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Determination of 15 N-nitrosamines in bacon by QuEChERS purification

and gas chromatography—tandem mass spectrometry
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Abstract: Objective To establish a method for the rapid detection of 15 N —nitrosamines in bacon by enhanced matrix
removal dispersive solid phase extraction combined with gas chromatography —tandem mass spectrometry (GC —-MS/MS).
Methods The samples were extracted with acetonitrile oscillation, frozen for 30 minutes, and then centrifuged at low
temperature. The extract was further purified using an enhanced lipid removal purification tube (QuEChERS EMR-lipid) and
an EMR -lipid stripping tube. The N —nitrosamines were separated on a polar capillary column, detected in the multiple
reaction monitoring (MRM) mode and quantified by the matrix -matched external standard method. Results The linear
correlation coefficients of the method were greater than 0.990 in the range of 0.2-40.0 pg/L, with the detection and
quantification limits of 0.03-0.30 and 0.1-1.0 pg/kg, respectively. The recoveries were 64.1%—106.1% at three spiked levels
(2.0, 5.0, 10.0 pg/kg),with the relative standard deviations (RSDs) ranging from 3.48% to 14.55%. Conclusion The method
does not require activation, equilibration, or elution steps, consumes less solvent, is simple and rapid, and is suitable for the
rapid detection of 15 N-nitrosamines in bacon.

Keywords: Bacon; N -nitrosamines; Gas chromatography —tandem mass spectrometry; Enhanced matrix removal dispersive

solid phase extraction
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Table 1 The mass spectrometric parameters of the method

75 la] X CAS PAEA ] (min ) BTt (m/z) TR (eV)
1 N- A3 — H e (NDMA) CHN,0 62-75-9 5.81 74.0>44.0"74.0>42.1 3,19
2 N- A S e (NMEA) C:HN,0 10595-95-6 6.40 88.0>71.1",88.0>42.0 2,17
3 N- WAl — L (NDEA) C4H N0 55-18-5 6.75 102.0>85.0",102.0>56.0 2,15
4 N- AL BE (NPY R) C:H:N,0 930-55-2 11.69 100.0>55.17,100.0>43.1 5,9
5 N— F A F B (NMPhA) C-H;N,0 614-00-6 10.94 107.0>106.0",107.0>77.0 10, 15
6 N— AN k(N MorPh) C,HgN,0, 59-89-2 12.66 116.0>56.0,116.2>86.1 11,5
7 N- W Asl% — NI (NDPA) CH N0 621-64-7 8.43 130.2>43.0,130.2>113.1 9,7
8 N— IV fil§ 2 Mg IE (N PIP) CsH,)N,0 100-75-4 11.16 114.0>84.0,114.0>41.0 5,13
9 N- W AKIE N (NEPhA) CsH N0 612-64-6 10.99 121.0>106.0",121.0>77.0 5,20
10 N= W fif 5 —1F T HE(NDBA) CsH N0 924-16-3 10.78 116.0>99.0°,116.0>74.1 2,8
11 N- W AHIE — RN (NDPhA) CpH N0 86-30-6 18.91 169.0>168.17,169.0>167.1 17,30
12 N- W AlE — M (NDBzA) C.HuN,0 5336-53-8 21.95 226.0>91.0"91.0>65.0 5.5
13 N— W il £ 3L SN LR (NETPA) CsH,N,0 16339-04-1 7.17 116.0>99.0%,116.0>44.0 5,15
14 N- W AHIE — S5 N IE(NDiPA) CHN,0 601-77-4 7.49 130.0>88.0%,130.0>42.0 5,10
15 N- W AHE — 55 T HE(NDIBA) CsHisN,O 997-95-5 8.69 84.0>57.0",115.0>84.0 5.3
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Figure 1 The recovery comparisom of different extraction solvents
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Figure 2 The full scan spectrogram of the sample solutions by different purification methods

i & 2 Al W ,CNW QuEChERS .EMR-Lipid dSPE

H AR TIRAR AT A AR S T, A R st F@}
i€ L EMR-Lipid dSPE A fbit . A g i &
iﬁ‘c%},@ﬁﬁﬂﬁﬁ?@‘(ﬂnﬁ?ﬁ%/bE@ﬁ‘iﬂiﬁﬁﬁﬂﬁy\%
BUg b o8, — R VR IE] 30 min J5 BRARAL
ST N E, ZIKHF%?FIJJ%H&V‘] FIAE i, 4% 1R
“VS27 AT AR TR 2 TR (Y .50 ~
500 m/z) M5 , 43 BN R /AR B0 (=20 COKAFER
‘{?-’F 30 min,0 CFEL) SR T HAERBRIEICR

T HOR G SR I T PR RE fi 6 R I TR B R 3k R
ixﬁ?,#nnéfﬂfg&‘l%éi&¥,*ﬁﬁﬂﬁtiﬁf/l\,@?UE
S S rhORE R BRUS FE LA -20 °C UK AR ¥ R 30
min, IR FRIR 20 o
2.3 &agiegikiE 15 R N- WIS Y T
FR M 22 S A K0, 23l L3R T DB-5MS .DB-1701MS
F1 HP-INNOWAX (A 35 A1 (1) 3 B O . S5 R 3R 0T,
DB-5MS #E 1 DB-1701MS #E: A5 B RO 302%, Fr5)
J= NDMA (R B e e, 5 nigin , AR g 2
5y 5% 2= I E T3 515 A HAR Y 7E HP-INNOWAX 4

