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Abstract A newmethod was developed for the determination
of four acrylamide compounds (acrylamide, methacrylamide,
N-methylol acrylamide, N-(Methoxymethyl)methacrylamide)
in food contact paper products, three kinds of water-based food
simulants, and dry food simulant (modified polyphenylene ox-
ide, MPPO) by using ultra-high performance liquid chroma-
tography tandem mass spectrometry (UPLC-MS/MS).
Acetonitrile was used as the extraction solvent for different
kinds of samples. The extraction solution of paper products
was purified with QuEChERS technology. Four analytes were
separated by gradient elution in a UPLC HSS T3 column
(100 mm×2.1 mm, 1.8 μm) with methanol and 0.1 % formic
acid water as mobile phases, and then detected in electrospray
ionization mode of MS/MS with multiple reaction monitoring
(MRM). Under the optimal conditions, the calibration curves
for four analytes were linear within the range of 1.0–200 μg/L
and the correlation coefficients were higher than 0.998. The
quantitation limits of the method (S/N=10) of four analytes
were in the range of 0.3–20 μg/kg. The mean recoveries for
five sample matrixes at three spiked concentration levels of
0.3–200 μg/kg were in the range of 81–108%with the relative

standard deviations (RSDs, n=6) values ranging from 2.5 to
7.1 %. The developed method is accurate, simple and rapid,
which can be applied to the determination of acrylamide com-
pounds in food contact paper products and food simulants.

Keywords Acrylamide compounds . Food contact paper
products . Food simulants . Ultra-high performance liquid
chromatography tandemmass spectrometry (UPLC-MS/MS) .

Isotope internal standardmethod

Introduction

N-nitro acrylamide (AM), methacrylamide (AAM), N-methylol
acrylamide (HAM), and N-(Methoxymethyl)methacrylamide,
as shown in Fig. 1, are important chemical raw materials. AM
is commonly used in the synthesis of polyacrylamide (PAM)
and HAM is a widely-used cross-linking monomer. In paper
industry, AM, PAM, AAM, HAM, and N-(Methoxymethyl)
methacrylamide can polymerized with some other monomers
(e.g., acrylonitrile, acrylic acid and acrylate) to form copolymers,
which can be used as paper-reinforcing agents, dispersing
agents, surface treatment agents, and paper pipe adhesives
(Kim et al. 2015; Omar et al. 2015; Krska et al. 2012).
Especially for recycled paper, it is necessary to add the above
additives to improve the strength and other properties of paper
during the reprocessing. Raw or boiled foodstuffs usually do not
contain acrylamide (Bent et al. 2012; Kaplan et al. 2009; Omar
et al. 2014). Food contact paper products were used to hold or
package water-based or dry food, such as water, beverage, and
some kind of food like bread. Unfortunately, some researchers
have demonstrated that the residual acrylamide additives in food
contact paper products are likely tomigrate to food under certain
conditions, whichmay affect the food safety and threaten human
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health. Besides, acrylamide monomers can be also generated
from the degradation of covered polymer during storage. The
presence of residual AM monomer in some paper products had
already been reported, suggesting the existence of the risk of
migratory contamination for paper packaging food. What is
more, AM, whose LD50 is 150–180 mg/kg (rat oral), is classi-
fied as possible carcinogen for humans (group 2A) by the
International Cancer Institute because of its neurotoxicity, repro-
ductive toxicity, genetic toxicity, and teratogenicity (IARC
1994; U.S. EPA 1994; Liu et al. 2008). The toxicity of AAM
(LD50 is 459 mg/kg, rat oral) is slightly lower than that of AM.
However, the ingestion ofAAMcan probably cause the disorder
of central nervous system. HAM belongs to low-toxic com-
pounds and the LD50 of HAM is 470 mg/kg (rat oral). To the
best of our knowledge, there is no literature regarding the tox-
icity of N-(Methoxymethyl)methacrylamide. Nevertheless, in
GB 9685–2008 (GB 9685–2008 2008), the specific migration
limits (SMLs, the minimum value of target analyte migrated
from food contact paper product to food under certain condi-
tions) of AM and AAM in paper package materials are 0 (the
method detection limits for AM and AAM are required to be
lower than 0.01 mg/kg and 0.02 mg/kg, respectively) and
0.05 mg/kg for both N-(Methoxymethyl)methacrylamide and
HAM. In view of the wide application of acrylamide com-
pounds in paper industry, the risk of migratory contamination
for paper packaging food and no available detection method for
AAM, HAM and N-(Methoxymethyl)methacrylamide, the es-
tablishment of an accurate and sensitivemethod for the detection
of acrylamide compounds in food contact paper products and
food simulants is necessary and of great significance.

