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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 thls document and those mtended for its further maintenance are
descrilpedtmtt g ' Nt ap] rtaheeded for the
differept types of ISO documents should be noted ThlS document was drafted in aceordance with the
editoripl rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentjon is drawn to the possibility that some of the elements of this documént'may be|the subject of
patent|rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will.be in the Introduction and/or
on the [SO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the{convenience of user$ and does not
constifute an endorsement.

For an explanation on the meaning of ISO specific termsrand expressions related fo conformity
assessment, as well as information about ISO’s adherence to the WTO principles in [the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is [ISQ/ TMBG, Technical Management Board|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 Sc

ope

This International Workshop Agreement (IWA) specifies methods for testing the volumetric
performance of air-displacement, system-liquid filled and positive displacement automated liquid

handlifg systems (ALHS), including an estimation of measurement uncertainties af
tracealbpility to reference standards (preferably, traceability to SI Units). The testing met
in this document may also be used to measure the volumetric performance of automated

systen]s which do not aspirate the test liquid.

This |

A also specifies statistical methods for the determination of randem and syst

(including intra-plate and inter-plate comparisons), analysis of measured resultg

multic
and for

This I\
summyj

This I
other ¢
withoy
autom{

This IV

su
su

teq

us
an

The tes

annel dispensing heads, and analysis depending on dispense patterns. It further
mulae to be used for summarizing test results.

(VA also specifies the information to be provided to users of ALHS, including
iry results and performance claims.

VA is applicable to all ALHS with complete, installeéd liquid handling devices, incl
ssential parts needed for delivering a specified*volume, which perform liquid |
t human intervention into microplates. Manipulation of the microplates on th
ited liquid handling system may be achievedautomatically, semi-automatically, or

VA addresses the needs of:

d established
hods specified
iquid delivery

ematic errors
when using
defines terms

the display of

hding tips and
andling tasks
e deck of the

manually.

bpliers of ALHS, as a basis for(qality control including, where appropriate, the issuance of

bplier’s declarations;
t houses and other bodies, as a basis for independent certification and calibration

brs of the equipment, o enable calibration, verification, validation, and routine test
d precision.

ts established\in this IWA should be carried out by trained personnel.

2 Normative references

The fo

ng of trueness

ment and are

lewing documents, in whole or in part, are normatively referenced in this docu

4 | axr a odition ~end o lin g

indispénsable—for

o annlication T AdAatad £ +h
e ) ulJlJll\/uLlUll- 1IUl vddatcu 1CICIoIice g, Ulll] CITC

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.
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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 displacerlLent
liquid handlinjg principle in which a body of air is contained between the piston and the testliqujd

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

3.1.3
ALHS uncertainty
non-negative |parameter characterizing the dispersion of the measuréd volumes relative [to the
target volumg

Note 1 to entrly: Uncertainty is inversely related to accuracy, and is a quantity value. This value shpuld be
expressed in adcordance 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 liguid handling system
ALHS
system with aJcomplete, installed liqujd‘handling device, including tips and other essential parts heeded
for delivering p specified volume witheut human intervention into microplates

Note 1 to entry| Examples of automated liquid handling systems include automated pipetting systems (APS), and
automated disgensing systems (ADS).

3.1.6

calibration
<automated liquid handling system> operation that, under specified conditions, establishes a relation
between the thrgét volume of the ALHS and the delivered volume

Note 1 to entryr A calibration may D€ EXpressed Dy a STatement, a calibration CUTrve or a calibration tapie. 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.

2 © IS0 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
systen] for delivering liquids from a pre-filled liquid reservoir

3.1.11
dispogable tip
tip, whiich is attached once and after use, as defined by the manufacturer, detached and |ntended to be
discardled

Note 1 fo entry: Disposable tips are usually made of plastic.

Note 2 o entry: Disposable tips are in contrast to fixed tips, which-are described in 4.3.4.

3.1.12
dry coptact dispensing
dispenking of liquid while tip is in contact with thedry target

3.1.13
factory acceptance testing
interngl vendor testing to ensure ALHS pérformance to specifications

3.1.14
forward mode pipetting

direct mode pipetting

pipetting mode where the entire aspirated volume is delivered

3.1.15
immersion depth
depth ¢f the tip bélew the liquid surface

Note 1 fo entrysImmersion depth can be applied to both aspiration and dispensing (wet contact).

[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 rnmp]p’rp certainty.

3.1.21

measurement method

measurement
detailed descry

Note 1 to entry
‘measurement |

Note 2 to entry
measurement 3
part of the ‘test
a ‘test process.]

[SOURCE: ISO
3.1.22

procedure
iption of a measurement according to one or more measurement principles

The source document (ISO/IEC Guide 99) draws a distinction between ‘nieasurement met}
brocedure’ and that distinction is ignored here. In this IWA, the terms.are used interchang

: The measurement method descriptions in this IWA detail the steps needed to make a

nd calculate certain descriptive statistics. Additional details’needed to operate the Al
process’ as defined in 3.1.43. In this IWA, the measurementunethod is one of the compo

IEC Guide 99:2007, 2.6, modified]

measuremenjt uncertainty

<measured vd
relative to the

Note 1 to entr
expressed in ad

[SOURCE: ISO

3.1.23

metrological
property of &
documented y

Note 1 to entry
the related tery]

lume> non-negative parameter characterizing the dispersion of the measured v
delivered volume

: Uncertainty is inversely related*to accuracy, and is a quantity value. This value sh
cordance with the ISO/IEC Guide 98-3.

IEC Guide 99:2007, 2.26, modified]

traceability
measurement )result whereby the result can be related to a reference thr
nbroken chain of calibrations, each contributing to the measurement uncertainty

Additienal' information can be found in the notes to definition (ISO/IEC Guide 99:2007, 2
h ‘mefrological traceability chain’ (ISO/IEC Guide 99:2007, 2.42).

od’ and
eably.

volume
LHS are
hents of

blumes

puld be

bugh a

41) and

[SOURCE: ISO,

IE€ Guide 99:2007, 2.41]

3.1.24
microplate
flat plate with

Note 1 to entry:

3.1.25

an array of wells

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

minimum specified 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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3.1.26
multichannel head
group of liquid handling channels operated in common

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 dispense

repeat dispense

sequej\tial dispense

<autompated pipetting systems> a collection of dispenses without intervening aspiration

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

Note 2 |to entry: Repeat dispenses usually dispense repeatedly the same volume;While sequential dispenses
usuallyldispense different volumes.

3.1.28
non-cgntact dispensing
contacf-free dispensing
free-jef dispensing
dispenfsing of the liquid while tip is in air and without contacting the target or the liquid contained
in the target

3.1.29
outlier
membgr of a set of values which is inconsistentwith the other members of that set

3.1.30
pipetting system
systen] for aspirating and dispensing a.specified volume of liquid

[SOURCLE: Toolpoint Gravimetric\Volume Check Procedure:2008, modified]

3.1.31
positiye displacement
direct flisplacement

liquid lhandling prix¢iple in which a mechanical actuator is in direct contact with the testjliquid

3.1.32
precisjon

<of liqlid’handling system> the closeness of agreement between the measured volume df independent
deliveljt:d volumes 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 - All rights reserved 5
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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 Guide 99:2007, 2.19, modified]

3.1.34
reservoir

liquid container
vessel that contains the liquid

3.1.35

reverse mod¢ pipetting

pipetting mo

3.1.36

single dispen
individual dis
<automated p

3.1.37

}e in which excess volume is aspirated and remains in the tip after delivery

se
pense
petting systems> single dispense per aspiration

site acceptanice testing

in-situ testing

3.1.38

supplier’s de
document by
one or more ¢

Note 1 to entry

3.1.39

systematic el
<automated li
constant or v

Note 1 to entry
comparing it to
as a percentagg

[SOURCE: ISO

3.1.40
system liquid
liquid used to

at the user’s site, typically part of the installation process

Claration
Which a supplier gives written assurance that-an ALHS conforms to the requirem
pbmmonly accepted industry standards

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

ror
Huid handling system> componeént of volumetric error that in replicate deliveries r
ries in a predictable manner

. Systematic error is eStimated by calculating the average volume of a series of deliver

the indicated voluméefthe automated liquid handling system. Frequently this result is ex
of the indicated vohume.

IEC Guide 99:2007, 2.17, modified]

transmit energy between a mechanical actuator and the test liquid

ents of

bmains

ies and
bressed

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:

3.1.41

System liquid can be used for flushing and rinsing tips to minimize cross contamination.

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 fo entry: The test process includes all details needed to reproduce the test or interprétythe results. The

measurement method is defined in 3.1.21, and is only a part of the test process.

3.1.44
testreport
document reporting the result of the testing

Note 1 fo entry: Details regarding information contained in test reports is spé&cified in Clause 8.

3.1.45
testre
value @

sult
fa characteristic obtained by carrying out a specified-test method

Note 1
volume
measul]

[SOUR

o entry: Test result is a broader concept than measuredvolume. The test result can be a s
a set of measured volumes, or descriptive statisticS\such as the mean or standard devia
ements. The test method should specify what formithe test results take.

CE: [SO 5725-1:1994, 3.2]

3.1.46
trace

ility

metrolpgical traceability
propertty of a measurement results whereby the result can be related to a referen
documgnted unbroken chain of ¢alibrations, each contributing to the measurement uncef

[SOUR

3.1.47
truene

CE: ISO/IEC Guide 99¢2007, 2.41]

SS

ingle measured
tion of multiple

ce through a
tainty

<automated liquidiandling system> closeness of agreement between the average volumg delivered in a

large spries of deliveries and the target volume

Note 1 fo entry: Trueness is inversely related to systematic error, but is not related to random ery

/
/

wida Q0
oo C—7"7

~
7y

[SOUREEHSOHEECS 00752-

14
T,

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).

© ISO 2015 - All rights reserved
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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 test liquid while tip is in contact with liquid present in the target
3.2 Abbreyviated 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 Intern@ational Electrotechnical Commission
[WA Interfiational Workshop Agreement
MU Measurement Uncertainty
MW Molecular weight
NaOH Sodium hydroxide
0A Over All
0])) Opftical 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


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

IWA 15:2015(E)

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
comprehensive list as technologies continue to evolve.[6]

4.1.1 Types of piston operated automated liquid handling systems

Autompted liquid handling systems can operate as follows:

— vafiable volume; designed by the manufacturer to aspirate and dispense volumes selectable by the
user within the specified useful volume range of the dispense head and selected tipls, for example
befween 10 pl and 100 pl.

— a lprger volume may be aspirated into the tips, followed by a series, of subsequent dispenses of
snjaller aliquots.

The pigton can

— either have a body of air contained between the:piston and the surface [of the liquid
(air-displacement), or

— belin direct contact with the surface of the liquid (positive or direct displacement), or
— Dbelin contact with a system liquid.

The syftem can

— hape a single tip, or

— haje multiple tips, operated bydindividual pistons, or

— hafe multiple tips, operated-by a single, common drive or moving plate with multiple pistons
sithultaneously driven by acommon drive.

The tig can be
— pefmanently atfached to the dispense channel of the ALHS, or

— digposablefand used for one or more aspirate and dispense sequences.

4.1.2 | Fypes 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 dispense 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

— have a peristaltic or diaphragm pump to aspirate liquid from a reservoir, or

— have a pressurized liquid reservoir and separate liquid valves to control the liquid delivery.

© IS0 2015 - All rights reserved 9
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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:

following

following

to accommodate liquid-specific properties;

the replacement of system components;

change of labware components; or

following

The performa
the aspiration|

The scope of

a change of the location of operation sites (e.g. at the factory vs. the end user’s 16cg

nce of an ALHS can be corrected and optimized by adjusting system pararheters
and dispense speeds, immersion depth of the tip, dispense height, air gaps) and ot

adjustable system parameters varies between ALHS models and\ the manufaq

tion).

tuch as
hers.

turer’s

adjustment inftructions should be followed.

Some ALHS c4
installed syst
with a test me

n be used at volumes outside of the volume range specified/by the manufacturer|for the
em components. In this case, the ALHS performance at these volumes shall be validated
thod (see Clause 6) suitable for these used volumes.

4.2.2 Liquid classes

plected
brt the
d class.
report

An automated liquid handling system is adjusted by its manufacturer for the delivery of its s
volume (or mrltiple volumes as specified by the manufacturer). The manufacturer shall rep
test solution, fnstrument settings, and environmental hasis used for defining the standard liqui
Users of ALHY who define liquid classes and test the'volumetric performance of the ALHS shall
the test liquid| instrument settings, and environmental basis for each tested liquid class.

4.2.3 Adiu]:ment of ALHS settings

Some autom

example, it is
user adjustme
the methods f

ed liquid handling systems have a provision for adjustment by the user whien, for
h. Such
one of

found in routine caljbration that the volume delivered is not within specificatio
nt shall be made a¢cording to the manufacturer’s instructions and by reference ta
br the determination of measurement error specified in this IWA.

4.3 Tips

4.3.1 Gener:

The dispensing 3 quid is
achieved. When the pipetting operatlon is completed any amount of liquid remalmng 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

the tip holder
e used for the
plungef, such as metal, plastic, or ceramic and for the capillary, such as plastic or glass.|These pipette
tips mgy be reusable or disposable (both plunger and capillary are changed togethér, per manufacturer’s
instrudtions).

4.3.3. The shape and material of the plunger and capillary shall confer.a\good seal of th¢ tip, as well as
a smodth action between the plunger and the capillary, to ensure consistent dispensing of the liquid.

4.3.4 | Fixed tips

4.3.4.1 Description and materials

Fixed ffips can be manufactured from various materials,.Such as stainless steel or polymeric materials.
These fips may be coated for inertness to pipetted fluids or for specific functionality, e.g. conductivity
to sende contact with fluids in receptacles on the dée¢k of the ALHS.

4.3.4.2 Development of cleaning protocol and testing / confirmation of metrologidal
charadteristics

Functipnality and metrological performance of fixed tips should be tested at regular |ntervals. It is
recominended to follow the manufacturer’s cleaning protocol and use instructions for besft performance
of fixed tips.

