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ABSTRACT
Verification and calibration of automated liquid handling instruments are important for applications that
demand high levels of data integrity, such as drug discovery and development, proteomics, genomics, and
molecular diagnostics. The lack of standardization in verification and calibration methods, however, makes
it difficult to evaluate the volumetric performance of instruments over time and to compare results between
laboratories.
Artel has developed a dual-dye ratiometric photometry system for verification of multichannel liquid
delivery devices. Available as the MVS® Multichannel Verification System,1,2 it determines both the accuracy
and precision of each individual channel of a multichannel liquid delivery device and delivers traceable
volume measurements in the range from 10 nL to 350 µL.3
This report presents the technical and scientific application of dual-dye ratiometric photometry in microtiter
plates, upon which the MVS is based. This report also documents the MVS components and describes its
operating procedure. Examples of selected applications and comparisons to other calibration methods are
also provided.

© 2019 Artel, Inc. All rights reserved. Printed in USA. Dual-Dye Ratiometric Photometry™ is a trademark of Artel, Inc. PCS®
and MVS® are registered trademarks of Artel, Inc.
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Verification of Multichannel Liquid Delivery Devices

Laboratory Automation and Volumetric Performance
The emergence of laboratory automation has revolutionized the biotechnology and pharmaceutical
industries. Automated liquid handling systems are highly effective at increasing throughput and decreasing
labor expenditure in a number of applications such as drug discovery and development, proteomics,
genomics, and molecular diagnostics. Because these applications demand a high level of data integrity,
they rely on the intrinsic accuracy and precision of automated systems. In order to maintain confidence
in the data generated from automated liquid handling systems, it is important that these systems be
calibrated and their volumetric performance be verified frequently.
There are a number of parameters that must be considered for calibrating and verifying the performance
of automated liquid handling systems in the laboratory environment.⁴ For multichannel devices, validation
must be performed for each individual channel to assure accuracy and precision across the entire system.
The validation method must be able to measure the small volumes that are typically dispensed by
automated liquid handling systems. It is important that measurement results produced by the validation
method be traceable to the International System of Units (SI) in order to achieve consistent volumetric
performance for all instruments and to allow inter-laboratory comparability. Further, it is important that the
validation method be robust, rapid, and easy to use in the laboratory environment by in-house personnel so
that the volumetric performance of automated liquid handling systems can be verified frequently without
causing unnecessary delay in use of the instruments for their intended applications. Finally, the acquisition
and storage of validation data needs to meet certain security standards to comply with various regulatory
requirements.
This report describes dual-dye ratiometric photometry in microtiter plates and its application in the
Artel MVS® Multichannel Verification System to calibrate multichannel liquid delivery equipment. The
MVS measures volumes as low as 10 nL and generates measurement results that are traceable to the
International System of Units (SI) through the national standards of NIST (National Institute of Standards
and Technology, Bethesda, Maryland, USA).3 The MVS software also allows laboratories to comply with 21
CFR Part 11, which includes security features, an audit trail, electronic records, and electronic signatures.5

Dual-Dye Ratiometric Photometry
The MVS is an extension of the proprietary dual-dye ratiometric photometry method that has been used
in the Artel PCS® Pipette Calibration System for a number of years. Dual-dye photometry is a recognized
method for micropipette calibrations as described in ISO 8655-7, and for automated liquid handlers as
described in the ISO IWA 15 agreement.6 The dual-dye ratiometric photometry method employs two
colorimetric dyes with distinct absorbance maxima at 520 nm (red dye) and 730 nm (blue dye). By
measuring the absorbance of these dyes under defined conditions and applying the Beer-Lambert law, the
MVS determines both the accuracy and precision of each channel in a multichannel liquid delivery device.
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Beer-Lambert Law
The concentration of a chromophore, or dye, in solution can be determined photometrically using the
Beer-Lambert law. Simply stated, the law claims that when light is passed through a solution containing
some concentration of chromophore, there is a linear relationship between the concentration of the
chromophore and the amount of energy it absorbs. In mathematical terms, the law is written as:

