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Abstract In this study a comprehensive analytical method based on gas chromatography-tan-
dem mass spectrometry GC-MS/MS was developed for the determination of nine N-nitrosa-
mines in animal derived foods. There are many kinds of N-nitrosamines in foods that are harmful
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to human health. However the national standard GB 5009. 262016 pertains only to the detec—
tion of N-dimethylnitrosamine there are many drawbacks of this method such as complicated
sample preparation low recovery rate and poor reproducibility. Hence it is of practical signif—
icance to establish a method for the simultaneous determination of a variety of N-nitrosamines.
The optimal extraction conditions for the developed method were as follows 10.0 g aliquots of
the sample were placed in a 50 mL centrifuge tube followed by the addition of 10 mL acetoni—
trile and 200 pL internal working standard solutions. After 30 min of freezing treatment 4 g
magnesium sulfate and 1 g sodium chloride were added for dehydration and the tube was cen—
trifuged at 9 000 r/min for 5 min. After vortex centrifugation 5 mL of the clear supernatant was
purified using 150 mg polystyrene divinylbenzene PLS-A . The purified extracts were
dewatered using 1. 6 g MgSO, and 0.4 g NaCl and then filtered through a 0.22 pm membrane
filter unit prior to GC-MS/MS analysis. Temperature-programmed was applied at an initial tem—
perature of 50 ‘C. After 0. 16 min the temperature was raised to 220 C at the rate of 900
C/min for 5 min. N-Nitrosamines were separated on an HPJInnowax column 30 mx0. 25 mmx
0.25 pm . Identification and quantification were achieved using an electron impact ion EI
source in positive ion mode with multiple reaction monitoring MRM . The internal standard
method was used to quantify the N-nitrosamines. Under the optimal conditions the correlation
coefficients of the standard calibration curves were not less than 0. 99 in the range of 0. 1-50. 0
wg/L. The limits of detection were 0.03-0.30 pg/’kg S/N=3 and limits of quantification
were 0. 15-1.00 pg/’kg S/N=10 . At spiked levels of 0.5 1.0 and 3.0 pg/kg the average
recoveries of N-nitrosamines in spiked samples ranged from 80.4% to 98.5% with relative
standard deviations between 2.41% and 12.50%. This method was used to determine animal
derived food products except N-itrosomethylethylamine and N-nitrosomorpholine others were
founded. The results showed that N-nitrosamines levels in salted aquatic products were generally
higher than those of the other samples. The method established in this study is simple to
operate and it does not require any time-consuming distillation extraction. Furthermore there
is minimal consumption of samples and reagents consequently the experiment cost is
reduced and the method is environmentally friendly. This method has theoretical and practical
significance for the control of N-itrosamines residues in animal derived foods establishment of
detection standards and corresponding management measures.

Key words gas chromatography-tandem mass spectrometry GC-MS/MS  QuEChERS N-
nitrosamines animal derived foods
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Table 1 MS/MS parameters of the nine N-nitrosamines and two internal standards IS
- Pr - P - lisi
Compound CAS No. Retenu?n ecursor ion roduct ions Co .1510n IS
time/min m/z m/z energies/eV
N-Nitrosodimethylamine NDMA 62759 6.29 74.0 42.1 44.0" 19 3 NDMA-d6
N-Nitrosodimethylamine-d6 NDMA-d6 17829-05-9 6.28 80.0 46.1 50.1° 225 -
N-Nitrosomethylethylamine NMEA 10595-95-6 6.65 88.0 42.0 71.0" 17 2 NDMA-d6
N-Nitrosodiethylamine NDEA 55-18-5 6.88 102.0 56.0 85.0 15 2 NDMA-d6
N-Nitrosodi-#-propylamine NDPA 621-64-7 7.98 130.2 43.0 113.1" 9 7 NDPA-d14
N-Nitrosodi-n-propylamine-d14 NDPA-d14 93951963 7.93 144.1 50.1 126.1" 11 1 -
N-Nitrosodi-n-butylamine NDBA 924463 9.44 116.0 74.1 99.0" 8 2 NDPA-d14
N-Nitrosopiperidine NPIP 100754 9.73 114.0 41.0 84.0" 13 5 NDPA-d14
N-Nitrosopyrrolidine NPYR 930-552 9.98 100.0 43.1 55.1° 9 5 NDPA-d14
N-Nitrosomorpholine NMorPh 59-892 10.37 116.2 56.0 86.1" 11 5 NDPA-d14
N-Nitrosodiphenylamine NDPhA 86-30-6 14.16 169.0 167.1 168.1" 30 17 NDPA-d14
* Quantitative ion.
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Table 2 Linear equations correlation coefficients R?
0
x100% N- .. . . .
limits of detection LODs and limits of quanti-
- ME 85% ~115% fication LOQs of the nine N-nitrosamines