To date, the detection of acrylamide compounds mentioned
in literatures were only focused on the detection of acrylamide
in heat-processed food and cosmetics (Kim et al. 2015; Krska
et al. 2012; Michalak et al. 2013; Mo et al. 2014; Liu et al.
2008; Sun et al. 2012; Russo et al. 2014; Backe et al. 2014;
Karasek et al. 2009), and the detectionmethodsmainly includ-
ed liquid chromatography (LC) (Albishri and El-Hady 2014;
Wang et al. 2013), ion pair-reversed phase-high performance
liquid chromatography (RP-HPLC-DAD) (Michalak et al.
2013), gas chromatography with mass spectrometry (GC-
MS) (Omar et al. 2014; Mo et al. 2014), and liquid chroma-
tography tandem mass spectrometry (Kim et al. 2015). For
example, Omar et al. (2014) established a dispersive solid-

phase extraction coupled to gas chromatography–mass spec-
trometry method to determination acrylamide in food and fa-
vorable LODs and precisions were obtained. Albishri and El-
Hady (2014) developed a simple method for the reliable de-
termination of acrylamide in food samples by utilizing liquid
chromatography and ultrasonic assisted selective extraction.
Moreover, a simple and sensitive liquid chromatography tan-
dem mass spectrometry assay for the simultaneous quantifica-
tion of AM and its active metabolite, glycidamide (GA) in rat
plasma, urine, and 14 different tissues was established by Kim
et al. (2015). GB/T 23296.9-2009 (2009) suggested the high-
performance liquid chromatography for the detection of acryl-
amide in three kinds of water-based simulants and olive oil.
The target analytes in these methods are only acrylamide,
which limited the detection of other acrylamide compounds.
Besides, the LC method is susceptible to impurities and its
sensitivity is relatively low.

LC-MS/MS shows high sensitivity, strong anti-interference
ability and high qualitative and quantitative accuracy in the
multi-residue trace detection (Dong et al. 2015; Guo et al.
2013). Considering these advantages of LC-MS/MS, this re-
search employed ultra-high performance liquid chromatogra-
phy tandem mass spectrometry (UPLC-MS/MS) and
QuEChERS dispersion and purification technology to estab-
lish the detection method for four acrylamide compounds in
food contact paper products and food simulants, which could
provide reference for the detection and specific migration
study of related compounds in food contact paper products.

Materials and Methods

Chemicals and Reagents

N-nitro acrylamide (AM, CAS: 79-06-1, purity>99.0 %) was
purchased from Dr. Ehrenstorfer GmbH (Augsburg,
Germany). N-methylol acrylamide (HAM, CAS: 924-42-5,
purity>98.0 %) was provided by CNW Technologies GmbH
(Düsseldorf, Germany). N-(Methoxymethyl)methacrylamide,
methacrylamide (AAM, CAS: 79-39-0, purity>98.0 %) and
N-(Methoxymethyl)methacrylamide standard products (CAS:
3644-12-0, purity>85.0%)were supplied by Tokyo Chemical
Industry Co., Ltd (Tokyo, Japan). Isotope internal standard:
13C3-acrylamide (13C3-AM, purity>98.0 %) was obtained
from Cambridge Isotope Laboratories, Inc. (Andover, USA).
Methanol and acetonitrile (HPLC grade) were provided by
Merck Chemicals Co., Ltd (Darmstadt, Germany). Formic
acid (HPLC grade), C18, and GCB adsorbent were supplied
by CNW Technologies GmbH (Düsseldorf, Germany).
Modified polyphenylene ether (MPPO, 60–80 meshes) was
available from Buchem BV. Acetic acid and absolute ethyl
alcohol (A.R. grade) were purchased from Guangzhou
Chemical Reagent Factory (Guangzhou, China).