4.3.4.3 Maintenance ahd exchange of fixed tips

Fixed fips should be\examined for damage and tested for proper functionality at regular intervals
accordjng to the manufacturer’s instructions, which should contain protocols for the majintenance and
replacgment of §uch tips.

4.4 lfnvironmental 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.

© IS0 2015 - All rights reserved 11


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

IWA 15:2015(E)

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
temperature

for all equipm
estimate of m

Regardless of]
systems be sit
windows with
and vents, or
environment

Deviations fr
uncertainty (1

5 Volume

maximum values during the time of testing should be recorded. At a minity
r temperature range during the time of testing shall be reported with the-test
ent used during this testing (e.g. ALHS, balance, plate reader, test liquids; efc.), 4
basurement uncertainty shall reflect the actual test conditions.

available environmental controls, it is recommended that automated liquid h3
uated in an appropriate environment that reduces temperature gxtremes (e.g. aw3
direct sunlight exposure, or concentrated heat sources such as@utoclaves, HVAC s
nigh voltage installations). Manufacturer’s recommendations/for the installation 3
f ALHS should be followed.

pbm ideal/recommended test conditions need to¢be'reflected in the measu
IU) estimate.

[ric performance

5.1 Introd

Automated li

The target volume is typically set using software or other digital control. Volumetric perform
assessed by mleasuring the volume of each:liquid delivery and evaluating the data.

Volumetric pefformance is typically assessed by suppliers as part of the manufacturing process

controloras
as by third pa

Automated lig
properties su
volumetric pe
of the test liqy
of the test liqy

ctory discussion

id handling systems (ALHS) aré designed to deliver amounts of liquid at a target

pplier’s service offering. Volumetric performance can also be assessed by users,
"ty testing and calibration service providers.

uid handling)Systems are designed to handle a variety of liquids of differing p
Ch as density, viscosity, surface tension and contact angle against solid surfac
formance/of the ALHS can vary depending on these physical properties, so a desd
id shall-be included when reports of volumetric performance are made. This desd
id-may be made in terms of chemical composition, physical properties, or both.

m, the
results
nd the

indling
y from
ystems
nd use

rement

olume.
Ance is

guality
as well

hysical
bs. The
ription
ription

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 ¢f the liquid handling system. Taken together, the set of measured volumes is felated to the
accurafy of the liquid handling system. Accuracy improves as each member of the dpta set moves

closer o the centre of the target.
?.
( J

\

3

1

N

Key
1 ALHS error
target volume
measured volumes

Higure 1= Relationships between target volume, measured volumes and ALHS error

Accurdey-may-be—improved by imprevingprecision—and-trueness—These—eonecepts—arel 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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A Improving Accuracy

Decreasing Uncertainty
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Improving Precision

Decreasing Random Errors

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

Test results ipclude data sets of ihidividual measured volumes, and also descriptive statistic§ which
summarize the data sets. Systematic error and random error are two examples of descriptive statistics
which are compmonly employed-ih the testing of ALHS.

5.2 Data collectionmand examination

Each deliveregl volume can be measured to determine the measured volume V. Volume measufrement
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]

14 © IS0 2015 - All rights reserved


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

5.3

IWA 15:2015(E)

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 of an ordered triplet of integers ([, m,n) where:

l

is an index for the dispensing channel and ranges from 1 to L;

m
n

NOTE 1
single @

NOTE 2
conditi

NOTE 3
in a sh
replicat
used to
numbei

In this
the sy

The ch
detern
such a
provid

5.3.2

When ¥
plate.
andAt
This vi
from a

fsamm imdex for Tur, ard Tanges front 1 to M
is an index for delivery order within a single run and ranges from 1 to N.

The variable L is the number of dispensing channels per ALHS. L can be as,small as 1
hannel device, to 384 or greater.

The variable M is used to track different runs, which can be different experiments

The variable N is the number of replicates in a repeatability test where the volums
rt period of time under nearly identical conditions. This JWA does not specify a minin
es to be used. However, the number of replicates (N) shotild be reported when repeat
calculate averages or standard deviations as the reliability of these descriptive statistics
of replicates.

way, a measured volume V of the n-th delivety by the I-th channel, during the m-th
nbol I

(Lm,n)"

annel perspective is recommended;for purposes of evaluating volumetric per
lining whether particular channels are performing correctly. Alternative indg
5 the microplate perspective are described in 5.3.2. Examples illustrating thes
ed in Annex A.

Indexing from the microplate perspective

rolumes are dispenséd into microplates for measurement, itis common to index by ro
h 96- and 384-well microplates, it is common for rows to be designated by letters (e.
hrough P, respectively) while columns are numbered (1 through 12, and 1 through 24
bwpoint is'of particular interest to users who may want to evaluate precision, truene
plate perspective. Indexing schemes are not mutually exclusive. When volume mea

made i
rows,

microplates, knowledge of the liquid handling system programming allows the

for the case of a

under different

ns, or which may be replicates of prior experiments for the purposes-0f assessing reprodycibility or drift
over lofpger time periods.

s are delivered
hum number of
hbility data are
depends on the

un is given by

formance and
xing systems
P systems are

w, column, and
b. A through H,

respectively).
SS or accuracy
surements are
data from the

luins and plates to be translated into the channel, run, and dispense order.

NOTE 1

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 reproduci

ble 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.

Vi m) =%
where

Vit m)

N

Vitmny

Systematic er
volume. For e3
delivers an ac

The determin
This formula

measurement

esi,m) = v
where

€s(1.m) i

v, I

The systemati

N

D Vimm

h=1

is the average of all measured volumes from channel I’ during run~m’

is the number of replicate deliveries in the run;

is a single measured volume.

ror (es) is estimated by the deviation of the\measured mean volume from the
rample, if the user seeks to deliver a reagent’with a target of V. = 100 pl and the

ual volume of 97 pl, the systematic error.is'-3 pl (absolute error) or -3 % (relative
htion of the systematic error of a singleCchannel in a single run is given by Form

result to the target volume.

1,m)—Vr

5 the systematic@sror of channel ‘I’ during run ‘m’

5 the targetvolume, the volume intended to be delivered.

c efror can also be expressed in relative terms as shown in Formula (3):

M

target
system

error).
hla (2).

can be generalized and applied. in*any situation where it is desired to compare a

(2)

esim) =

VoV
%xmo%

(3)

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

16
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and M. Increasing N is accommodated in Formula (1), while summing over multiple experiments is
shown in Formula (4).

‘7(1)— Z Z (1,m,n) 4)

m 1 n=1
where
77 is the mean measured volume from channel ‘I
0]
M is the number of runs included in the average.

Formula (4) can be re-arranged as shown in Formula (5), and the identical result can-fe obtained by
either Formula (4), or by taking the M replicated results of Formula (1), and averaging them together as
shownlin Formula (5).

_ 1L 1 1 X
Va =ng ﬁzl Vitman) :ﬁz ()
m= n= =

Random error (S;) of a channel is usually assessed by calculating the€ standard deviation of a series of N
measufed volumes under repeatability conditions, as shown indFormula (6).

N = 2
Z Vamm —Vi,m))

Sr(fm =" N1 (6)

where S, ) is the random error of channel JKduring run ‘m’

This stfandard deviation can be divided.bjthe average volume, and multiplied by 100 to convert to a
percenftage as shown in Formula (7). This is the recommended descriptive statistic for{random error
and is pften called the coefficient ofivariation (CV).
r(l m)

Vim

Cylim = x100 % (7)

where [Cy(; ) is the coefficient of variation of channel 7" during run ‘m.

Estimdtes of randem error can also be improved by increasing the number of measuremepts in the data
set, either by incpeasing N, or conducting multiple replicated experiments and combining the results.
Increasing N.is'accommodated in Formula (6).

Averaging)CV over multiple experiments can be accomplished using a root-mean-squargs approach as
shown i1 Formula (8] below. THis formula is permissible when IV 1S identical in each experiment.

(8)

Cyiy=

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

NOTE1  CVresults should not be combined by simple averaging (arithmetic mean).

NOTE2  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.

© IS0 2015 - All rights reserved 17


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

IWA 15:2015(E)

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 g caterorlesserthan cnhcnqnnnf deliveries

The average vplume on a run order basis (17(n) ) can be calculated by Formula (9).

_ 1 & U
V=T 2 20 Vamn 9
=1 m=1
where
‘7( ) is the mean measured volume from the n-th dispense of all.channels and all runs;
n
L it the number of channels in the ALHS.
NOTE The|case where only one run is performed (M = 1) cah be accommodated within Formula |(9) and

Formula (10).

In addition to|run-order volume, a run order random éerror can be calculated using Formula (10) and
expressed as 4 CV using Formula (11). These statistics.can be useful in determining whether the fandom
error or CV changes during the dispense order. Fot;example, when a disposable pipette tip is refused a
number of times, it is possible that the CV willeventually increase.

)

M
L2 Vimm —Vim)?

141 m=1
Sr(n) = = IM—1 (10)

where Sr(n) i the standard deyiation of the n-th dispense across all channels, and combining data from

multiple runs

S
(n) 100 07
CV = — A 1LUU (0] (11)
(n)
Viny

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
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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).

L
= 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).

I=1 m=1 n=1
Cypoa = % (13)

where [Cyoa is the coefficient of variation of all measurements within the:data set.

5.7 Differences between channels

Systenjatic differences between channels are of concern to usefs who wish to limit or compensate for
variatipn in their experimental results, and also to ALHS manufacturers who wish to improve overall
CV in their systems.

One wiy to limit differences between channels is to establish limits for systematic erfror and apply
them tp each channel. Therefore, when establishing,or evaluating specifications for syst¢matic error it
is impgrtant to consider whether the limits applyto each channel evaluated individually| or only to the
systenjatic error calculated from the grand average volume.

Chann¢l-to-channel differences can also.be-quantified as a channel-to-channel CV (Cy,c2c), calculated as
shown|in Formula (14).

L
1/(L- 1)2 (V5 Vea )2
=1

Cylac= (14)

Ven
where Cyc2c is the goefficient of variation of the mean volumes delivered by each channel.

The chpnnel-to<channel CV need not be specified or calculated in all cases. However, it cdn be useful in
deternjining Whether channel-to-channel CV is a significant contributor to the overall CV

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
those designa
the respectivd

The following
volumetric pe
abstract in 6.]
types, which

which can be
conducted as
the required ¢
references on
noted in Table
traceability af
harmonized b

Some method
is therefore d{

between methods has been performed, and the user of this IWA shall determine the most s

method for th

designated as “open methods” in this clause can be used on any ALHS platform
fed as “closed methods” in this IWA are specific to the ALHS platform referenced
method.

Table 2 is intended to provide an overview of methods suitable\for evaluat
rformance of ALHS. For each method, this table provides the cross-reference to the 1
P and the full method description in Annex B. It further describes the plate and
an be used for testing ALHS performance with a given method, as well as the vq
measured. It also lists typical accuracy and precision valties achievable if the me

quipment or environmental conditions under which it\needs to be carried out. Pu
the measurement uncertainty and traceability chain are available for some met
| 2 and in the detailed method descriptions. References on measurement uncertai
e provided as information to the user of a given method and have not necessari
etween methods or independently verified By inter-lab comparisons.

b described in this IWA are very similarto each other, yet each one has its own mer

Pir test requirements.

, while
within

ng the
nethod

liquid
lumes,
thod is

described in detail in Annex B. The suitability of a method may also be determined by

blished
ods as
ty and
y been

its and

escribed as an individual method. Ne‘analysis of overlap, correlation, or intercomparison

uitable
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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 ¥
offered

This ki
and fra

rolume delivered into each individual well. A commercially available kit based on

this method is

by Artel, Inc. as Multichannel Verification System (MVS®)1).[20-24]

[t allows the determination of volumes of aqueous solutions from 0,1 ul to 350 1l in
m 0,01 pl to 55 pl in 384-well plates. Volumes of DMSO solutions can be determing

to 10 pfl in 96-well plates, and from 0,01 to 2,5 ul in 384-well plates.

D6-well plates,
d from 0,11 pl

This method is suitable to determine the performance of ALHS dispensingheads with 1, 2} 4, 6, 8,12, 16,
24, 96,[or 384 channels. The operating environment for this method is:15°C to 30 °C (19 °C to 30 °C for
DMSO $olutions), and it is not dependent on the prevailing relative humidity and barometfic pressure at
the tesk location.

Measufements performed with the Artel MVS kit are fullyitraceable to SI Units thrpugh primary
refererce standards maintained by NIST (National Institute.of Standards and Technology, USA) and the
NPL (National Physical Laboratory, UK), and through the €alibrators provided with the kit.[12]

A detalled description of this method is provided in:B.1.

6.2.2 | Gravimetry, single channel measurement

This mlethod describes the apparatus, procedure and reference material for recording measurements

with the gravimetric method. A single/pan balance is used to take a measurement |from a single
channgl at a time.
This method can be utilized,to evaluate the volumetric performance of an AI{HS, provided

accommodations are made for:

thd

e placement of the-balance and the weighing vessel;

the environmental conditions affecting the mass to volume conversion of the measurfement;

md
pe

A deta

nufacturers’ recommendations regarding good practices for ALHS liquid |delivery and

Fformance specifications are followed.

led)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 d

A detailed des

escribed in Annex C.

cription of this method can be found in B.3.

6.2.4 Gravi

The gravimeffric regression method (GRM) is suitable for the measurement of very !small

volumes, betw
significant. TH
those describé

This method i
dispensing or
balance recep
technologies 4

The key differ
the determina
before and aff
on the balan
difference bet
the liquid deli
disturbances
accounted for

Typical test li

u
and a precisio(ﬂl of 2,8 % to 0,4 % CV.

Traceability o

A detailed des

6.2.5 Photd

This method
dispensing he

metric regression method for low volumes

reen 0,04 pl and 1 pl, where the evaporation of the test liquid during the.measure
e method is based on a gravimetric balance as primary measuremefit-device (sin
din ASTM E542, 1SO 4787, and ISO 8655-6).

