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Abstract: A method based on gas chromatography-triple quadrupole mass spectrometry ( GC-

MS/MS) coupled with one-step QUEChERS technique was developed for the simultaneous de-
termination of 15 N-nitrosamines in air-dried yak meat. The hydration volume, extraction sol-
vent, extracting salt, and cleaning material were optimized according to the characteristics of
the N-nitrosamines and sample matrix. The optimized conditions were as follows: 10 mL of pu-
rified water for sample hydration, acetonitrile as the extraction solvent for the sample after
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hydration, 4.0 g of anhydrous MgSO, and 1.0 g of NaCl as extracting salts, 500 mg of MgSO, +
25 mg of C+50 mg of PSA as cleaning materials. Favorable recoveries of the 15 N-nitrosamines
were obtained when the extraction solution was incompletely dried. Thus, the final extract was
dried to below 0. 5 mL under a mild nitrogen stream and then redissolved to 0. 5 mL with aceto-
nitrile. After filtration, 200 L of the sample was transferred to an autosampler vial for GC-MS/
MS analysis. The 15 N-nitrosamines were determined using GC-MS/MS on a DB-HeavyWAX col-
umn (30 mx0. 25 mmx0. 25 pm) with an electron impact ion source in multiple-reaction moni-
toring (MRM) mode, and quantified using an external standard method.

Under the optimized experimental conditions, the results showed that the calibration curves
exhibited good linearities for the 15 N-nitrosamines, with correlation coefficients (7°) greater
than 0. 999 0. The limits of detection (LODs) and the limits of quantification (LOQs) ranged
from 0. 05 to 0. 20 pg/kg and from 0. 10 to 0. 50 wg/kg, respectively. At spiked levels of 1LOQ,
2LOQ, and 10LOQ, the average recoveries were 79. 4% —102. 1%, 80. 6% —109. 5%, and 83. 0% —
110. 6%, respectively, and the relative standard deviations were in the range of 0. 8% —16. 0%.
The low matrix effects of the 15 N-nitrosamines indicated the high sensitivity of the proposed
method. The method was applied to detect representative commercial air-dried yak meat sam-
ples obtained using different processing techniques. Seven N-nitrosamines, including N-
nitrosodimethylamine, N-nitrosodiisobutylamine, N-nitrosodibutylamine, N-methyl-N-phenylni-
trous amide, N-ethyl-N-nitrosoaniline, N-nitrosopyrrolidine, and N-nitrosodiphenylamine were
detected in all samples. The average contents of the seven N-nitrosamines was 0. 08 —20. 18
rg/kg. The detection rates and average contents of the N-nitrosamines in cooked air-dried yak
meat samples were higher than those in traditional raw air-dried yak meat samples. Compared
with the manual QUEChERS method, the one-step QUEChERS method developed integrated the
extraction and clean-up procedures into one single run, and the detection efficiency was con-
siderably improved. The developed method is simple, rapid, highly sensitive, and insusceptible
to human errors. Thus, it is useful for the determination of N-nitrosamines in air-dried yak meat
and can be extended to the qualitative and quantitative analysis of N-nitrosamines in other meat
products. It also provides method support and a data reference for the general determination of
N-nitrosamines, which is of great significance for food safety.

Key words: one-step QUEChERS; gas chromatography-tandem mass spectrometry ( GC-MS/
MS) ; N-nitrosamines; air-dried yak meat
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Table 1 Retention times and MS parameters of the 15 N-nitrosamines