Fig. 1 The structures of four acrylamide compounds

1896 Food Anal. Methods (2016) 9:1895–1903



Instrumentation

The ACQUITYTM ultra-high-performance liquid chromatog-
raphy and Waters XevoTM TQ tandem triple quadrupole mass
spectrometer (UPLC-MS/MS, Waters Co. USA) were used
for sample analysis. The samples were vortex mixed with a
MS3 basic vortex mixer (IKA GmbH, Germany) and
ultrasonicated by the KQ-250DV numerically controlled ul-
trasonic cleaning machine (Kunshan Ultrasonic Instrument
Co., Ltd, China). The Milli-Q A10 (Merk Millipore, USA)
was used to offer Milli-Q water. As acrylamide compounds
are polar and water-soluble organic molecules, which can be
separated by chromatography, so in this work, the chromato-
graphic behaviors of acrylamide compounds on the hydrophil-
ic interaction HILIC chromatography column (50 mm×
2.1 mm, 1.7 μm) and reverse interaction T3 chromatographic
column (100 mm×2.1 mm, 1.8 μm) were investigated.

Standard Solutions

Isotope internal standard working solution: appropriate
amount of 13C3-AM was dissolved in methanol to obtain the
internal standard stock solution (20 mg/L). Then, the standard
stock solution was further diluted by methanol, resulting of
the standard working solution (2 mg/L), which was then
stored in refrigerator at 4 °C.

Four kinds of standard samples were accurately weighed
and dissolved in methanol to acquire the single standard stock
solutions (100 μg/mL), respectively. The mixed standard
stock solution was prepared by utilizing the single standard
stock solution and methanol. The mixed standard working
solution, which contained 20 μg/L of 13C3-AM, was obtained
by further diluted the mixed standard stock solution to the
required concentration with 20 % methanol–water solution
(v/v). All of the prepared standard solutions were preserved
in refrigerator at 4 °C.

Samples and Sample Preparation

Twenty food contact paper products, including six paper cups,
six cake papers, four paper bags, and four paper towels, were
obtained from local manufacturers. Among them, three paper
cups are waxed; the remaining 17 samples are covered by poly-
ethylene (PE) on the single side. All samples, except one paper
cup covered by PE on the single side and two cake papers, have
printings on their outer surface. In addition, all of the samples
were conducted with permeability test and none of them were
leaky. Considering that food contact paper products were used to
hold or package water-based or dry food, such as drink and
bread, according to GB/T 23296.1-2009 (2009) and EN
14338–2003 (2003), Milli-Q water, 3 % acetic acid solution
(m/m), 10 % ethanol solution (v/v), and MPPO were used as
the aqueous, acidic, and alcoholic water-based food simulants

and dry food simulant, respectively. These food simulants were
further prepared from the migration tests according to the re-
quirements of GB/T 23296.1-2009 (2009) and EN 14338–
2003 (2003).

Because the printing ink, pigments, as well as some alkane
impurities on the surface of paper products could lead to the
matrix interference and the contamination of equipment during
detection, the purification of the extracting solution was neces-
sary. Owing to the speediness, simpleness, and convenience of
QuEChERS dispersion and purification technology, the
extracting solution was purified by QuEChERS in this experi-
ment. C18, PSA, and GCB were commonly dispersion fillers
for QuEChERS. Specifically, C18 could adsorb non-polar im-
purities (fat); PSA could adsorb polar impurities, such as fatty
acid and organic acid; GCB could adsorb some impurities like
pigments. So, in this work, the treatment of paper products was
as follows: paper products were cut into 5 mm×5 mm in size
and 0.25 g of as-prepared sample, 25 μL of internal standard
working solution and 5.0 mL of acetonitrile were orderly added
into a 10 mL of stoppered colorimetric tube. The mixture was
ultrasonicated for 30 min, vortex mixed, and centrifuged at
2500 rpm for 5 min. After that, 2.0 mL of the extracting solu-
tion was withdrawn into 2.5 mL of plastic centrifuge tube,
which contained 20 mg C18 and 20 mg GCB. The mixture
was vortex mixed for 1 min and centrifuged at 10,000 rpm
for 2 min. Subsequently, 1.0 mL of supernatant was withdrawn
into nitrogen blowpipe and concentrated to dry in water bath at
40 °C under nitrogen blowing. Then, 0.5 mL of 20%methanol
aqueous solution was added in, and the resulting mixture was
vortex mixed and filtrated (0.22 μm). Finally, the correspond-
ing filtrate was transferred into 400 μL of intubation for subse-
quent UPLC-MS/MS analysis.