5 intended to be used for non-contact dispensing devices (e.g. dispensing valves, a
PipeJet-dispensing) that deliver the liquid volume as free‘flying droplet or jet
facle. The method was developed, tested and validated using such non-contact disy
s devices under test.

ence to traditional gravimetric methods used for@he measurement of larger voly
tion of the target volume: a series of balance réadings is recorded over a period
ter the device under test has delivered the:liquid to be measured into the rec
fe. The measurement result of the dispensed test liquid is then determined

very. This method allows for compengsation of balance drift due to evaporation an
bf the measurement (e.g. by vibrations during the data acquisition), so that these
in the estimation of the measurenient uncertainty.

id volumes between 0,043tk to 1,0 ul can be measured with an accuracy of 2 nl t

" the results to SI standards is achieved through the calibrated balance.

cription of themethod is provided in B.4.

metry using Orange G

desctribes the volumetric performance test of ALHS, using an aqueous liqui
hds with 1 to 384 channels. The measurement results are traceable to SI units throi

liquid
ment is
nilar to

coustic
to the
ensing

Imes is
pf time
bptacle
as the

ween two linear regression lines fittedyto the recorded balance data before and after

H other
can be

b 12 nl,

d with
igh the

use of a calibr

ted hn]nnr‘p’ calibrated pipnffpc’ acalibrated mir‘rnp]afn rnadnr’ and volumetric fl

sks.

A detailed des

6.2.6 Hybri

cription of this method is provided in B.5.

d 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.

30 © IS0 2015 - All rights reserved
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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 ﬂle concentration of 120 pl in all wells of the measurement plate, which is within the optimal
dynamlic range of the absorption reader. The random error (precision) is always determined first in the
evaluation of an automated multichannel pipetting system, followed by a gravimeftric defermination of
the sygtematic error. The microplate absorption reader and the analytical balapnee have t¢ be calibrated
at regylar intervals and the test conditions have to be considered strictly.

A detailed description of this method is provided in B.7.

6.2.8 | Hybrid method: gravimetry and photometry with Poncéau S

ALHS, and can
d to verify the
bn is based on

resolution of
h resolution of

This mlethod uses gravimetry and photometry to test the voluntetric performance of an

be usefl to determine whether it fulfils desired performance’specifications. The test use
accurafy is based on gravimetric measurements and thestest used to verify the precisi
relative absorbance measurements. The method requires an analytical balance with 3
0,1 mg|and a microplate photometer with a measurement range of 0 Abs to 2 Abs and ;
0,001 Abs capable of measurement at 540 nm waveléngth.

A detalled description of this method is provided in B.8.

6.2.9 | Pressure sensing

This m
microf
each w

ethod can be used to determine the volume of liquids contained in the wells of a 96- or 384-well
late. A patented, pressure-based technology measures accurately and repeatedly the contents of
ell, independent of the physical properties of the microplate or material measured{[25]

—

A detalled description of'this method is provided in B.9.

6.2.10| Calorimetric-measurement

The c3
measu
The vo

lorimetrie¢’ method allows to measure liquid volume transferred to individual
Femefit-plate. A short heat pulse of defined energy induces a temperature changg

metho
1ulto

lume can then be calculated from the measured temperature increase of the liq

300 ul can be measured w1th thlS method

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

6.2.11

Optical image analysis

cavities of a
 in the liquid.
id.[26,27] This

alel. Volumes of

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 refer

ence 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 than 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 this method, which is provided in B.12.

The gravimetfic method uses a high precision balance and 8 pipetting cycles per single channe] at the
specified volume. A new disposable tip is used for each pipetting cycle (aspiration/dispensatiqn). For
volumes > 20 [ul, the applied dispense mode is jet dispense. Volumes < 20 pl are dispensed’in (liquid)
surface mode,

The hybrid mlethod, gravimetric and photometric, uses a high precision balance/and a photometer.
Eight pipetting cycles per single channel at the specified volume are performed. For each pipetting
(aspiration/ zllspensation) a new disposable tip is used. For volumes > 20 ul thie applied dispensg mode
is jet dispense. Volumes < 20 pl are dispensed in (liquid) surface mode.

6.3.2 Photdmetry with Tartrazine

This photomégtric method describes the volumetric performance evaluation of an Agilent| Bravo
384-channel dispense head. It uses a 0,25 % (w/v) solution of¢artrazine in DMSO, which is dispensed
into the dry wells of a microplate (dry contact dispense). Thé tartrazine/DMSO solution is prepgred by
gravimetric and volumetric measurement of the constituents.

A detailed description of this method can be found intB/13.
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7 Specification of ALHS volumetric performance

7.1 Mandatory information to be supplied by manufacturer

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.

a) Thle working volume range of the system shall be described.

b) The maximum permissible systematic and random errors shall be specified at\indiv
orfacross the specified volume range.

NQTE The working volume range of the ALHS can be wider than the specified volume r
mgnufacturers’ testing results only apply within the specified range.

e method(s) and environmental conditions for determining thé)trueness and pre
ported. When applicable, the description of the method shalllinclude the tip type a
tings. Reference to methods described in this IWA is encouraged.

hen applicable, the list of tips and their referencehtimbers, which the ALHS
fommends for use with the system shall be specified.

Dptional information that can be supplied by manufacturer

y recommendations to assist end-users for establishing a routine testing schedule
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rej
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7.2 (

a) An

b) An
ph

indication that volume variations’may result from the measurement of liquic
sical properties.

c) Arny information regarding the care, cleaning and routine maintenance of the auf
haphdling system.

d) Upon request, informdtion regarding the interaction of the materials of the aut
hapdling system witlrorganic and inorganic solutions and solvents.

e) Information on,‘possible liquid handling errors and recommended corrective
mitigate these,

idual volumes

ange. Generally

rision shall be
hd instrument

manufacturer

and protocol.

s of different

omated liquid

bmated liquid

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, unamblguously and ob]ect1vely, and in accordance Wlth any specific

which carried|out the tests or calibrations.

In the case wi
requirements

NOTE1 Test
respectively.

NOTE2 The
provided that t

8.1.2 Testn

Each test rep

laboratory has

a)
b)

‘)
d)

e)
f)
g)

h)
)

j)
k)
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a title (e.g

the name

ere the test or calibration report claims compliance with\ISO/IEC 17025, the adg
of ISO/IEC 17025 are normative to this IWA 15.

reports and calibration certificates are sometimes called test certificates and calibration

test reports or calibration certificates may be.isstted as hard copy or by electronic data f
he requirements of this International Workshep*Agreement are met.

eports and calibration certificates

rt or calibration certificate shalVinclude at least the following information, unl
valid reasons for not doing Se:

“Test Report” or “Calibration Certificate”);

and address of thedaboratory, and the location where the tests and/or calibration

carried out, if different fram'the address of the laboratory;

the name

identifica
respectiv

And addresséef-the end-user, if known;

fion of thetest process used; information on the test process may include referenc
b methed in this IWA;

eport or

stomer
red by

vritten

i i listed

ratory

itional

reports,

ransfer

bss the

S were

b to the

a descriptlion/of and unambiguous identification of the ALHS tested or calibrated;

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

reference to the sampling plan and procedures used by the laboratory or other bodies where these
are relevant to the validity or application of the results;

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

the name(s), function(s) and signature(s) or equivalent identification of person(s) authorizing the
test report or calibration certificate;

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
conditions, such as environmental conditions;
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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

followi g nnless the laboratory has valid reasons for not dning sQ:

a) auynique identification of the calibration certificate (such as the serial number), and 6n each page an
ide¢ntification in order to ensure that the page is recognized as a part of the calibratjon certificate,
anf a clear identification of the end of the calibration certificate;

b) th¢ conditions (e.g. environmental) under which the calibrations were made that havie an influence
on|the measurement results;

c) th¢ uncertainty of measurement and/or a statement of compliance with an identifie

Sp
d) ev

NOTE
used in

pcification or clauses thereof;
dence that the measurement results are traceable to the SI unit of volume, the litr

Evidence of traceability includes documentation of the calibration status of the measuri
the testing process.

8.1.3.4 When an instrument for calibration has been adjusted or repaired, the calik

before

and after adjustment or repair, if available, shall be reported.

8.1.3.4 A calibration certificate (or/calibration label) should contain a recommen

calibra

fion interval, based upon the.requirements of the ALHS end-user, if these are

regulations may supersede this reecommendation.

l metrological

9%

nginstruments

ration results

lation on the
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:

a classific

a table of

NOTE 1
mechanisms. T
considered in d

Workshop paf]

Considerg
ISO 8655+

Technical
among th

Consideration|
for liquid volu

— weighing
weighing
dual dye 1
single dye
other met

NOTE2 Inte
uncertainty an

NOTE3 Hyb
single dye phot

Consideration|

tion as tothe different types of ALHS

aximum permissible errors based on type of ALHS.

A ng@imber of liquid handling technologies have been developed that are not baséd-.on tra

hese include acoustic liquid transfer, ink jet, pin tools, and other technologies which
etail in this IWA.

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

tion should be given to harmonizing the work of this IWAwith future revisions
series of standards.

work should begin to study the methods available, andreduce repetition and redu
bse in accord with ISO/IEC Directives, Part 2 (20119;,6.3.5.6.

should be given to developing an ISO Technical Report on the estimation of unce
me measurement methods for ALHS including:

n microplates;

by the gravimetric regression method;

atiometric photometry in microplates;

photometry in microplates;

hods such as calorimetric measurements and pressure sensing.

-comparisons between the measurement methods should be conducted as part of valida
lysis in the proposed technical reports.

bmetrys

should be given to developing ISO standards for:

ditional
are not

to the

hdancy

rtainty

ting the

rid methads'are considered as combinations of the uncertainty of the two parts - weighling and

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 infludes four examples showing how the descriptive statistics of this IWA can be applied
to testing of ALHS. Each example includes a description of the experimental design including plate
layouts, an arfangement of ‘measurement results’ in plate layout format, and calculatiofis-for yarious
descriptive statistics using the formulae found in Clause 5.

Example ‘measurement results’ are not representative of the performance of any patrticular rea] ALHS.
Instead, thesq results were generated using a random number generator. Nevertheless, they provide
useful examples of how the descriptive statistics can be applied to data arrahged in plate fornpjat and
used to evalugte the volumetric performance of any ALHS configuration.

The following sections of this annex begin with a short discussiortof experimental design|before
proceeding to|four examples.

A.2 Experimental design

The exampleq in this annex illustrate the flexibility inherent in the indexing systems described in
Clause 5. Everly experimental design should include adecision about the elements shown in Table A.1.
The first threg elements (channels, runs and repligatés) relate to the I, m,n indexing scheme described
in Clause 5. Fpr measurements made in microplatés it is necessary to define the plate density|(micro
analytical 96-|or 384-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 L 8 8 96 8
Runs completled M 1 3 1
Replicates/rujn N 12 12 3 48
Wells w 96 96 96 384
Number of micrgplates P 1 3 3 1
Individual meastrements 96 288 288 38

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

one singlefrun, M =1
12 replicafes per channel, N =12

measured fn one 96 well plate Cljannel Statistics
)‘f'orm. Form. 3 | Form. 7
Channe 1 [ 2 [ 3] 4« ] s ] 6] 7] 8 9 0 | 1 | 12 v(l) es) | cvn
1=1 A 97,87 9772 9833 9899 9879 97,98 9843 99,32 9946 99,23 97,50\ 9824 | -1,72% | 1,06%
1=2 B 97,60 9953 9827 9998 9844 10042 10028 9854 9737 100,84 99,95 ?7 9944 | -056% | 142%
1=3 C 98,23 | 9662 IIG5950 9614 9824 9679 9777 9793 9831 | 9628 969 53 9724 | -277% | 0,90%
=4 D 99,09 100,74 10041 101,02 10015 100,12 100,53 [02111 9994 9919 100,64 | 068% | 1,13%
»>
=5 E 97,31 | 9641 9807 9797 | 9673 9927 9913 9858 = 9693 9830 &35 98,31 97,80 | -214% | 0,94%
1=6 F 9653 9635 97,54 [O5G8INGSS5N 97,79 9799 9748 9887 98,62 42 97,65 97,31 | -269% | 1,05%
1=7 G 9711 9713 9912 9716 | 9653 9710 9815 = 9714 9945 973§ 9816 9805 97,70 | -230% | 091%
1=8 H 97,86 NOS600 9850 9943 9856 9837 9711 9853 97,35 9747 97,78 97,57 97,84 | -216% | 099%
max e(]) 0,68%
Run Order Statistics mineg -2,77%
no 1 2 3 4 5 6 7 8 g 10 1 12 maxCV(l) | 1,42%
Form9| | v | 9813 | 97,30 | 9832 | 9825 | 9798 | 9848 | 9862 | 9850.( 9826 | 9853 | 9826 | 9889
Form.3| | esm) | -1,87% | -2.70% | -1,68% | -1,75% | -2,02% | -1,52% | -1,38% | :1,50% | -1,74% | -147% | -1,74% | -1,11%
Form.1] | cv(n) | 1,88% | 1,42% | 1,38% | 1,75% | 1,73% | 136% | 1,14%N1,09% | 1,99% | 153% | 1,09% | 2,09%

Overal Statistics Form. 1%
Grand Avg | Form. 12 CVeoc!
Vea 98,29 1,21%

Overall CV | Form. 13
CVoa 1,53%

Figure A4 = Results and calculated statistics for Example 1

A.3.2 | Statistics results

Channgl 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 conjparifig-each of these channel averages to the target volume using Formula (3). [Channel CV is
calculdted 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 ¢

ombined for a more thorough testing.

