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alkali solution and dispersive liquid-liquid microextraction. Methods The meat samples were saponified by barium
hydroxide alkali solution at 80°C in a water bath to remove the oil interference, and then the N-nitrosamines were
extracted into the aqueous solution, followed by the addition of methanol (dispersant) and dichloromethane
(extractant) for efficient extraction and enrichment, which were analyzed in multiple reaction monitoring mode
and quantified by stable isotope internal standard method. The factors affecting the extraction efficiency were
investigated, such as the saponification conditions in the extraction step, inorganic salts, types and volumes of
extractants and dispersants. The chromatographic and mass spectrometric parameters and pre-treatment
conditions were optimized to obtain the best detection results. Results In addition to the linear range of
N-nitrosodimethylamine (NDMA) of 2.5-50.0 ng, the other 8 kinds of N-nitrosamines had a good linear relationship
in the range of 1.0-50.0 ng. The correlation coefficients (r?) of the 9 kinds of N-nitrosamines ranged from 0.9954 to
0.9999, and the limits of detection and limits of quantification were 0.1-0.2 pg/kg and 0.2-0.5 pg/kg, respectively.
The average recoveries of all analytes were 78.2%-120.4% with the relative standard deviations (RSDs) of
1.3%-11.2% in ham, spiced chicken and beef samples spiked at the concentration levels of 0.5, 5.0 pg/kg,
respectively. Conclusion The method is environmentally green with low sample usage, simple pretreatment
operation, no need for long time distillation and extraction, and low usage of organic reagents. The established
method is accurate and sensitive, and can provide technical support for the simultaneous determination of 9 kinds of
N-nitrosamines in meat products.

KEY WORDS: alkali solution treating; dispersive liquid-liquid microextraction; gas chromatography-tandem mass

spectrometry; meat products; N-nitrosamines
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N- 3V filf £ — H % (N-nitrosodimethylamine, NDMA) ,
N- IV fiig 5k H 35 2, 36 1 (N-nitrosodiethylamine, NMEA), N-
- Z LM (N-nitrosodiethylamine, NDEA) , N- N 5L Pt
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K AR B A B w); NDMA-d6 HIFEAR(100 pg/mL).
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Skt . KBRS . RED(\UK)[Ba(OH), 8H,0] (4
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Agilent8890-7010B S AH (1% -t B i i AY [ A HE
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B (I R SRR BRA FD; SQP-HLF K7 (F B
0.01 g, EEZEZFIHRIAEABRA A, Milli-Q #Balik
ML E Merck 23 wl)o
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Table 1 MRM parameters of 9 kinds of N-nitrosamines

