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Abstract: A method for the simultaneous determination of nine N-nitrosamines in dried aquatic products by gas chromatography-tandem
mass spectrometry (GC-MS/MS) was established. After quick, easy, cheap, effective, rugged, and safe (QUEChERS) pretreatment, the samples
were subjected to acetonitrile extraction, followed by the application of Agilent bond elut enhanced matrix removal-lipid (EMR-Lipid). The
compounds of interest were separated by a HP-INNOWAX column (30 mx0.25 mmx0.25 pm). They were subsequently analyzed by
GC-MS/MS in the multiple reaction monitoring mode (MRM) and quantified by an external standard method. The experimental results show
good linearity for the nine N-nitrosamines in the range from 0.30 to 50.00 pg/L, with linear regression coefficients R? higher than 0.999. The
limits of detection are 0.3 pg/kg, and the limits of quantification are 1.0 pg/kg. The average recovery rates of the nine N-nitrosamines were
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between 80.41% and 113.73% when 1.00 pg/kg, 4.00 pg/kg, and 10.00 pg/kg of N-nitrosamines were added to dried squids, shrimps, oysters,
and scallops. Meanwhile, the relative standard deviations (RSDs) were 1.34% to 11.80% (n=6). Different levels of N-nitrosodimethylamine,
N-nitrosodiethylamine, N-nitrosodibutylamine, N-nitrosopyrrolidine, and N-nitrosodiphenylamine were detected in dried aquatic products
available in the market. The proposed method enables simple pre-treatment, and it is inexpensive, highly sensitive, reasonably stable, and
quantitatively accurate. It can rapidly determine and quantitatively analyze nine N-nitrosamines in dry aquatic products.
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Table 1 Mass spectrometric parameters of 9 N-nitrosamine compounds

edh CASNo. HRE&E/min HHTMzZ) TFTBHF(z) iEE/EEV
N-=F 3£ T #/5:(NDMA) 62-75-9 7.167 74.0 44.1%, 42.0 5,18
N-F A A EAEE(NMEA)  10595-95-6 7.763 88.0 71.0%, 42.1 3,15
N-= Z 3£ T #¥5:(NDEA) 55-18-5 8.142 102.0 85.0%, 44.1 5,10
N-= & 3£ T #¥/6:(NDPA) 621-64-7 9.888 130.0 113.1%, 43.1 2,8
‘ 116.0 99.1%* 2
N-—T A A (NDBA)  924-16-3 12.095
158.0 99.0 6
N-I 54 FK k72 (NPIP) 100-75-4 12.430 114.0 84.1%, 97.0 6,6
N-I A4 Foitg % (NPYR) 930-55-2 12.799 100.0 55.1%, 43.1 5,10
N-3#4 3 Dok (NMorPh) 59-89-2 13.420 116.0 86.0%, 56.0 5,10
N-=3 & T #¥/5:(NDPhA) 86-30-6 19.620 169.0 168.1%, 167.1 18,30
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Fig.1 Chromatograms of nine N-nitrosamines separated by
different chromatographic columns