A.4.2 Statistics results for Example 2

Channel stati
calculated by
by comparing
calculated for

NOTE Bec:
sets of channe
(N =24),theno
experiment in ¢

Run order st4
calculated usi
averaged for
Formula (3). 7]
column for ea

Overall statist

stics are shown to the right of each set of plate data. The eight channel avetag
hpplying Formula (1) to each of the eight rows, and relative systematic error is, cal
each of these channel averages to the target volume using Formula (3)..Channe
each row using Formula (7).

statistics here. However, if the experiment had been defined as one run across thre
hly one set of channel statistics would have been calculated. It is important to precisely de
rder to know how the data should be analysed.

ng Formula (9) which includes a summation over the*M = 3 runs; 24 data poi
each of these calculated means. The relative systematic error is calculated by
he run order CV is calculated by applying Formula\(11) to the eight measurements
'h plate (24 volume measurement points for each'run order CV result).

ics are shown at the bottom left part of Figure A.5. The grand average volume and

CV are calculdted using Formulae (12) and (13), respectively.

Because this §
which are com

Lastly, the ch3
channel mean
CV box. When
channel statis

The overall CV
to channel dif

bxperiment includes three runs, welhave the opportunity to calculate channel st
bined from all three runs. Theselapve shown in the lower right and use Formulae (4) :

nnel to channel CV is shown-in the extreme lower right and is calculated using th
volumes calculated by Eermula (4) and shown in the column above the channel to g

tics should be used;as-s illustrated in this example.

result in Example’2 is similar to the channel to channel CV. From this we see that g
ferences are¢he’dominant contributor to overall CV in this example.

res are
rulated
1 CVis

juse the experiment was defined to be three different runs, we have caleulated three different

e plates
fine the

tistics are shown below the last plate of data. The 12<fun order average volumes are

hts are
' using
in each

overall

htistics
ind (8).

e eight
hannel

multiple runs are included in a single experiment, Formula (14) shows that the cognbined

hannel
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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 vam) |esam) | cvam)
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 10120 10211 10239 10231 101,00 10213 10414 10292 10129 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%
max es(km) | 3,86%
mines(lmj | -2,22%
max cV(Lm) | 1,36%
Channgl Statistics, Run 2
un2,m =2 Form.1 | | Form.3 | Form.7
T 3 4 5 6 7 8 | 9 | 10 | 11, f 12 vam) || esam) | cvim)
A |[[10275 10186 100,11 10228 10049 10137 10217 10109 102,54 10181 10%16> 102,37 101,67 || 1,67% | 0,82%
B 9651 9981 9912 | 9714 9794 9926 9825 @ 9694 9889 L9630 MNO5050| 97,59 || -241% | 1,55%
c_ |l101,22 9944 9959 9929 9959 = 9786 9892 9819 9801 99, 979 99,53 99,28 | | -0,72% | 0,94%
D 99,22 101,46 99,09 10001 10033 9922 100,39 101,03 100,30 QQs 99,18 99,35 99,93 || -0,07% | 0,78%
E_|[10349 10206 101,60 10317 10401 10354 | 10455 10450 1405740 40399 10325 10188 103,48 || 348% | 1,17%
F_ [|102,86 [ 10507 10215 10251 10086 101,60 = 10407 10436 102,79+ \03,89 102,55 102,54 102,94 || 2,94% | 1,17%
G ||10209 101,11 10088 101,52 10330 101,82 100,84 101,15 10L63% 103,00 103,13 102,76 101,94 || 1,94% | 0,89%
H_[]10027 10029 101,33 9952 | 9628 9866 10027 101,69 «,9992 10046 _ 9921 101,61 99,96 [ | -0,04% | 1,48%
maxeg(lmf)| 3,48%
mineg(lmj | -2,41%
max CV(Ilm)) | 1,55%
Figurd 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 T 2 3 7 5 6 7 B 9 10 11 2 max CV(Lm) | L,17%
Form.9 V(n) | 1p1,13 | 10091 | 100,80 | 100,94 | 100,83 | 10048 | 101,27 | 101,04 | 101,09 | 101,38 | 100,98 | 101,08
Form.3  es(n) | 1413% | 091% | 080% | 094% | 083% | 0,48% | 1,27% | 1,04% | 1,09% | 1,38% | 0,98% | 1,08%
Form 11 cv(n) | 423% | 230% | 1,81% | 1,62% | 2,20% | 1,95% | 221% | 2,39% | 2.25% | 225% | 1,95% | 2,23%

Overall Statistics Channel Statistics, 41l Runs
Grand Avg|Form. 12 orm.4 | Form.3| Form.8
Vea 101,00 |« falculated as average of all 288 wells v es(l) Ccv()
101,72 1,72% | 0,92%
Overall CV|[Form. 13} 97,73 -227% | 1,21%
CVoa 2,10% |« falculated as CV of all 288 wells 99,67 -0,33% | 1,09%

100,00 0,00% | 0,95%
103,82 3,82% 1,14%
102,81 2,81% | 0,89%
102,19 2,19% | 091%
100,03 0,03% | 1,14%
maxeS(l) | 3,82%
mineS(l) | -2,27%
maxCV(l) | 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

A5.1

Experimental design and measurement results for Example 3

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

Run orj
one de
shows
experi

Calculz
by app
manne
larger

following note.

NOTE

results
up to 2
randon]

As wit
(13), r
channsg

Statistics results for Example 3

der statistics are shown to the right of each set of plate data. Because each plate
ivery from each channel the mean and CV across each plate is a run order/stdtistic
how the interpretation of the descriptive statistic depends on the channel arr
nental design.

tion of channel statistics is shown in Figure A.7. The 96 differentichannel averages
ying Formula (1) to the same well in each of the three plates.Channel CV is calculat]
r using Formula (7). The channel CV results are heat mapped, green to yellow. ]
yalues in the yellow cells are a consequence of the experimental design and are ex

Because the experiment design has N = 3 replicates‘the calculated CV has 2 degrees 9
in a wider range of values for the channel CV. In Eigure A.7, the channel CV results rang
01 %). This range is not the result of different performance in channels as all results wer

h other examples, calculation of gnand average volume and overall CV use Forn
pspectively, and the statistics are;calculated over all 288 measurement results i
1 to channel CV is calculated using all 96 of the channel averages shown at the top

contains only
This example
hngement and

are calculated
ed in the same
'he seemingly
plained in the

f freedom. This
e from (0,07 %
b obtained with

number generator modelling identical CV forveach channel. This example illustrates the difficulty of
estimatling CV with a small number of replicates.

ulae (12) and
n the set. The

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+ | s 6 7 8 9 12 Run Order Statistics, n = 1
A 9843 9881 9839 10034 9936 9834 9849 102,71 102,02 103,42 Form.9 | Form. 3 | Form. 11
B 9993 = 9758 100,76 9821 | 9577 103,25 = 9626 9994 100,39 99,96 99,59 vin) | estm) | cvm)
c 103,28 10027 99,64 101,40 9899 9992 99,98 10050 103,40 99,59 | 9634 102,09 100,07 | 0,07% | 2,30%
D 99,29 10041 | 9695 10355 9832 | 9617 102,70 10296 9859 102,60 & 104,71
E 98,77 10024 101,83 10165 9809 103,05 9734 9674 9964 9842 99,64 10272
F 99,08 |10296 101,07 101,92 10003 | 9756 10243 100,11 9818 100,63 - 100,67
G 102,24 |101,84 9932 100,64 9867 101,21 101,08 10243 10359 9805 10320 100,84
H 98,18 | 10074 100,69 10200 97,40 9853 10311 100,65 100,97 99,72 | 96,52 | 100,19
Replicate ¥, n =2
1 2 | 3 4 5 6 7 | 8 9 10 11 | 12 Riin Order Statistifs, n = 2
A 98,74 | 10027 9838 99,08 = 9688 97,69 9766 101,24 10125 H 9831 102,92 "Form. 9 | Form. 3 [Form. 11
B 9807 | 9685 9927 9834 97,83 10193 9834 100,16 100,36 | 96,69 100,44 vin) | esm) | cvm)
c 100,23 10086 102,30 10229 9995 9966 99,18 100,65 10131 9814 | 9573 | 10152 99,90 | -0,10% | 2,15%
D 9846 | 99,00 = 9737 101,94 9890 | 9656 9911 101,99 97,68 10132 1
E 98,61 | 10155 100,17 9877 9843 10256 9764 9905 99,78 9923  9846¢ ,101,27
F 99,92 10486 | 10028 100,17 101,65 9998 9976 10000 9822 9946 98,49
G 102,98 [10350 9875 100,50 9852 101,65 102,28 101,89 103,09 9844 101,08
H 97,85 10229 100,85 [NH05040 9856 99,92 10330 9873 100,87 99,92\ 98,04 10242
Replicate §,n =3
1 2 3 | 4 | s 6 | 7 | 8 | o9 10 11 | 12 Run Order Statistif's, n =3
A 9861 | 9950 9870 9955 97,34 9856 96,87 10261 1017 H 101,05 102,18 Form.9 | Form. 3 [Form. 11
B 99,67 | 10046 100,85 9823 9797 10270 . 9510 10039 | 1 98,80 | 9570 | 99,84 vin) | esm) | cvm)
c 101,01 |101,21 101,07 100,88 101,05 101,17 100,55 99,85 10285 9879 9743 101,11 99,98 | -0,02% | 2,27%
D 9836 | 99,07 9792 10276 9915 | 9618 WNOABEN 100,12 k101,17 96,76 11104881 100,63
E 101,15 | 99,80 100,06 10023 | 97,20 10226 9866 |9882| 9776 99,08 9809 100,23
F 9946 | 10370 | 9874 | 10338 9993 99,23 10156 \[9923 9805 9930 103,24 100,00
G 104,09 | 10295 9891 101,70 9841 10247 101 5\0101,29 10335 9892 101,70 10153
H 97,15 | 102,38 100,38 | 10349 9800 9735 10277 101,20 10122 10135 | 9620 10231
Figure A.6 — Results and'some calculated statistics for Example 3
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Example 3 (continued)

96 channel device, L =96
onerun,M =1

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 9965 9786 9820 9767 10219 10166 99,15 | 102,84 CVerc
B 9922 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 99,90 100,33 = 10252 9884 = 9650 101,57
D 9870 9949 | 9741 10275 9879 | 9630 100,64 102,04 97,68 102,94 102,49
E 9951 10053 100,69 10022 _ 9701 10262 97,88 97,06 9906 9891 9873 10141
F 9949 1103847 10003 101,82 10054 9892 101,25 99,78 9815 99,80 104781 99,72
G 10310 102,76 9899 10095 9853 101,78 101,57 101,87 10334 9847 10269 1015
H 97,73 101,81 100,64 | 10351 97,99 9860 103,06 100,19 101,02 10033 _ 9692 _101)64 |
Systematic Error by Channel, e (1)
Form. 3 1 | 2 | 3 4 | 5 | & 7 | s 9 10 ] 12 maxes(1)| 478%
A || -14% -048% -151% -035% -214% -1,80% -233% 219% 1,66% 20,85%  2,84% min eg(1)] -5,42%
B -0,78% -1,71% 029% -1,74% -2,81% 2,63% | -438% | -0,44% 127% -0,29% |-4,14% | -0,04%
C 1,51% 0,78% 1,00% 1,53% 000% 025% -0,10% 033%  252% -1,16% -3,50% 157%
D [|]-130% -051% | -259% 275% -1,21% | -3,70% 0,64%  2,04%$2,32% 294%  2,49%
E 0,49% 053% 069% 022%  -2,0% 2,62% -212% -2,94% -094%/-109% -1,27% 141%
F || -051% [7384% 003% 182% 054% -1,08% 125% -022% -1,85% -0,20% [N478%1 -0,28%
G 310% 276% -1,01% 095% -147% 178%  1,57% 1,87%“$4% -1,53%  2,69% 1,15%
H || -227% 1,81%  064% | 351% -2,01% -1,40% _3,06%  0,19% \ 1,02%  033% _-3,08% 1,64%
Coefficient of Variation by Channel, CV(1)
Form. 7 1 | 2 | 3 4 5 | 6 7 3P 8 9 | 10 | 11 | 12 max CV(1)| 2,01%
A 016% 073% 019% 0,64% 135% 046% 083% 081% 038% 1,03% 166% 061%
B 1,02% 194% 088% 007% 126% 064% _ 061% 1,08% 170% 081% 0,79%  044%
C 1,56% 047% 132% 070% 1,03% 080%.°J0,69% 042% 106% 074% 0,89% 048%
D 051% 080% 050% 0,78% 043% 023% 007%  1,84% 088% 094% 1,75% 2,01%
E 143% 091% 099% 144% 065% ~039% 071% = 192% 114% 043% 082% 1,23%
F 042% 092% 1,18% 158% 096% )125% 134% 048% 009% 073% 129%  1,12%
G 091% 082% 030% 0,65% 013% 062% 062% 056% 024% 044% 084% 0,35%
H 054% 091%  0,24% _ 147% <059%  130%  0,26%  129%  0,18% _ 0,88%  101% _ 124%

min CV/( 0,07%

Overal] Statistics
Grand Ayg| Form. 12
Va 99,98

Overall V| Form. 13
CVop 2,23%

max CV(j 2,01% <« note the broad range thatlresults from CV values with only n = 3 replicates

Figure A.7 — Additional calculated statistics for Example 3

© ISO 2015 - All rights reserved

47


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

IWA 15:2015(E)

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 Statigtics results for Example 4

Channel statigtics for each of the eight channels is shown on the right hand side of Figure-.A.8 uging the
indicated forrpulae. In this example, each channel delivered into two rows, so the calculations must
span the propgr rows.

Run order stagistics are shown below the plate results. There are N = 48 replicates per channel| which
results in 48 rjun order statistics.

