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National Food Safety Standard

Food Contact Materials and Products

Determination of Migration of Laurolactam

1 Scope

This standard specifies the method for the determination of the migration of

laurolactam in food contact materials and products.

This standard applies to the determination of the migration of laurolactam in

polyamide food contact materials and products.

Method 1 Liquid Chromatography

2 Principle

After the migration test of food contact materials and products, liquid

chromatography is used for detection. Among them, aqueous, acidic, ethanol-

containing food simulants and chemical alternative solvent 95% (volume fraction)

ethanol were directly injected after filtration; oil-containing food simulants were

filtered and injected after liquid-liquid extraction and solid-phase extraction; the

chemical alternative solvent isooctane was filtered and injected after removing the

solvent and re-dissolving in acetonitrile. Retention time was used for qualitative

analysis and external standard method for quantitative analysis.

3 Reagents and materials

Unless otherwise specified, all reagents used in this method were of analytical grade

and the water was Grade-1 water as specified in GB/T6682.

3.1 Reagents

3.1.1 Acidic, ethanolic, oily food simulants and chemically substituted solvents: The

reagents used shall comply with the provisions of GB5009.156.

3.1.2 Acetonitrile (C₂ H₃ N): chromatographically pure.
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3.1.3 Formic acid (CH₂ O₂ ): chromatographically pure.

3.1.4 Ammonia water: The mass fraction of ammonia is 25% to 28%.

3.1.5 Anhydrous ethanol (C₂ H₆ O).

3.2 Reagent preparation

3.2.1 Formic acid-water solution: Measure 5.0 mL formic acid and 95 mL water and

mix well.

3.2.2 Ammonia-acetonitrile solution: Measure 2.0 mL of ammonia, 8.0 mL of water

and 90 mL of acetonitrile and mix well.

3.2.3 Formic acid-acetonitrile-water solution: Take 20 mL of acetonitrile and 80 mL of
water, pipette 100 μL of formic acid, and mix well.

3.3 Standards

Laurolactam standard (C 12H₂ ₃ NO, CAS: 947-04-6, also known as lauryl lactam or

azacyclotridecan-2-one): purity ≥ 98%, or standard substances certified by the state

and awarded with standard substance certificates.

3.4 Preparation of standard solution

3.4.1 Standard stock solution of laurolactam (1000 mg/L): Weigh 100 mg (accurate

to 0.1 mg) of laurolactam standard, dissolve it in anhydrous ethanol, make up to 100

mL, and shake well. Transfer the solution to a brown glass container and store it at

4°C away from light. The shelf life is 3 months.

3.4.2 Standard intermediate solution of laurolactam (200 mg/L): Pipette 5.0 mL of

standard stock solution of laurolactam into a 25 mL volumetric flask, dilute to the

mark with anhydrous ethanol, and shake well. Transfer the solution to a brown glass

container and store it at 4°C away from light. The shelf life is 3 months.

3.4.3 Aqueous, acidic, ethanol-containing food simulants or 95% (volume fraction)

ethanol standard working solutions: Pipette 0.50mL, 1.0mL, 2.5mL, 5.0mL and 10mL

of the laurolactam standard intermediate solution into 100mL volumetric flasks

respectively, dilute to the mark with corresponding aqueous, acidic, ethanol-
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containing food simulants or 95% (volume fraction) ethanol to prepare standard

working solutions with concentrations of 1.0mg/L, 2.0mg/L, 5.0mg/L, 10mg/L and

20mg/L respectively. Prepare immediately before use.

3.4.4 Standard working solution of oil-containing food simulant: Weigh 2g (accurate

to 0.01g) of olive oil, add 20μL, 30μL, 50μL of laurolactam standard intermediate

solution and 20μL, 40μL of laurolactam standard stock solution respectively, mix well,

and prepare standard working solutions with concentrations of 2.0mg/kg, 3.0mg/kg,

5.0mg/kg, 10mg/kg and 20mg/kg respectively. Prepare immediately before use.

Before loading on the machine, treat it simultaneously with the soaking solution of

oily food simulant according to 5.1.3.

3.4.5 Isooctane standard working solution: Pipette 0.50mL, 1.0mL, 2.5mL, 5.0mL

and 10mL of the laurolactam standard intermediate solution into 100mL volumetric

flasks respectively and make up to the mark with isooctane. The concentrations of

the standard working solutions are 1.0mg/L, 2.0mg/L, 5.0mg/L, 10mg/L and 20mg/L

respectively. Prepare immediately before use. Before loading, treat with isooctane

soaking solution according to 5.1.4.