where Aλ is the absorbance of the chromophore at a specific wavelength λ, ελ is the molar extinction
coefficient of the chromophore at wavelength λ, l is the path length of light passed through the solution,
and C is the molar concentration of the chromophore in solution. This proportionality is most commonly
used to determine an unknown concentration of a chromophore in solution, where the molar extinction
coefficient at the measurement wavelength is known and the path length of light through the solution is
known or fixed.7,8
Alternatively, the Beer-Lambert law can be used to determine an unknown path length traversed by a
photometric light beam if both the molar extinction coefficient and concentration of the chromophore are
known, which is the process employed with the MVS. With the dual-dye ratiometric photometry method,
the concentration of each of the dyes is carefully controlled. Since the molar extinction coefficient for a
given chromophore or dye is a physical constant, the absorbance per unit path length (a) for each dye in
the MVS solutions can be determined. For example, the absorbance per unit path length of the blue dye
at a specific concentration is calculated by the following equation:

Where A730 is the absorbance of the blue dye at a wavelength of 730 nm, ε730 is the molar extinction
coefficient of the blue dye at that wavelength, l is the path length of light passed through the solution,
and C is the molar concentration of blue dye. The final result, ab, is the absorbance per unit path length
of the blue dye. Similar calculations are performed to determine the absorbance per unit path length
of the red dye (ar).

In the MVS, the concentration of the red dye is varied while the concentration of the blue dye is kept
constant. Since the absorbance per unit path length can be determined for the red and the blue dye 		
for each MVS solution, the sample volumes can be calculated as a function of the path length of light
passed through the sample.
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MVS Components
The MVS has been designed to provide accurate and precise photometric measurements and to achieve
measurement traceability to the International System of Units through national standards. The components
of the MVS include the following (shown in Figure 1):
1. Custom manufactured microtiter verification plates that are dimensionally characterized and barcoded
with the lot number and a unique identifier. Characterized microtiter verification plates are available in
ANSI/SBS 96-well and 384-well formats.
2. MVS sample solutions, stock solutions, diluent, and baseline solution, all of which contain known
concentrations of dyes and are characterized with absorbance measurements traceable to the SI.
3. A specialized calibrator plate consisting of sealed precision quartz cuvettes containing the same dyes
used in the sample solutions and diluent. Traceable absorbance data for each cuvette is recorded within
a barcode. Neutral density glass within each calibrator plate provides an internal control to ensure that
each cuvette is performing properly.
4. A microtiter plate shaker that provides optimal mixing of sample solutions and diluent in the microtiter
plate wells.
5. A customized microtiter plate reader that delivers reliable absorbance
measurements at 520 nm and 730 nm.
6. A laptop computer with the MVS software.
7. A compatible barcode reader to ensure traceability and eliminate
user error.
8. A mobile workstation, which accommodates all MVS components and
allows the MVS to be moved from lab to lab, enabling its use in close
proximity to the automated liquid handling devices.

8
3

6

7

1

2
4
Figure 1. MVS Components
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Verification Plates
Verification plates are manufactured in lots, under conditions that minimize well-to-well and plate-to-plate
variations. A sample of each lot is collected and all wells in the sample are characterized by a combination
of dimensional, gravimetric, and photometric methods. Data are processed to develop corrections that
compensate for well-to-well deviations and deviations from ideal well geometry as well as meniscus
behavior. The plate and lot specific information is embedded in a barcode, which is used in the volume
calculations for each well.
These dimensionally characterized verification plates are available in both 96-well and 384-well formats,
and conform to ANSI/SBS dimensional requirements for footprint, height, flange and well spacing
dimensions. These plates provide the best traceability and measurement uncertainty in the range from
10 nL to 350 µL.

Solutions
MVS solutions are designed to work together. The absorbance per unit path length of the red and blue
dyes is determined for each MVS solution on a manufacturing lot basis and this information is embedded
in barcodes on each bottle. This further reduces any source of variability in measurement and allows
solutions from different manufacturing lots to be used interchangeably.