Calculation of|grand average volume and overall CV use Formulae (12) and (13), respectively, and the
statistics are |calculated over all 384 measurement results. The chiannel to channel CV is calg¢ulated
using the results of 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 | 5 | 6 7 | 8 9 10 11 12
A 52,44 5231 5222 51,76 5237 5291 5190 5265 52,46 52,03 51,38
B 51,83 5240 51,80 51,95 5228 5216 5220 5290 5124 5146 5204
C 50,31 = 49,40 5099 5047 5023 51,11 5028 4950 50,66 50,72 50,04 50,40
D 50,44 50,15 50,39 50,08 50,06 4959 5033 5048 50,85 4991 4989 50,19
E 49,57 4881 4943 4984 4960 5044 4993 4947 50,35 4951 49,14 = 48,70
F 49,64 4959 49,83 4974 | 4860 4978 4952 5034 4979 4967 4993 | 4913
G £2.09 S177 £1.09 o157 5284 5133 5179 o133 120 5193 141 5102
H 5273 | 50,82 51,41 5067 51,13 5216 5095 | 5263 51,70 5091 5169 51,29
I 50,35 50,04 5031 51,50 4981 5032 5048 4998 50,83 5021 4975 5091
] 49,72 50,30 50,80 49,74 50,28 50,32 4995 49,60 50,16 _ 49,74 50,13 50,03
K 4938 4948 49,03 | 4833 4898 4879 49,01 4931 49,12 4934 4887 4991
L 4888 4881 4894 4893 4899 4908 4878 4909 | 4819 4897 4917
M 51,02 5027 50,78 5059 = 51,49 50,84 5029 5141 5059 5088 5046 50,71
N 5071 49,59 51,13 51,50 50,96 51,76 50,54 51,09 5053 49,83 5113 51,37 \
o] 49,38 49,38 | 4848 4883 4883 4868 4857 4869 4878 4958
P 49,94 4957 4860 4890 4855 4873 4945 4930 4881 49,62 4935
Chahnel 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
5259 51,68 52,69 H 51,88 = 5276 5254 5295 52,07 &7 5219 51,94 L s22b | 445% | 091%
5238 5211 5253 5215 51,29 5262 5282 51,74 _ 52,67 K 94 51,66 51,70
5029 50,18 4951 5029 50,70 50,07 4934 5027 49552, 5105 50,70 49,76 ) so3k | 0.68% | 091%
50,26 50,25 49,19 5058 50,20 49,84 5020 49,99 56,27 49,82 50,08 49,32
4876 = 50,16 49,83 4952 50,39 4985 4995 50,07 4 50714 50,81 49,88 49,83 3 wsh | -087% | 104%
50,06 49,80 4946 50,65 50,04 | 4847 | 5025  5042~1"50,02 4929 4990 49,60
5124 5165 5250 50,79 | 5209 5188 5160 50,63/ 5160 5166 5209 5088 4 516 324% | 106%
51,22 51,24 5194 5146 5143 51,31 5093 5933 5127 5225 5078 51,01
5055 50,51 4993 5000 5001 5075 50,580 ) 4961 4959 5099 4948 50,72 s sosb | o750 | 0900
5042 50,76 50,52 50,02 49,82 4947 5065 4989 50,56 49,75 5049 50,74 i o o
49,45 49,13 49,59 = 4881 @72 49,15 = 4842 4864 4956 49,42 p w01p | -174% | 0.86%
49,08 49,19 4833 4937 4880 4849 \4889 4873 4873 4909 4942 _ 4855
51,65 5026 5015 | 51,78 5153 50,82/ 5162 51,26 5052 5050 49,97 = 52,04 ; 507 156% | 1.12%
50,63 51,35 50,81 51,33 50,80 ¢ 5124 50,68 5023 5089 50,58 51,21 51,86
\)
4871 49,00 4954 49,03 49, 4878 49,08 49,52 4923 4957 49,18 4876 8 sa7h | -243% | 103%
4939 49,81 4897 4890 8 49,76 4929 4890 50,30 | 4875 4857
Run order statistics
Form.9 n=1 n=2 n=3 m=-4. n=5 n=6 n=7 n==8 n=9 n=10 n=11 n=12
V(n) 50,57 | 50,18 | 50,29 _[N5037 | 5052 | 50,56 | 50,20 | 50,28 | 50,49 | 50,55 | 50,16 | 50,16
n =48 n =47 n's46 n =45 n =44 n =43 n =42 n =41 n =40 n=39 n =38 n =37
5041 | 50,16 [S50:35 | 50,19 | 50,10 | 5044 | 5025 | 50,64 | 5027 | 4991 | 5039 | 50,28
n=13 | n514 | n=15 | n=16 | n=17 | n=18 | n=19 | n=20 | n=21 | n=22 | n=23 | n=24 Form. |14
50,41 [€5007 | 5041 | 5050 | 50,60 | 50,27 | 5043 | 5043 | 50,14 | 50,69 | 5038 | 5042 Ve
2,36%0
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 | 5052 | 50,20 | 5041 | 50,38 | 5029 | 50,17
Overall Statistics
Grand Avg| Form. 12
Vea 50,34
Overall CV| Form. 13
CVoa | 2,35%
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 Ratiometric photometry

B.2 Gravimetry, single channel measurement

B.3 Gravimetry, full plate measurement

B.4 Gravimetric regression method

B.5 Photometry 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 Pressure sensing

B.10 Calorimetric measurement

B.11 Optical image analysis

Closed methqds:

B12 Gravimetryand hybrid method: gravimetry and photometry
B.13 Photonfetry with Tartrazine

50 © IS0 2015 - All rights reserved


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

IWA 15:2015(E)

B.1 Ratiometric photometry?

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

Outline of the method:

B.1.1 Introduction

B.1.2 Drinr‘iplp of operation

B.1.3 Procedure

B.1.4 Volume calculations

B.1.5 Traceability

B.1.1 | Introduction

The ratiometric photometry method and system described herein is performed through|a patented[20]

technology developed and offered for sale by Artel, Inc. This comimercially available systejm is known as

the Mufltichannel Verification System, or MVS®3). The core principles of operation are briefly discussed
hereinf more detailed descriptions can be found elsewhere,[21-24]

This dpcument provides an operational overview of\thie MVS, its capabilities, and the fraceability of

measufements[12] made through this system.

B.1.2 | Principle of operation

The MYS determines volumes delivered-te:microplates using the following components:

1. Sample solutions: These solutigns contain two dyes with distinct absorbance maxima at 520 nm
(rdd) and 730 nm (blue). Thered dye concentration varies from one type of sample $olution to the
nekt, which allows for measuring different volume ranges (e.g. more concentrated dye is used to
mgasure lower volumes).The blue dye concentration is fixed and uniform between different sample
solutions. Sample soltitions are stable for more than 1 year when stored at room terhperature and
when protected from light (amber bottles).

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

3. Microplates: ANSI/SLAS standard 96-well or 384-well microplates are characterized on a lot basis
to %ﬁmmﬂrmmmmmﬂmmmmmmmn 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.

4. 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|— Liquid dispenser used to dispense the target volume into the microplate wells

Figure B.1 explanation: For small test volumes (Vs), a dispensed droplet of sample solution will pdhere
to the well siflewall and will not spread across the“plate bottom. To allow for accurate photqmetric
measurementp at 520 nm and 730 nm (As20,730,), theéwell is backfilled with diluent (V) to a total working
volume (V7). The two solutions are mixed priorte'making any photometric measurements. Becajise the
sample solutign contains the same concentration of blue dye as the diluent, the total working yolume
is determined|from a photometric measurement at 730 nm of the beam path (I) through the solutions.
Although this|figure depicts the sample_solution being dispensed first, the order of solution dispense
can be altered in practice.

B.1.3 Procddure

1. Ensure pfoper envirofimeéntal conditions for operation. Operating temperature range is 15 °C to
30 °C. Alljsystem comiponents should be in thermal equilibrium (*2 °C) with the liquid delivery
device belng tested:

2. Calibrate [thé ‘plate reader using the calibrator plate. This ensures that normal daily flucthations
of the plate reader are removed from the measurement. This calibration measurement is gbod 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

Range C

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

0,610

0,610

0,610

0,610

Qa

Qa

dye (ap)

0,610

Testahble volume range,
96-well (ul)

200,1-
350,0

50,00-
200,0

10,00-
49,99

2,000-
9,999

1,000 -
1,999

>.0,10000

NA

Testable volume range,

NA

10,00-

2,500-

0,500-

0,3000-

>0,3000

NA

W

{84-well (ul) 55,0 9,999 2,499 0,4999

Corjcentration of blue dye for these solutions is irrelevant because the final test volume is composed mjostly of diluent.

Fi
ev
ex
no

de

i

a dontrolled, known concentration of a copper-EDTA complex with a quantified pe

at
Fo

Us
microplate. This dispense can eitherbé€a “dry contact dispense” into empty wells, or
digpense” into wells pre-filled with the diluent.

Pre-fill or post-fill diluent«into the microplate. The amount of diluent req
approximate (10 %).

Ing
the wells. If either occtr, then the plate should be centrifuged at 1 000 rpm to 2 000 1
60|s, or until the droplets have been pushed into the wells, and the bubbles have been

Milk the totakwelume of solution (sample plus diluent) on an orbital mixer with

of

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

NOTE

Il a separate reservoir with diluent. Keep the reservoir coveréd when not in use t

hporation. Solutions should be left exposed for no longerthan 20 min to 60 min,
bosed surface area, reservoir fill volume and environmental conditions. Note: th

7ice that is capable of delivering the approximate réquired volume. The diluent sol

730 nm. This known peak absorbance is reported as the absorbance per pathl
rmula (B.1) below].

ng the liquid delivery device under test, dispense the target volume of sample so

q

1 mm, at a'speed of 1 300 rpm to 1 500 rpm for 60 s for 96-well microplates

protect from
depending on
e diluent does

L have to be dispensed by the same liquid dispensér.nnder test. It can be dispensed from any

lition contains
hk absorbance
ength [ap, see

ution into the
b “wet contact

hired is only

pect the filled plates(for'excessive droplets of solution near the well top, or for bublles trapped in

pm for 30 s to
pushed out.

h rotary orbit
For 384-well

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:

© ISO 2015 - All rights reserved
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(B.1)

bmetry
tion is
on the
(0) and

(B.2)

asured
20 nm
30 nm
a (B.3).

(B.3)

reserved

1= A730
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 d¢fermine the total volume of liquid in the well. (NOTE: for 384-well plates, the ge
is a trundated, square-based pyramid.) At this point, the well-specific geometrical corret
applied td reduce well-to-well variability. The calculation of the total volume (V) is-based
liquid depth (I) as determined from Formula (B.1), and the known quantities of taper.dngle
diameter [D) of the microplate wells, as shown in Formula (B.2):

2 2
Vr =7TIDT +7DI? tan® + 13 tan”6
where:
Vr  is the total volume;
D is the diameter of the well bottom;
0 is the side wall taper angle.

3. The calcylation of the sample volume (Vs) is.based on the total volume (V7), the me
absorbange of the blue dye at 730 nm (A730),,the measured absorbance of the red dye at |
(A520), anf the known quantities for the absorbance per unit path length of the blue dye at
(ap) and the absorbance per unit path length/of the red dye at 520 nm (a,), as given by Formul

at )\ Az3p

where
Vs is the sample volume;
ar is the absorbance per unit pathlength at 520 nm;

Aszo is the absorbance at 520 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) characterized microplates,

2) characterized solutions,

3) characterized plate reader absorbance measurements.

Every yolume tested with this method produces a final result that is calculated based

tracea

Characterized microplates

Micropgllates are characterized using traceable dimensional measurements of each
well variability is further characterized using absorbance photometry, and the fing
measufements is confirmed using the gravimetric dilution method desé¢ribed in B.3.

Plate rjeader

The ca
reader.
the da
using 4

Samplp solutions

The absorbance per unit pathlength of all solutions is measured directly, or through th
dilution method described in B.3. Traceable absorbance measurements are made usiy
spectrpphotometer whose performancCe,\is maintained against calibrated ND glass, 3
wavelgngth standards. A cuvette of calibrated internal pathlength is also used to pro
pathlength.

le paths.[12]

The solution filled cuvettes in the plate provide optieal standards which are usd
ly performance of the plate reader. The absorbance values of these cuvettes a1
reference spectrophotometer which is traceable-to neutral density standards.

© ISO 2015 - All rights reserved

ipon all three

well. Well-by-

|1 accuracy of

ibration plate provides the traceability path to the measured absorbance values from the plate

d to correlate
e determined

e gravimetric

1g a reference

nd calibrated

vide 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 Liquid reservoir

B.2.3.3 Weighing vessel

B.2.3.4 Environmental conditions monitoring

B.2.4 Test liquid

B.2.5 Test environment conditions

B.2.6 Procedure

B.2.6.1 Test parameters

B.2.6.2 Test procedure

B.2.7 Evaluation

B.2.7.1 Calculation of mass loss due to gvaporation

B.2.7.2 Conversion of corrected mass to volume

B.2.8 Traceability

B.2.1 Introgduction

This method describes theapparatus, procedure and reference material for determining measu
error using thle gravimettie method. A single pan balance is used to take a measurement from ¢
channel at a time.

B.2.2 Termrnology

rement
single

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.foi] the complete
series ¢f tests.

B.2.3.3 Weighing vessel.

Mass tst due to evaporation shall be taken into consideration when selecting ap appropriate
weighing vessel.

It is r¢commended that the weighing vessel be supplied with™a‘lid to mitigate mags loss due to
evaporfation. This is particularly important if the vessel is meved at any time during| the weighing
procesp. If the vessel remains stationary throughout the weighing process and a lid is n¢t used, then a
heightfabove-fluid to diameter ratio of 3:1 is recommended.

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

B.2.3.4 Environmental conditions monitoring

The enjvironmental conditions of the test room shall be monitored using equipment with appropriate
resolufion and uncertainty of meastitement, as shown in Table B.3.

