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Improving Throughput of Solid Phase Extraction Procedures

Introduction The power and reliability of solid phase extraction (SPE) is well known. This sample
preparation technique is widely used for a variety of compounds in an extensive
range of sample matrices. As modern analytical techniques, such as LC/MS, enable
shorter run times (2-3 min instead of 8-15 min using traditional techniques),
improving the throughput of the sample preparation step is an important goal in
method optimization. Sample preparation times can be decreased to match LC run
times so that sample preparation is no longer the limiting factor in the assay of
bioanalytical samples. This technical note will address the issue of throughput by
investigating the potential of automation, combined with 3M Empore High
Performance Extraction Disk Cartridges.

Factors Influencing
Throughput

Throughput for sample preparation is defined as the number of samples that can be
extracted and analyzed within a given time period (e.g., 8 hr or 24 hr). The traditional
limits to improving throughput in solid phase extraction methods have been:

• the large volumes of solvent used

• the slow flow rate at which these volumes must be processed through the
extraction device

These limitations are the result of original SPE technology. Traditional packed
columns contain a large mass (>100 mg) of sorbent particles which requires large
volumes (>1 mL) of solvent for processing. These large solvent volumes must flow at
a very slow rate to ensure retention and avoid channeling. These factors combine to
create slow throughput.

How Disk Cartridges
Can Improve
Throughput

Empore Disk Cartridges represent an advancement in SPE technology, allowing for
a higher level of performance. A thin membrane, or disk, contains less mass of
sorbent particles than traditional packed columns and thus requires less solvent
volumes for processing. 3M’s patented technology produces a particle-loaded
membrane in which chromatographic particles are densely packed and uniformly
distributed, resulting in improved precision and reducing the effect of channeling.
The abilities to use reduced solvent volumes, and in some cases reduced sample
volumes, and to deliver those volumes at a faster rate increase overall throughput.
Of special note is the opportunity for the small elution volume to be injected
directly onto an HPLC system, eliminating the evaporation step completely.
When an evaporation step is still needed, a smaller elution volume requires less
time to evaporate.



Reducing Solvent
Volumes

The choice of solvents and their volumes have a significant effect on throughput.
Solvent selection is determined by the chemistry of the extraction. Solvent volumes
are influenced by the chemistry and by sorbent mass. Minimizing sorbent mass
reduces the bed volume and thus the dilution effects. The table below compares
volume requirements for SPE cartridges (large sorbent mass) and Empore Extraction
Disk Cartridges (small sorbent mass), based on sorbent bed volume calculations.
Actual volumes used in assays are usually higher than these theoretical values. Disk
cartridges provide increased throughput in SPE methods by using much smaller
solvent volumes than traditional SPE products.

Volume Requirements for SPE Cartridges

Automated methods often evolve from a manual equivalent which in turn has
undergone a series of developmental stages. During this process it is not always
possible to evaluate every parameter and every step, consequently a working
method often contains steps that have a negative influence on throughput but no
effect on the extraction. For example, a wash sequence may contain two 1.0 mL
20% acetonitrile/water rinses. Are both separate washes of the same solution really
necessary? Eliminating one of the steps will increase throughput. Sometimes the
use of a more selective detector, e.g., electrochemical or fluorescence, can
selectively exclude some of the interfering compounds and potentially eliminate
the need for some wash steps.

Removing
Unnecessary Steps

Particle Mass and Bed Volume Condition (4-5 times Elute (2-3 times
Cartridge Size of Sorbent bed volume) bed volume)

500mg/6mL 600 µL 2400-3000 µL 1200-1800 µL

100mg/1mL 120 µL 480-600 µL 240-360 µL

Empore Disk  50 µL 200-250 µL 100-150 µL
7mm/3mL (12mg)

Empore Extraction Disk Cartridges increase throughput by allowing for the
reduction of solvent volumes (see Example 1). These smaller solvent volume
requirements generate elution volumes of approximately 100-150 µL (4mm/1mL),
200-300 µL (7mm/3mL) or 400-500 µL (10mm/6mL), depending on elution solvent
strength and affinity of analyte for the sorbent. When the elution solvent is
compatible with mobile phase, and when sensitivity needs are met, it is now possible
with Empore Disk Cartridges to inject an aliquot directly onto the HPLC system,
eliminating a time-consuming evaporation and reconstitution step. The 4mm/1mL
and 7mm/3mL cartridge sizes, due to their small elution volumes, are most
commonly used in this manner to eliminate an evaporation step. When evaporation
and reconstitution steps are required for an assay, Empore Extraction Disk Cartridges
(4mm/1mL, 7mm/3mL, 10mm/6mL) generate elution volumes significantly less than
traditional SPE cartridges, reducing the time required for the evaporation step.

