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Sample carryover:  A source of compromised results and reduced throughput:
Laboratory productivity can be impacted by the ability of a HPLC system to effectively introduce
samples for HPLC or LC/MS analyses.   The quality of data obtained from even the most robust
chromatographic methods may be compromised if material from prior injections contaminate
subsequent analyses.   Although carryover may have several sources (e.g., incomplete desorption
of material from a column during a gradient separation), inadequate cleaning of the HPLC injector
between analyses is the most common and well characterized source.   The impact of sample
carryover on chromatographic results can directly or indirectly influence financial and legal
considerations such as re-running samples, inaccurate quantification of results or misidentification
of unknowns.   The Alliance HT System has been designed for low sample carryover.  This
results from a programmable two-solvent wash system that allows use of a strong solvent
to thoroughly cleanse the entire sample introduction path prior to purging with a weaker,
gradient compatible degassed solvent.

Measurement of Alliance HT System carryover performance in HPLC applications:
Sample carryover on the Alliance HT System configured as part of an HPLC system was evaluated
using an aggressive standard method developed by Waters to evaluate autosampler carryover
specifications.  A “system blank injection” of 25 µL of system mobile phase (water/methanol:
40/60) was made onto a Waters Symmetry® C18 column (3.9 x 150 mm).  Column effluent was
monitored at 257nm with a Waters 2487 UV/Vis Detector and the signal processed using a
Millennium ®

32 Chromatography Manager Workstation.  After the system blank run, injection
precision was verified and a calibration created using a 1 µg/mL standard solution of propyl
paraben.  The system was then stressed with six consecutive 25 µL injections of a 1 mg/mL (1000
µg/mL) solution of propyl paraben.  Between injections, the sample manager of the Alliance HT
System was automatically washed with water/methanol (40/60) and prepared for the next injection
with a user programmable protocol (e.g.,  6 sec. injector port wash, a 15 sec. exterior needle wash
followed by a 600 µL injector purge with degassed purge solvent).  Prior to the final analysis, the
Symmetry C18 column was washed with 100% methanol to remove residual propyl paraben
material.  After the column was reequilibrated to initial conditions, a single blank injection of 25 µL
methanol/water was made to monitor the carryover.  Sample carryover was expressed as both %
carryover and nL carryover as indicated below:

• % Carryover = (Area of propyl paraben in “blank injection for carryover”) / (Average area (N=6) of
1 µg/mL propyl paraben standard injections) * 0.1

•  nl Carryover = (Area of propyl paraben in “blank injection for carryover”) / (Average area (N=6) of
1 µg/mL propyl paraben standard injections) * 25
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Figure 1:  Minimal sample carryover using an Alliance HT System as part of a
HPLC configuration increases confidence in results and minimizes sample retesting
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Assay conditions:
Injection volume: 25 µL (22°C.)                       Mobile Phase: 40% water,60% methanol on line mix
Column: Symmetry C18 3.9 x 150 mm (30°C.)               Flow Rate: 1.0 mL/min.
Detection: 2487: 257nm. Data rate: 10 pts./sec.           Needle Wash Solvent: 40% water,60% methanol
Data System: Millennium 32  Software 3.05.01               Purge Solvent: 40% water,60% methanol
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Measurement of Alliance HT LC/MS System carryover performance in LC/MS applications:
For many applications, LC/MS can offer high sensitivity with very low limits of detection.   These high
sensitivity applications demand the use of a system with minimal sample carryover to avoid cross sample
interference.

Sample carryover on a LC/MS system configured with an Alliance HT System was evaluated using the
following procedure.  A “system blank injection” of 25 µL water/methanol (50/50) was made onto a Waters
ZSpray™ Mass Detector (ZMD) single quadrapole mass detector using flow injection analysis. The ZMD
was operated in the +APcI / SIR mode under conditions optimized for caffeine detection @ m/z 195.2.  MS
data was recorded using MassLynx™ software.  After the system blank run, the injector precision was
verified and a calibration curve created using a 1 µg/mL standard solution of caffeine.  The system was
then “stressed” with six consecutive 25 µL injections of caffeine at a 1 mg/mL (1000 µg/mL) concentration.
Between injections, the sample manager of the Alliance HT System was automatically washed with
water/methanol (50/50) and prepared for the next injection with a user programmable protocol (e.g.,  6
sec. injector port wash, a 15 sec. exterior needle wash followed by a 600 µL injector purge with degassed
purge solvent).  A  single blank injection of 25µL water/ methanol was then injected to monitor carryover.
Sample carryover was expressed as both % carryover and nL carryover using the previously described
calculations.

Summary:
•Sample retesting due to injector-based, sample carryover problems is a source of decreased
sample throughput and increased expense of operation.   Legal ramifications of sample
carryover, such as misidentification or inaccurate quantitation are also significant
considerations.
•The advanced sample management capabilities of the Waters Alliance HT System reduce
sample carryover to levels significantly below levels routinely encountered with traditional
injector design.  The two solvent wash system allows for application specific wash procedures
(e.g., strong solvent wash followed by a degassed gradient compatible solvent and choice of
number of wash cycles and wash time duration per cycle) that are user programmable for
maximum sample throughput with minimal sample carryover.
•The Alliance HT System technology is ideally suited to HPLC and LC/MS laboratories where
solutions to injector-based, sample carryover issues are desired or required.
• The experimental design described here provides reliable measurement of injector carryover.

Figure 2:  Minimal sample carryover using an Alliance HT System as part of a LC/MS 
configuration increases confidence in mass spectral data collected from a single injection
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