The treatment of dry food simulant products: 1.00 g of
MPPO, 25 μL of internal standard working solution and
10 mL of acetonitrile were orderly added into a 10 mL of
stoppered colorimetric tube. The above suspension was
ultrasonicated for 30 min, vortex mixed, and centrifuged at
2500 rpm for 5 min. After that, 4.0 mL of the extracting
solution was withdrawn into 10 mL of nitrogen blowpipe
and concentrated to dry in water bath at 40 °C under nitrogen
blowing. Then, 1.0 mL of 20 % methanol aqueous solution
was added in. The resulting mixture was vortex mixed and
filtrated (0.22 μm) for subsequent UPLC-MS/MS analysis.

The treatment of three kinds of water-based food simulant
products: 5.0 g of three kinds of water-based food simulants
were added into a 50-mL Teflon centrifugal tube with cover,
respectively. The pH value of the acidic food simulant was ad-
justed to 7.0 and the alcohol food simulation was diluted with
5.0 mL of Milli-Q water. Then, 10.0 μL of internal standard
working solution and 7.0 mL of acetonitrile were orderly added
in and the mixtures were vortex extracted for 1 min. Followed
by the addition of NaCl (5.0 g for the aqueous and acidic food
simulants, 8.0 g for the alcohol food simulants) and further
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vortex extracted for 1 min and centrifuged at 4000 rpm for
5 min. The supernatant was withdrawn into 15 mL of nitrogen
blowpipe and the remaining residue was extracted again with
7.0 mL of acetonitrile. The extracting solution was combined
and concentrated to dry in water bath at 40 °C under nitrogen
blowing. Then, 1.0 mL of 20 %methanol aqueous solution was
added in. The resulting mixture was vortex mixed and filtrated
(0.22 μm) for subsequent UPLC-MS/MS analysis.

The preparation of spiked samples: the preparation proce-
dures of the spiked samples are the same as the treatments
described above expect for the addition of appropriate con-
centrations of mixed standard and internal standard working
solution. The spiked samples were stayed at room temperature
until the standard solution was entirely adsorbed.

UPLC-MS/MS Conditions

ACQUITY UPLC HSS T3 chromatographic column
(100 mm×2.1 mm, 1.8 μm) was finally chosen for separation.
Column temperature was set as 30 °C. Methanol and 0.1 %
formic acid aqueous solution were chosen as mobile phases.
The flow gradient was initiated at a composition of 20:80
(methanol/water, v/v) with a flow rate of 0.2 mL/min. Then
methanol was linearly increased to 70 % in 3 min. After
returning to the initial composition of 20:80 in 0.1 min, the
columnwas allowed to re-equilibrate for 1.9 min giving a total
run time of 5 min (Table 2). The injection volume was 5 μL.

The electrospray ionization source was operated in a posi-
tive mode with capillary voltage set to 0.5 kV and samples
were detected in the multiple reaction monitoring (MRM)
mode. The ion source and desolvation temperatures were op-
timized at 150 and 500 °C. The desolvation gas, cone gas, and
collision gas flow rates were set at 800 L/h, 50 L/h and 9 L/h,
respectively. Monitoring ion pair (m/z), cone voltage, collision
energy, retention time, and other parameters of the acrylamide
analytes and isotope internal standard were shown in Table 1.

Statistical Analysis

Statistical calculation and between-variable correlation were
investigated using the SPSS (SPSS Inc., Chicago, IL, USA).
All the data were expressed as means±standard deviations
(SDs) of triplicate determinations and significance was deter-
mined at P<0.05 by analysis of variance (ANOVA) followed
by Duncan’s least significant test.

