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nitrosodiethylamine (NDEA), N-nitrosodipropylamine (NDPA), N-nitrosopiperidine
(NPIP), N-nitrosopyrrolidine ( NPYR), N-nitrosomorpholine ( NMOR) and N-
nitrosodibutylamine (NDBA) in dried fish, dried small shrimps and shrimp meat were
determined by gas chromatography-tandem mass spectrometry (GC-MS/MS) with alkali
solution treating and active carbon solid phase extraction. 10 g of sample was placed into
a 50 mL screw-cap plastic centrifugation tube, and 50 pL of internal standards solution
including NDMA-d6, NDPA-d14 and NPYR-d8 with each concentration of 1 mg/L,
1.0 g of Ba(OH), « 8H,0O and distilled water with volumn to the 50 mL scale line were
added. Then the tube was heated at 80 °C for 1 h in an oven and centrifuged at 10 000
r/min for 10 min. All the supernatant was passed through a Sep-Pak® Plus AC-2 car-
tridge which had been conditioned with 6 mL of dichloromethane, 6 ml of methanol and
6 mL of water in turns, and the anlytes were eluted with 5 mL of dichloromethane from
the cartridges after aspiration to dryness by a vacuum pump. The eluent was concentrat-
ed further to 1 mL under nitrogen flow at 40 ‘C and was then passed through a 0. 22 ym
pore filter for injection. The chromatographic separation was carried on a DB WAXUI
column (30 m X 250 pm X 0.25 um) and detected with tandem mass spectrometry at
multiple reactions monitoring mode. The calibration curves show good linearity in the
range of 1-200 pg/L with the correlation coelficients (R*) greater than 0. 998. The lim-
its of detection and quantification are in the ranges of 0.03-0. 25 pg/kg and 0. 10-0. 85
ng/kg. respectively. The recoveries of N-nitrosamines are 71. 3%-119. 0% . except that
NDBA is slightly lower at high addition levels, and the relative standard deviations
(RSD) is 0.65%-15.4%. 23 samples from local supermarket including 8 ready-to-eat
dried fish, 5 fresh dried fish, 4 dried small shrimp and 6 shrimp meat were detected.
The results indicate that NDMA is the major N-nitrosamines and is detected in all
samples with the highest level among of the analytes, and the other N-nitrosamines are
detected in partial samples with relative lower levels even blow the LOQ. The samples
with the highest levels of NDMA are dried fishes and the levels of ready-to-eat dried
fishes are much higher than that of the fresh dried fishes, the samples with medium and
the lowest levels of NDMA are dried small shrimps and shrimp meats, respectively.
NDBA should be paid more attention during the relative food safety control. This meth-
od is simple, environment-friendly, easy for high-throughput detection and reliable for
both qualitative and quantitative analysis.

Key words: gas chromatography-tandem mass spectrometry (GC-MS/MS); N-nitrosa-
mine; alkali solution treating; dried fish; dried small shrimps; shrimp meat
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Table 1 MRM parameters of 8 N-nitrosamines and 3 stable isotope-labeled N-nitrosamines
BT % B 1 1] IS THET L 15 AE
Analytes R/ min Precursor ions (m/z) Product ions (m/z) Collision energy/eV
NDMA-d6 8. 259 80 46,50 15,5
NDMA 8. 265 74 42,44 20,5
NMEA 8. 665 88 42,71 20,5
NDEA 8. 898 102 44,85.5 20,10
NDPA-d14 9.738 144 50, 126 10,8
NDPA 9. 781 130 43, 113.3 3,2
NDBA 10. 690 158 99.2,141.3 2,5
NPIP 10. 833 114 84, 97 6,5
NPYR 10. 941 100 50, 70 6,6
NPYR-d8 10.923 108 50.2,78.2 10,10
NMOR 11. 139 116 56,86 2,5
HR5iTi SHIOR S 4R » BaC OFD. 10 2 M 1% W
2.1 ZREHHEE BTt BT R 0 1550 4% 355 o 5 B 0 YRV 9 - T
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Table 2 Linear regression equations, limits of detection (LODs) and
limits of quantification (LOQs) of analytes
. %‘%@Uﬁfﬁ *H?éf??ﬁ( ﬁgﬁﬁiﬁ] o .
Analytes Linear rc%rcsslon (,Orrclatlon‘ Linear ranges/ LODs/ g/ k) LOQs/ (g /ke)
equations coefficients (R?) (pg/1)
NDMA y=1.2098x+0.0118 0.9993 1~200 0.09 0.33
NMEA y=0.5708x+0. 0021 0.9997 1~200 0.05 0. 27
NDEA y=0.29692x—0. 0015 0. 9998 1~200 0. 25 0. 85
NDPA y=1.5511x—0. 0099 0.9997 1~200 0. 04 0.12
NDBA y=2.2561x—0.0189 0.9998 1~200 0.19 0.62
NPIP y=1.25422-+0. 0097 0. 9996 1~200 0.08 0.28
NPYR y=0.3568x+0.0138 0. 9982 1~200 0. 20 0.70
NMOR y=23.5931x—0. 0315 0.9999 1~200 0.03 0. 10

