.1 Items needed for the dispense accuracy test

Dispense accuracy is determined using gravimetric measurements.

At least three

Microplate dispensing instrument with the appropriate dispensing head;
Calibrated analytical balance (resolution of 0,1 mg);

Calibrated thermometer (readable to 0,5 °C);

96-well plates with lids for each tested volume;

Ce7avar]

Deionized or d
— Volume conve

Ensure that the de

It is important to
this procedure.

B.8.1.2.1.2 Grayv|
Dispense accuracy
Method

Test is performed
volume.

Three plates are d

istilled water according to ISO 3696 grade 3;
Fsion factor (Z correction factor) table for water (see Annex C).
ionized or distilled water does not contain particles > 50 pm.

equilibrate the deionized or distilled water to room temperature before

imetric measurement

is determined using gravimetric measurements.

for the volumes of interest above\2-ul and not exceeding the maximum

ispensed for each test volume.
parameters for the appropriate liquid and volume.
y distilled water(and fill the liquid system as instructed by the manufacty
v balance, weigh and record the empty test plate with lid in grams.
Ly test plate without lid on the instrument.

he empty test plate, place the lid on the test plate, tare the empty b

berforming

usable well

rer.

alance and

veigh the filled plate to avoid evaporation. Time interval between the disp

ensing and

weighing the test plate should not exceed 15 s.

1. Setthe systen;
2. Use high-purit
3. Tare the empt
4. Place the emp
5. Dispense on {
immediately v
6.
7.
i1 Mg —Mg
N
where
M isthem
Mg
92

Record the gross weight for the test plate in grams.

Calculate the mean weight dispensed per well (M] for the test plate as follows:

ean dispensed weight per well;

is the gross weight of the plate with the lid;

(B.26)
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Mg is the weight of the empty plate with the lid;

N is the number of wells in the plate, e.g. N = 96.

IWA 15:2015(E)

NOTE This method relies on the assumption that the variation of individual channels and doses are under

control. The

variation is controlled through photometric precision measurement.

8. Calculate the mean volume dispensed per channel (17) in microlitres for the test plate as follows:

(B.27)

V =MxZx1000
where
p— &1 1 1 1 1 1
V LIIC I1ICdll ulapcuacu VUIUIIIT lJCl CIIAIITICI,

9. Calculatg

i

Vr i
10. Repeat

11. Compat
each testp

is the density conversion factor for water at the previously measuréd roon

nnex C.
the relative systematic error (accuracy) per channel as follows:

Vr 100%

T

s the relative systematic error (accuracy) per channel;

s the target volume, the volume intesnided to be delivered.
Kteps 3 to 9 for the second and third test plates.

e the result of each plate to,the accuracy specification set by the manuf
ate should be within manufacturer’s specification.

h temperature, see

(B.28)

hcturer. Results of
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B.8.1.2.2 Dispense precision

Precision is determined using photometric measurement.

The concentration of the used colour dye should be adjusted so that the measured optical density lies in
the optimal reading range of the plate reader (normally an OD ~1 Abs).

B.8.1.2.2.1

Items needed for the dispense precision test

Dispensing precision is determined using photometric measurements.

— Microplate photometer set to measure absorbance at 540 nm (measurement range 0 - 2 Abs,
resolution 0,0p1 Abs), e.g. Thermo ScientificTM MultiskanT™ F(C.12)

— Atleast threeclear, flat bottom 96-well plates for each tested volume, e.g. Thermq'ScierjtificTM 96F
Untreated 26(836.

— Ponceau S redgent (e.g. BDH product # 341362T) with suitable concentration to read absorbance
approximately 1 Abs at 540 nm. For example, 0,25 % (2 pl), 0,05 % (20,1ul), 0,025 % [20 pl) and
0,005 % (100 ul) stock solutions are needed for different target velumes. See Tablg B.16. Use
filtered and preferably fresh reagent. Refer to B.8.1.3 for details ah the preparation of the Ponceau
S stock solutidns.

— With small orifice dosing nozzles, ensure that the dispensed liguid does not contain particles > 50 pm.

— A 0,02 % w/v bolution of Tween (e.g. Fluka or equivalentyin deionized distilled water (s¢e: B.8.1.3).

— Deionized or {istilled water according to ISO 3696-grade 3.

— Hand-held pipjtte, 0,5 ml to 5 ml, e.g. Thermo-ScientificTM FinnpipetteT™ F1.

— Pipette tips, elg. Thermo ScientificTM Finntip™ 5 ml.

B.8.1.2.2.2 Photpmetric measurement

Method

Test is performed for the volumes'above 2 ul and not exceeding the maximum usable well vqlume, and

Three plates are djspensed for each volume.

1. Adjust the system'parameters for the appropriate liquid and volume.

2. Use appropriate Ponceau S solution for the test volume (Table B.16) and fill the liquid system as
instructed by the manufacturer.

3. Place the test plate on the instrument.

4. Dispense the Ponceau S stock solution volume into the plate.

5. Dispense the same volume of Ponceau S stock solution into the two other test plates.

6. Flush the liquid system with distilled water until no colour is visible.

7. Set the instrument to dispense Tween solution and fill the liquid system as instructed by the

manufacturer.

12) Thermo ScientificT™ Multiskan™ FC, Thermo ScientificTMO6F Untreated 260836, Thermo ScientificTM
FinnpipetteTM F1, Fluka and Thermo ScientificTM Finntip™ are examples of suitable products available commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of these products.
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