4. Instruments and equipment

4.1 High performance liquid chromatograph: equipped with a diode array detector or

ultraviolet detector.

4.2 Adjustable pipette: range 10μL～100μL and range 100μL～1000μL.

4.3 Analytical balance: sensitivity 0.0001g (0.1mg) and sensitivity 0.01g.

4.4 Organic microporous filter membrane: 0.45μm.

4.5 Vortex mixer.

4.6 Centrifuge.

4.7 Nitrogen concentrator.

4.8 Solid phase extraction device.
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4.9 Mixed cationic solid phase extraction cartridge or equivalent purification cartridge:
150 mg/6 mL.

5 Analysis steps

5.1 Preparation of test solution

5.1.1 Migration test

Food contact materials and products are subjected to migration tests in accordance

with the requirements of GB5009.156 and GB31604.1 to obtain immersion solutions.

5.1.2 Aqueous, acidic, ethanol-containing food simulants and 95% (volume
fraction) ethanol test solution

Take 1mL to 2mL of the aqueous, acidic, ethanol-containing food simulants and 95%

(volume fraction) ethanol soaking solution obtained from the migration test, filter

them through a microporous filter membrane and then prepare them for

determination.

5.1.3 Test solution for oily food simulants

Weigh 2 g (accurate to 0.01 g) of the soaking solution of oily food simulant into a 15

mL centrifuge tube, add 4.0 mL of acetonitrile, vortex and extract for 10 minutes,

centrifuge at 8500 r/min for 2 minutes, and take the supernatant. The soaking

solution was extracted once again, and the two extracts were combined and

concentrated to about 0.5 mL under nitrogen blowing at 45°C. After re-dissolving

with 4.0 mL of formic acid-water solution, the solution was transferred to a mixed

cationic solid phase extraction column activated with 3.0 mL of acetonitrile, pure

water, and formic acid-water solution. The mixture was washed with 3.0 mL of formic

acid-water solution and acetonitrile in sequence, and then eluted with 3.0 mL of

ammonia-acetonitrile solution. The eluate was blown to dryness with nitrogen at

45°C, 1.0 mL of formic acid-acetonitrile-water solution was added, vortexed for 1

minute to re-dissolve, and filtered through a microporous filter membrane before

determination.

5.1.4 Isooctane test solution
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1.0 mL of the isooctane soaking solution obtained from the migration test was taken

out and blown to dryness with nitrogen at 45°C. 1.0 mL of acetonitrile was added to

dissolve the residue and filtered through a microporous filter membrane before

determination.

5.1.5 Preparation of blank test solution

Food simulants and chemical substitute solvents that are not in contact with food

contact materials and products shall be treated according to 5.1.2, 5.1.3 and 5.1.4 to

obtain blank test solutions.

5.2 Instrument reference conditions

The instrument reference conditions are as follows:

a)Chromatographic column: C18 column, column length 250mm, column inner

diameter 4.6mm, particle size 5μm, or chromatographic column with equivalent

performance;

b)Mobile phase: acetonitrile and water (50+50, volume ratio);

c) Flow rate: 1.0 mL/min;

d) Injection volume: 20 μL;

e) Column temperature: 25°C;

f) Detection wavelength: 210nm.

5.3 Preparation of standard curve

Determine the standard working solution according to the instrument reference

conditions listed in 5.2. A standard curve is drawn with the concentration of

laurolactam in the standard working solution as the abscissa and the corresponding

peak area as the ordinate. The reference chromatogram of laurolactam standard

solution is shown in Figure A.1 in Annex A.

5.4 Determination of test solution

Determine the food simulant test solution and blank test solution according to the

instrument reference conditions listed in 5.2, and obtain the peak area of the target
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substance by qualitative analysis based on the retention time. Obtain the

concentration of laurolactam in the test solution based on the standard curve.

Calculate the migration of laurolactam according to Chapter 6. The retention time of

the chromatographic peak of the food simulant test solution should deviate from the

retention time of the chromatographic peak of the standard working solution within

the range of ±2.5%.

The test solution can be diluted according to the specific situation so that its

measured value is within the linear range of the standard curve.

