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Abstract
Poor liquid handling performance can lead to poor assay 
results. When the volume verification methodology used to 
assess liquid handler performance is not properly executed, 
errors will enter into the process and the results could lead 
to incorrect conclusions regarding instrument performance. 
This presentation discusses proper techniques and best 
practices for assessing aqueous liquid transfer accuracy 
and precision for low-volume liquid handlers. These 
practices were established using both acoustic droplet 
ejection (Echo® 555 liquid handler, Labcyte Inc.) and a 
feedback-controlled, tip-based dispenser (Deerac™ GX 
reagent dispenser, Labcyte Inc.). Volumetric accuracy and 
precision were measured using a standardized volume 
verification platform based on a dual-dye absorbance 
technology (MVS®, Artel) and compared to fluorescence-
based tests. For absorbance testing, manufactured 
aqueous-based dye solutions were employed for all target 
volumes and diluents. For fluorescence testing, sodium 
fluorescein (150 mM) in water was used for target volumes 
and sodium hydroxide (10 mM) was used as diluent. In both 
cases, the dye solution was transferred into a 384-well test 
plate with the Echo (30 – 200 nL) or the Deerac GX system 
(200 – 800 nL) followed by the addition of buffer. Using the 
MVS, the measured accuracy and precision for both the 
Echo and Deerac GX Series were below 5% inaccuracy 
and 5% CV for the volume transfers indicated. Some of the 
best practices developed and discussed herein include 
source plate preparation, assay plate preparation and 
assay plate reagent mixing. By following these 
recommended practices, optimal conditions for measuring 
liquid handler performance can be achieved. 
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Experimental
The MVS Sample Solution or the fluorescence test solution was 
transferred to a 384-well source plate (see Figure 1) with a hand-
held electronic pipette before centrifugation in a Beckman Coulter 
Allegra 25R plate centrifuge. After the source plates were 
centrifuged, they were placed in, or on, the liquid handler for 
volume transfer performance measurement. In the case with 
MVS, after target was transferred from the source plate to the 
empty (dry) 384-well Corning 3711 destination (test) plate, 55 L
diluent was added, the plate was centrifuged and then shaken on 
the shaker before readout (Figure 2).

Introduction

If a volume verification process is scientifically-based and 
the methods are properly executed, then the verification 
method can be used to increase confidence in liquid 
handler performance (reference 1). This presentation 
shows liquid handler performance for two different liquid 
handlers (Echo and Deerac GX) when two different 
volume verification methods are properly implemented and 
executed (MVS and a fluorescence method). For 
background information on the absorbance-based MVS 
system, see reference 2 and for the fluorescence method 
protocols, see reference 3. Additionally, using the Echo 
and MVS, purposely flawed methodologies were used to 
emphasize how the liquid handler’s performance might be 
perceived, or interpreted, if the tasks are not properly 
executed. Understanding liquid handler performance 
comes when both the liquid handler task and the volume 
verification method are executed properly. If care is not 
taken when performing the liquid handler dispense 
protocol, or the volume verification method is not properly 
implemented, true liquid handler performance may not be 
measured. 

Figure 1. Schematic highlighting the simple process of preparing a 384-well 
source plate with Artel aqueous test solution. For Echo testing, ~ 10 L of 
test solution per well was pipetted into a 384-well polypropylene source 
plate (Labcyte P-05525) before centrifuging for 3 min at 3000 rpm. For 
Deerac GX testing, 50 L of test solution was pipetted per well into a 384-
well Corning 3711 plate before centrifuging at 1000 rpm for 1 min.

Figure 2. Testing the 
liquid handler with the 
MVS method. After the 
target volumes are dry-
dispensed into the 
destination plate, 55 L
diluent is added to each 
well of the destination 
plate before it is 
centrifuged (1 min, 1000 
rpm) and mixed on the 
MVS plate shaker 
(ramping with high and 
low cycles for 110 s at 
2750 rpm). The 
destination plate is then 
measured on the MVS 
plate reader to 
determine well-by-well 
volumes and an output 
report is generated for 
immediate review.