Sample Solutions
MVS sample solutions contain two dyes with distinct absorbance maxima at 520 nm (red dye) and
730 nm (blue dye). Six sample solutions containing different concentrations of the red dye are used
for testing the performance of instruments over different volume ranges, which are summarized in
Table 1 for standard profile 96-well and 384-well verification plates. The concentration of red dye in
each of these solutions has been optimized to ensure that the absorbance readings at 520 nm are
within the linear range of the detector. The concentration of the blue dye is constant in all sample
solutions across all volume ranges (Figure 2).

Range HV

Range A

Range B

Range C

Range D

Range E

(Aqueous
and DMSO)

(Aqueous
and DMSO)

(Aqueous
and DMSO)

96-well
std. profile

200.1 to
350.0 μL

50.00 to
200.0 μL

10.00 to
49.99 μL

2.000 to
9.999 μL

1.000 to
1.999 μL

0.1000 to
0.9999 μL

384-well
std. profile

n/a

10.00 to
55.00 μL

2.500 to
9.999 μL

0.500 to
2.4999 μL

0.3000 to
0.4999 μL

0.0100 to
0.2999 μL

Table 1. Traceable volume ranges that can be measured with each sample solution, which is dependent
on type of microtiter plate used.
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Figure 2. The MVS sample solutions contain two dyes with distinct 					
absorbance maxima at 520 nm (red dye) and 730 nm (blue dye). The
absorbance per unit path length of the red dye (ar) varies according
to the concentration of red dye, while the absorbance per unit path 					
length of the blue dye remains constant for all solutions. Note: each 					
line in the schematic represents a different MVS sample solution.

Liquid handling devices are often used to transfer non-aqueous sample solutions (such as
DMSO or methanol), which require different liquid handling parameters to be applied. Mixing the
concentrated red dye of an MVS stock solution with the appropriate solvent, results in a nonaqueous alternative sample solution. Preparing and using an alternative sample solution provides
a way for the user to verify the performance of a liquid handling device using reagents with similar
properties as those employed in their assays. Artel provides software that offers step-by-step
guidance on the preparation and use of alternative solutions for testing target volumes of nonaqueous samples with the MVS.

Diluent
The MVS diluent is a buffered solution that contains blue dye, the concentration of which is the
same as that present in the sample solutions. This makes it possible to calculate the total volume
independent of the ratio of sample solution to diluent simply by measuring the absorbance of
the blue dye. Since the concentration of the blue dye is the same in both the sample solution and
diluent, the amount of diluent added is not critical. To allow accurate absorbance measurements,
the diluent is used to bring the total working volume per well to 200 μL in a 96-well verification
plate and to 55 μL per well in a 384-well standard profile verification plate. Volume verifications
between 200.1 μL and 350 μL use only one premixed dye solution (Range HV), and no diluent is
required in this volume range.

Baseline Solution
MVS baseline solution contains no dye and is used for establishing a baseline measurement for
the microtiter plate. This eliminates the contribution of light scatter from the plate and aqueous
solutions to the measured absorbance.

Plate Reader
The MVS Plate Reader is designed for accurate and precise absorbance measurements at 520 nm and
730 nm, with known uncertainty of measurement. Coupled with the MVS Calibrator Plate (see below),
the MVS Plate Reader produces traceable absorbance readings over the working absorbance range of
the sample solutions. Each reader is tested using a detailed release test procedure in the controlled
environment of the Artel Lab and must earn the “MVS Plate Reader” designation before it can become
part of an MVS.
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Calibrator Plate
The calibrator plate provides a stable artifact which is used to determine local drift in the daily plate reader
performance. This reader drift is removed from the MVS calculations by adjusting the output absorbance to
the barcoded reference values determined by the factory reference spectrophotometer. This allows all plate
readers in the field to generate comparable MVS results within the system performance specifications, as
they are all held in reference to the Artel factory reference spectrophotometer. This means that MVS systems
with either reader type, at any location in the world will produce standardized, traceable results.
Sealed cuvettes containing MVS dye solutions are used in the calibrator plate instead of neutral density glass
or wavelength specific interference filters. Using solutions containing the very dyes used for MVS testing
allows for more accurate wavelength specific corrections of the plate reader. Using solution-filled cuvettes
also accommodates for daily temperature differences assuming that the calibrator plate and the sample
solutions are at the same temperature.
The integrity of each cuvette in the calibrator plate is ensured by comparison against a neutral density
(ND) glass standard held within the plate. Long term integrity is also maintained by periodic recertification,
which includes cleaning of all components, exchanging solutions, as well as acquiring new absorbance
measurement values specific to each cuvette, and generating a new barcode for the plate.