Another way to increase throughput is to reduce the sample size used for an assay,
which will shorten the extraction time for an SPE method. Reduction of sample size,
in combination with the smaller elution volume achieved with Empore Extraction
Disk Cartridges, may allow for an injection of 50 µL, e.g., to contain a sufficient
mass of analyte in that volume to meet the sensitivity needs for an assay (see
Example 2). A reduction in sample size can also allow for a reduction in cartridge
size. For example, if an SPE assay is currently performed using 0.5 mL plasma on a
7mm/3mL cartridge, by reducing the sample size to 0.2 mL (and still meeting the
sensitivity requirements of the assay) then a smaller 4mm/1mL cartridge size may be
substituted. Some automated systems allow for a greater quantity of 1 mL cartridges
to be loaded on a rack than 3 mL cartridges, and thus the number of samples able to
be processed in a single run is increased.

Reducing Sample Size



Example 1:   Increasing Throughput By Reducing Solvent Volumes

Requirement Determine the level of a drug in plasma in the range 20 to 100 ng/mL
Limit of Detection 10 ng on column
Sample Volume 1.0 mL, assume unknown level is 20 ng/mL

Preparation Step 500mg/6mL SPE 100mg/1mL SPE Empore Disk Cartridge 7mm/3mL
Cartridge Cartridge (12 mg)

Condition 5000 µL 1000 µL 200 µL

Load 1.0 mL sample 1.0 mL sample 1.0 mL sample
gives 20 ng analyte gives 20 ng analyte gives 20 ng analyte

on column on column on column

Wash 5000 µL 1000 µL 200 µL

Elute 3000 µL 500 µL 200 µL
gives analyte gives analyte gives analyte

concentration of concentration of concentration of
20 ng/3000 µL 20 ng/500 µL 20 ng/200 µL

If the method of analysis permitted maximum injection volumes of 50 µL, e.g., then subsequent concentration by
evaporation and reconstitution would be necessary, potentially damaging throughput. Choice of elution solvent is
very important. Wherever possible the solvent should be compatible with the subsequent analysis steps. Also, it should
give total elution of analytes (and preferably not interferences) in 2-3 times the bed volume. Values greater than this may
be suboptimal.

Reduced sorbent mass in Empore Disk Cartridges allows for dramatic reduction of solvent volume requirements.

Smaller elution volumes result in a more concentration eluate.

The evaporation and reconsititution step may be eliminated when the elution solvent is compatible with mobile phase.

Example 2:   Increasing Throughput by Reducing Sample Size
If the minimum detectable mass on column is 1 ng, and the injection volume is 50 µL, then in order to achieve 1 ng mass
on column the sample volumes required can be calculated as detailed below.

Minimum Detectable Mass on Column 1 ng
Injection Volume 50 µL
Sample Concentration 20 ng/mL

500mg/6mL SPE 100mg/1mL SPE Empore Disk Cartridge 7mm/3mL
Cartridge Cartridge (12 mg)

Elution Volume 3000 µL 500 µL 200 µL

Concentration Desired 60 ng/3000 µL 10 ng/500 µL 4 ng/200 µL
Which Gives 1 ng/50 µL

Minimum Sample Volume 3000 µL 500 µL 200 µL
to Give Target Mass on
Column

Sample volume of 200 µL is all that is necessary tyo meet the sensitivity needs for this assay.

Smaller sample size can allow for a smaller disk cartridge size to be used (from a 7mm/3mL to a 4mm/mL).
This reduction in cartridge size results in further solvent savings and an increase in throughput.
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Strategy  For
Improving
Throughput

This technical note has discussed the impact of solvent volumes, sample size, cartridge
size and unnecessary steps on throughput of automated SPE methods. Examples have
been presented for optimizing each parameter with the use of Empore Extraction Disk
Cartridges. Efforts to improve throughput are best achieved when a system-wide
approach is taken, i.e., examining all the variables within an assay, including the SPE
product utilized. When throughput is increased, overall laboratory productivity is
increased. Although the diversity of commercial semi-automated workstations is distinct,
the approach described will be successful on all systems.
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