Results
Properly Executing Liquid Handler Tasks and Volume Verification Methodology

MVS and the fluorescence volume verification methods were both used to assess Echo and Deerac GX performance for various 
nanoliter target volumes with aqueous sample fluids. All collected data are shown in Tables 1 – 2 (Echo) and Tables 3 – 4 (Deerac 
GX). 

Figure 4. The average calculated volume (nL), as shown in Tables 3 and 4, 
vs. the target volume for the Deerac GX using the two different volume 
verification methods. Error bars represent the standard deviation at each 
data point. (FL = fluorescence)

Figure 3. The average calculated volume (nL), as shown in Tables 1 and 
2, vs. the target volume for the Echo using the two different volume 
verification methods. Error bars represent the standard deviation at each 
data point. (FL = fluorescence)

For best practices and assessment of Echo system performance 
as determined by the MVS, see reference 4. Briefly, the sample 
solution and source plate must be bubble free and must be near 
thermal equilibrium with their surroundings. The source plates 
should therefore be centrifuged before use and for the 384-well 
destination (test) plates, the well contents should also be 
centrifuged before efficient mixing and subsequent readout. See 
reference 5 for methods to evaluate mixing efficiency.

Table 1. Echo Performance via MVS

Table 2. Echo Performance via Fluorescence

Table 3. Deerac GX Performance via MVS

Table 4. Deerac GX Performance via Fluorescence

The above data represent typical results when the liquid handling tasks and volume verification methodology are properly executed. 
Both the MVS and fluorescence methods are comparable for the two different liquid handlers with 100% aqueous sample fluids. The 
MVS method requires little skill and takes only minutes to execute per target volume. The fluorescence method takes longer and 
requires careful pipetting, however, it can be used to verify transfer volumes as low as 2.5 nL whereas the MVS methodology can 
only measure down to: 30 nL in a standard 384-w plate; 19 nL in a low-volume 384-well plate; or 10 nL in a 384-well low-profile plate. 

As shown in Figures 3 and 4 for the Echo and Deerac GX liquid handlers, respectively, volume delivery is linear over the volume 
range as measured with both methods (and R2 values are  0.998). Note that the individual data points presented in Figures 3 and 4
contain error bars representative of the standard deviation of the n measurements made at each test volume (in many cases, the 
error bars are too small to see). 

Discussion & Conclusion
Good lab work generates results that can be trusted. 

It should be noted that the same Deerac GX was 
assessed two months apart with the two different 
methodologies and the same Echo was assessed one 
month apart at two different locales (east coast with MVS, 
west coast with fluorescence). In the work presented in 
Table 5, we took advantage of the ease at which the MVS 
can be quickly used to assess liquid handler performance 
when methods are performed correctly and incorrectly. By 
systematically changing parameters and subsequently 
measuring the contents in the microtiter plate, we could 
observe how odd or inconsistent methodology changes 
ultimately affected the perceived liquid handler 
repeatability (as noted by the CVs in Table 5). 

The MVS and Echo were then used to demonstrate what happens to liquid 
handler CV performance when the tasks are not properly implemented and 
executed (Table 5).

Table 5. Assessing Echo Performance with MVS Methodology: 
INCORRECTLY (A – D) and CORRECTLY (E)
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• Both the Echo and Deerac GX liquid handlers perform 
well within their stated specifications for low-nanoliter 
aqueous target volumes when using best practices for 
checking liquid handler performance.

• When care is taken with liquid handler QC, the 
performance of the liquid handler, good or bad, can be 
accurately assessed. 

• Both the MVS and manual fluorescence-based 
methods yielded comparable results.

• The fluorescence method takes much longer and 
requires pipetting skill, whereas the MVS method is 
simple and requires little skill.

• The fluorescence method can be used for volumes as 
low as 2.5 nL, whereas the MVS can be used for 
volumes as low as 30 nL in the same plate type (384-
well standard plates).

• Using flawed methodologies for QC’ing a liquid 
handler, i.e., to save time, will result in a false-sense of 
liquid handler performance, which may lead to assay 
results that are unknowingly misleading.