Table B.3 — Equipment specifications for monitoring the test room environment

Equipment Resolution Accuracy
Thernjometer for ligaid 0,1°C 0,5°C
Thermometer forair 0,1°C 1°C
Hygrometer 1% RH 5% RH
Baronjetet: 0,1 kPa 1 kPa

Provided that instrumentation 1s 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
measurement
conversion foy

The balance {
environment ¢

B.2.6 Procd
B.2.6.1 Test

B.2.6.1.1 Te

The test volu
typically reco

nominal v

approxim

the lower

These test vol

B.2.6.1.2 Nu

For the esta
measurement

If the gravime

Ime or volumes selected should be representative of typical use. Manufacture

uncertainty due to the environment will not have a significant effect on the/mass to
the volume ranges covered by this method. Refer to I[SO/TR 20461 for-more inforn

hall be placed in a draft free environment on a stable surface within the sar
1s the apparatus under test.

dure
setup

Kting volume

mmend three volumes:

olume,

htely 50 % of the nominal volume,
limit of the useful volumperange or 10 % of the nominal volume (whichever is grea

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

mber of measuréments per volume to be tested

blishment,'or re-establishment of conformity to manufacturer’s specificatio
5 shallbetaken at each test volume.

tric method for the determination of measurement error is used for other purpose

. ) . . ) . )
as suppller S qunhfv control or anphpr s after-sales service

test environment conditions remain in accordance with the table above, thé instrumental

yolume
ation.

ne test

rs will

[cer).

ns, 10

s, such

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 empirical evidence.
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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

In ord
vessel
of the ¥

B.2.6.2

The en

.1 Preparation of weighing vessel

b1 to yield a consistent mass loss due to evaporation across all measurements,
chall be prepared with an initial volume of test liquid sufficient to completely coy
ressel.

.2 Determine mass loss due to evaporation

vironmental conditions of the test room, the time taken to\perform a single mea

the handling of the weighing vessel during a measurement will@fféct the mass loss due t

Before

preparing the ALHS to perform liquid delivery, a<series of at least 10 blank 1
e taken.

cord the tare weight of the weighing vessel bgyor tare the balance to zero (bg = 0).

the weighing vessel needs to be moved.to a delivery position, move the weighi
Sition and remove the lid if a lid is used. When positioning the weighing vessel,
nditions shall be met:

the test liquid shall not be delivered to the weighing vessel;
the ALHS liquid delivery@pparatus shall not come into physical contact with the wj

iquid must be delivered or the liquid delivery apparatus must come into cor
ighing vessel in order to perform a blank measurement, place the weighing vesj
ivery location andydeliver the blank measurement to a waste vessel.

Fform a blank'delivery.

cord théweight of the weighing vessel as b;. A single measurement of mass loss due
ralculated as shown in Formula (B.4):

the weighing
er the bottom

surement and
evaporation.

neasurements

ng vessel into
the following

eighing vessel.

tact with the
el next to the

0 evaporation

(B:4)

shall b
a) Re
b) If
po
co
1)
2)
c) If
WE
de
d) Pe
e) Re
is
b';
where
b’i
bi
bo
f)

=D, — by

is the mass loss due to evaporation;
is the weight of the weighing vessel;

is the tare weight of the weighing vessel.

Formula (B.5).
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B.2.6.2.3 Pr|

If the ALHS ur
recommendat]

The ALHS sh
pre-rinse or €
measurement

a) Apre-ring
1) Fill th
b) An equilik

is the average mass loss due to evaporation;

(B.5)

4 h 1 £1.1 1 d
1S t C ITUIucT Ul DIAIIRN TTITAdSUT TIIITIILS.

pparation of ALHS

der test uses a system-liquid, prepare the system-liquid according the te.manufad
jons.

1l be prepared by attaching a disposable tip or tips (if applicable) and perfor

quilibration cycle. This will ensure the consistency of the délivered volume acti

5.
e is typically performed when the ALHS is dispensing asingle volume for every asp
e tip with the test volume and expel to waste five times.

ration cycle is typically performed when the ALHS is performing multi-dispenses
e tip with test liquid sufficient for multiple-dispenses and an additional volume to d
d the additional test liquid to waste.

S is prepared, place the weighing vessel on the balance weigh pan and tare or z

|king a measurement

e test room enviréniniental conditions (temperature, relative humidity, and barg
at the beginning.ef'testing.

thing vessel miust be removed from the balance weigh pan in order for the ALHS to
uid, remove the weighing vessel and place where appropriate for the ALHS.

bhing\vessel has a lid, remove the lid. Deliver the test liquid to the weighing vesse

turer’s

ming a
oss all

ration.

iscard.

bro the

metric

deliver

| at the

selected test volume. Replace the lid if applicable.

1) Fillth

2) Disca
After the ALH
balance.
B.2.6.2.4 M{
a) Record th

pressure)
b) Ifthe weig

the testli
c) Ifthe wei

currently
d)

move the weighing vessel to the balance weigh pan.

e) Recordth
f)
g)
h) Record th
60

e balance reading as m;.

Tare or zero the balance and begin a new measurement.

Perform as many measurements as required.

e test room environment conditions at the end of testing.

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

m', =m, +b (B.6)

1

where

my 1s the corrected mass with evaporation;

mj is the balance measurement.

B.2.7.2 Conversion of corrected mass to volume

The vdlues m; obtained in accordance with B.2.6.2.4 are balance readings. A correcti¢gn taking into
account water density and air buoyancy is necessary for the conversion of the balance readings m; to
volumgs V;. The Z correction factors specified in Table C.1 (Annex G),can be used.

Converit each mass m; obtained from B.2.6 by applying the Z cortection factors at the meah temperature
and bafometric pressure measured in B.2.6 and the following-Formula (B.7).

VI == mll Z (B7)
where

Vi is the calculated volume from the mass m’;

Z is the Z correction factor.

If the tlest temperature is differentfrom the temperature of adjustment and if the therinal expansion
correcfion factor y of the piston-operated volumetric apparatus is known, use [the following
Formula (B.8) instead of the preyious Formula (B.7):

V.

1

::m'i'Z-’y (B8)

where |y is the thermal’expansion correction factor of the piston-operated volumetric apparatus.

See ISP/TR 20461 for further details regarding the calculation of the Z correction factor and the
uncertpintyfactors associated with mass to volume conversion.

After allimeasurements have been collected for each test volume, refer to the volumetri¢ 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.

— The calibration and adjustment of the balance shall be traceable to the relevant international or
regional reference standards.

— The calibration and adjustment of the environmental monitoring equipment shall be traceable to
the relevant international or regional reference standards.
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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 gaa

volume meas
purposes of

This method d

rements are made by both methods. Comparison of the two results can be'u
ethod validation (cross checking) or for calibration of the photometric methad,

an also be used to determine sample volume in cases where the sample,is’diluted 1

a mixture pripr to dispensing. This pre-dilution method is a particularly accurate,way for as
lack of bias of photometric methods at small volumes.

B.3.2 Materials/equipment

— Microplates (96-well or 384-well).

— Semi-mic}
— Plate weig

— Static ren

o analytical balance with 0,000 01 g readability, 200-g)capacity and a draft shield.
hing adapter for balance pan.

oval device.

— Personal protection equipment (PPE).

— Liquid to
homogeng

be weighed. NOTE: in case of dyé solutions or custom liquids, ensure complg
ous mixing of the solution.

— Automateld liquid handling system _with multichannel heads of either 96-channels set to

200 pl, or

— Testroomn

384 channels set to deliver.55 pl.

environment according to ISO 8655-6.

— 60 ml amber screw-cap baottles, for preparing dilutions.

— Diluent liquid, for cases where smaller sample volumes are desired.

— Micro andg

B.3.3 Discu

lyticalsbalance of 0,000 001 g readability, 5 g capacity with an evaporation trap.

where
sed for

o form
bessing

te and

deliver

sSion

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.

2. 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.

3. 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.

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

5) Contributed by: Artel, Inc., Westbrook, Maine, USA
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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.
A= % (B.9)
w
where
Vid is the amount of sample solution used to make the dilution;
Vi is the target amount of sample desired for each well;

where [/} is the amount of diluent to be used impreparing the diluted sample.

4,

10.

11.
12.

Vp is the total volume of diluted sample in the bottle(typically 60 000 pl);

|4 is the working volume per well (e.g. 200 pl for96-well plates and 55 ul for 38f-well plates).
Vigl=V, — Vi (B.10)

If ghe amount of sample is greater than(1*000 pl it is permissible to dispense sample directly into the
boktle and weigh as described in steps 6 through 8. Smaller volumes of sample must be measured
as|described in steps 9 through,13.

Lapel each empty amber bottle to clearly identify the contents. Set a pipette or volumdtric dispenser
to the appropriate volume:

Pljce the amber bottleon the semi-micro analytical balance pan with cap on (loosely) and press tare.

Remove cap and dispense the appropriate amount of sample solution into the bottle} place the cap
bafk on tightly-and record the weight after balance has stabilized.

Rejmove cap and carefully dispense the appropriate amount of diluent into the bottle| using caution
nof todcantaminate the tip of the dispenser. Tighten the cap, place bottle on centre ¢f balance pan
anfdecord 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
1. Ensure that each solution is mixed, if necessary mix by gentle inversion.

2. Thermally equilibrate the liquid handling system, labware and test solution for at least 2 h in a

stable tesfToonT{=6;5 €y priortocomducting this test-Yseacontimuousty recording envirgmmental

monitorirlg system to confirm stable temperature during the equilibration and testing perigd.
3. Place the veighing adapter centred on the balance.

NOTE Theweighing adapter is designed to help centre the microplate, and also to ensuxe that the mi¢roplate
is not supportefl by balance structures other than the weighing pan.

4. Exercise the balance and perform calibration checks. Note the density of the'mass standards ysed for
this calibifation. This density of the metal mass standards is required for the conversion equdtions.

5. Use the static elimination device to remove static electricity from the microplate and theg cover.
Place the|empty microplate with cover onto the balance pan,-keeping the weight of the plate
centred oh the pan.

6. After balgnce is stabilized, press the tare button. Balange'should display a reading of zero. Record
this initia] indicated weight as weight Wy. Move the plate to the deck of the liquid handling system.

7. Use a 96 tip multichannel head to dispense 200 pdof test solution into a 96-well plate. Start a stop
watch at the moment that liquid is dispensed:Cover the plate as soon as possible after disgensing
and recorfd the elapsed time since filling. Altérhatively, when testing in a 384-well plate, use a 384
tip multichannel head to dispense 50 pl of\tést solution.

8. Remove static charge, then place thefilled, covered plate on the balance pan. Record or printjweight
after stabjlization as Wj.

9. Measure ¢vaporation by returhing the microplate to the instrument deck, then removing the cover
for the anmjount of time recerded in step 7 above. Place the cover onto the microplate and repeat the
process described in stepy8. Record the weight after this evaporation trial as W». Evaporation is
equal to W7 minus W

B.3.6 Calcullation.oftotal volume delivered to the plate

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

NOTE This assumes that the amount of evaporation per weighing cycle is approximately constant.
W, = (W, - W)+ (W, -W,) (B.11)
where

Wy is the weight change;
Wp  isthe initial indicated weight;
W7 is the weight after liquid delivery, once it has stabilized;

W2  isthe weight after the evaporation trial.
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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.

(B.12)

bn factor (Fgj))
dilution factor

(B.13):

(B.13)

(B.14)

3. Convert the weight of the liquid (W) to volume (V) by using Formula (B.12):
V,=Z-W,

where
%3 is the volume of the liquid;

A is 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 (V) is for a dilute mixture, it is possible to calculate a diluti
which is used to calculate the amount of sample solution delivered to the plate. The
(Fqi1) is calculated in three steps.

First calculate the mass of liquid sample (mjs) used to prepare the mixture with Formula
my| =, L=Pal Pl

[1-pq/ pis]

where
my}  is the mass of liquid sample used to prepare’the mixture;

Wi  is the weight of sample solution used to-prepare the mixture, as calculated froin balance
display indications;

pa| isthe density of air as calculated jit Annex C;

Ps is the density of the mass standards used to calibrate the balance;

pis|  is the density of the liquid sample solution.

Next, cplculate the mass of liquid diluent, myy
my| =w,, L=Pa/Ps)

[1-pg/Pid]

where
myfj As'\the mass of the liquid diluent;

Wig—isthe-weightof diluentselutionused-topreparethe mixture,ascaletdatedfrotn balance
display indications;
pid  is the density of the liquid diluent solution.

Then calculate the dilution factor, Fgj

F

dil

_ Pim mls

pis [myg +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 Repopting

The test repoift for this method shall comply with the reporting requirements of Clause 8.
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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 ¢n a gravimetrically measured mass m is considered as follows [Formulae (B.179 and (B.18)]:

1 Pq
1t q_Pa B.17
Pw(T)=pq ( pc) (B17)

V(T)=m
where
V(T) isthe volume at temperature T;

m is the gravimetrically measured mass of the sample;

P is the density of the measured liquid at temperature'T;
P is the density of air at temperature T;

P is the density of the weights used toalibrate the balance.

Vod = V(T)-[1 = ¥(T - 20)] (B.18)

where
%} is the volume at the reference temperature of 20 °C;
T is the temperature in units of °C;

y is the thérmal coefficient of expansion of the measured liquid.

The mpasured-primary quantity is the total mass m on the weighing dish of the balance, which is
conventionally weighed by the used balance. The mass change caused by the addition of alliquid volume
AV is denoted Am. The mass of the additional liquid is supposed to be the difference qf mass before
(mpefore) and after (marter) 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 magter are determingd by a
linear regressjon based on several balance readouts acquired before and after the dispensingevent (see
Figure B.2 belpw) instead of using an average value.
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® Balance readouts

E‘) A Laisp —— Linear regression
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g Mater =PI~ = - Prognosis interval
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I OCLL“I[E LIITICT
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438,0500 I I
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438,000 0 SNt |
~ % € Mpefore
| |
4379500 1 1 [
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Time [s]
NOTE Balance readouts (dots) before and after dispensing are displayed as a function of [time. Readouts

acquired between the two vertical lines are not used for calculation (settling time of the balance)
Figure B.2.=- Plot of a typical measurement

A detailed description of the measurement procedure and formulae for performing the lingar regression
are given in Reference [15].along with a detailed uncertainty analysis and a benchmark to the Artel
MVS mlethod (Method B.1/in-this document) in the volume range from 40 nl to 400 nl.

B.4.2 | Liquid classes

The GRM method can be executed with any liquid. The lower the vapor pressure of the liuid the lower
the evaporationtand the better the measurement accuracy. Liquids with high vapor priessure can be
used, but willcause larger measurement errors. Therefore, and for consistency with existing standards,
it is re¢aommended 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.
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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 sufficient and no
further verification and validation is needed. To calculate the final measurement result, a 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 [15].