Results and Discussion

Optimization of Extraction Condition

Because acrylamide compounds are soluble in water and polar
organic solvents, such as alcohol and acetonitrile, they can be

extracted from porous paper products under sonication.
Acetonitrile is a common used extraction solvent and could
extract few amounts of the non-polar dye materials in paper
products. Besides, for the water-based food stimulant, aceto-
nitrile can extract homogeneously and then split phase by
salting out. Therefore, the extraction recoveries of samples
with acetonitrile as extractant were investigated and deter-
mined to be in the range of 87–114 %, which suggested a
good efficiency of the extraction procedure.

It should be noted that the acid in the acidic food simulant
and the ethanol in alcoholic food stimulant could affect the
distribution amount of acrylamide compounds in acetonitrile
phase during the extraction procedure. Thus, before the ex-
traction, the regulation of pH value to 7.0 and the reduction of
ethanol content should be conducted to ensure the extraction
effect.

The effect of different sonication time (10, 20, 30, 40, and
50 min) on the extraction efficiencies of solid samples (paper
product and dry food simulant) was investigated in this exper-
iment and shown in Fig. 2. The results showed that the extrac-
tion recoveries of four acrylamide analytes in tight textured
paper box tended to be balanced after sonication for 30 min.
Therefore, the sonication time was selected to be 30 min in
this experiment.

Optimization of Purification Condition for Paper Samples

The purification effects of these three kinds of fillers (20 mg of
each) of QuEChERS on the extracting solution of the pigment
matrix were investigated (Fig. 3). It could be seen that the
recoveries of C18 and GCB were higher (P<0.05) than that
of PSA. Because the adsorption effect of GCB on pigment
was the best, and GC-MS full scan mass spectrometry implied
that the elimination of the alkane impurity by C18 was the
best. Hence, for good purification effect, the combination of
C18 (20 mg) and GCB (20 mg) were adopted to carry out
QuEChERS and the favorable recoveries (92–98 %, n=6)
were obtained. In a research paper published by Omar et al.
(2015), aluminum oxide (Al2O3) as dispersive solid phase
extraction (dSPE) material combined with the QuEChERS
preparation method for the extraction of acrylamide from food
samples were used and favorable results could also be obtain-
ed. Recoveries of acrylamide ranging from 90 to 97 % (n=3)
indicating that the proposed Al2O3 dSPE method could be
successfully applied to the analysis of acrylamide in real food
samples.

Optimization of Chromatography and Mass
Spectrometry Conditions

Under ESI+ mode, the four acrylamide analytes show high-
response [M+H]+ molecular ion peaks and the corresponding
parent and characteristic fragment ions could be determined
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through primary and secondary scanning of mass spectrome-
try. Specifically, with the lost of −NH3 and −CH2=CH2, the
corresponding fragment ions of AM are m/z 55 and 44. AAM
miss −CHN and −NH2, yeilding the fragment ionsm/z 58 and
69. The fragment ions of HAM are determined to be m/z 55
and 84 as the result of losing −CH4NO and −OH. As for
N-(Methoxymethyl)methacrylamide, the fragment ions are
m/z 69 and 98 after missing −C2H6NO and −CH3O. The mass
spectrometric parameters, such as characteristic ion, cone volt-
age and collision voltage, were optimized to achieve the best
response for each compound. The optimized parameters were
shown in Table 1.

For HILIC chromatography column, the four acryl-
amide analytes simultaneously show peaks at 0.85 min
with acetonitrile 5 mmol/L ammonium acetate (95:5,
v/v) for isocratic elution (flow rate was 0.2 mL/min),
which indicated that good separation was difficult to
achieve. Besides, this co-outflow was liable to generate
the ionization competition of mass spectrometry,

resulting of the inhibition effect of matrix. As for the
T3 chromatographic column, the four analytes had good
retention time, separation degree, and half peak width
by utilizing methanol–0.1 % formic acid water as mo-
bile phase for the gradient elution (Fig. 4). The change
of the mobile phase was due to the weaker elution abil-
ity of methanol and the higher ionization efficiency of
analytes in acidic mobile phase. As a result, T3 chro-
matographic column and mobile phase of methanol–
0.1 % formic acid water were selected for the chromato-
graphic separation.