Plate Shaker
The MVS plate shaker provides optimal mixing of solutions to ensure homogeneous mixing of the red and
blue dyes and flattening of the meniscus in the microtiter wells of the verification plate. Specific speed,
duration and shaking cycles have been determined for each plate type supported.

Mobile Workstation
The mobile workstation accommodates all of the MVS components and can be moved directly into the
laboratories where the automated liquid handling devices are located. This allows the MVS to be used in
close proximity to those devices and enables one MVS to service multiple laboratories.

System Software and Barcode Reader
The MVS software integrates the absorbance readings at 520 nm and 730 nm from the plate reader with
the barcoded information from the verification plate, calibrator plate, and MVS sample solutions to create
a comprehensive report of the volumetric performance of each channel of a multichannel liquid handling
device. All data are immediately stored in a secure database for readily available viewing and analysis. The
MVS software contains a full set of Microsoft Windows® security features (individual logins, passwords,
electronic signatures, secure databases, and an audit trail), facilitating the laboratory’s compliance with 21
CFR Part 11 requirements. The secure databases may reside locally on the MVS laptop’s hard drive, or they
may be stored on a mapped network drive for automatic backups.
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Example of MVS Volume Calculation
The following example in this report describes the calculation of volumes in wells of 96-well plates.
Different calculations are performed for 384-well plates,⁹ alternative solutions,10 and serial dilution11
applications, which are described in the respective references.
Volume calculations are performed in three steps:
1. Calculation of the liquid depth (based on the Beer-Lambert law) in each well of a microplate,
2. Calculation of the total volume of liquid in each well, and
3. Calculation of the sample volume in each well.
As the concentration of the blue dye is the same in all sample solutions and in the diluent, it is possible to
determine the liquid depth (l) in each well (which is equivalent to the path length of light passed through the
sample) simply by measuring the absorbance of the blue dye at 730 nm (A730) and using the absorbance per
unit path length of the blue dye at 730 nm (ab), determined by Artel, as shown in Equation 1:
Equation 1. Liquid Depth Calculation

Wells of a standard profile 96-well plate have the geometrical shape of a truncated cone, as illustrated in
Figure 3. Once the liquid depth is known, the geometrical equation for the volume of a truncated cone can be
used to determine the total volume of liquid in the well. The calculation of the total volume (VT) is based on
the liquid depth (l), taper angle (θ) and diameter (D) of the microtiter plate wells, as shown in Equation 2.
Figure 3. The microtiter plate well
bottom diameter (D), the taper
angle (θ), and the path length of
light passed through a sample (l)
are critical to volume calculations.

Equation 2. Total Volume Calculation
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The calculation of the sample volume (Vs) is based on the total volume (VT), the measured absorbance of the
blue dye at 730 nm (A730), the measured absorbance of the red dye at 520 nm (A520), the absorbance per unit
path length of the blue dye at 730 nm (ab), and the absorbance per unit path length of the red dye at 520 nm
(ar), as shown in Equation 3 (see also Figure 4).
The calculated sample volume is then adjusted based on the deviation from ideal performance 		
(described in the verification plates section above) within the plate lot for a specific volume range.

Equation 3. Sample Volume Calculation

Figure 4. The calculation of the
sample volume (VS ) is based on
the total volume (VT ), the ratio of
measured absorbance, and the ratio
of the absorbances per unit path
length of the red and blue dyes.
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Operating Procedure
The operating procedure for the MVS enables the user to verify the performance of each channel of
a multichannel liquid delivery device quickly and conveniently, via the following steps:

1. Read the MVS Calibrator Plate
The calibration step typically is performed only once daily to determine the reader drift and requires only a
few minutes. Recalibration of the MVS during one day’s use is only necessary if the operating conditions of
the MVS have changed (i.e., different location or a significant change in temperature).

2. Take a baseline measurement
After reading the calibrator plate, a baseline (“zero”) measurement is made using the MVS baseline
solution, which contains no dye. Each time the MVS is calibrated with the Calibrator Plate, a new baseline
measurement is required.