6. Presentation of analysis results

6.1 Calculation of the migration of laurolactam in food simulants:

The migration amount of laurolactam in food simulants is calculated according to

formula (1).

X₁ =(c - c 0 )·N ................ (1)

Where:

X₁ ——the migration amount of laurolactam in food simulants, in milligrams per liter

(mg/L) or milligrams per kilogram (mg/kg);

c——the content of laurolactam in the food simulant test solution, in milligrams per

liter (mg/L) or milligrams per kilogram (mg/kg);

c0 ——the content of laurolactam in the blank test solution, in milligrams per liter

(mg/L) or milligrams per kilogram (mg/kg);

N——dilution multiple.

6.2 Calculation of specific migration of laurolactam in food contact materials
and products

6.2.1 Calculation of specific migration amount of laurolactam in non-sealed
food contact materials and products (expressed in mg/kg)

For food contact materials and products other than sealing products such as lids,

sealing rings, connectors (hereinafter referred to as sealing products), the specific
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migration amount of laurolactam, when expressed in mg/kg, shall be calculated

according to formula (2).

Where:

…………………………(2)

X₂ ——Specific migration amount of laurolactam in food contact materials and

products, in milligrams per kilogram (mg/kg);

V₁ ——the volume or mass of the sample immersion solution in the migration test,

in liters (L) or kilograms (kg);

S0——the area of food contact materials and products that are in contact with food

during actual use, in square decimeters (dm²);

S₁ ——the area of contact between the sample and the immersion liquid in the

migration test, in square decimeters (dm²);

m₁ ——The mass of solid food or the mass of liquid food that food contact materials

and products are in contact with during actual use, in kilograms (kg); the volume of

various liquid foods is converted into the corresponding mass based on the density

of 1kg/L.

The result must have at least 2 significant digits.

6.2.2 Calculation of specific migration amount of laurolactam in food contact
materials and products of sealing products (expressed in mg/kg)

When the intended use is known, for food contact materials and products such as

sealing products, the specific migration amount of laurolactam is expressed in mg/kg

and is calculated according to formula (3).

Where:

…………………………(3)

X₃ ——Specific migration amount of laurolactam in food contact materials and

products, in milligrams per kilogram (mg/kg);
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V₁ ——the volume or mass of the sample immersion solution in the migration test,

in liters (L) or kilograms (kg);

S 0——the area of the sealing product that is in contact with food during actual use,

in square decimeters (dm²);

S₁ ——the area of contact between the sample and the immersion liquid in the

migration test, in square decimeters (dm²);

m2——The mass of solid food or the volume of liquid food in the actual supporting

container of the sealed product, in kilograms (kg); the volume of various liquid foods

is converted into the corresponding mass based on the density of 1kg/L.

The result must have at least 2 significant digits.

6.2.3 Calculation of specific migration amount of laurolactam in food contact
materials and products of sealing products (expressed in mg/piece)

When the intended use is unknown, for food contact materials and products such as

sealing products, the specific migration amount of laurolactam is expressed in

mg/piece and is calculated according to formula (4). The migration test method

adopted and the contact area between a single sealing product and the food

simulant in the migration test must be indicated.

…………………………(4)

Where:

X₄ ——Specific migration amount of laurolactam in food contact materials and

products, in milligrams per piece (mg/piece);

V₁ ——the volume or mass of the sample immersion solution in the migration test,

in liters (L) or kilograms (kg);

n——The number of sealing products immersed in the migration test, in pieces.

The result must have at least 2 significant digits.

7. Precision
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The absolute difference between two independent determination results obtained

under repeatability conditions shall not exceed 10% of the arithmetic mean.

8 Others

The detection limit of laurolactam in aqueous, acidic, ethanol-containing food

simulants and chemical alternative solvents 95% (volume fraction) ethanol and

isooctane is 0.5 mg/L, and the quantitation limit is 1.0 mg/L. The detection limit of

laurolactam in oil-containing simulants is 1.0 mg/kg, and the quantitation limit is 2.0

mg/kg.

The detection limit and quantitation limit of specific migration of laurolactam in food

contact materials and products are based on the detection limit and quantitation limit

of laurolactam in food simulants and converted in accordance with Chapter 6.