B.4.5 Measurement uncertainty

The measurerhent uncertainty has been analysed according to ISO/IEC Guide 98-3 in the voltun¢ range
between 40 n| and 1 000 nl.[13] In this work a combined standard uncertainty of typically-6 nlfand an
expanded undertainty of typically 12 nl have been determined for volumes in the range from 40 nl to
1 pl. The uncefrtainty is dependent on the volume to be measured as well as environmental concﬂllitions.
In particular, the uncertainty analysis of the GRM method does take random errofrs of the indjividual
balance readduts before and after the addition of the liquid into account. Thexefore, it is posgible to
assign each ipdividual data set an individual measurement error. Thus, it ds*possible to distinguish
results with high performance of the device under test but poor measttement accuracy (e.g. large
weighing errqrs due to vibrations or unsteady evaporation by convegtion in the measurement cell)
from result wjith poor performance of the device under test but hish measurement accuracy. [This is
not possible bly gravimetric methods that consider only the averageimass value, but not the statistical
distribution of individual balance readings.

According to the benchmark experiments presented in Reference [15], the results of the GRM method
have been shgwn to be largely consistent with the ArteldMVS photometric method that was ysed as
reference (Mefthod B.1). Systematic deviations (bias) between the methods were observed in th¢ range
of =26 nl to 6 1l (-10,7 % to 5,4 % relative bias). Over the whole range from 40 nl to 1 000 nl the [results
of the GRM mgthod and the Artel MVS method wereestimated to be consistent with a linearity of RZ = 1.
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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/l in 384-well plate
B.5.3.3 Orange G 0,2 g/1 in 96-well'plate
B.5.3.4 Orange G 2,0 g/1 in96-well plate
B.5.3.5 Orange G 8,0 g/l in 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 | Principle of the method

— Tt

cmethod issuitabte for 96 and 384 mutticiranmet ieadsamd forAEHS witlrindividdal 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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— 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

— Based on

the measured ODs, the CVs are determined.

[he calibration curve, the volumes pipetted and the accuracy are calculated:

— Four stock solutions at different concentrations are prepared.

— Forevery

stock solution, a dilution series for coverage of the volume range irtended is prep4

manual pipetting using a calibrated pipette.

— From eveyy dilution, five replicates are manually pipetted in a micropldte.

— The micrgplate is read out at 492 nm with 620 nm as reference wavelength.

— The meas

ired ODs shall not exceed OD = 2.

— A calibratjion curve is calculated based on the data points measured.

— Store the

— The shelf

Drange G solutions in amber glass bottles.

temperatire.

— Solutions

B.5.1.1 App

that have developed streaks shall'be disposed.
icable volume ranges

Table B.5 — Applicable volume ranges

ired by

life time of Orange G solutions and buffer solutions is generally 2 months at ambient

Orangg G solutions Test volumes Test volumes
congentration in 96-well microplate in 384-well microplate
g/l pl pl
0,2 10 to 100 2to 20
16 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

. purity
solutions
Orangp-6 CreHoNaNa20554 452;36-g/mel —
Disodium hydrogen- purum NapHPO4e2(H70) 177,99 g/mol —
phos-phate dihydrate
Sodiumn hydroxide, 1 M — NaOH 40,0 g/mol caustic
Deionised water — H»0 18,0 g/mol —
Operational Safety Note: Sodium hydroxide is caustic and may‘cause severe corneal damage

if eye [contact occurs. Wear chemical safety goggles and gloves-when operating |with sodium
hydroxide. In case of contact with skin or eyes, immediately4lush eyes with plenty| of water and
get mddical aid.

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

— Add the weighted sample into a 2 000 ml beaker glass and fill it right up under the mark with
dejonized water.

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

— Stir the disodium hydrogen phosphate dehydrate until it has completely dissolved (approximately
30/min).

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

— Chleck the pH'before use for preparation of Orange G solutions. Record measured val{ies.

B.5.2.3 Orange G 8,0 g/1

— 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

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 O
Remove t]

Fill the Ox

fange G until it has completely dissolved.
e magnet and fill up the flask to the score with buffer solution.

ange G into an amber glass bottle for storage.

B.5.2.5 OramgeG1,6g/1

Admeasu
Transfer t

Rinse the
the 500 n

Fill up the
Close the
Flip the 5
Fill the Oy

‘e 100 ml of the 8 g/1 Orange G solution into a 100 ml volumétric flask.
he 100 ml into a 500 ml volumetric flask.

100 ml volumetric flask with buffer solution and add-the rinse to the buffer soluti
I volumetric flask.

flask to the score with buffer solution.
500 ml volumetric flask with the designated stub.
D0 ml volumetric flask several timesfor good mixing.

ange G into an amber glass bottle‘for storage.

B.5.2.6 Oramge GO0,2 g/l

74

Admeasu
Transfer t

Rinse the

‘e 50 ml of the 2 g/1.Orange G solution into a 50 ml volumetric flask.
he 50 ml in 500.m1 volumetric flask.

50 ml volumetric flask with buffer solution and add the rinse the buffer solution i

500 ml volumetricflask.

Fill up the

flask¢o the score with buffer solution.

Close the 5

OA 3l raliin At tha dacs
\VAv I T C

on into

nto the

floclevazith gna
THT vV OTO et ICTra ST vy e e o ST T

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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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
504l Tl + 450 4l 15 ml 2,5 pl
60 ul 1 ml + 440 pl 1,5 ml 3[0 pl
100 pl 1 ml+ 400 pl 1,5 ml 5[0 pl
200 pl 1 ml+300pul 1,5 ml 10,0 ul
400 pl 1ml+ 100 pl 1,5 ml 20,0 pl

— Pi

— A
— Mij

ette volume of Orange G solution (according to the table above),in test tubes usiy
mgdnual pipette.

x the solutions by gently agitating the tubes.

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

— Pipette 5 replicates of 75 ul of each solution in“a row of a 384 microplate usin

m3
— Mg
— Ca
— PIq
— Ca

nual pipette.

t test volumes versus OD values

|culate the regression cunve.

asure the microplate at a wavelength 0f492 nm (Orange G) and 620 nm (Referend

|culate the average of 5 replicates of the same solution. Reject outlier if appropriat

g a calibrated

he test tubes.

b a calibrated

11

oD

2,0 =
1,8~
1,6
14
1,2
1,0
08 -

Calibration regression curve

NOTE

0,6 -
04
02
0,0

R*=0,9997

y =0,0749x + 0,0015

2,5 5,0

10,0

12,5 150

Target volume [pl]

17,5

20,0

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 2ml+ 920 pl 30 ml 2,00yl

NOTE

76

Pipette v@lume of Orange G solution (according to the table above) in test tubes usingea callbrated

manual pipette.

Add the cpmplementary amount of buffer solution (according to the table above) to'the test fubes.

Mix the salutions by gently agitating the tubes.

Pipette 5|replicates of 75 pl of each solution in a row of a 384 micreplate using a calfbrated

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

Calculate [the average of 5 replicates of the same solution. Reject outlier if appropriate.

Plot test iolumes versus OD values.

Calculate fthe regression curve.

oD

2,0

1,8
1,6
1,4
1,2
1,0
0,8
0,6
04
0,2
0,0

Calibration regression curve

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

Target volume [pl]

(|
op
»y
<D

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

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 5(),0 pl
700 pl 1 ml+ 300 pl 2,0 ml 70,0 pl

1000 pl 1ml 2,0 ml 10D,0 pl

— Pi

— A
— Mij

ette volume of Orange G solution (according to the table above) in test tubes usir
manual pipette.

x the solutions by gently agitating the tubes.

d the complementary amount of buffer solution (according tg,the table above) to tl

— Pipette 5 replicates of 200 pl of each solution in a ¥ow of a 96 microplate usin

ma
— Mg
— Ca
— PIq
— Ca

nual pipette.

t test volumes versus OD values.

culate the regression curve.

asure the microplate at a wavelength of 492 nim (Orange G) and 620 nm (Referend

lculate the average of 5 replicates of the same solution. Reject outlier if appropriat

g a calibrated

he test tubes.

b a calibrated

97

oD

2,0

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

Calibration regression curve

y=0,0197x + 0,0128

NOTE

0,4
0,2
0,0

R*=10,9986

10 20 30

50 60 70 80

Target volume [pl]

90

100

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 1ml +950 pl 2,0 ml 5,0 ul
70 I 1 ml +930 pl 2,0 ml 7,0Q
100 ul 1ml+ 100 pl 2,0 ml 10,0 pl

NOTE

78

Pipette vglume of Orange G solution (according to the table above) in test tubes using a callbrated
manual pipette.

Add the cpmplementary amount of buffer solution (according to the table-above) to the test tubes.

Mix the sglutions by gently agitating the tubes.

Pipette 5|replicates of 200 pl of each solution in a row of*@-96 microplate using a caljbrated
manual pjpette.

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

Calculate [the average of 5 replicates of the same solution. Reject outlier if appropriate.

Plot test iolumes versus OD values.

Calculate fthe regression curve.

oD

2,0 -
1,8 -
1,6 -
14 -
1,2 ¥
1o+
0,8 -
0,6 -

Calibration regression curve

vy=0,1674x+0,0129

04T
0,2 -
0,0

¥ R2 = 1,0000

0,0

| |
1,0 20 30 40 50 60 70 80
Target volume [pl]

9,0 10,0

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

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 pl 2,0 ml 1,0 ul
15 ul 1 ml+ 985 ul 2,0 ml 1[5 pul
20 ul 1 ml +980 pul 2,0 ml 2|0 ul
25 ul 1 ml+ 975 ul 2,0 ml 2[5 pl

— Pipette volume of Orange G solution (according to the table above) in test tubes using a calibrated

manual pipette.

— Add the complementary amount of buffer solution (according te the table above) to the test tubes.

— Mik the solutions by gently agitating the tubes.

— P
manual pipette.

—-

ette 5 replicates of 200 ul of each solution in a tew of a 96 microplate using a calibrated

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

— Calculate the average of 5 replicates of the same solution. Reject outlier if appropriat

— P

—_—

ot test volumes versus OD values.

— Calculate the regression curve.

9%

2,0 - . . .
s Calibration regression curve
1,6 ¢
14k
1,2 -
[ L
2 1,0
0,8 |-
0,6 - y = 0,9442x + 0,0265
04 R?=0,9999
0,2
0’0 | | | | | | | |
00 02 04 06 1,0 12 14 16 18 20
Target volume [pl]

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

— 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 adestabtishingadefimed memniscus:

— The micrpplate is measured at 492 nm with 620 nm as reference wavelength (10 flashes per
measurement).

B.5.4.2 384;well microplates

— The targe volume of the appropriate Orange G concentration is pipetted to the wells of a 384-well
clear flat bottom microplate.

— The complementary amount of buffer solution is added to fill the wellto an end volume of 73 pl.
— The plate|is shaken on a microplate shaker for mixing for 15 s@t:2 000 rpm (rotations per mjnute).

— The micr¢plate is centrifuged for 60 s with 164 rcf (relative centrifugal force) for removing air
bubbles ahd a defined meniscus.

— The micrpplate is measured at 492 nm with 620~nm as reference wavelength (10 flashes per
measurement).
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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<¢hannel plates
B.6.1.3|13 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 | Hybrid photo-gravimetric method

B.6.1.1 Method name and summary description

The hybrid photo-gravimetyic method allows multichannel liquid handling instryments to be
characferized by a combination of a gravimetric reference measurement with subsequert photometric
measufements to chardeterize the other channels of the instrument.

B.6.1.1 Methoddescription

B.6.1.2.1 ,Preparation

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

The gravimetfic measurement is performed on a corner channel (e.g. H1 for a 96-channel pipetting
head, P1 on a B84-channel head). This will be the reference channel.

Five measureiments of the reference channel are taken at the nominal volume~When working with tips,
do not touch them by hand to avoid any thermal transfer.

1) Place a mjcro centrifuge tube on the balance and tare the balance.

2) Pre-wet the reference channel three times at the high test*volume and dispense to the micro
centrifug¢ tube that has been used to tare the balance. Lideeds to be closed immediately after
dispense fo avoid evaporation and place it on the balance. This first result is not recorded.

3) With the same tip aspirate the test volume again by.immersing the tip only as much as neg¢essary
(2 mm to B mm).

4) Dispense fo the test tube, touching the tip agdinst the inside wall, close the tube immediately.
5) Record the weight in mg.

6) Repeat st¢ps 3 to 5 four times to get five readings.

7) Repeat steps 2 to 6 for the medium (50 %) and low (10 %) test volume 5 times each.

The values obtained by balancéteadings are in milligrams. These values need to be converted t¢ micro
litres using thie Z correctionactors. They take into account the water density and air buoyancy|during
weighing at the corresponding test temperature.

Convert each weight.ebtained in step 5 to volume in pl by applying the correct Z correction factor as
described in Annex/C. Add together the delivered volumes V; and divide the sum by 5 to provjde the

mean volume [/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
kepp plate covered to prevent evaporation.

2) Aspirate the low test volume of the selected range of test solution from the reservoir|by immersing
the tip 2 to 3 mm below the surface of the solution and dispense to one colutan'of a njicroplate.

3) Repd partial plate with reader to obtain the optical density readings.

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

B.6.1.4.3.2 Calculate the conversion factor to correlate optical dénsity to microlitres as fpllows:

1) Cajculate the mean of the OD according to Formula (B.21);where e.g. n = 8 for a 96-w¢ll plate, n = 16
forr a 384-well plate:

ol = leOD,. (B.21)
n o

o 1sthe mean optical density;

OD; is the optical density per-well.

2) Cajculate the low actual meéan weight of the reference channel of the gravimetric|measurement
ac¢ording to Formula {B.22):

M ¢ =1><ZM,- (B.22)

M ¢ is the low actual mean weight of the reference channel;
e

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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ref

0D

C=

5(E)

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

Dispense all plates to be measured in a row:

1)

(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 e
2)

3)
volume.