3. Dispense MVS sample solution using the multichannel device under test
The multichannel liquid handling device under test is used to dispense the MVS sample solution containing
the red and blue dyes into the microtiter plate wells. For volume verifications in 96-well standard profile
plates, diluent is added for a total working volume of 200 µL, and in 384-well standard profile plates for a
total working volume of 55 µL. These working volumes will ensure an optimal optical path length for the
absorbance measurements.

4. Shake the verification plate
After the appropriate amounts of sample solution and diluent have been dispensed, the verification plate is
placed on a plate shaker to mix both dye solutions and to flatten the meniscus inside the wells.

5. Begin photometric measurements
The MVS plate reader measures the absorbance of the dyes at 520 nm and 730 nm for each of the 96 or
384 wells in the verification plate. The sample volume is calculated from the measured absorbances of
the red and blue dyes and the barcoded information from each system component used in the particular
verification.

6. Generate report
A comprehensive report of the calculated verification data is displayed on screen and stored in a secured
database. Individual channels that fail to meet established tolerances are indicated in color as shown in
Figure 5 (this example shows 12 dispenses of an 8-channel device into a 96-well plate).
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ARTEL MVS TEST REPORT

Data Manager

3.3.0.8

Traceable Results*
Date: 06 Sep 2018
Time: 4:50:45 PM GMT-5
Operator: Administrator (admin)
Liquid Handler Device ID: 8-Channel Device
Liquid Handler Device Description: Sample 8-Channel Dispensing Tool
Layout ID: 10uL 8-Channel into 96 Wells
Layout Description: Dispense 10uL by column into 96-well plate
Channels: 8
Plate Description: 96-well MVS Verification Plate
Dispense Direction: Left to Right
Device Orientation: Vertical

Group 1 Statistics
Target volume (µL)

10

Target solution

Range B

Number of data points per channel

12

Mean volume for all channels (µL)

12.4829

Relative inaccuracy for all channels

24.83%

Standard deviation for all channels (µL)

0.2991

Coefficient of variation (CV) for all channels

2.40%

Relative inaccuracy pass/fail limit

3%

Coefficient of variation pass/fail limit

3%

Status based on channel results

Failed

Status based on run statistics

Failed

Group 1 Well Volumes (µL)
1

2

3

4

5

6

7

8

9

10

11

12

A 12.330 12.696 12.266 12.566 13.095 12.538 13.151 12.091 12.500 12.614 12.585 12.179
B 12.985 12.157 12.199 12.411 12.756 11.997 12.931 12.445 12.236 12.181 12.568 12.369
C 12.905 12.871 12.802 12.227 12.745 12.293 12.594 12.595 12.574 12.624 13.005 12.274
D 12.270 12.031 11.971 12.302 12.947 12.039 12.312 12.228 12.276 12.565 12.603 12.749
E 12.255 12.090 12.185 12.847 12.374 12.350 12.816 12.147 12.377 12.517 12.045 12.288
F 12.092 12.094 12.572 13.003 12.094 12.373 12.720 12.282 12.481 12.913 12.546 12.647
G 12.995 12.732 12.141 12.650 13.014 12.333 12.481 12.314 12.475 12.774 12.824 12.523
H 12.565 12.943 12.062 12.384 12.659 12.768 12.133 12.121 12.195 12.728 12.200 12.591

