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Extreme Pipetting:

An Issue of Mountainous Proportions

Understanding Barometric Pressure’s
Effects on Data Integrity

By GEORGE RODRIGUES, PhD

his article is the first in a

series of about Extreme

Pipetting, which will

focus on the impact of

environmental condi-
tions on data integrity.

This particular article will highlight
how barometric pressure affects
pipetted volumes.

Introduction

One cold day in early winter, a
group of scientists prepared to trek
to the top of Mount Washington, the
highest peak in the White Mountains
of New Hampshire. At an elevation
of 6,288 feet, this mountain is known
as the “home of the world’s worst
weather.” Clocking the globe’s high-

est recorded surface wind speed of 231
miles per hour, an average year-round

temperature that is below freezing,
and 21 feet of snow per year, Mount
Washington is no paradise. Despite

these extremes, ARTEL scientists loaded

their equipment and prepared for the
three-hour journey to the summit.

No, this was not a “Lewis and
Clark” expedition, nor a new winter
Olympics event. This was the start of
ARTEL’s Extreme Pipetting Expedition,
a year-round scientific study seeking
to quantify the impact of environ-
mental conditions on liquid volume
and data integrity. By testing pipette
performance under extreme conditions,
ARTEL will help pipette users more
fully understand how their instruments
will perform in various laboratory envi-
ronments so that they can eliminate a
potential source of error and strengthen
quality assurance.

Like any good scientific expedition,
the ARTEL journey’s mission is critical.
Why? Because environmental condi-
tions are a major source of volume
variation and laboratory error. While
pipetting does not normally conjure
images of extreme weather and moun-
tainous heights, laboratories do work
in or with extreme conditions, whether
pipetting hot and cold liquids or work-
ing in walk-in incubators and glove
boxes. Given the small volumes used
in today’s laboratories, volume inaccu-
racy of just 1.0 pl can significantly alter
results.

George Rodrigues, PhD (email: grodrigues@artel-usa.com, phone: 207-854-0860) is Senior Scientific Manager at ARTEL, Westbrook, Maine.
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Mission #1 — Barometric Pressure

The first stop on ARTEL’s Extreme
Pipetting Expedition was Mount
Washington, where expedition mem-
bers sought to isolate the effect of baro-
metric pressure on pipetted volumes.
While there are relatively few laborato-
ries around the world operating at this
elevation and low barometric pressure,
how many actually operate at zero
elevation? And how many laboratories
at varying elevations outsource pipette
calibration to firms operating at abso-
lute sea-level? To provide an illustra-
tion of the potential for error, ARTEL
has measured pipette performance at
sea level and will compare it to pipette
performance at over 6,000 feet.

For the Mission #1 experiment,
conducted in the laboratory at Mount
Washington’s Weather Observatory,
ARTEL tested three different pipettes
from leading manufacturers for dis-
pensing accuracy and precision using
the ARTEL PCS® (Pipette Calibration
System). A robust, portable system,
the PCS is unaffected by environmen-
tal conditions. The PCS also provides
standardized, National Institute of
Standards and Technology (NIST)-
traceable results for a scientifically
sound comparison of data regardless
of the environment in which data are
taken or pipettes are used.

At Mount Washington, the opera-
tors pipetted 22 data points for each
target volume with each of the pipettes.
To generate a standardized comparison,
ARTEL tested the same pipettes prior to
the mission using the PCS in ARTEL’s
accredited laboratory (ISO 17025)
under normal, controlled conditions
at sea-level. ARTEL then compared
average volume dispensed in Mount
Washington with the average volume
dispensed in the control laboratory.

Data collected show that at this
altitude, air displacement pipettes
(most commonly used in labs) under-
delivered by 1-10% compared to the
data taken in the controlled laboratory.
The errors measured were greatest at
the lowest volumes.

Table 1 shows data taken with fixed-
volume pipettes. Here, the 1 pl pipette
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TABLE 1. Fixed-volume pipette data comparing a control lab to extreme

conditions on Mount Washington.

Pipette Size

200 pl

10 pl

1pl

Volume Setting

A B

A

B

Mount Washington
Average Volume

Control Lab
Average Volume

198.5286

201.0450

198.4190

9.8159

9.8006

10.0805

0.9314

1

.0330

0.9483

Error Range
Demonstrated on
Mount Washington

-1.3%

-1.3%

-2.6%

-2.8%

-9.8%

-8.2%

0.0%

-2.0%

-4.0%

-6.0%

-8.0%

-10.0%

Bias vs Sea Level Calibration

-12.0%

A

200 pl

'

-1.3%

B
200 pl

A
10l

B
10 pl

1l

-1.3%

-2.6%

-2.8%

-8.2%

-9.8%

FIGURE 1. Fixed-volume pipettes at low barometric pressure (6,288 feet above sea level).
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under-delivered by 9.8% on average.
This is compared with the 200 pl
pipette, which under-delivered by 1.3%
on average (Figure 1).

This volume variation is explained
by air’s lower density at higher altitudes.
Air displacement pipettes contain air
gaps between the piston and the liquid
being pipetted that act as a cushion.
When an operator aspirates, presses
his/her thumb down on the plunger at
the top of the pipette and inserts the
pipette into the liquid, air is trapped
in the pipette tip. This is called the
dead air volume. When the plunger is
released, the trapped air acts as a spring
that connects the piston to the liquid
and pulls the liquid up and into the tip.
If air is less dense, less liquid is pulled
into the pipette tip and subsequently
dispensed, resulting in under-delivery
and data inaccuracy.