No. Compound CAS No. R‘etenti(?n Ton pairs (m/z) CEs/eV
time/min

1 N-nitrosodimethylamine ( NDMA, N-JVfi§t — F ) 62-75-9 6.46 74.0>44.1% , 74.0>42.1 3, 19
2 N-nitrosomethylethylamine (NMEA, N-\Ffi§3EH 2 k) 10595-95-6 6.88 88.0>71.1% , 88.0>42.1 2,18
3 N-nitrosodiethylamine (NDEA, N-JVfifjJt = 2 JHz) 55-18-5 7.16 102.1>85.0% , 102.1>44.0 2, 11
4  N-nitrosoethylisopropylamine ( NEIPA, N-V.fi%kZ 553 AR ) 16339-04-1 7.47 116.0>99.0* , 116.0>44.0 5, 15
5  N-isopropyl-N-nitroso-2-propanamine ( NDIPA, N-iVfif§ & — P9 fiz) 601-77-4 7.70 130.1>42.1* | 130.1>88.0 10, 5
6  N-nitrosodipropylamine (NDPA, N-Wfi3 —Pf) 621-64-7 8.36 130.1>113.0* , 130.1>43.0 1,9
7  N-nitrosodiisobutylamine ( NDIBA, N-Ffi5%k — 5 T ) 997-95-5 8.56 115.0>84.0* , 115.0557.0 3,5
8  N-nitrosodibutylamine (NDBA, N-Vf4%:—1F T %) 924-16-3 9.85 116.0>99.0* , 116.0>74.0 2,8
9 N-methyl-N-phenylnitrous amide ( NMPhA, N-Ffif§ B BE 4Rz ) 614-00-6 9.92 106.0>77.0* , 106.0>51.0 20, 40
10 N-ethyl-N-nitrosoaniline (NEPhA, N-fif§3k 2 FHE e ) 612-64-6 9.94 121.0>106.0* , 121.0>77.0 10, 35
11 N-nitrosopiperidine ( NPIP, N-iV.fi5HE0R0E) 100-75-4  10.10 114.1>84.0" , 114.1>41.0 5,13
12 N-nitrosopyrrolidine (NPYR, N-F fii§ 3 kg &% ) 930-55-2  10.33 100.0>55.0* , 100.0>43.0 5,9
13 N-nitrosomorpholine ( NMOR, N-lF i 5ER5 ik ) 59-89-2  10.75 116.0>86.0* , 116.0>56.0 1, 11
14 N-nitrosodiphenylamine (NDPhA, N-IF /i3t — %) 86-30-6  14.30 169.1>113.1* , 169.1>99.1 17, 30
15  N-nitrosodibenzylamine (NDBzA, N-W %k — %) 5336-53-8  17.03 226.1>181.0* , 226.1>103.0 5, 20

* Quantitative ion; CE: collision energy.
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Fig. 3 Effects of hydration volumes on the recoveries of the 15 N-nitrosamines (n=3)
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Fig. 4 Effects of extraction solvents on the recoveries of the 15 N-nitrosamines (n=3)

110
a
100-_ ]
X
£ ]
2
2
~
—=— 0.5 g NaCl —o— 1.0 g NaCl —=— 3.0 g MgSO,+1.0 gNaCl —— 4.0 g MgSO,+1.0 g NaCl
] —%— 1.5gNaCl —0— 2.0 g NaCl ] —%— 5.0gMgSO+1.0 gNaCl —O— 6.0 g MgSO+1.0 g NaCl
70
@VVSYVQV 5 & o ¥ IV 8 F o ¥
ST T e
B 5 (a)NaCl#(b)MgSO, A=%t 15 i N-TAERZ B E RN (n=3)
Fig. 5 Effects of (a) NaCl and (b) MgSO, amounts on the recoveries of the 15 N-nitrosamines (n=3)
Jork MgSO, RS LS & K E MK 2L &Y AL 120

FHFERE A IC  7E 1. 0 g NaCl 5Ll 80K [E
HHYIEK MgS0,(3.0.4.0.5.0 1 6.0 g) Xf 5256 4%
Ry, i sb s, A A MgSo, A
A BRI AR BGICR g 4.0 g MgSO, #11.0 g NaCl
IRAERRCORIL T HAD 3 Fioindha, L, A SC g0 e 4%
4.0 g MgSO, F111.0 g NaCl AL,
224 FEEAEA

B4 TR 5T 17 SHhEm AL
T R A AU 18 43, T4 A 73 PT BB 4 3 3000 oL
e eI IS REE Y sl K E S INTTE- A NS R T
BT MERf o 1 . RS XUT-HE 4 R R e A IS
£ QUECKhERS J7 i B HIRY JC7K MgSO, , C ¢ il
PSA F T4 BUg Ak T HE 4R A 1y 15 Flr N-JIEfif§
Wiz, WM& 6 FT7R, C, Fll PSA FY 2 £ AH %8 T B fdi
FJEK MgSO, .C, il PSA ¥ B B 41y [l i %
L, 5 C o +PSA H Tk 258, i JC/K Mg-
SO, KBk, [FEHE F C Al PSA TR-A W B 5] o
AR AR T, X C +PSA W&,

a2,

—®— MgSO+C4 —— MgSO+PSA

1o ] —¢— MgSO,+C,i+PSA

] W

100

Recovery / %

90 4

80

70 -

ST

B 6 S IERTE 15 F N-TERERR B R A R0 (n=3)
Fig. 6 Effects of cleaning materials on the recoveries of
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B C AR X [RISCR A 52, i 7a fiF
7,25 mg C BN T 15 Ff N-SEAF M 9 I SCoR e fde
[H5E O, J 5 HL B A ] PSA 42 X [m] A0 i) 5
Wi, 4l 7b FF7s,50 mg PSA B, eI fiE, 454
% BRI A B BUSCR TN SE 50 BUAS | B 24384 500 mg
Jo/K MgS0,+25 mg C,+50 mg PSA 1 LIk}



et K 98 4. — 430 QUEChERS-H €2 % — 1 UARAT o ik i
%5 ) e 2 KL TR 2 P e 15 e N T £ 471 -

