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Introduction

Acrylamide has been identified as a potential human
carcinogen. This is important not only because acrylamide
is a common industrial chemical, but acrylamide has been
shown to be present at significant levels in food samples,
particularly cooked foods high in carbohydrates. This

has led many government health agencies around the
world to assess the risk of short- and long-term exposure
to acrylamide in humans.

This has led to the development of LC-MS/MS method-
ology for the quantitative analysis of acrylamide in food-
stuffs!* While a GC/MS protocol for the analysis of
acrylamide exists, this method requires extensive sample
cleanup and chemical derivatization The advantage of
LC-MS/MS is that chemical derivatization is not necessary
prior to acrylamide analysis.

To date, most LC-MS/MS methods for the assay of
acrylamide have utilized an electrospray ionization (ESI)
source for the production of acrylamide ions* Yet it is
well-known that ESI-MS is problematic when highly
aqueous solutions, such as those required for the reversed-
phase LC separation of acrylamide, are used.” On the other
hand, water does not pose a problem for the formation
of a stable corona discharge used in APCI. One published
report has demonstrated that APCI is a viable ion source
for the production of acrylamide ions for LC-MS/MS
detection? Furthermore, a study comparing ESI and APCI
ion sources for the LC-MS/MS analysis of acrylamide
showed that under the same chromatographic conditions,
APCI-MS/MS yielded an improved detection limit?

This report presents data acquired on the Thermo
Scientific TSQ Quantum Discovery for the analysis of
acrylamide. A simple LC-MS/MS method using the
APCI source is used to measure acrylamide, via selective
reaction monitoring (SRM), over a wide concentration
range. A small selection of food samples was analyzed
for acrylamide content following extraction with water.
To preclude the need for a time-consuming solid-phase
extraction procedure, a column-switching method was
employed to selectively “fractionate” acrylamide from
polar matrix interferences prior to LC-MS/MS detection.

Goals

1. Development-A sensitive and rugged LC/APCI-MS/MS
assay for the analysis of acrylamide

2. Application—An on-line column-switching technique to
aqueous food extracts as an alternative to solid-phase
extraction (SPE) cleanup

3. Measurement—Acrylamide content in selected food
samples

Experimental

Chemicals and Reagents: Acrylamide (>99.0%) was
purchased from Fluka (Buchs SG, Switzerland). 2,3,3-d3-
acrylamide (98%) was obtained from Cambridge Isotope
Laboratories (Andover, MA, USA). HPLC grade water
was acquired from Burdick and Jackson (Muskegon,

MI, USA). All chemicals were used as received without
further purification.

Sample Preparation: Standards were prepared by dilution
of a stock solution of 1.0 mg/mL acrylamide or 1.0
mg/mL d3-acrylamide in water. The stock solutions were
stored at 4°C for a period of no longer than two weeks.

Two brands of potato chips and two brands of break-
fast cereals were purchased and stored at room tempera-
ture until processed. After homogenizing approximately
50 grams of a food sample, two grams were weighed into
a 35 mL polypropylene centrifuge tube. Aqueous extrac-
tion of acrylamide was initiated by the addition of 20 mL
water containing 1000 ng d3-acrylamide as the internal
standard (final concentration = 50 ng/mL). The sample
was vortexed for 30 s then subsequently centrifuged at
18,000 g for 15 minutes. Ten milliliters of the supernatant
was decanted into a clean 35 mL centrifuge tube and
centrifuged at 18,000 g for 10 minutes. Prior to analysis,
0.49 mL of the aqueous extract was filtered through a
0.45 pum centrifuge filter (Millipore Corp., Bedford, MA,
USA) at 9,000 g for 5 minutes.

Sample Analysis: LC experiments were conducted with the
Thermo Scientific Surveyor™ HPLC system. A Thermo
Scientific Hypercarb 2.1 x50 mm column was utilized as
the analytical LC column. Separations of acrylamide were
achieved under isocratic conditions using 100% water as
the mobile phase at a flow rate of 0.4 mL/min. The injec-
tion volume for all LC experiments was 10 pL.



To eliminate the need for solid phase extraction (SPE)
purification prior to the analysis of the food sample
extracts, a column-switching LC method was employed.
Briefly, the sample extract was loaded onto a 2.1x 50 mm
Thermo Scientific Aquasil™ C18 column, which was posi-
tioned before a 6-port switching valve. The eluent from
the C18 column was diverted to waste except for the
period when acrylamide eluted from the C18 column,
whereby the valve was switched to the Hypercarb column
for MS/MS detection. This column-switching method
required a second Thermo Scientific Surveyor MS pump,
which also delivered 100% water at 0.4 mL/min. Both
Surveyor MS pumps and the 6-port switching valve were
controlled using Xcalibur™ version 1.3 software.

The experimental conditions for the TSQ Quantum
Discovery were as follows:

Source: APCI

Ion polarity: Positive

Vaporizer Temperature: 375 °C

Discharge Current: 5 pA

Ion Transfer Capillary Temperature: 250°C

Source CID Offset: 6 V

Scan Mode: Selective Reaction Monitoring

Q2 Pressure: 1.0 mTorr argon

SRM Transitions: m/z 72— 355 for acrylamide;
m/z 75 — 58 for d3-acrylamide

Collision Energy: 13 eV

Scan Width: 1.0 u

Scan Time: 0.3 s (each SRM transition)

Q1, Q3 Resolution: Unit (0.7 u FWHM)

Results and Discussion

Prior to the acquisition of acrylamide standards, it was
important to determine if there was any detectable native
acrylamide contribution originating from the deuterated
internal standard. As shown in Figure 1, there is no
acrylamide signal observed for the m/z 72— 55 SRM
transition at the same retention time as the 50 ng/mL
d3-acrylamide standard.