In the next phase of the experiment,
an operator pipetted with variable-
volume pipettes at their respective upper-
and lower-range target volumes (see
Table 2). The first set of data showed
that operator technique was not a
source of error, and therefore only one
operator was necessary to obtain the
second set of data. The data show a
dramatic error rate when the variable-
volume pipettes were set to dispense less
than full-scale volume, and this error
grew as smaller volumes were tested.
For example, volumes varied by over
30% when using the 2 pl pipette at its
low-volume range (Figure 2).

To isolate barometric pressure
as the source of volume variability,
ARTEL controlled for other sources of
error, including operator technique,
temperature, humidity and the
measuring method. To control for this,
ARTEL used the PCS to measure volumes
dispensed by syringes at Mount
Washington. Syringes work through
positive displacement instead of air
displacement, and would therefore be
unaffected by the environment.

The results generated with syringes
can be found in Table 3. The error rates
for all syringes were below 1%, showing
that the PCS was performing with less
than 1% error. This confirms that the PCS
was unaffected by change in elevation.

TABLE 2. Variable-volume pipette data comparing a control lab to extreme

conditions on Mount Washington.

Pipette Size 20 ul 10 pl

2l

Volume Setting 20 pl 2l 10 pl 1l

2 pl

0.2 pl

Mount Washington

19.8100 | 1.9851 | 9.9560 | 0.9396
Average Volume

1.9210

0.1267

Control Lab

Average Volume 19.995 | 2.047 | 10.04 | 1.0388

2.0075

0.1872

Error Range
Demonstrated on -0.93% | -3.02% | -0.84% | -9.55%

-4.31%

Mount Washington

-32.32%

0.00%
-5.00%
-10.00%
-15.00%
-20.00%
-25.00%

-30.00%

Bias vs Sea Level Calibration

| BLow-Volume

-35.00%

2ul

| EHigh Valume =32.32%

FIGURE 2. Variable-volume pipettes at low barometric pressure (6,288 feet above sea level).

TABLE 3. Syringe data comparing a control lab to extreme conditions on Mount

Washington.

Pipette Size 200 pl 40 pl

Volume Setting A B A B

Mount Washington

Average Volume 197.200 | 196.900 | 39.990 | 39.920

7.921

7.902

Control Lab

Average Volume 198.0920 40.1400

7.9400

Error Range
Demonstrated on -0.45% | -0.60% | -0.37% | -0.55%
Mount Washington

-0.24%

-0.48%
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To rule out pipetting skills as the
source of variation, the pipetting
technique of the expedition members
was standardized and qualified using
the ARTEL Method. Humidity was
controlled by pre-wetting the pipette
tips, and temperature was not a factor
since testing was conducted inside the
observatory laboratory at an ambient
temperature equal to that in the control
laboratory.

What Does This Mean?

Consider a laboratory that sends
pipettes to a service located at sea-level
for calibration. Even when newly-
calibrated, the pipettes would likely
under-deliver once back in the labora-
tory and produce inaccurate data. The
data shows the importance of regularly
verifying pipettes in the environment in
which they are used.

The good news is that the magnitude
of volume variation for each pipette
was relatively constant, which facili-
tates correction within the laboratory.
For example, the 10 pl pipette under-
delivered by 2.6% and 2.8% in replicate
tests. To compensate for this repeatable
volume variation, laboratories have two
options: 1) adjust the internal mecha-
nism of the pipette for the specific envi-
ronmental conditions; or 2) adjust the
delivery setting. In this second option,
because the pipette under-delivered by
an average of 2.7%, setting the pipette
to deliver 10.27 pl would deliver an
actual volume of 10 pl.

Regular onsite verification of liquid
handling instrumentation is critical
to accounting for volume variations
caused by environmental conditions
which fluctuate between laboratories,
and can even fluctuate within a
laboratory. Referred to as Interim
Verification, Quick Calibration or
Functional Checks by scientists and
regulators, this will help eliminate
errors and ensure data integrity.

What's Next?
Stay tuned for the Summer 2008

issue of BioProcessing Journal, which
will discuss the findings of the Extreme
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Pipetting Expedition’s second mission:
exploring how delivered volume is
effected by the temperature of pipetted
liquids. Yellowstone National Park,
home to Old Faithful and well-known
for mineral springs of varying tempera-
tures, was selected as the site for Mission
#2. Yellowstone is also distinguished as
the birthplace of a critical component
of PCR testing, Taq DNA polymerase,
derived from bacteria first isolated in the
park’s Fountain Geyser region.

Thermal disequilibrium is common

in laboratories working with extremely
hot or cold liquids. For example, restric-
tion enzymes are frequently handled at
freezing temperatures in nucleic acid
work, while inoculum is often pipetted
at temperatures as high as 37°C in cell
culture processes.

Laboratory managers and technicians
are encouraged to view the complete
data by logging on to:

www.artel-usa.com/extreme

ANIMALS CAN BE
UNPREDICTABLE.
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