" NDMA o NMEA ¢ NDEA © NEIPA
4 NDIPA 4 NDPA ¥ NDIBA v NDBA
¢ NMPhA  © NEPhA < NPIP <4 NPYR
» NMOR > NDPhA  * NDBzA

o] § bg
NRUIS

80
2 6 © ® ©® 0 ® © O

7 AFE(a)Cy.(b)PSA FAEX 15 Fh N-TEF4 AR
Bl 32 ) B0 (= 3 )
Fig. 7 Effects of different (a) C,5, (b) PSA dosages on
the recoveries of the 15 N-nitrosamines (n=3)

D 500 mg MgSO,+0 mg C,s; @ 500 mg MgSO,+25 mg C;
@ 500 mg MgSO,+100 mg C,,; @ 500 mg MgSO,+175 mg Cq ;
® 500 mg MgSO,+200 mg C,g; © 500 mg MgSO,+25 mg C 4+
25 mg PSA; @ 500 mg MgSO0, +25 mg C,+50 mg PSA; ® 500
mg MgS0O,+25 mg C3+75 mg PSA; © 500 mg MgSO, +25 mg
C,3+100 mg PSA; (0 500 mg MgSO,+25 mg C;+200 mg PSA.

Recovery / %

70

225 AREEMGEA

MG AL B I WA R 2 58 A TR IR 8
fizs, 15 F N-SE il B i Il i S8 85 1K (1. 4% ~
70.8%) . FAH G SCHR IR IE , Y 4R OB A 58 4 T
B, N=SIF i i 1T A B A i Tl i R 1100 R,
PR I WA IR AN B Z S T AR 0.5 mL LA
TLORREHA O E4 % 0.5 mL, H 200 ML 5|
T GC-MS/MS 43, i 4 s Iy ik i esf i, 45
T FERXA R CT 15 B N30 A e 1) [l
R A 79. 3% ~96. 2%,

100 - 7 Dried to 0 mL under nitrogen stream
3 Dried to below 0.5 mL under nitrogen stream

ol {1 F A o ]
N .
= 60 B ]
(5] 4
>
=]
8 4
40

20 -

S Y” \ad
&;\ L égz Q\Q%Qe\% Q’$€\é€° é‘ @“ %QQ Q@

8 RWRIEEXT 15 F N-TRE BRI E MR (n=3)
Fig. 8 Effects of nitrogen drying modes on the recoveries
of the 15 N-nitrosamines (n=3)
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Table 2 Linear ranges, correlation coefficients (r?), limits of detection (LODs), limits of quantification (LOQs),
average recoveries and relative standard deviations (RSDs) for the 15 N-nitrosamines (n=6)

Average recoveries (RSDs)/%

Linear LOD/  LOQ/ 1LOQ 2LOQ 10LOQ
Compound  range/ r? (ng/ke) (pe/ke) Raw air-  Cooked air- Raw air-  Cooked air- Raw air-  Cooked air-