Ty R BUL s 0 R 7R WRE L

2.3.2 MERABERUNGE B 7R B S AR AE
MO EEAE b X 3 2 RE AL AE 3 Ak BE K TR 4T 6
UOEAT AR Il e 52 56, 25 5 %) F 3% 3. 4 Il LA
NDMA-d6 )y NDMA .NMEA .NDEA [ /4 5 »
NDPA-d14 k) NDPA .NPIP il NDBA () P #7 »

NPYR-d8 }y NPYR.NMOR ) N #5:. B NDBA
e KPS I TR g IR (RT g 5 NDBA 952
EMEE ) N 52. 1% ~69. 0% 4h . HAth ik & 9
(4 18] g S B 7E 71, 3% ~ 119. 0% 2 [a] . RSD Wy
0. 65% ~15. 4% , HERf P FURS % 8 K4

R3 HERPIMEREN-IWHENEKERERE

Table 3 Recoveries and precisions of 8 volatile N-nitrosamines

FE il R 7K Il i 2 ¥ o 2
Samples Analytes Adding levels/(pg/kg) Recoveries/ % RSDs/ %

i+ NDMA 1.,3,10 102.0,92.7,110. 4 6.97,1.79,2.02

NMEA 1,3,10 109.2,97.0,105. 2 5.79,3.87,1.89

NDEA 1,3,10 76.0,71.3,83.6 15.4,7.04,3. 43

NDPA 1,3,10 113.6,89.7,101.9 7.16,5.29,5.25

NMOR 1,3,10 73.3,89.2,61.6 12.3,6.77,5.82

NPIP 1,3,10 86.1,74.2,80.5 11.7,15.9,6. 91

NPYR 1,3.10 108.2,85.7,113. 4 9.16,5.56,4.76

NDBA 1,3,10 83.0,65.7,61.1 14.1,7.75,2. 26

WF Rz NDMA 3,10,20 —,105.5,103.7 —.,6.63,2.62

NMEA 1,3,10 106.9,97.8,100. 8 5.77,2.74,3.16

NDEA 1.3,10 75.2,73.4,89.2 6.33,8.63,5.35

NDPA 1,3,10 99.1,95.2,99.7 11.7.,4.26,3. 79

NMOR 1.,3,10 74.3,86.9,75.0 13.7,5.31,3.03

NPIP 1.,3,10 87.6,92.0,87.6 5.51,9.68,3.55

NPYR 1,3,10 115.4,93.5,107. 1 7.86,5.56,2.39

NDBA 1,3,10 81.7,60.5,52. 1 13.3,5.86,1. 67
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gk 3

FE S3HT WK ] i W o5
Samples Analytes Adding levels/(pug/kg) Recoveries/ % RSDs/ %

LIy NDMA 1.,3,10 118.4,104.1.,113.0 2.97,4.23,2.17

NMEA 1,3,10 112.7,108.7,119.0 6.72,2.42,5.04

NDEA 1,3,10 109.0,93. 3,97. 8 5.22,5.34,5.87

NDPA 1,3,10 118.6,102.6,109. 4 3.75,5.94,0. 65

NMOR 1,3.10 82.4,84.4,67.9 3.18,4.64,1.47

NPIP 1.3,10 103.4,83.3,102. 6 3.36,10.2,3.15

NPYR 1,3,10 101.5.92.1,91.5 6.79,4.14,4.62

NDBA 1.3,10 77.1,69.0,67.0 5.56,5.33,4. 14

= FR AR I R T3 e A O H
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Table 4 Contents of eight N-nitrosamines in actual samples

SHY # i Contents/(pg/kg)

Analytes 1T Dried fish IR Jz Dried small shrimp #F{= Shrimp meat
NDMA 0.70~80.0r,23. 1% 3.72~25.4,11. 2 0.47~9.05,5. 65
NMEA ND~1.70,1. 70 ND~LOQ.— ND,—
NDEA 0.25~1.18,0. 46 < LOQ,— < LOQ,—
NDPA < LOQ~0.13,0.13 < LOQ~0. 27,0. 27 < LOQ.—
NMOR 0.13~1.17,0. 34 0.10~1.1,0.4 0.10~0.17,0. 13
NPIP 0.28~0.40,0. 33 ND~0. 59,0. 59 ND~LOQ,—
NPYR ND~3.75,3.75 ND~1.19,1.19 ND~1.19,1.19
NDBA 0.66~1.26,0.96 < LOQ~0.95.,0.95 < LOQ.,—

3
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