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Determination of nine N-nitrosamines in cooked meat by QuEChERS-gas
chromatography-tandem mass spectrometry
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Abstract; Objective A method was established for simultaneous determination of nine N-nitrosamines in cooked meat
using enhance matrix removal QuUEChERS-gas chromatography-tandem mass spectrometry ( GC-MS/MS). Methods The
samples were extracted by enhance matrix removal QuUEChERS. The analytes were separated on a HP-INNOWax quartz
capillary column (30 mx0.25 mm, 0.25 wm), and ionized by electron impact ion source (EI). The data were collected
by multiple reaction monitoring (MRM) mode, followed by qualitative screening and quantitative analysis. Results Nine
N-nitrosamines had good linearities in the range of 0.20-50.00 wg/kg, with correlation coefficients above 0.997. The
detection limits of were 0. 02-0. 1 wg/kg. The average recoveries of the nine N-nitrosamines were 78%-120% with relative

standard deviations of 3. 42%-15.24%. Conclusion The QuEChERS purification combined with GC-MS/MS method was
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rapid, accurate and sensitive, and suitable for the determination of nine N-nitrosamines in cooked meat.
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Table 1 Standard compounds of 9 volatile nitrosamines and internal standard

IR YL TR H#HE CAS
N- F J i N-nitrosodimethylamine NDMA 62-75-9
N-Z 2 3 WA % N-nitrosodiethylamine NDEA 55-18-5
N-Z79 3 WA N-nitrosodipropylamine NDPA 621-64-7
-V A 5 N % e N-nitrosopyrollidine NPYR 930-55-2
N-. 7§ 5 U e N-nitrosopiperidine NPIP 100-75-4
N-T B W A i N-nitrosodibutylamine NDBA 924-16-3
N-F 3 7, 38 3 7 e N-nitrosomethyl-ethylamine NMEA 10595-95-6
N- 28 3 A e N-nitrosodiphenylamine NDPhA 86-30-6
N-V il 3 e gk N-nitrosomorpholine NMorPh 59-89-2
N-—" T KLV 7§ Jlig -D6 ™ N-nitrosodimethylamine-D6 NDMA-D6 17829-05-9
N- N 3 WA e -D14 N-nitrosodipropylamine-D14 NDPA-D14 93951-96-3

T RA AR
1.2 Jrik
L2010 v o v I ol

HEN AR IO 2% V-0 A e 28 16 & 1 AN AR )
Frofe i, I 3 i OJOF 2 & 2 100 ml, BE il AL
1 000 mg/LAYBRAERR 2 W, T -20 C T LA, HEH
Fo MR 4% N-3I0 A Jig 25 Ak W) RN B 0 1) o it 4 TR
10 ml £ 100 ml % &) P, 205 & 2, BE H %
100 mg/ LIy # N-A i 2546 & W iR & b HEAK 25 10 o
i F I, Y 20 78 500 R 1 2R 91 Wk 2 1) R 5 s T T
VEWOIF A5 A TG BN AR, 3L B
1.2.2 FEEATAR B K 53 B i e

PRIBCT0 g #E i, 939, IAGE B AR, IACTO ml
CNE e, —20 °C yKAE & 7R 30 min, A 2 4> F
BT 4.0 g ToKBLREEM 1.0 g AL 84, i
5% 30 5,8 000 r/min( Z.0>24 N 10 ecm) £E 0 CAK&
MEC 10 min, B EVEW 6 ml fin A& A 50 mg
PSA 150 mg CI18E 900 mg JC/K BiBR 4N 1Y 15 ml %
J5i 3 B AR TR S E 1 min, 8 000 r/min (B0 242
910 em) 7E 0 °C I ¥ 25 .0 10 min, B | 3% W
0.2 pmE MU &M (PTFE) £ 3k 2 i 38 i, GC-MS/
MS #

1.2.3 {0

{38 : HP-INNOWax 7 3% B 414 (4 35 4 (30 mx
0.25 mm,0.25 pum) ; FERERFL: S wl; 045 R 40 3
MR 28R O (MM 5 R F TR,
60 C £+ 0. 05 min, A 600 C/min F} & 250 C (¥
A HERE, A A ERA, B EHETT HAR
) s BRI 060 ml/min; Al : 50 CA4F 1 min,
LI 10 C/min J} & 110 C, P4 15 C/min J} &
200 °C, L)L 40 °C/min F+ & 250 C 143 3. 75 min; k:
Wi . 1. 2 ml/min,

T3 R AER 6 min; B TN TS S R T
(ED) W, il B2 250 C, DU AT BE R 150 °C 5 IE 5
T2 B W (MRM) 359 A 2R A7 B0 >R 42, 5 1
B e R T LR R R WL 2,