Figure 5. Sample Calibration Report
for an 8-channel device dispensing
10 µL into all wells of a 96-well plate.
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Accuracy and Precisioni
The MVS measures the sample volume dispensed by every channel of a multichannel liquid handling
instrument. Thus, MVS measurement results can be used to evaluate the accuracy and precision of the
instrument under test.
For liquid handling devices, accuracy refers to the concept of how near a dispensed volume is to the desired
target volume, which is usually set or displayed digitally. Precision refers to how near the volumes of a set of
dispensed aliquots are to one another, regardless of how close this set of volumes is in relation to the target
volume.
It is possible for an instrument to be precise but not accurate, due to the instrument’s systematic error
(Figure 6). In other words, an instrument may consistently deliver volumes within a narrow range, but
the dispensed volumes may be systematically above or below the desired target volume. Conversely, it
is also possible for an instrument to have little systematic error, but not be precise. This is the case when
an instrument dispenses volumes that are widespread both above and below the target volume, but the
average of these volumes is close to the target volume.
The MVS verification report includes two types of descriptive statistics related to accuracy and precision,
expressed as relative inaccuracy and coefficient of variation, respectively.
The coefficient of variation (CV) is the standard deviation of the volume dispensed divided by the mean
volume, and is expressed as a percentage (CV = 100% x standard deviation / mean volume). The CV is a
measure of the imprecision (lack of precision) in a series of replicate dispenses, and this statistic can be
used as an estimate of the random error of the liquid handling device.
The relative inaccuracy (RI) is calculated as the percent difference between the mean volume and the target
volume, divided by the target volume (RI = 100% x (mean volume – target volume) / target volume). This
statistic is often used as an estimate of the systematic error of the liquid handling device. It can also be
correctly called the “inaccuracy of the mean volume.”
i

Concepts and terms related to measurement error such as accuracy, precision, systematic error and random
error are carefully defined in the third edition of the VIM.12 There is some inconsistency in use of these terms
within the liquid handling industry, and this paper attempts to bridge the gap by using terms that are familiar
to the industry, while also being reasonably consistent with the VIM.
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Accurate and precise at target volume = 100 µL
100.1 µL

100.3 µL

99.8 µL

99.6 µL

100.2 µL

100 µL

Precise, but not accurate due to systematic error
62.4 µL

62.3 µL

61.8 µL

61.7 µL

62.4 µL

108.7 µL

80.1 µL

100 µL

Accurate mean volume, but not precise
100.1 µL

90.3 µL

120.8 µL

100 µL

Figure 6. Accuracy and precision are important performance features of multichannel
liquid handling devices.
The data presented in the following examples illustrates the accuracy and precision of several liquid
handling instruments over a range of target volumes. The expected accuracy and precision of each
instrument should be based on the specifications of each instrument.
As an example: An 8-channel liquid handling device shows very good precision but poor accuracy
(Figure 7). The data collected at each volume corresponds to 36 dispenses (288 microplate wells filled
with MVS sample solution). At each target volume tested, the dispensed volume is consistently low.

Figure 7. An 8-channel liquid handling device shows very good precision but poor accuracy due to
systematic error; dispensed volumes are consistently lower than target volumes.

Verification of Multichannel Liquid Delivery Devices
14

The performance of an 8-channel liquid handling device that is both precise and accurate over the range of
volumes tested is illustrated in Figure 8. In this experiment, the data for each target volume correspond to a
96-well microtiter plate filled with MVS sample solution (i.e., 12 replicates of an 8-channel dispense). At every
target volume tested, the mean dispensed volumes are accurate. Although precision is reasonably good
across the range of volumes tested, the instrument is more precise at volumes of 50 µL and above.

Figure 8. This 8-channel liquid handling device shows both good precision and accuracy
over the range of target volumes tested.
Figure 9 illustrates the performance of a 96-channel automated liquid handling instrument across a range of
target volumes. For each volume tested, three replicate 96-well microtiter plates were employed to obtain
three data points per channel. Although the manufacturer rated this instrument for volumes from 25 µL
to 200 µL, the MVS test results indicate that the accuracy of the instrument performance falters at lower
volumes. The instrument shows good precision over the manufacturer’s recommended range of 25 µL to
200 µL. Large systematic error is observed when target volumes are set below 50 µL.

Figure 9. A 96-channel automated liquid handling instrument shows good precision over the manufacturer’s
recommended range of 25 µL to 200 µL, but is systematically low at target volumes below 50 µL.
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Comparison with Other Verification Methods
Since prior to the development of the MVS, alternative performance measurement methods based on
fluorometry, single-dye photometry, or gravimetry have been often employed. Each of these methods has
inherent limitations that have constrained their usefulness for verification and calibration of multichannel
automated liquid handling devices.