Under the optimized instrument condition, selective ion
chromatograms of standard solutions for four acrylamide
analytes were shown in Fig. 4.

Linear Range, Detection Limit, and Matrix Effect

A series of mixed standard solutions with mass concentrations
of 1.0–200 μg/L for four acrylamide analytes were prepared

Table 1 MS parameters for the
analyse of the acrylamide
compounds and isotope internal
standard

Compounds Precursor
ion (m/z)

Daughter
ion (m/z)

Cone
voltage (V)

Collision
energy (eV)

Retention
time (min)

N-nitro acrylamide (AM) 72 44 20 10 1.59
55a 20 10

Methacrylamide (AAM) 86 58a 20 10 2.21
69 20 10

N-Methylol acrylamide (HAM) 102 54.8a 10 10 1.62
83.7 10 5

N-(Methoxymethyl)methacrylamide 130.1 69a 7 10 2.72
98.1 7 5

13C3-AM 75 58a 20 10 1.58

a Transitions for quantification
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and tested at the optimal experiment conditions. For AM, the
ratio of target analyte quantitative ion peak area to the internal
standard quantitative ion peak area peak area was used as
ordinate y. For the remaining three analytes, the respective
quantitative ion peak area was used as ordinate y. The corre-
sponding mass concentration (μg/L) was used as abscissa x.
The linear regression was performed to obtain the correlation
coefficients of various compounds (Table 2). Obviously, all of
the correlation coefficients were more than 0.998, indicating

the good linear relationship between the quantitative ion peak
areas and analyte concentrations.

A series of matrix calibration solutions were prepared by
using five kinds of negative matrix-extracting solutions, and
the corresponding matrix calibration curves were obtained. For
these compounds, the slope ratios between matrix calibration
curves and pure standard solution curves were in range of
0.89–1.09, indicating that the matrix effect was very small and
thus could be neglected.

The limit of detection (LOD) and limit of quantitation
(LOQ) of the instrument, which refers the triple signal-to-
noise ratio (S/N=3) and tenfold signal-to-noise ratio (S/N=
10), were measured by gradually diluting the standard solu-
tion. By taking the pretreatment processes and the recoveries
of various samples into consideration, the corresponding
method limit of detection (MLOD) and the method limit of
quantitation (MLOQ) were in the ranges of 0.1–6.5 μg/kg and
0.3–20μg/kg, respectively, which are lower than those of 9.1–
12.8 μg/kg and 27.8–38.9 μg/kg by a gas chromatography–
mass spectrometry analysis (Omar et al. 2014), suggesting that
the method was sensitive and could satisfy the monitor re-
quirement of GB 9685-2008 (2008).

Recovery and Precision

At the optimal experiment condition, the spiked recoveries of
three added levels were performed in the negative sample
matrixes (paper product, three kinds of water-based food
simulants and dry food simulant). Each added level includes
six parallel experiments. The results (Table 3) showed that the
average recoveries of three added levels were in the range of
81–108 % and the relative standard deviations ranged from
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acrylamide (AM), methacrylamide
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(HAM), and N-
(Methoxymethyl)methacrylamide,
respectively. For each analyte,
values in three columns followed by
the different letters are significantly
different (P<0.05)

Fig. 4 The extracted ion chromatograms of four target analytes and
internal standard substance (10.0 μg/L)
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2.5 to 7.1 %. The recoveries obtained in this work are quite
close to those of 91.6–110 % by a liquid chromatography
tandem mass spectrometry method developed by Kim et al.
(2015), demonstrating the good precision and accuracy of this
method.

Analysis of Practical Samples

To evaluate the application of the method, 20 food contact
paper products were examined with this method. Among
these samples, two facial tissue samples were found to
contain AM and the contents were determined to be
517 μg/kg and 169 μg/kg, respectively. One paper cup
was detected to have 13 μg/kg of N-(Methoxymethyl)
methacrylamide; the remaining samples showed no detec-
tion of any acrylamide analytes. The typical selective ion
chromatograms for the tissue sample and the paper cup
sample were shown in Fig. 5a and b.

