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Whether they are handling milli-
liters of blood or nanoliters
of proteins, liquid-handling

systems are at the center of laboratory
automation robotics. They deliver samples
or reagents to multiwell plates that are used
for high-throughput screening, clinical test-
ing, or other laboratory applications.

The trend over the past several years
has been the production of systems that
can pipette smaller and smaller volumes
on plates with more wells. This trend
has recently slowed in part because of
the diminishing rate of return on equip-
ment investments and the increasing
difficulty of operating these systems,
according to John Beutler at the Nation-
al Cancer Institute. “You really rush
off a methodological cliff,” he says.
“It’s not too hard to do 384 with the
sort of strategy you use for 96, but it is
almost impossible to do 1536 [wells]
using the same basic concepts.” Greg
Wendel at Zymark agrees, saying that
“1536 density plates have had a really
slow adoption because there is so much
capital investment [required] in going
to these larger formats.”

Instead of reducing the volumes
handled, manufacturers have focused on
improving reliability and interoperability.
“Almost everybody [manufacturers] can
do 384-well plates,” says Sarah Toney at
Hamilton Co., “but I think where the
difference has really come out is how reli-
able [the systems] are.” In addition, the
degree of integration with other equipment
and technological differences, such as the
method of forcing the liquid and the
type of pipette tips, show that the large
number of instruments is serving a very
wide range of uses. An extensive, though
not exhaustive, list of companies that

produce liquid-handling systems is present-
ed on the next page.

Reliability
Liquid-handling users say that they see the
improvement in reliability. “Reliability has
been the big threshold [the instrument
companies] have moved on in the last

couple of years,” says Beutler. “These days,
we don’t expect equipment to crash as much
as monthly. Crashes in really bad equip-
ment might [have been] as frequent as
daily.” In a sense, liquid-handling systems
have turned a corner and are growing into
responsible adolescents after bursting onto
the market as children, he says.

Reliability issues differ, depending on
whether equipment is in constant use or
used only occasionally, says Neil Benn of
Cambridge Antibody Technology (U.K.).
In fact, if these systems are incorporated into
an automated high-throughput screening

assembly line, a failure of one instrument
may be catastrophic. “If part X goes down,”
says Beutler, “the whole system stops, and
you are sitting there twiddling your thumbs,
waiting for the repair guy to come.” 

This introduces another concern for
liquid-handling users—product support.
According to Toney, users should find

out whether a company can supply the
kind of support that they need. The
quality of support can cause regional
differences in equipment use, says Benn.
He points out that local franchises with
support systems can make the differ-
ence in choosing one brand of machine
over another.

One possible upside in the reliabil-
ity of liquid-handling systems is that
errors are typically easy to spot, accord-
ing to Beutler. “One of our instruments
had a z axis [vertical] problem [so either]
the pipette tips are going to be jammed
into the deck or the plate, or they are
not reaching the liquid,” he says. Accu-
racy errors are typically handled by
routine calibration.

Integration 
Liquid handlers can be either stand-

alone or integrated with other automated
systems for high-throughput screening. Inte-
gration has been a growing area in the indus-
try, but because integrated systems are cost-
lier and more complex, they may not be
ideal for stand-alone operation. The advan-
tage of integration is that robotic systems
can operate 24 hours a day without human
intervention as long as there is something
to work on. To achieve this, liquid-handling
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instruments work with other automated
instruments, such as those for library
storage of compounds or automated detec-
tion. These systems, using 384-well plates,
could screen as many as 100,000
compounds per day; however, this number
depends greatly on the setup and the
assay being conducted.

Systems designed for
integration typically cost
more, and integration is
often a complicated endeav-
or, because “no one manu-
facturer makes all the parts,”
says Beutler. 

To overcome such diffi-
culties, custom systems or
troubleshooting may be
needed. “Since [some of our
equipment] is made to
order, we had to wait quite
a long time before the whole
system was assembled,” says
Lawrence Lum at Johns
Hopkins University. “Start-
up time is important. Most
people don’t want to wait
half a year to get started.”
However, the situation may
be improving, according
to Beutler, because the
newer equipment is much
more easily integrated. “You
can almost take it out of the
box and make it work with-
in a day or two,” he says.

Integration also raises the
question of software interoperability, that
is, the communication between robotic
systems. For example, a liquid-handling
system needs to know when the next sample
plate has been placed on its deck by a
library storage system, but it doesn’t know
until the other robot’s software tells it that
the plate is there. Although there are no wide-
ly used standards for this type of commu-
nication, vendors are beginning to include
ways to allow the software to transfer data
and instructions between each other, accord-
ing to Beutler. Regardless of integration,
the software that ships with liquid-handling
units is becoming a priority for buyers. “I
think critical to our decision was the easy-
to-use software,” says Lum.

Displacement
The two main types of pipetting technolo-
gies are air displacement and liquid displace-

ment, although some manufacturers produce
instruments based on other technologies.

Air displacement systems are automated
versions of traditional handheld pipettes,
which use an internal plunger to push an air
column up and down. “There is a lot less
maintenance involved; there are [fewer] pieces

that could break or get used up,” says Toney.
However, air displacement has some

drawbacks. Air compressibility can lead to
errors when small volumes are handled
because the column of air can be compressed
rather than transferring liquid. Very small
volumes of liquid also present a problem
for air displacement because a minimum
volume of fluid is needed to fill the tip. If
that volume isn’t there, then the air will rush
around the liquid and cause it to sheet on
the side of the tip, preventing reliable aspi-
ration or dispensing, says Wendel.