- Mitte FETE i ae

Bine Ry Miffm BFX(m/2) Miszm
NDMA  74.0544.1 s 74.0542.1 20
NDMA-d6  80.0>50.1 5 $0.046.1 20
NMEA - 88:05711 5 $8.0542.1 20
NDEA  102.0585.1 5 102.0>44.1 15
EIPNA  116.0599.1 5 116.0>44.1 s
NDIPA 130.0>42.1 10 1300-88.1 5
NDPA  130.05113.1 3 130.0543.1 10
NDPA-d14 143951262 5 143.9550.1. 15
NPIP 114.0584.1 5 114.0542.1 20
NPYR  100.0555.0 5 100.070.1 5
NPYR-d4 104.0574.1 5 104.0>58.1 5
NMOR  116.0>86.1 3 116.056.1 s
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5. NDIPA; 6. NDPA #1 NDPA-d14; 7. NPIP; 8. NPYR
NPYR-d4; 9. NMOR.
9 Fil N-MEAYAZ AL A P B 8 F IR G R (5 ng/ke)
Total ion chromatogram of 9 kinds of N-nitrosamines
standard working solution (5 pg/kg)
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Fig.2 Influence of extraction solvents types (a) and volumes (b) on extraction recoveries (N=3)
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HEBGIAFIE T DLLME MYZEBCE, AT %5
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oAt 8 it N-F RS 7E 1.0~50.0 ng 36 Fil 4 1t & BRI R, 9
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TR, A P P N- AR e 7 ] B A
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BAKFEEWE 6 IR, AL T 20 E 9 F N-VEAH e
B o NP A IZ AY [RHSCR A 78.2%~120.4%, AH X FR HE i
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Fig.3 Influence of dispersive solvents types (a) and volumes (b) on extraction recoveries (N=3)
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F2 9 N-LRBEALZLMEXR. 'y LODs, LOQs 71 MEs
Table 2 Linear ranges, r>, LODs, LOQs and MEs for 9 kinds of N-nitrosamines
Hix9 LAEVEH/(ng) ke r? LODs/(ug/kg) LOQs/(ug/kg) [ME-1//%
NDMA 2.5~50.0 Y=0.6806X+0.3040 0.9954 0.2 0.5 10.5
NDMA-d6 / / / / / 12.1
NMEA 1.0~50.0 Y=2.1824X-0.0726 0.9998 0.1 0.2 26.9
NDEA 1.0~50.0 Y=5.3240X+0.4086 0.9998 0.1 0.2 4.5
EIPNA 1.0~50.0 Y=0.3127X-0.0019 0.9998 0.1 0.2 8.6
NDIPA 1.0~50.0 Y=2.4644X-0.0384 0.9999 0.1 0.2 24.5
NDPA 1.0~50.0 Y=1.1150X+0.2227 0.9992 0.1 0.2 16.8
NDPA-d14 / / / / / 5.7
NPIP 1.0~50.0 Y=1.5930X+0.2054 0.9994 0.1 0.2 5.5
NPYR 1.0~50.0 Y=1.8192X+0.1944 0.9998 0.1 0.2 15.8
NPYR-d4 / / / / / 25.6
NMOR 1.0~50.0 Y=2.4442X+0.1727 0.9998 0.1 0.2 24.9
T /AR o
R3 OABE. RBEBAFFAESS 9 F N-TAHRZAY AR EIZEF RSDs(n=6)
Table 3 Spiked recoveries and RSDs of the 9 kinds of N-nitrosamines in ham, spiced chicken and beef samples (N=6)
} L i 5 4
H %) Jinkr &/ (ng/kg) -
=1 2/% RSDs/% EEEAN RSDs/% 15 2/% RSDs/%
0.5 82.4 5.3 105.5 4.4 95.5 5.1
NDMA
5.0 81.4 1.9 109.6 2.6 101.0 3.7
0.5 108.1 103 87.5 3.2 84.9 5.8
NMEA
5.0 95.4 1.8 104.0 2.9 97.4 43
0.5 91.2 23 78.2 35 85.6 6.4
NDEA
5.0 91.3 2.7 93.0 6.1 97.4 2.3
0.5 99.9 9.0 105.3 5.8 105.7 6.0
EIPNA
5.0 117.5 43 112.5 3.9 98.0 4.5
0.5 110.3 1.3 105.3 10.0 97.8 4.2
NDIPA
5.0 98.7 2.1 112.3 1.6 98.0 43
0.5 96.1 3.0 105.3 5.0 97.8 3.5
NDPA
5.0 79.9 2.3 118.4 5.4 105.4 7.3
0.5 120.4 1.6 79.0 4.7 97.8 5.0
NPIP
5.0 112.9 2.7 85.0 3.9 86.4 6.0
0.5 116.4 6.2 79.8 4.8 84.9 5.7
NPYR
5.0 104.8 1.4 93.0 4.1 97.4 11.2
0.5 98.5 8.7 87.0 5.3 86.4 7.7
NMOR
5.0 98.2 5.9 104.0 7.7 86.9 6.8
3 o B RGP T U A FEADIE Y, BT NDMA 14
=]

AWFFEHENT T WAL E-DLLME 454 GC-MS/MS il &
PR ity e NSV P G 0 3, T) X 52 i st 41 ZEORN
DLLME $ BRI R BT TH5E, W T B 4.
RS P S AU BB ORE PR L b e Ak, ETTHE N-E
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