Fluorometry
Fluorometric methods for evaluating the volumetric performance of liquid handling devices are based
on the assumption that there is a linear relationship between the fluorescence measured at a specific
wavelength and the concentration of the fluorophore in solution. This linear relationship exists only for
certain fluorescent dyes under specific conditions, as fluorophores are subject to quenching and photobleaching, and no national standards for fluorescent dyes currently exist. Because of these limitations
and the limited stability of most fluorescent dyes, fluorometric methods require a standard curve to be
generated for every solution used for volumetric calibrations, at each time this solution is being used. The
labor-intensive nature of fluorometric methods together with the lack of stable fluorescence standards limits
the utility of these methods in verifying and calibrating multichannel liquid handling devices. Additional
measurement errors may be introduced by non-compensated performance fluctuations of the fluorescence
reader, and inaccurate and/or imprecise additions of diluent volumes to the fluorescent samples. Finally,
there may be considerable variability induced through the manually established standard curves, depending
on the pipetting technique of the individual technician.

Single-Dye Photometry
Single dye photometric methods involve measuring the absorbance of one dye at a specific wavelength
and calculating the volume based on a calibration curve that converts absorbance to volume. When
measuring small volumes, a clear diluent must be added to the single dye sample in order to fill the well.
Since volumetric measurements are based on the absorbance of only one dye, variability in delivery of
the clear diluent will create errors in volume calculations.
Other sources of error are also present. Many “in-house” single dye photometry methods use dye solutions
that are not fully characterized and traceable. Non-compensated drift of the absorbance plate reader
and potential inconsistencies in the manual generation of standard curves (as outlined in the fluorometry
discussion) may contribute to measurement errors. Reproducible, standardized measurements are thus
difficult to obtain with single dye photometric methods.

Gravimetry
Gravimetry is a common approach for evaluating the performance of liquid handling devices, and typically
involves measuring a volume of solution (usually water) into a container whose weight is measured before
and after dispensing the solution. Working conditions (e.g. temperature, pressure, humidity, etc.) must
be carefully controlled and monitored to obtain accurate results with gravimetric methods; control of
the working conditions is particularly important when measuring small volumes in order to reduce the
uncertainty introduced by electrostatic effects and evaporation.
For multichannel devices, gravimetry is problematic since it involves either a very cumbersome and timeconsuming process, whereby the volumes measured by each channel of a multichannel device are weighed
separately, or a simplified process in which volumes measured by all channels are dispensed into a single
container to obtain an average weight. Because gravimetric methods for evaluation of individual channels
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so much technician time, they are impractical for the frequent verification and calibration needed to
assure optimal performance of multichannel devices. On the other hand, simplified gravimetric methods
that measure the cumulative weight of liquid dispensed from all tips often do not detect the performance
problems of individual channels because the volumes are pooled and averaged.
Artel has used gravimetry, performed under the well-defined and highly controlled conditions of the
Artel Laboratory,13 as a comparator for verifying the volumes measured by the MVS. Figure 10 shows the
correlation between volumetric measurements verified with the MVS and those verified with a gravimetric
balance for an 8-channel liquid handling device. In this experiment, the data collected at each volume
corresponds to a single 96-well microtiter plate filled with MVS sample solution (12 repetitive dispenses of
the 8-channel device).

Figure 10. Volumes verified by gravimetry and by the MVS are highly correlated.

The results demonstrate that the volumes verified by the MVS are highly correlated with volumes verified by
gravimetric methods. It is important to note that since the MVS is designed to test individual channels, the
data from this experiment consists of 12 replicate measurements for each of the 8 channels for every target
volume tested. By contrast, the entire microtiter plate was weighed in the gravimetric method and thus the
results of gravimetry reflect the average volume dispensed by all channels.

A similar comparison was performed for a 96-channel automated liquid handling device tested with the
MVS and gravimetry. Figure 11 shows the percent difference between volumes verified by the MVS and
gravimetric determinations. In this experiment, three 96-well microtiter plates were dispensed to yield a total
of three replicate measurements for each of the 96-channels for every target volume tested with the MVS.
Again, since the entire microtiter plate was weighed, gravimetric measurements reflect the average volume
dispensed by the 96 channels. Results indicate a high degree of correlation between the MVS and the
carefully controlled gravimetric methods.
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Figure 11. The MVS demonstrates a high degree of accuracy as compared to gravimetry.