A more recent technique is liquid displace-
ment, which replaces the air column with a
“working” fluid that is typically controlled
by a solenoid valve. This technique allows
smaller volumes to be pipetted, in part because
liquids are much less compressible than air.
“You open the valve for a certain amount
of time, and you calibrate the flow rate, so

you know what has gone in or gone out,”
says Wendel. Another advantage is that a
separate solenoid is used for each pipette,
allowing individual volume control of all
pipettes. He says, “You can get a sample plate
that has different concentrations in it and
just in one step aspirate different volumes

from each tip [normalizing
the plate], and boom! There
it is.”

However, there are draw-
backs to consider when using
liquid displacement, accord-
ing to Wendel. These systems
are typically open loop, which
means that changes cannot
be measured, nor can correc-
tive measures be taken. As a
result, conditions such as
temperature fluctuations can
affect the flow rate of the
working fluid, thereby chang-
ing the volume that is aspi-
rated or dispensed while the
solenoid valve is open.

To address such poten-
tial problems, manufactur-
ers are beginning to offer
methods to record the
volume actually being deliv-
ered. Capacitance changes
of the liquid can determine
the volume that is held in
the pipette, and new tech-
nologies, such as acoustic
measurements, are being
developed.

Another concern is the mixing between
the sample liquid and the working liquid.
“Look, I am aspirating a fluid and the
sample, which is also a fluid; diffusion is
going to happen,” says Wendel. Depend-
ing on the application, this problem can
be solved in different ways. Diffusion
between the sample and the working fluid
can be limited by aspirating a small bubble
of air or a barrier layer of immiscible fluid.

Disposable Versus Fixed Tips
Liquid-handling instruments use either
disposable or fixed tips, though some instru-
ments can use either. In general, Beutler says,
“All the cheapskates want to get by with fixed
tips; the compulsive types want to dispose a
tip for every sample; and both [views] are
pretty extreme.” 

The choice of disposable versus fixed
tips has a great deal to do with the appli-

Company Website

Beckman Coulter www.beckmancoulter.com

Cartesian/Genome Solutions www.cartesiantech.com

Colibri www.colibrirobotics.com

CyBio www.cybio-ag.com

Gilson www.gilson.com

Hamilton Co. www.hamiltoncompany.com

Matrix Technologies (formerly Apogent) www.matrixtechcorp.com

Molecular Devices www.moleculardevices.com

Perkin-Elmer www.perkinelmer.com

Protedyne www.protedyne.com

Robbins Scientific www.robsci.com

RoboDesign www.robodesign.com

Sias www.sias.biz

Tecan www.tecan.com

TekCel www.tekcel.com

The Automation Partnership www.automationpartnership.com

Titertek www.titertek.com

Tomtec www.tomtec.com

TTP Labtech www.ttplabtech.com

Velocity11 www.velocity11.com

Xiril www.xiril.com

Zinsser Analytic www.zinsser-analytic.com

Zymark www.zymark.com

Companies That Produce Liquid-Handling Equipment
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cation, the system being used, and the
volumes being aspirated and dispensed. “It
really depends on your sample,” says Toney.
“If you want to purify DNA from blood,
you might not want to use a fixed tip
because that sample is gooey and sticky.”
However, she says that fixed-tip instru-
ment systems can handle purified samples,
such as a PCR solution, very well.

Fixed-tip instruments depend on wash-
ing systems to prevent carryover, and many
fixed-tip instruments use liquid displacement
because washing is easier. Since a working
liquid is already in place, it can be pumped
through the tip, flushing out remaining
contaminants. In addition, fixed tips can have
slightly smaller diameters, allowing smaller
volumes to be pipetted; however, Wendel
suggests the primary motivation for fixed tips
remains cost. Although air displacement
systems often use disposable tips, some users
wash and reuse disposable tips. “We use
disposable tips for a lot of things,” says Beut-
ler, “but we tend to rinse them a couple
[of] times and try to conserve them a little
bit.” He adds, “You can go through enor-
mous amounts of plasticware, and it’s not
terribly expensive, but it adds up.”

The Future
The current call for increasing reliability is
also leading companies to develop systems
that record more information about how
much fluid is aspirated and dispensed. For
instance, Zymark is introducing a liquid
displacement system with a microelectro-
mechanical chip to sense flow near the tip,
producing a feedback loop so that the system
can respond to fluctuations in temperature
and other conditions that affect conventional,
solenoid valve-based flow measurements. 

Although larger plates with much small-
er wells are slowly being adopted, technologies
are being developed to handle nanoliter to
picoliter volumes. Piezoelectric-based pipettes
and inkjet-type dispensers, which produce
a drop of liquid at a time, are being intro-
duced. Some piezoelectric-based pipettes are
commercially available, but Benn says there
are known reliability and robustness issues
with this dispensing technology. An inter-
esting technology developed by Picoliter uses
acoustic forces to move drops of liquid sample
out of wells with no contact whatsoever and
to measure volumes and concentrations in
wells. “The sample liquid jumps right out
of the plate,” says Rich Ellson of Picoliter.
“We take another plate and turn it upside

down, and a drop of sample goes from one
well into an inverted well overhead.” First
Ten Angstrom’s video system is also part of
an ultralow-volume instrument. Such small
volumes are produced that, according to
Roger Woodward of First Ten Angstroms,
“We had to incorporate vision-based feed-
back to stabilize the dispense [of liquid].”
Another interesting ultralow-volume prod-
uct is called the Mosquito. Produced by TTP
Lab Tech, the Mosquito uses a bandolier

with hundreds of plastic/stainless steel
microsyringes.

Many liquid-handling options are avail-
able, and knowing your application can
narrow the field effectively. Ultimately, Benn’s
advice for those looking for these instru-
ments is, “Use the most basic and low-
tech machine that you can get away with.” 

Adapted with permission from Anal. Chem. 2003, 75,
397A–399A. ◆