LOD/ LOQ/

Compound Linear equation R? ng/ke ng/ke
NDMA y=0.96x+0.04 0.997 0.05 0.15
° 9 N- NMEA y=0.872+0.04 0.996 0.10 0.30
ME 70% NDEA y=0.68x+0.03 0.997 0.10 0.30
NDPA y=1.57x+0.08 0.996 0.10 0.30
NDBA y=2.76x+0.23 0.990 0.10 0.30
° NPIP Yy=2.92x+0.14 0.996 0.30 1.00
2.5 N NPYR y=1.802+0.08 0.996 0.20 0.60
9 N— NMorPh y=3.72x¢+0.19 0.996 0.10 0.30
NDPhA y=37.57x+1.68 0.997 0.03 0.10
y peak area ratio of the quantitative ion of the analyte to
0.1.0.5.1.0.5.0.20.0 50.0 I_Lg/ L the internal standard x mass concentration ratio of the ana—
20.0 lyte to the internal standard.
ng/mL o 2.6
N- N-
N- . . 4
0.5.1.0.3.0 pg/kg
R’ 2. 3. 9
0.99 N- N- 80.4% ~98.5% RSD
0.1~50.0 png/L 2.41% ~12. 50% o
3 9 N- n=6
Table 3 Spiked recoveries and RSDs of the nine N-nitrosamines in animal derived foods n=6
Analyte Spiked/ Fish Shrimp Beef Preserved pork
ng/kg Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Recovery/%  RSD/%
NDMA 0.5 85.9 9.58 88.5 10.80 86.5 11.80 84.1 10.80
1.0 85.3 3.51 96.3 8.51 84.3 7.51 82.3 6.51
3.0 97.1 3.10 92.0 5.14 91.1 3.14 95.1 2.41
NMEA 0.5 86.5 10.20 86.5 11.50 82.4 8.11 89.5 12.50
1.0 92.5 4.12 91.2 7.85 92.0 4.55 90.1 5.11
3.0 96.4 2.85 97.3 2.45 96.0 2.82 95.4 2.74
NDEA 0.5 89.7 10.70 89.5 9.23 83.5 11.60 84.1 11.40
1.0 90.4 3.57 92.4 6.88 94.1 5.98 93.1 3.78
3.0 97.6 2.77 96.5 2.85 98.5 2.96 97.5 2.78
NDPA 0.5 91.4 11.10 88.5 9.44 89.8 9.04 85.2 11.20
1.0 94.1 7.45 95.2 8.55 96.3 8.87 94.2 8.51
3.0 98.4 3.74 98.5 3.25 97.2 3.71 97.2 3.28
NDBA 0.5 90.7 9.85 82.1 8.51 83.7 7.61 87.2 10.20
1.0 92.8 7.56 91.4 7.44 92.8 7.74 91.4 7.94

3.0 97.5 2.88 97.1 4.12 98.5 3.52 96.5 3.87
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Table 3  Continued
Analyte Spiked/ Fish Shrimp Beef Preserved pork
ng/kg Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Recovery/%  RSD/%
NPIP 0.5 94.5 8.57 81.1 9.21 84.5 8.11 92.5 9.18
1.0 93.4 8.35 92.8 6.89 97.1 7.05 95.2 9.00
3.0 96.3 3.04 95.6 3.57 96.3 3.54 95.4 3.95
NPYR 0.5 82.5 9.88 85.2 9.77 89.7 12.40 96.5 9.04
1.0 92.7 8.57 89.5 6.22 90.5 8.95 92.5 8.44
3.0 97.4 3.98 95.6 5.47 96.5 3.57 95.2 4.12
NMorPh 0.5 85.5 8.35 88.5 9.02 82.8 8.93 95.4 8.21
1.0 89.3 6.54 89.2 4.58 89.5 5.23 86.8 5.89
3.0 95.3 3.52 94.8 3.28 95.1 4.57 90.4 3.75
NDPhA 0.5 80.4 8.04 84.3 7.81 88.5 6.83 95.4 7.98
1.0 92.0 3.47 86.0 5.14 89.7 6.52 85.8 7.14
3.0 98.1 3.07 94.5 2.58 97.1 2.56 85.4 2.71
2.7
60
N N I MaQ XiH Wang C et al. Chinese J Anal Chem 2011 39
18 N- 8 1201
2 Editorial Board. J Hazard Mater 2011 189 1/2 02
4 NDMA.NDBA.NPIP.NPYR.NDPhA 3 Honikel K. Meat Sci 2008 78 1/2 68
NDMA 4  Freund H A. Ann Intern Med 1937 10 8 1144
GB 27622017 5 Demirci S Dogan A Basak N et al. Anti-Cancer Drug
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