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Determination of 12 Nitrosamines Residues in Milk by
Emulsification/Demulsification Method Coupled with Gas
Chromatography Tandem Mass Spectrometry

TONG Wenfeng', LI Jinsong, XU Qiao, LI Jian

(Hangzhou Puyu Technology Development Co., Ltd., Hangzhou 311305, China)

Abstract: Based on the emulsification/demulsification method, a gas chromatography tandem mass spectrometry method
was established for the quantitative determination of 12 nitrosamines in milk. The optimization results of pretreatment
conditions such as the type of filter membrane, the type of extractant and the number of extractions were as follows: The
type of filter membrane was nylon, the extractant was acetonitrile, and the number of extractions was two times. After
acetonitrile extraction, deproteinizing, and degreased by emulsification/demulsification, the samples were separated on the
HP-INNOWAX chromatographic column. The content of nitrosamines was quantitatively determined by the internal
standard method, using multi-reactive ion monitoring (MRM) mode. The results showed that the linear range of N-
nitrosopyrrolidine (NPYR) was 2~100 ng/mL, and the linear range of the other nitrosamines was 1~100 ng/mL. All
nitrosamines had good determination coefficient which was greater than 0.995. During the high, medium and low-level
fortification experiments, the recovery rate ranged from 90.90% to 114.30%, the intra-day precision ranged from 1.76% to
7.62%, and the inter-day precision ranged from 2.75% to 7.71%. The limit of quantitation (LOQ) of N-nitrosopyrrolidine
(NPYR) was 4 pg/kg, and the LOQ of other compounds was 2 pg/kg. The method was precise and accurate, that met
the demand of accurately testing 12 nitrosamines in milk. The test results of the actual samples indicated that
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N-nitrosodiphenylamine (NDPhA) was detected in six milk samples, and the content ranged from 4.29 to 6.67 pg/kg.

Key words: emulsification/demulsification method; gas chromatography tandem mass spectrometry; milk; nitrosamines;
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Table 1 Parameters of multiple reaction monitoring mode (MRM)
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Fig.1 Extracted ion chromatogram of the standard

Ji: 1: NDMA-dg, 2: NDMA, 3: NMEA, 4: NDEA, 5: NDPA-
d, > 6: NDPA, 7: NDBA-d, ¢, 8: NDBA, 9: NMPhA, 10: NEPhA,
11: NPIP, 12: NPYR, 13: NMOR, 14: NDPhA, 15: NDBzA.,
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Fig.2 Effect of different filters on method accuracy
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Fig.3 Effect of extractants on method accuracy
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Fig.4 Effect of extraction times on method accuracy
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Table 2 Evaluation of matrix effect of nitrosamines in milk

(n=3)
HE (%)
Aoy - ———
PR HE Rl PR EHEIE
NDMA 20.74 2.30
NMEA 23.64 5.89
NDEA 25.99 8.77
NDPA 2475 10.81
NDBA 2239 5.63
NMPhA 23.54 6.28
NEPhA 22.72 5.55
NPIP 20.27 3.29
NPYR 29.11 10.99
NMOR 21.80 4.74
NDPhA 29.86 11.67
NBDzA 22.00 4.87