(ng/L) dried yak  dried yak dried yak  dried yak dried yak  dried yak

meat meat meat meat meat meat

NDMA 0.1-200  0.9992  0.05 0.10 91.3 (4.7) 91.7 (10.5) 89.8 (3.9) 84.6 (16.0) 83.2 (0.9) 97.7 (2.8)
NMEA 0.1-200  0.9997  0.05 0.10 95.3 (5.3) 822 (7.6) 93.4 (2.5) 89.0 (11.6) 85.0 (2.0) 85.8 (3.8)
NDEA 0.1-200  0.9995 0.05 0.10 94.1 (6.5) 88.6 (10.3) 95.2 (4.4) 84.6 (6.8) 84.0 (4.9) 100.0 (3.8)
NEIPA 0.2-200  0.9997  0.10 0.20 79.4 (2.9) 823 (3.7) 106.3 (4.9) 95.2 (5.8) 85.8 (2.8) 86.2 (2.1)
NDIPA 0.5-200  0.9998  0.20 0.50 93.5 (7.1) 98.8 (4.5) 94.0 (1.8) 959 (5.6) 87.7 (1.2)  91.9 (7.6)
NDPA 0.1-200  0.9997  0.05 0.10 100.4 (6.5) 93.1 (9.1) 90.9 (7.8) 80.6 (11.4) 87.7 (6.6)  83.0 (4.5)
NDIBA 0.1-200  0.9997  0.05 0.10 102.1 (10.4) 82.6 (4.9) 106.7 (9.6) 98.2 (14.1) 89.2 (1.6) 106.7 (8.4)
NDBA 0.2-200  0.9994  0.10 0.20 86.5 (4.3) 87.0 (4.2) 92.1 (1.0) 86.5(8.9) 92.0 (0.8) 91.4 (9.5)
NMPhA 0.2-200  0.9997  0.10 0.20 95.3 (4.5) 93.3 (7.1) 109.5 (3.4) 97.6 (5.9) 94.4 (7.8) 101.6 (6.5)
NEPhA 0.5-200  0.9995 0.20 0.50 98.4 (2.7) 93.8 (6.0) 103.7 (3.8) 91.7 (7.2) 102.8 (7.6) 106.9 (3.6)
NPIP 0.5-200  0.9998  0.20 0.50 90.7 (8.1) 80.4 (5.7) 102.0 (3.1) 92.1 (8.5) 89.1 (1.8)  91.9 (7.0)
NPYR 0.5-200  0.9991 0.20 0.50 95.8 (6.0) 92.7 (6.3) 85.6 (4.2) 89.1 (8.8) 96.8 (5.5) 93.5 (12.0)
NMOR 0.2-200  0.9990 0.10 0.20 97.8 (1.4) 102.1 (4.7) 94.1 (1.2) 82.7 (9.7) 90.1 (3.3) 83.6 (9.7)
NDPhA 0.5-200 0.9996  0.20 0.50 101.0 (2.3) 101.8 (5.3) 104.2 (3.6) 106.2 (6.9) 96.9 (2.3) 110.6 (3.2)
NDBzA 0.5-200  0.9995 0.20 0.50 94.6 (10.2) 99.1 (12.8) 102.4 (3.4) 86.5 (4.0) 99.2 (3.8) 102.1 (6.2)

242 EREFHEE

SPEM 7R R B SR R R I R %
15 LOQ.2 15 LOQ F1 10 % LOQ 3 AN 7K F 1k
AT NGRS, AN K E R 6 I, TS K (1)
SR A RSD, 413k 2 firs, AR KU HE 2R A
3ANES N KT B F 2 Il 3 43 00 S 79, 4% ~
102. 1% (1 £ LOQ) .85. 6% ~ 109. 5% (2 £% LOQ) .
83.2% ~ 102.8% (10 £5 LOQ); RSD & 0.8% ~
10. 4%, HARAFHELE RS 3 ANTINZKFE T 872 [0
WY 5K 80. 4% ~ 102. 1% (1 15 LOQ) . 80. 6% ~
106. 2% (2 5 LOQ) .83. 0% ~110. 6% (10 £ LOQ) ;
RSD K 2. 1% ~16. 0%, i#id 1 KPME 3 Mhnkrk
SR 6 AATRE S AR B H IR, 22 3 R
FE 3B KE T I 6 A FATHE & A 2 H )RS 25
JE, DARSD £/RHY H N H AR % BE A KT
8. 1% F1 18. 2%, WP #7771k HoAT R A HER
JE R 9% B, T [m] s 2 P AR T 5 = KU R 4
PRI H N- T i A A D 5K
2.5 EEREERST

N FHASHIFFT ST W 3, % 10 43 AT 4B AR AR
AT AT, e 5 RSO AT RE AR IR, 5 5
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Table 3 Contents of the 15 N-nitrosamines in 10
air-dried yak meat samples

Detection rates/%

Contents/ ( ng/kg)
(average (min-max) )

T iEah BRI HE 2R N SR ANER 3 s, Pl

KT 4E24F 3 NDMA 19 & 2 3k # i GB 2762-

2022 B i L A [ ZEARME B P B MR ) MLE

Compound Raw air- Cooked air-  Raw air- Cooked air-
dried yak dried yak dried yak dried yak
meat meat meat meat
NDMA 60 100 0.79 0.99
(ND-1.76) (0.90-1.14)
NMEA ND ND ND ND
NDEA ND ND ND ND
NEIPA ND ND ND ND
NDIPA ND ND ND ND
NDPA ND ND ND ND
NDIBA 40 60 0.45 0.65
(ND-1.67) (ND-2.24)
NDBA 40 100 0.08 0.23
(ND-0.22) (0.15-0.30)
NMPhA 40 100 0.17 10.54
(ND-0.49) (0.36-20.10)
NEPhA ND 80 ND 20.18
(11.08-39.20)
NPIP ND ND ND ND
NPYR ND 40 ND 2.40
(2.34-9.66)
NMOR ND ND ND ND
NDPhA 40 100 0.41 1.01
(ND-1.24) (0.78-1.18)
NDBzA ND ND ND ND

ND: not detected.
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