4)

5)
6)

Place plat

7)
8) Using the

V.=CxO

B.6.1.3 Flui

B.6.1.3.1

Dye: Tartrazinje, CAS 1934-21-0, Suppliér:)Alfa Aesar GmbH and Co KG, ensure homogenous dilu

appropriate m
Diluent: Distil

The concentra
range of the p

The following]
well plates. S

protected frorrl direct light.

B.6.1.3.2 Re

If working

For volum

Aspirate {
to 3 mmb

Read the ¢ptical density of entire plate.

Subtract 1

In{

vaporation.

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

es < 10 pl: Aspirate 10 pul distilled water and an air gap of 0,5 pl before aspirating {

elow the surface of the solution and dispense to all wells of the plafe:

e on shaker and shake at medium speed for 2 min.

eference readings from high absorbance readings.
conversion factor C, convert the OD readings to volume, following Formula (B.25):

D.

1

] properties

roduction

ixing.
led water, filtered.with 0,5 pm syringe filter.

tion should bé.adjusted so that the measured optical density lies in the optimal 1
ate reader(usually an OD < 2).

two sections are recommended stock solutions for measuring volumes in 96- an
helf/life- of these solutions is 2 weeks when stored in a closed container at 20

he test

he low test volume (10 %) of test solution from the reservoir by immersing the tip 2 mm

(B.25)

[tion by

eading

d 384-
°C and

commended stock solutions for measuring 96-well plates

Table B.12 — Recommended stock solutions for measuring 96-well plates

Volume measurement range [ul]

1,25t0 12,5 12,5to 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
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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 Calibration

To caliprate the subsequent photometric measurement one channel is measured gravimetrically. The

accurafy and precision of this channel is determined and is then used:as a reference for the rest of

the chgnnels. All other channels are measured by photometry and are-then relatively compared to the

refererjce channel.

B.6.1.§ Environmental conditions

Measufements should be performed under conditions of the ISO 8655-6 standard.[32]

— Drpft free environment;

— Ambient temperature 18 °C to 25 °C, constant (z0,5 °C) throughout the measurements;

— Ambient relative humidity > 50 %;

— Liquid handling equipment and cdnsumables must be stored in test environment fpr at least 2 h
prior to measurements to reach temperature equilibrium with ambient.

B.6.1.§ Traceability

Precision balance and measurement equipment for temperature, humidity and atmospheric pressure

must b

e calibrated by afi-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 method

B.7.1 Summary of the method principle

B.7.2 Method details

B.7.21 Test equipment

B.7.2.2 Test reagents

B.7.2.3 Test conditions

B.7.2.4 Test execution

B.7.2.4.1 Photometric determination of the random errer(precision)

B.7.2.4.2 Gravimetric determination of the systematie error (accuracy)

B.7.2.5 Test evaluation

B.7.2.6 Test report

B.7.2.7 Possible error sources

B.7.2.8 Method traceability

B.7.1 Summary of the method principle

The method describes a reliable liquid.handling check procedure for automated multichanne| liquid
handling syst¢ms.[16,34-36] [n a first step the random error (precision) is determined by an abs¢rption
measurement|in microplates usipg.p*nitrophenol (synonym = 4-nitrophenol, abbr. = p-NP). Thi§ dye is
stable at roonll temperature and\soluble in water (11,6 mg/ml at 20 °C), chloroform, methanol,{DMSO,
and ethanol (100 mg/ml at 20°G). It has the absorption maximum at 405 nm at pH > 9,2 which is rpalized
by using 0,1 N[NaOH as standard solvent and diluent. The coefficient of variation (CV in %) is cal¢ulated

from the abs¢rption measurement signals of individual microplate wells. Smaller test volunjes are
transferred inwells pre-filled with 0,1 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
concentrationte

ocgive always a mlcroplate type spec1f1c constant fmal Volume and a constant f1

hal dye
=ange of

the absorption reader. The random error (prec151on) is determlned always at flrst 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 regular intervals and the test conditions have to be considered strictly.

9) Contributed by: Analytik Jena AG, Jena, Germany.
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B.7.2 Method details

B.7.2.1 Test equipment!0)

B.7.2.71 Testreagents

The fin

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.

Calibra 3 i 3 apaci readability 0,1 mg

to (0,01 mg, repeatablllty 0,1 mg to 0,02 mg, lmearlty +0,2 mg) scheduled service
certified calibration is needed.

Calibrated manual pipettes to prepare the test solutions.

High quality clear flat bottom polystyrol 96- and 384-well microplates- suitable f
measurements, e.g. Greiner Bio One # 655 010 and # 781 101, r¥espectively, va
microplates have to be unpacked 1 week before the measurement.

High quality microplate sealing tape, e.g. Nunc # 236 2609.
Migroplate shaker, e.g. BioShake iQ.

Migroplate centrifuge, e.g. SIGMA 6K 15.

p-nitrophenol, MW 139,11 g/mol, spectrophotometric grade.

Sofium hydroxide (NaOH) pellets, MW,40,00 g/mo], p.a., for preparation of 0,1 N N3
anf diluent, density = 1,004 g/cm3(@t 20 °C.

DIfwater (purity type II, conductivity < 1 uS/cm), density = 0,998 g/cm3 at 20 °C.
Optional DMSO dried, purity = 99,9 %, density = 1,10 g/cm3 at 20 °C.

and authorized

br absorbance
cuum packed

OH as solvent

al p-NP concentration in the wells of the microplate should be 120 pM to result in an OD value
of abofit 1, which is within the optimal dynamic range. In Tables B.14 and B.15, the (
optimgl p-NP concentrations for the different test volumes in both, 96- and 384-w
format]s are summarized.

orresponding
bll 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
25,00 175.00 096
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,%0 199,50 48,00
0,25 199,75 96,00
0,20 199,80 120,00
0,10 199,90 240,00

Table BL15 — Optimal p-NP test concentrations for different test volumes in 384-well
microplate format with 50 pl findlF'volume per well

Test volume Prefilled volume Test concentration
0,1 N NaQH p-NP
yl ul/well mM
50{00 0,00 0,12
25(00 25,00 0,24
10400 40,00 0,60
5,00 45,00 1,20
2,00 48,00 3,00
1,p0 49,00 6,00
0,p0 49,50 12,00
0,R5 49,75 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
differept wells of a microplate. The microplates have to be prefilled with the appropriate volume (see
Tables|B.14 and B.15) considering the test volume and the microplate format. The prefilled volume
is alwgys in the uncritical high volume range where the random error is very,small. The absorbance
measufement signal is mainly caused by the test solution and even a potential Systematfic error of the
prefillgd volume transfer would not influence the random error calculatien of the teqt volume in a
signifi¢ant way.

The pipetting methods have to be set-up in the software of the liquid handling device with the following
rules and system parameters:

— Orle set of new tips per volume and pipetting mode;

— Refduce piston speed to default speed/3;

— Refduce vertical speed for moving tips out of the liqurid to default speed/3;
— Prjme tips at least 5 times with the maximum tip volume;

— Imlplement a break of 1 s after every aspiration and dispensing step;

— I:lfnersion depth of the tips in the liquid should be 1 mm to 2 mm;

— Rejverse mode pipetting of the. test volume with at least 5 pl additional aspiration volpme;

— Pipetting back the first teSt,volume in the test solution reservoir followed by pipettling of the test
volume in the microplate;

— Ejécting the residual'volume with maximum blow-out volume back into the source reservoir or
wdste, move the kips out of the liquid and set pistons back to start position (zero);

— Immediatesedling of the microplate;

— Shpkingef the plates for at least 10 min (with careful acceleration and a final speed adapted to the
milcroplate 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 Tesflevaluation

The random efror (precision) is calculated as relative coefficient of variation (CV in %)¢t descripes the

relative standprd deviation between the OD signals of all single wells of a microplate in relation to the

mean OD signpl over this microplate.

The systematic error (accuracy) describes the proximity of the measuremeént results to the| target

values. The rdal volume per well is measured by weighing considering the specific density of the test

liquid and thelnumber of wells. The difference between the measured volume and the target volume is
calculated as gccuracy (in %) in relation to the target volume.

Please refer td Clause 5 of this document for further details on these calculations.

B.7.2.6 Testlreport

The test repoift shall conform to Clause 8 of this documeént, and include the following additional ¢letails:

— test volumes and test solutions (p-NP concentttation dissolved in 0,1 N NaOH or another specified
solvent);

— test methpd with system parameters (e.g. pre-wetting of tips, forward or reverse mode pipetting,
single- or|multi-dispensing, prefilled, volume, additional aspiration volume, piston speed, breaks,
vertical speed, method references, etc.).

B.7.2.7 Posgible error sources

— Bubbles of uneven liquidssurfaces in the wells;

— Splashing|due to h€ayy shaking or inattentive removal of the sealing tape;

— Inhomoggneousdistribution of the test solution in the diluent, e.g. caused by insufficient 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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B.8 Hybrid method: Gravimetry and photometry with Ponceau S

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.8.1.211 Dispense accuracy

B.8.1.211.1 Items needed for the dispense accuracy test
B.8.1.2{1.2 Gravimetric measurement

B.8.1.2{2 Dispense precision

B.8.1.212.1 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.8.1.3l1 Required reagents, materials and equipment
B.8.1.312 Preparing the reagents

B.8.1.33 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 soubces of error

B.8.1 | Combinedgravimetric and photometric test method
B.8.1.1 Methed name and summary

The combined gravimetric and photometric test method provides a simple procedure fo1| the end users
to detdrmyine the pm-Fm-mqnma of multichannel qunid h:mdling instruments at customeripremises. 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

© IS0 2015 - All rights reserved 91


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

IWA 15:2015(E)

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.

Atleast th

Microplate dispensing instrument with the appropriate dispensing head;
Calibrated analytical balance (resolution of 0,1 mg);

Calibrated thermometer (readable to 0,5 °C);

ree 96-woell p]afnc with lids for each tested vn]nmn;

Deionized
— Volume cd

Ensure that th

[t is importan

B.8.1.2.1.2 (

Disposable gloves;

or distilled water according to ISO 3696 grade 3;
nversion factor (Z correction factor) table for water (see Annex C).

e deionized or distilled water does not contain particles > 50 pm.

I to equilibrate the deionized or distilled water to room temperature before perf
this procedure¢.

h

fravimetric measurement

Dispense accuracy is determined using gravimetric measurements.

Method

Test is perfor
volume.

Three plates 3

med for the volumes of interest above 21l and not exceeding the maximum usak

re dispensed for each test volume:.

brming

le well

1. Setthe syptem parameters for the appropriate liquid and volume.

2. Use high-purity distilled wateyand fill the liquid system as instructed by the manufacturer.

3. Tare the gmpty balance, weigh and record the empty test plate with lid in grams.

4. Place the pmpty test plate’ without lid on the instrument.

5. Dispense |on the empty test plate, place the lid on the test plate, tare the empty balance and
immediately weigh the filled plate to avoid evaporation. Time interval between the dispensing and
weighing fhe test plate should not exceed 15 s.

6. Record the gross weight for the test plate in grams.

7. Calculate the mean weight dispensed per well (M] for the test plate as follows:

— M.-M
M=—G " E (B.26)
N

where

M  is the mean dispensed weight per well;
Mg  is the gross weight of the plate with the lid;
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Mg is the weight of the empty plate with the lid;

N

NOTE

control.

is the number of wells in the plate, e.g. N = 96.

IWA 15:2015(E)

This method relies on the assumption that the variation of individual channels and doses are under

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:

V = MxZx1000

(B.27)

where
V
Z

9. Calc

where

%)
10. Reg

is the mean dispensed volume per channel;

Annex C.
hlate the relative systematic error (accuracy) per channel as féllows:

LV =V 009

T

is the relative systematic error (accuracy) per channel;

is the target volume, the volume intended to be delivered.

eat steps 3 to 9 for the second and third test plates.

is the density conversion factor for water at the previously measuretioom temperature, see

(B.28)

11. Compare the result of each plate tothe accuracy specification set by the manufactujrer. Results of

each td

st plate should be within manufacturer’s specification.
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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.

Microplat|
resolutior

At least th
Untreated

Ponceau §
approxim
0,005 %

e photometer set to measure absorbance at 540 nm (measurement range 0.~
0,001 Abs), e.g. Thermo ScientificTM Multiskan™ F(C.12)

ree clear, flat bottom 96-well plates for each tested volume, e.g. Thermo-Scientifid
260836.

2 Abs,

TM 96F

reagent (e.g. BDH product # 341362T) with suitable concentration to read absorbance

ately 1 Abs at 540 nm. For example, 0,25 % (2 pl), 0,05 % (10-ul), 0,025 % (20
(100 pl) stock solutions are needed for different target-volumes. See Table B.

filtered and preferably fresh reagent. Refer to B.8.1.3 for details ofy'the preparation of the P

S stock so
With sma
A 0,02 %
Deionized
Hand-held

Pipette tij

lutions.

lorifice dosingnozzles, ensure that the dispensed liguid does not contain particles >
v/v solution of Tween (e.g. Fluka or equivalentpin deionized distilled water (see: B
or distilled water according to ISO 3696 grade 3.

| pipette, 0,5 ml to 5 ml, e.g. Thermo-SeientificTM FinnpipetteT™ F1.

bs, e.g. Thermo ScientificT™ Finntip™ 5 ml.

B.8.1.2.2.2 PRFhotometric measurement

Method
Test is perforry

Three plates 3

1.
2.

N o v s w

Adjust thg

hed for the volumes above 2 pl and not exceeding the maximum usable well volum
re dispenseddor each volume.

systenipdarameters for the appropriate liquid and volume.

Use apprd

priate Ponceau S solution for the test volume (Table B.16) and fill the liquid sys

1) and
16. Use

pnceau

50 pm.
.8.1.3).

e, and

tem as

instructed by the manufacturer.

Place the test plate on the instrument.

Dispense the Ponceau S stock solution volume into the plate.

Dispense the same volume of Ponceau S stock solution into the two other test plates.

Flush the

liquid system with distilled water until no colour is visible.

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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