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Enhancing solid-phase disk extraction

performance with design of experiments

Craig A. Perman

olid-phase extraction (SPE)
S disks created using de-
signed experiments are

prepared by blending polytetrafluo-
roethylene (PTFE, generic for
Teflon™ [DuPont, Wilmington,
DE]) with particle adsorbents to
make thin membranes from which
the disks are produced. Ranging in
size from 6 to 90 mm in diameter,
the disks are used to capture every-
thing from pesticides in drinking
water to drugs in biological samples.

Several months ago, various
PTFE membranes were reformu-
lated to make faster-flowing disk
products that would be less prone
to plugging. SPE disks that plug dur-
ing extractions can result in incom-

mentation method was needed to
rapidly evaluate the effect of more
than one process variable at a
time. Design-Expert® software
(Stat-Ease, Inc., Minneapolis, MN}
was used because of its straightfor-
ward capability to design a multi-
variable experimental protocol.

SPE disks

Empore SPE disks are formu-
lated using PTFE and various solid-
phase sorbent particles, such as
C18-derivatized silica or resin-
based sorbents. The chemistry of
PTFE disks is similar to conven-
tional SPE cartridges manufactured
by other companies using loose

Various PTFE membranes were reformulated to
make faster-flowing disk products that would
be less prone to plugging.

plete or inconsistent analyte recov-
ery, costing laboratories valuable
time especially if an entire analysis
procedure must be repeated.

The 3M™ Company (St. Paul,
MN) had previously developed a
successful Empore™ extraction
disk with a process patented in
1989, but the company saw the
need for an improvement to in-
crease customer satisfaction. Both
new and established customers
wanted a durable disk to rapidly
extract analytes without the prob-
lems often associated with com-
petitive SPE products. The goal in
improving Empore technology
was to redesign the disk to make a
strong, fast-flowing product capa-
ble of consistently vielding high
recovery rates.

Because of the large number of
variables encountered in making
Empore SPE products, an experi-

particles, but there are differences.
The PTFE tightly enmeshes the
small sorbent particles, providing
high uniformity in the particle bed
and eliminating channeling effects
that may occur when loose-packed
particles are used in cartridges and
plates. With this design, the disks

adsorb analytes more efficiently.
Smaller bed volumes are achieved,
meaning less solvent is required
for processing, resulting in more
concentrated samples. Advantages
include: 1) reduced solvent and
elution volumes, 2) elimination of
a solvent evaporation step, 3)
higher sample throughput, 4) im-
proved recovery efficiency, and 5)
eliminated channeling effects.

96-well plates

Empore extraction disks are an
important component of the com-
pany’s 96-well plates. In this appli-
cation, disks are punched from a
large membrane and placed in an
array of 96 wells, forming what is
known as a 96-well plate. These
plates are used in hospitals, phar-
maceutical companies, and bioan-
alytical laboratories to analyze
blood and urine specimens, con-
duct drug screens, or perform drug
metabolism studies. An individual
well in a plate of 96 is one analysis,
meaning 96 specific samples can
be prepared per plate (Figure 1).

A standard plate of 96 wells mea-
sures approx. 5 in. x by 3 in., with
each well holding up to 1.0 mL of
solution. The bottom of each well

contains a prefilter and
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an Empore extraction
disk. Small retaining rings
secure each disk in place
at the bottom of every
well. Customers fill the
plates manually with
micropipets or insert
them into robotic ma-
chines that prepare and
extract the plates accord-
ing to preset software rou-
tines. Typically, robotic

Figure 1 An improved 96-well extraction plate

patented by 3M provides h’?lh anc;]lyfe rfecq:gry
ow characteristics.

while maintaining excellent

instruments place a small
amount of sample into
each of the 96 wells, then



apply a vacuum that draws liquid
through the disk. As the drug of in-
terest is drawn through each well, it
is captured by the Empore mem-
brane. In a subsequent step, solvent
is added to the well to remove or
elute the drug analyte from the
membrane. The eluted materiai is
placed into a collection plate (also
96 wells) before being injected into
HPLC or LC-MS instrumentation
for analysis.

Optimizing design of experiments
(DOE)

DOE is an effective statistical
method that applies systematic
experimentation to all factors or
variables simultaneously. It pro-
vides information about how fac-
tors interact in a way that one-
factor-at-a-time (OFAT) cannot
determine. OFAT's major downfall
is that it holds ali factors constant
while testing only one at a time.
This technique is an artifact from
the days of Thomas Edison, who
used the method tc conduct thou-
sands of single-variable tests while
developing the light bulb.

The soluticn for an optimized
extraction disk formula required
analyzing how process variables or
factors were interacting, an ideal
scenario for DOE. The method's
sophisticated statistical technique
shows how intercennected factors
respond over a wide range without
the necessity to test all possible
values directly.

Using Design-Expert, 3M con-
ducted a series of reformulation
experiments. In this effort, experi-
menters studied different Empore
disk formulations for membranes
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of various thickness. The project
determined the effects of formula-
tion changes on the membrane by
analyzing various responses such
as flow rate and other responses.
Four formulation factors were
studied including: 1) organic sol-
vent amount, 2) particle binding
materiais, 3) dough solids or water
added, and 4) number of mill
passes of Empore predisk dough
through a proprietary mill process.

A design-building matrix within
the Design-Expert software pro-
vided assistanice in choosing the
number of experiments to conduct
(Figure 2).

After reviewing several experi-
mental options, a four-factor,
fracticnai-factorial, twwo-level ex-
periment with one center point
was chosen as the best approach.
{A center point is an experimental
run with all numerical factor lev-
els set at the midpoint of their
high and low settings.j A partial
factorial design protocol yielded
eight formulas plus one center-
point formula. This was found to
be a desirable number of experi-
ments, considering the number of
analvtical tests that would subse-
guently have to be conducted on
each membrane. Such tests were
required in order to evaluate the
effect of various formuta changes
generated by the software. '

Two-level (high and low) test-
ing used in DOE is highly effective.
A powerful statistical engine
within Design-Expert software fits
response data tc mathematical
equations. The resulting equations
serve as models that predict what
will happen for anyv given combi-
nation of values. The DOE soft-
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Figure 2 The design builder helped researchers set up a 2+ fractional-factorial de-
sign (see arrow). Color codling similar to a stoplight represents safe (green), cau-
tious (yellow), and risky (red) design options. This 2" DOE requireaq careful atten-
tion (yellow). However, with half as many experiments (8] to be performed as a full
factorial (16), monetary and time savings were substantial, justifying the decision.
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Figure 3 Factor A and C inferaction
affects Empore disk product flow time.

ware uncovered the Empore for-
mula’s most dominant factor in-
teractions and identified the vari-
ables that had the greatest effect
on disk performance (Figure 3).

Conclusion

Designed experiments software is
a powerful tool when several vari-
ables are to be studied at one time.
The results of this study yielded new
Empore formulas that provide faster
flow rates with no membrane plug-
ging problems while maintaining
high analyte recovery. These bene-
ts were obtained while maximizing
physical disk strength and the in-
tegrity needed in a finished con-
sumer product. High-performance
membranes mean that customers
can use Empore products with the
assurance that they will provide the
best possible performance in all ap-
plications. With the statistical assis-
tance of Design-Expert softwate, the
improved extraction disk now
meets the needs of researchers
worldwide with its faster-flowing,
high analyte recovery capabilities.
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