Method 2: Liquid chromatography-tandem mass spectrometry

9 Principle

After the migration test of food contact materials and products, liquid

chromatography-tandem mass spectrometry is used for detection.Among them,

aqueous, acidic, ethanol-containing food simulants and chemical substitute solvent

95% (volume fraction) ethanol were directly injected after filtration; oil-containing

food simulants were filtered and injected after liquid-liquid extraction and solid-phase

extraction; the chemical substitute solvent isooctane was filtered and injected after

removing the solvent and re-dissolving in acetonitrile. Retention time and relative ion

abundance ratio were used for qualitative analysis, and external standard method

was used for quantitative analysis.

10 Reagents and materials

Unless otherwise specified, all reagents used in this method were of analytical grade

and the water was Grade-1 water as specified in GB/T6682.

10.1 Reagents

Same as 3.1.

10.2 Solution preparation
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Same as 3.2.

10.3 Standards

Same as 3.3.

10.4 Preparation of standard solution

10.4.1 Laurolactam standard stock solution (1000 mg/L): same as 3.4.1.

10.4.2 Standard intermediate solution of laurolactam (10 mg/L): Pipette 1 mL of the

standard stock solution of laurolactam into a 100 mL volumetric flask, dilute to the

mark with anhydrous ethanol, and shake well. Transfer the solution to a brown glass

container and store it at 4°C away from light. The shelf life is 3 months.

10.4.3 Standard intermediate solution of laurolactam (1.0 mg/L): Pipette 1 mL of the

standard stock solution of laurolactam into a 10 mL volumetric flask, dilute to the

mark with anhydrous ethanol, and shake well. Transfer the solution to a brown glass

container and store it at 4°C away from light. The shelf life is 3 months.

10.4.4 Aqueous, acidic, ethanol-containing food simulants and 95% (volume fraction)

ethanol standard working solutions: Accurately pipette 0.30mL, 0.50mL, 1.0mL,

5.0mL and 10mL of the laurolactam standard intermediate solution (1.0mg/L) into a

100mL volumetric flask, dilute to the mark with the corresponding aqueous, acidic,

ethanol-containing food simulants or 95% (volume fraction) ethanol to prepare

0.003mg/L, 0.005mg/L, 0.010mg/L, 0.050mg/L and 0.10mg/L standard working

solutions. Prepare immediately before use.

10.4.5 Standard working solution of oily food simulant: pipette 12μL, 20μL, 40μL of

laurolactam standard intermediate solution (1.0mg/L) and 10μL, 20μL of laurolactam

standard intermediate solution (10mg/L) respectively, add to 2g (accurate to 0.01g)

of oily food simulant, mix well, and prepare standard working solutions of

0.006mg/kg, 0.010mg/kg, 0.020mg/kg, 0.050mg/kg, and 0.10mg/kg. Prepare

immediately before use. Before loading on the machine, treat it simultaneously with

the soaking solution of oily food simulant according to 12.1.

10.4.6 Isooctane standard working solution: Pipette 0.30mL, 0.50mL, 1.0mL, 5.0mL

and 10mL of laurolactam standard intermediate solution (1.0mg/L) into a 100mL

volumetric flask, dilute to the mark with isooctane. The concentrations of the
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standard working solutions are 0.003mg/L, 0.005mg/L, 0.010mg/L, 0.050mg/L and

0.10mg/L, respectively. Prepare immediately before use. Before using the machine,

treat it simultaneously with isooctane soaking solution according to 12.1.

11 Instruments and equipment

11.1 Liquid chromatography-tandem mass spectrometer: equipped with an

electrospray ionization source (ESI).

11.2 Adjustable pipette: range is 10μL～100μL and range is 100μL～1000μL.

11.3 Analytical balance: sensitivity 0.0001g (0.1mg) and sensitivity 0.01g.

11.4 Organic microporous filter membrane: 0.45μm.

11.5 Vortex mixer.

11.6 Centrifuge.

11.7 Nitrogen Concentrator.

11.8 Solid phase extraction apparatus.

11.9 Mixed cationic solid phase extraction cartridge or equivalent purification

cartridge: 150 mg/6 mL.

12 Analysis steps

12.1 Sample preparation

Same as 5.1.