2 #R
2.1 RALBE SR ) e

FE N-3U A e 25 A0 A 1 0 i Ak 24 4 I e o,
A SCHk AR E B BORCR AR BT KT R E 2
9 Bl N-WEA i 20 & W s T 5 #E R W e, G /N oy
T NDMA fil NDEA WA S E Kk, ALK % 5



QUECKERS - H € 45 £5 15 JR 3 0 52 500 4 8 O i V-7 Kl 4 —— 236 5 i
F2 9 N-VEAH M AL A B AR B TS S T 2
Table 2 MS parameters for 9 nitrosamines and internal standard analysis

aEY 1 B2 1 i) / min SE BT flf 8 BE Bt/ eV MR
NDMA 7.53 74.0>44.1,74.0>42. 1 5,18 NDMA-D6
NMEA 8.01 88.0>71.0,88.0>42. 1 18,2 NDMA-D6
NDEA 8.33 102. 0>85.1,102.>56.0,102. 0>44. 1 2,18,10 NDMA-D6
NDPA 9.69 130.0>113.1,130.0>58.0,130.0>43. 1 2,6,8 NDPA-D14
NDBA 11. 34 116.0>99.1,158.0>141.1,158.0>99. 1 2,6,6 NDPA-D14
NPIP 11.55 114.0>84.1,114.0>97.1,114.0>55.0 6,6,25 NDPA-D14
NPYR 11.80 100. 0>55. 1,100. 0>70. 0,100. 0>43. 1 6.5.8 NDPA-D14
NMorPh 12. 19 116.0>86.1,116.0>56.0,86. 0>56.0 2,15,6 NDPA-D14
NDPhA 16.43 169.0>168.1,169.0>167.1,167.0>139.0 18,30,30 NDPA-D14
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Figure 1  Total ion chromatogram of a mixed standard solution of the nine N-nitrosamines and the two internal standards
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Table 3 LOD, LOQ, liner equation and coefficient of nine N-nitrosmines
Z R AN/ (peg/ke) S MK R H K BR/ (ng/kg) E R/ (ng/ke)
NDMA 0.20~50. 00 y=0.8349x+0. 32 0.999 8 0. 05 0.2
NMEA 0.50~50.00 y=0.4263x+0. 56 0.999 5 0.1 0.5
NDEA 0.50~50.00 y=0.5674x+0. 86 0.999 5 0.1 0.5
NDPA 0.50~50.00 y=0.5973x+0. 49 0.999 5 0.1 0.5
NDBA 0.50~50.00 y=2.1771x+1. 67 0.999 1 0.1 0.5
NPIP 0.50~50.00 y=2.1336x+2.32 0.999 1 0.1 0.5
NPyR 0.50~50. 00 y=1.6753x+0. 94 0.999 1 0.1 0.5
NMorPh 0.20~50. 00 y=3.0331x+1.85 0.998 7 0.05 0.2
NDPhA 0. 05~50. 00 y=18.4328x+1. 37 0.997 5 0.02 0. 05
R4 AT SR 9 Rl N-IE A 2L A PR TR (n= 6, SR ik E i
Table 4  Absolute recoveries determined by external standard method of the nine N-nitrosmines in animal derived foods
BE A I 4 3/ %

m /(ng/kg) NDMA NMEA NDEA NDPA NDBA NPIP NPYR NMorPh NDPhA
A b 1.5 128 89 97 90 151 88 87 93 102
XS A W 30 104 97 91 98 111 92 103 92 99
20 A il i B 56 63 60 68 64 68 57 60 83
X A B 10,0 97 92 94 91 93 90 85 90 93
2 P4 ] it ' 89 93 94 45 96 94 91 82 124

RS5OSR 9 Rl N-JE A 2R AL A W TR (n= 6, N BRI E i
Table 5 Relative recoveries determined by internal standard method of the nine N-nitrosmines in animal derived foods
B iy IR7CYE S Il 4 3/ %

m /(ng/kg) NDMA NMEA NDEA NDPA NDBA NPIP NPYR NMorPh NDPhA
X5 P 1 1.5 101 78 84 80 116 79 80 81 97
XY A B 3.0 119 108 117 106 120 107 100 107 108
20 P il B 96 100 100 109 98 101 88 92 118
X A # 10,0 107 101 103 100 102 99 94 99 103
2 PR ] it ' 102 107 109 92 110 108 105 94 113

INNOWax A ¥ £ 40 & 4 4% 4 (30 m x 0.25 mm,
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