Conclusions
The Artel MVS is designed to verify both the accuracy and precision of any multichannel liquid delivery
device. The integrated components provide the user with the ability to test the performance of a liquid
delivery device in a matter of minutes; allowing for periodic full device calibration, more frequent interim
verifications, or routine protocol improvement or optimization. The ability to report both the accuracy
and precision of liquid delivery processes provides the user with a full assessment of liquid delivery device
performance, thus ensuring the integrity of data produced by that device. Because MVS measurement
results are traceable to the SI, inter-laboratory comparisons can be made, further ensuring data integrity
within a multi-laboratory environment. The MVS software includes security features which facilitate
compliance with 21 CFR Part 11 requirements. The MVS represents a truly standardized platform for direct
performance comparisons between liquid delivery devices across multiple laboratories, greatly facilitating
method transfers and allowing improved quality assurance protocols.

Verification of Multichannel Liquid Delivery Devices
18

References
1.

J.T. Bradshaw, T. Knaide, A. Rogers, R. Curtis, JALA, 2005, 10 (1), 35-42. “Multichannel Verification
System (MVS): A Dual-Dye Ratiometric Photometry System for Performance Verification of Multichannel
Liquid Delivery Devices.”

2. Curtis, R.H. U.S. Patents 6741365; 7061608 and 7187455
3. “MVS Specifications”, Artel Document 17A4895.
4. Albert, K.J.; Bradshaw. J.T. “Importance of Integrating a Volume Verification Method for Liquid Handlers:
Applications in Learning Performance Behavior.” J. Assoc. Lab. Autom. 2007, 12, 3, 172- 180.
5. US Code of Federal Regulations, Title 21, Part 11.
6. ISO 8655-7:2005, “Piston-operated volumetric apparatus -- Part 7: Non-gravimetric methods for
the assessment of equipment performance”; and ISO IWA 15:2015, “Specification and method for
the determination of performance of automated liquid handling systems”; International Organization for
Standardization (ISO), Geneva, Switzerland.
7. Ingle, J.D. Jr.; Crouch, S.R. Spectrochemical Analysis; Prentice Hall: New Jersey, 1988.
8. Skoog, D.A.; Holler, F.J. Nieman, T.A.; Principles of Instrumental Analysis, 5th edition; Brooks/Cole
Thomson Learning: USA, 1998.
9. Knaide, T.K.; Bradshaw, J.T.; Rogers, A.; McNally, C.; Curtis, R.H.; Spaulding, B.W. “Rapid Volume
Verification in High-Density Microtiter Plates Using Dual-Dye Photometry;” J. Assoc. Lab. Autom. 2006,
11, 5, 319-322.
10. Albert, K.J.; Bradshaw, J.T.; Knaide, T.K.; Rogers, A. “Verifying Liquid-Handler Performance for Complex or
Nonaqueous Reagents: A New Approach;” J. Assoc. Lab. Autom. 2006, 11, 4, 172-180.
11. Bradshaw, J.T.; Curtis, R.H.; Knaide, T.K.; Spaulding, B.W. “Determining Dilution Accuracy in Microtiter
Plate Assays Using a Quantitative Dual-Wavelength Absorbance Method;” J. Assoc. Lab. Autom. 2007, 12,
5, 260-266.
12. JCGM 200:2012, International Vocabulary of Metrology - Basic and General Concepts and Associated
Terms (VIM), 3rd edition, 2008 version with minor corrections.
13. Accredited for compliance with ISO 17025:2005 by the American Association for Laboratory
Accreditation (A2LA). Certificate numbers 2093.01 for chemical testing and 2093.03 for calibration.
www.a2la.org.

Acknowledgements
A. Bjoern Carle, PhD

Artel designs, develops, manufactures, distributes and supports analytical systems including instruments,
consumables and software for quality assurance applications in laboratory liquid handling. The Company
also provides related training and on-site services.

19A4980E

George Rodrigues, PhD

19

25 Bradley Drive, Westbrook, Maine 04092
888-406-3463 | info@artel.co | © 2019 Artel, Inc.