Conclusions

With the utilization of UPLC-MS/MS, QuEChERS disper-
sion and purification technology and isotope dilution tech-
nique, a new analytical method was developed for the
detection of four acrylamide compounds in the food con-
tact paper products, water-based food simulants, alcohol-
based food simulants, and dry food simulant. The calibra-
tion curves were linear over the selected concentration
ranges of 1.0–200 μg/L for all analytes, with the correla-
tion coefficients higher than 0.998. The MLOD and
MLOQ were in the ranges of 0.1–6.5 μg/kg and 0.3–
20 μg/kg, respectively. Favorable recoveries (81–108 %)
were obtained at three spiked concentration levels of 0.3–
200 μg/kg, with the RSDs (n=6) values ranging from 2.5
to 7.1 %. The developed method was simple, accurate,
sensitive, and widely applicable, which could provide
new reference for the research of residue detection and
specific migration in food contact paper products.

Table 2 1Linear range, correlation coefficients (r), method limit of detection (MLOD) and method limit of quantitation (MLOQ) of four acrylamide
compounds

Compound Linear range (μg/L) r Method limit of detection
(MLOD, μg/kg)

Method limit of quantitation
(MLOQ, μg/kg)

Paper Water-based
food simulants

Modified
polyphenylene
oxide (MPPO)

Paper Water-based
food simulants

Modified
polyphenylene
oxide (MPPO)

N-nitro acrylamide (AM) 2.0–200 0.9989 6.5 0.2 1.5 20 0.5 5

Methacrylamide (AAM) 1.0–200 0.9997 3.5 0.1 1.0 10 0.3 3

N-Methylol acrylamide (HAM) 2.0–200 0.9991 6.5 0.2 1.5 20 0.5 5

N-(Methoxymethyl)methacrylamide 1.0–200 0.9995 3.5 0.1 1.0 10 0.3 3

Table 3 The method recoveries and precisions for four acrylamide compounds (n=6)

Compounds Paper Water 3 % acetic
acid solution

10 % ethanol
solution

Modified polyphenylene
oxide (MPPO)

N-nitro acrylamide (AM) Added (μg/kg) 20, 40, 200 0.5, 1.0, 5.0 0.5, 1.0, 5.0 0.5, 1.0, 5.0 5.0, 10, 50

Recovery (%) 85, 90, 91 90, 93, 98 89, 93, 97 85, 89, 92 92, 97, 102

RSD (%) 7.1, 5.0, 5.2 5.3, 5.8, 4.7 6.8, 6.0, 5.4 6.2, 6.7, 5.9 5.1, 5.4, 4.2

Methacrylamide (AAM) Added (μg/kg) 10, 20, 100 0.3, 0.6, 3.0 0.3, 0.6, 3.0 0.3, 0.6, 3.0 3.0, 6.0, 30

Recovery (%) 90, 95, 104 93, 95, 99 91, 99, 97 88, 106, 95 95, 93, 101

RSD (%) 5.5, 5.7, 3.4 5.1, 4.4, 3.6 5.7, 5.7, 5.0 6.2, 5.9, 6.5 4.8, 5.2, 5.5

N-Methylol acrylamide (HAM) Added (μg/kg) 20, 40, 200 0.5, 1.0, 5.0 0.5, 1.0, 5.0 0.5, 1.0, 5.0 5.0, 10, 50

Recovery (%) 83, 89, 94 85, 87, 96 83, 95, 93 81, 84, 105 88, 103, 92

RSD (%) 3.7, 4.0, 4.2 4.4, 4.7, 3.1 5.3, 4.9, 5.1 5.4, 5.0, 4.3 3.9, 3.5, 3.6

N-(Methoxymethyl)methacrylamide Added (μg/kg) 10, 20, 100 0.3, 0.6, 3.0 0.3, 0.6, 3.0 0.3, 0.6, 3.0 3.0, 6.0, 30

Recovery (%) 92, 94, 103 90, 88, 108 87, 95, 104 86, 89, 90 90, 98, 95

RSD (%) 2.9, 3.3, 4.1 3.5, 4.7, 6.2 3.9, 3.3, 4.9 4.6, 4.0, 3.4 3.7, 2.5, 3.0
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