The limit of quantitation (LOQ) for acrylamide on
the TSQ Quantum Discovery was 0.25 ng/mL acrylamide
or 2.5 pg on column (Figure 2). This compares favorably
to LOQs previously reported by other research groups,
including an 8-fold improvement over the mass LOQ by
LC/ESI-MS/MS (20 pg)' and a 40-fold improvement over
the concentration LOQ on the TSQ 7000 (10 ng/mL);
which used an LC/APCI-MS/MS method.

The calibration curve for acrylamide from 0.25 ng/mL to
2500 ng/mL is displayed in Figure 3. This calibration curve
was generated using the column-switching LC method just
prior to the acquisition of the food extracts data. A linear
regression fit to these data using 1/x weighting yielded the
following equation: y=35.5997 x 10*+0.0206125x. The
correlation coefficient for this curve was r*=0.9999, indi-
cating excellent linearity across the four orders of magni-
tude dynamic range. Table 1 summarizes the statistical
results for the acrylamide calibration curve. At the LOQ,
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Figure 1: SRM chromatograms for 50 ng/mL d3-acrylamide
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Figure 2: SRM chromatograms for 0.25 ng/mL acrylamide (LOQ)
with 50 ng/mL d3-acrylamide
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Figure 3: Calibration curve for acrylamide using column-switching
LC method with APCI-MS/MS detection



Nominal Mean Conc. % Rel. Number of
(ng/mL) (ng/mL) Error % CV Replicat
0.250 0.253 1.1 12.1 5
0.500 0.485 -29 6.7 5
1.00 1.00(4) 04 46 5
5.00 4.86 -2.7 0.9 5
10.0 10.2 2.1 0.7 5
100 101 0.7 0.5 5
500 512 24 0.8 3
1000 1006 0.6 0.6 3
2500 2481 -0.8 0.6 3

Table 1: Statistical data for the calibration curve of acrylamide
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Figure 4: SRM chromatograms of the Potato Chip 2 sample
aqueous extract
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Figure 5: 1 ng/mL acrylamide standard analyzed directly after
duplicate injections of the aqueous extract of the Potato Chip 2
sample

the accuracy, as a percent relative error, is 1.1% and the
precision, as a percent coefficient of variance (%CV), is
12.1% for five replicate injections. Above the LOQ, the
relative error varied from -2.9 to +2.4% and the %CV
ranged from 0.5 to 6.7%.

Results obtained from the aqueous extract of Potato
Chip 2 are presented in Figure 4. By utilizing a C18
column positioned before a switching valve to selectively
elute acrylamide onto the Hypercarb column, background
interferences are reduced. Unlike most of the other acry-
lamide reports where SPE cleanup was used following
extraction of the sample with water,”* the column-
switching LC method employed here provides an on-line
means of acrylamide fractionation. This has the advantage
of minimizing sample losses during SPE and greatly
reduces sample preparation time.

To monitor the consistency and reproducibility of the
column-switching LC-MS/MS method, a 1 ng/mL acry-
lamide standard was analyzed immediately following each
food sample. An example of this quality control standard
analyzed after the Potato Chip 2 sample is shown in
Figure 5. Although the baseline for the m/z 72 —55 SRM
transition is somewhat elevated near the retention time for
acrylamide, the calculated concentration for this standard
is 0.99 ng/mL, equating to a relative error of -1.0%.

Table 2 reports the results for four different food
samples that were assayed for acrylamide using the
column-switching LC method and MS/MS detection.

The acrylamide concentrations in each food sample were
calculated by multiplying the measured solution concen-
tration from duplicate injections by the extraction volume
and dividing by the food sample mass that was extracted.
The determined acrylamide concentrations correlated well
to those reported elsewhere for these classes of food.”

Potato Potato
Cereal 1 Cereal 2 Chip 1 Chip 2
Injection 1 1717 ng/mL 5593 ng/mL  57.11 ng/mL  29.18 ng/mL
Injection 2 17.00 ng/mL  56.18 ng/mL  56.52 ng/mL  29.14 ng/mL
Mean 17.09 ng/mL  56.06 ng/mL  56.82 ng/mL  29.16 ng/mL
Extraction Vol. 20.0 mL 20.0 mL 20.0 mL 20.0 mL
Mass Sample 2.003 g 2.007 g 2.021 1.995
Acrylamide Conc. 171 ng/g 559 ng/g 562 ng/g 292 ng/g

Table 2: Results of acrylamide assay from food samples



Conclusions

An LC-MS/MS method has been developed for the meas-
urement of acrylamide on the TSQ Quantum Discovery.
Using APCI for the analysis of acrylamide from 100%
water, an LOQ of 0.25 ng/mL acrylamide or 2.5 pg on
column was achieved. Incorporation of a column-
switching LC method prior to MS/MS detection of acry-
lamide eliminated the need to purify food sample extracts
by SPE. The method was successfully demonstrated for
the analysis of four brands of food samples using TSQ
Quantum Discovery in conjunction with a column-
switching LC method.
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