7Z: a: HP-5MS; b: DB-1701; c: HP-INNOWAX,
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Jiake 2 9 M N-TRERE A YEYISTZR R
1401 oA _ Table 2 Regression equation and R of 9 N-nitrosamine
120 - 2) gr’ . s}é E’ compounds
we WE BE S S ok whiE
= 80' M k’ §§’ k;‘ \=/ w QE’ w NDMA  y=690.05x+159.22  0.9998
% 60- M E/ \E’ ﬁl §§‘ w E/ \é‘ NMEA  y=500.28x+10822  0.9998
= 40- U E‘ E’ E‘ E’ w E’ E’ NDEA  y=35548x+67.45  0.9999
22' \e Ei i;j Eé Qiﬂ \Ed tié H NDPA  y=272.87x+21.59  0.9999
@Y’ &QQQ) ‘%QQ, QQQ’YV S 4‘1‘@\ Q‘Q;QQX\Y* NDBA y=555.44x+116.84  0.9999
NPIP y=568.57x+171.62  0.9999
& 4 ARV 9 Fh N-TEREEZ 2L S PR A5 0E NPYR  y=311.98x+158.84  0.9998
Fig.4 The influence of different purification methods on the NMorPh  y=507.42x+154.78  0.9999
recoveries of 9 N-nitrosamine compounds NDPhA  y=4375.99x+703.47  0.9999
R 3 9 M N-TEAHRRSEU AYITETHIK = P AR I B R FAER AR E R ZE
Table 3 Spiked recoveries and RSDs of the nine N-nitrosamines in dried aquatic products
s HoAFAKT - 0 T T
Aughkg) F34enle®/% RSD/% F3en /% RSD/% T3 eiE/% RSD/% F3ene /% RSD/%
1.00 91.22 9.66 84.23 6.40 97.04 10.30 85.25 8.50
NDMA 4.00 111.61 5.07 90.83 3.09 91.23 3.07 91.40 6.35
10.00 105.05 3.60 90.29 1.34 90.44 1.34 91.14 2.52
1.00 90.33 6.02 102.21 2.99 102.86 297 97.53 6.03
NMEA 4.00 108.56 2.40 100.34 2.75 100.74 2.74 105.28 2.75
10.00 105.08 3.98 97.54 2.53 96.82 2.54 110.34 2.03
1.00 107.02 7.17 84.05 7.53 95.13 6.66 90.12 9.39
NDEA 4.00 99.41 3.82 102.81 2.88 104.61 2.83 92.67 4.81
10.00 113.73 3.97 102.48 3.61 102.15 3.62 106.80 3.26
1.00 91.66 3.65 92.28 6.33 93.23 3.26 94.34 6.19
NDPA 4.00 106.51 3.20 98.54 2.84 99.28 2.82 90.33 4.50
10.00 107.23 4.02 102.50 243 102.60 2.43 103.04 4.69
1.00 98.56 6.59 96.75 5.43 97.67 5.39 92.62 5.12
NDBA 4.00 90.19 5.70 84.67 7.67 83.65 7.76 101.47 8.26
10.00 104.51 3.12 87.75 6.64 88.54 6.59 97.70 5.10
1.00 89.02 5.62 87.73 3.35 86.85 3.38 83.74 6.15
NPIP 4.00 95.58 5.82 90.91 4.36 90.09 4.40 104.23 3.28
10.00 92.40 1.83 92.01 1.52 91.51 1.53 101.70 244
1.00 94.51 10.10 83.80 4.77 84.33 3.87 85.77 11.80
NPYR 4.00 107.26 5.17 92.84 1.81 90.64 1.81 93.52 2.57
10.00 105.64 248 92.85 3.55 92.82 3.55 101.23 4.40
1.00 98.22 6.67 100.11 4.92 100.86 4.88 93.94 5.39
NMorPh ~ 4.00 104.18 6.18 101.38 427 101.17 428 99.45 6.72
10.00 102.41 347 95.80 247 96.45 2.46 98.98 6.30
1.00 80.46 5.21 84.54 11.50 83.39 10.80 82.41 9.20
NDPhA  4.00 103.51 6.51 104.13 6.70 105.41 8.07 96.10 7.78
10.00 95.15 1.51 98.05 4.88 110.14 6.22 97.34 7.18
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Table 4 Detected results of the nine N-nitrosamines in real samples
it A4 R/ (ng/kg) ‘ ‘
s 0 & F K& Faf AT
NDMA ND-58.71 ND-2.13 ND-1.36 10.6-42.54 ND-17.82 ND-2.32
NMEA ND ND ND ND ND ND
NDEA ND-0.45 ND ND ND-0.87 ND ND-0.37
NDPA ND ND ND ND ND ND
NDBA ND ND-0.45 ND ND-0.74 ND ND
NPIP ND ND ND ND ND ND
NPYR ND-1.48 ND ND ND ND ND
NMorPh ND ND ND ND ND ND
NDPhA ND-5.65 ND-1.97 ND-5.29 ND-2.79 ND-1.62 ND

E: ND A =44,
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B R
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T ST BT BT 5t 30 AR T
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