12.2 Instrument reference conditions

12.2.1 Liquid Chromatography Conditions

The liquid chromatography reference conditions are as follows:

a) Chromatographic column: C18 chromatographic column, column length 100 mm,

column inner diameter 2.1 mm, particle size 1.7 μm, or chromatographic column with

equivalent performance;
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b) Mobile phase: A is an aqueous solution containing 0.1% (volume fraction) formic

acid, B is an acetonitrile solution containing 0.1% (volume fraction) formic acid, the

elution gradient is shown in Table 1;

c) Flow rate: 0.3 mL/min;

d) Column temperature: 40°C;

e) Injection volume: 2 μL:

Table 1 Gradient elution conditions

Time/min A/% B/%

0.0 60 40

0.5 60 40

0.6 50 50

4.0 50 50

4.1 2 98

5.2 2 98

5.3 60 40

7.0 60 40

12.2.2 Mass spectrometry conditions

The mass spectrometry reference conditions are as follows:

a) Ionization mode: electrospray ionization positive mode (ESI+);

b) Mass spectrometry scanning mode: multiple reaction monitoring (MRM);

c) Spray voltage: 5500V;

d) Atomization temperature: 500°C;

e) The mass spectrometry conditions of laurolactam refer to Table 2.

Table 2 Reference conditions for laurolactam mass spectrometry

Compound Precursor

ion (m/z)

Product ion

(m/z)

Fragmentati

on

Collision

energy/eV
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voltage/V

laurolactam 198.2 83.1 a 80 28

198.2 97.0 80 28

Note: Instrument parameters may vary for different mass spectrometers, and mass

spectrometer parameters should be optimized before determination.
a is the quantitative ion.

12.3 Qualitative determination

Determine the food simulant test solution and standard working solution under the

instrument reference conditions listed in 12.2. The following conditions must be met

to determine the presence of the corresponding target substance in the test solution:

a) The difference between the retention time of the chromatographic peak of the

target compound in the test solution and the retention time of the chromatographic

peak of the target compound in the standard working solution is within ±2.5%;

b) The signals of the two selected ion pairs appear;

c) The deviation between the relative abundance of the qualitative ion pair and the

relative abundance of the standard solution with equivalent concentration shall not

exceed the provisions in Table 3.

Table 3 Maximum allowable deviation of relative ion abundance in qualitative
determination

Relative ion

abundance/%

>50 20～50 10～20 10

Allowable relative

error/%

± 20 ± 25 ± 30 ± 50

12.4 Preparation of standard curve

Determine the standard working solution using the instrument reference conditions

listed in 12.2. A standard curve is drawn with the concentration of laurolactam in the

standard working solution as the abscissa and the corresponding peak area as the

ordinate. The reference chromatogram of the multiple reaction monitoring (MRM) of

laurolactam standard solution is shown in Figure A.2 in Annex A.
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12.5 Quantitative determination

Determine the food simulant test solution and blank test solution according to the

instrument reference conditions listed in 12.2 to obtain the peak area of the target

substance and obtain the concentration of laurolactam in the test solution based on

the standard curve. Calculate the migration of laurolactam according to Chapter 13.

The test solution can be diluted according to the specific situation so that its

measured value is within the linear range of the standard curve.

13 Presentation of analysis results

Same as Chapter 6.

14 Precision

The absolute difference between two independent determination results obtained

under repeatability conditions shall not exceed 10% of the arithmetic mean.

15 Others

The detection limit of laurolactam in aqueous, acidic, ethanol-containing food

simulants and 95% (volume fraction) ethanol and isooctane food simulants is 0.001

mg/L, and the quantitation limit is 0.003 mg/L. The detection limit of laurolactam in oil

-containing food simulants is 0.002 mg/kg, and the quantitation limit is 0.006 mg/kg.

The detection limit and quantitation limit of specific migration of laurolactam in food

contact materials and products are based on the detection limit and quantitation limit

of laurolactam in food simulants and converted in accordance with Chapter 13 .
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Annex A

Chromatogram of laurolactam standard solution

The liquid chromatogram of laurolactam standard solution in different food simulants

is shown in Figure A.1, and the liquid chromatography-tandem mass spectrometry

MRM diagram is shown in Figure A.2 .

a) 4% acetic acid

b) 50% ethanol

c) Olive oil

d) Isooctane
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Figure A.1 Liquid chromatograms of laurolactam standard solutions (5
mg /L or 5 mg / kg ) in different food simulants and chemical alternative
solvents

a) 4% acetic acid

b) 50% ethanol

c) Olive oil

d) Isooctane

Figure A.2 MRM diagram of laurolactam standard solution (0.05 mg /L or 0.05
mg / kg ) in different food simulants and chemical alternative solvents
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