222 RMESEREIR SIS WILrEL L R
an=e 3 Fias, Hifr NPYR BYZRIPETE ISR 2~100 ng/mL,
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Table 3 Evaluation of method linearity and sensitivity
Hor L AEEE (ng/mL) LT RE RER LOD(pg/kg) LOQ(pug/kg) BRI
NDMA 1~100 y=0.1331x+0.0070 0.9969 0.67 2.00 NDMA-d,
NMEA 1~100 y=0.1048x+0.0169 0.9990 0.67 2.00 NDMA-d,
NDEA 1~100 y=0.0607x+0.0317 0.9991 0.67 2.00 NDMA-d,
NDPA 1~100 y=0.1444x+0.0671 0.9961 0.67 2.00 NDPA-d,,
NDBA 1~100 y=0.1831x+0.0632 0.9956 0.67 2.00 NDBA-d,¢
NMPhA 1~100 y=1.9411x+0.7860 0.9994 0.67 2.00 NDBA-d,g
NEPhA 1~100 y=0.8004x+0.5909 0.9951 0.67 2.00 NDBA-d,g
NPIP 1~100 y=0.2263x+0.0264 0.9952 0.67 2.00 NDBA-d,
NPYR 2~100 y=0.2343x+0.1539 0.9982 1.33 4.00 NDBA-d,g
NMOR 1~100 y=0.3380x—0.0051 0.9955 0.67 2.00 NDBA-d,g
NDPhA 1~100 y=1.2044x+0.3248 0.9993 0.67 2.00 NDBA-d,g
NBDzA 1~100 y=0.1549x—0.0100 0.9963 0.67 2.00 NDBA-d,
H Ay WABRE M £& YB35 1~100 ng/mL; 12 Fpilv 25 SR RSG5 R
THRE P 2R B R? YR T 0.995, Ui B H A 008 15 Table 5 Results of three-level spiked recovery test
= B RE T 3 S RS AR TE S S -
E IR EETE R Nt R AT, X nﬂ%/ﬁnnﬂ’]ﬁ A TIAF A (ng/kg) IR (%) RSD(%)
AR AL, IfEME L S/N=10 hE =R (LOQ), H 20 97.90 8.89
1 NPYR FUE R BRN 4 pg/kg, HAa b G ise i R NDMA 40 100.04 6.41
Yy 2 pe/ke, FEWIZITVEN RBIEHAT, 51K <A o o -
6335 - 53 10 TR 3% 15 D0 5 S0 B 11 LA GB/T 29669- MEA “ - I
2013 FHLL, REEEEIL, 100 96.70 5.67
e e g N P 20 111.58 5.19
223 FIEHEEESHKER  BUFTIFES, SFAT NDEA 20 11044 .
6 155, 4 EL SR SRR A bty W A 2 e 100 9592 So8
o, IR E R . K 3 NAKOR, St [RIRERY T AR 20 96.53 9.93
HLERGER 3 d. 3 DURBEAKSE L 6 DFESEAT bR NDPA 14000 zg'zg ;;2
oo PSS (RO RSD, 43 F YRR F DR 2 10023 oo
2, IR MR, SRTPAL vk TR . S5 W NDBA 40 102.86 7.43
TN, 25 WABRE AL G0 0 B A 25 B VS BIAE 1.76%~ 100 96.04 631
. N o e . 20 108.68 6.80
o 5] 3 BR [ S o/ o, 5]
7.62% ZIal, H [RIHE %5 B FBITE 2.75%~7.71% Z i) NMPhA 40 110.04 4.67
(5% 4), HInAEZEH 90.90%~114.30%, RSD 4 2.54%~ 100 97.94 455
9.93% (5% 5), UtHNIZ 76 BA R UF A HEn B Sk 2% 20 107.70 8.53
JEE i S 12 IR (0 5 B oR o NEPRA 0 11430 278
100 101.32 2.54
20 93.43 9.90
ke
*4 H V\]& H 'Eﬂ*%&g’“% o NPIP 40 99.50 6.81
Table 4 Results of intra-day and inter-day precision 100 100.43 6.34
4153 H A1 (%) H R 3 (%) 20 98.07 983
NDMA 19 ol NPYR 40 104.69 6.77
NMEA 451 6.19 100 98.75 6.10
NDEA 4.99 5.51 20 98.44 9.88
NDPA 762 771 NMOR 40 109.68 6.13
NDBA 543 a3 100 103.97 5.86
NMPhA 3.14 4.67 20 101.33 8.49
NEPhA 1.76 275 NDPhA 40 113.01 4.39
NPIP 433 6.81 100 102.24 4.92
NPYR 6.12 6.77 20 101.51 9.41
NMOR 6.10 6.13 NBDzA 40 10233 5.96
NDPhA 2.97 439 100 101.14 4.85
NBDzA 5.07 5.96

2.3 SERREEmRIGMILER
Het 3 A HA RN 405, 7351 2 LK
A FL . PHHRIFL NG SR A FL, R S

SIS A TR A . £ oK, 3 R4 6 1y
A5 5 T 75 NDPhA K H, & 5 U Bl AE 4.29~
6.67 ng/kg, FLAWAE M A A ) o FESL B AN &l 5
PR o



0444 5 23 1) B0k, % UL SR IS BRI TR I A= 12 Fh ARk A - 285 -
a b ¢
100 100 100
80 ‘ 80 80
< 60 | < 60 < 60
e “ 14 = 14 = 14
E 40 i E 40 E 40
20 JAJ_J 20 20
0 M 0 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
FisfA] (min) FisfE] (min) FisfE] (min)
d e f
100 100 100
80 80 ‘ 80
S S | S
= % 14 5 % U 14 5 % 14
E 40 E 40 ‘ E 40
20 20 d_/ \W 20
|
0 0 N 0L
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
1] (min) FF1H] (min) FFH] (min)
El5 A Ik itk

Fig.5 Chromatograms of milk samples
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