WA HAE 25 min INEPREARLFHY 4385, IS AN
FIvEE i B9 B T ek LA 3.
24 ¥k N- WAL A Pk i 5 4%
2% CHk 4 L N- LA -D6 R PR, H
N- = H LAl e -D6 119 52 M Ko 1 8 1 X S 4L
(74.0>44.0, B AE & 3 V;74.0>42.1, i fE fE = 19
V) AHSEES ORI, A SR E  N- — H A
A N- BRI -D6 HAEFE &5 Rt 4, ™
S R A ER YR, B N- SRR R TR
AN RS B T SR T LR A MR
25 Amsom  BEFRRUN — B RS A
) R PO R R 0 L A X e 7 L 7 ok B
B, BV ST v VA TR 11 06 TR 5 Y R s TR R ) W T
FRU LU LA 100% o 43 TR0 < 80%HTT , eI Ky Kk
SN RN 5 24 I BV AE 80% ~ 120%315 Bl , FE
SOV ] ZE AT 5 24 FE RN > 120% ], F B R JE
BESRARON IS, ABFSE A I 5 RN R]) R A
FE A TIR ST & IR SRR LR, AE P I R &
FRUE(S warkg) G2 FR B “1.57 ) 7 Fh o sk f 5



+ 3624 -

AR P27 2025 4550 52 4255 19 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 19

Ve B 2OFATINE 5 YOS TR . 45K
B, N PR R 28O0y T LU 5™ i, R & VAL AR AR U
PEEFE T o 242K FH QUEChERS(Agela,Dima) .SPE
(LPAS HLB) ¥kt 15 F HAR¥) h BB A 0 ~
80.0%53 145 2.2.2 F1 1 4>, HA 2 EMR-Lipid dSPE
FeAk s 0 15 B B AR 0 5 B RLON Y 7E 80.1% ~
120.0% , BE 5 A 34 8/ INE AU

2.6 SLMLE KHBR ESREAREDR R s
FIRER AT A 6 AN R BE TR B AR T, A

AE o LA 3 A5 10 A5 151 LG (S/N )X 9 25 8 i
TiEAG T BRAFE BERR . R B0 E 5 2 R . Sk
JE BRI I A 25 R R T S A T WA S 3, s ok
F-22.00.5.00 F1 10.0 we/ke, il BB S FA T E 6
Wo GERRY] 15 M HARPI L G R R A (FH G R 4L
r>0.99), J7 K R A i R 3 5] D 0.03 ~ 0.3
perkg Fl 0.1 ~ 1.0 pekg; SR FUCER N 64.1% ~
106.1% , FHXFFR#ENZE (relative standard deviation,
RSD )N 3.48% ~ 14.55% . W.3 2.

NEPhA

T

BE (Meps)

&
NDMA

NMEA

NDEA

NDPhA

NDBZA

NEIPA
NDIPA
NDPA
NDIBA
f —
NPIP
NPYR
NMORPH

125
(REBESE] (min)

15.0 175 200

B3 AR ot S S i (i 1

Figure 3 Total ion chromatogram of a spiked bacon sample
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Table 2 The performance parameters of the method (7=6)

HlLA  LRpt RERB R ekm 200wk >-00 pefke 100gke
Yy (ng/l) R () (nekg)  (ngke) e SD(%) e RSD(%) e RSD(%)
(%) (%) (%)

NDMA 0.2 ~40.0 Y=3.311 x 10°X+7.830 x 10° 0.996 4 0.15 0.5 87.2 9.36 94.4 13.86 87.9 10.71
NMEA 0.2 ~40.0 Y=3.027 x 10°X-4.002 x 10° 0.998 8 0.15 0.5 934 7.55 95.2 6.02 83.3 8.92
NDEA 0.2 ~40.0 Y=2.313 x 10°X-1.195 x 10° 0.999 2 0.15 0.5 85.3 9.48 84.5 11.37 76.7 10.25
NPYR 0.2 ~40.0 Y=1.889 x 10°X-2.395 x 10° 0.998 4 0.15 0.5 84.5 14.33 88.1 14.38 81.5 3.48
NMPhA 0.2 ~40.0 Y=1.193 x 10°X-1.990 x 10* 0.996 8 0.03 0.1 99.1 7.79 85.4 3.57 86.3 14.28
NMorPh 0.2 ~40.0 Y=9.347 x 10°X-6.099 x 10° 0.999 2 0.15 0.5 84.3 10.30 94.6 4.69 81.5 9.39
NDPA 0.2 ~40.0 Y=5.091 x 10°’X-5.373 x 10> 0.999 4 0.30 1.0 88.8 13.56 93.1 12.05 83.5 7.88
NPIP 0.2 ~40.0 Y=1.876 x 10°X-4.781 x 10* 0.997 7 0.15 0.5 96.1 12.58 95.7 11.39 86.1 10.54
NEPhA 0.2 ~40.0 Y=1.140 x 10°X+4.497 x 10° 0.999 0 0.03 0.1 77.1 8.67 87.9 8.54 83.8 4.77
NDBA 0.2 ~40.0 Y=2.090 x 10°X-8.528 x 10> 0.998 6 0.15 0.5 85.6 10.36 93.0 9.36 82.8 10.81
NDPhA 0.2 ~40.0 Y=1.088 x 10°X+4.258 x 10° 0.999 6 0.03 0.1 106.1 5.36 101.1 7.58 86.8 8.36
NDBzA 0.2 ~40.0 Y=1.038 x 10°X-9.962 x 10> 0.999 0 0.15 0.5 91.5 7.48 80.9 8.95 80.7 12.38
NEIPA 0.2 ~40.0 Y=2.772 x 10°X-1.152 x 10° 0.998 8 0.15 0.5 64.1 12.39 73.7 6.52 81.8 14.55
NDiPA 0.2 ~40.0 Y=1.213 x 10°X-6.851 x 10> 0.997 8 0.15 0.5 78.4 10.36 99.0 7.36 87.2 7.96
NDIBA 0.2 ~40.0 Y=5.972 x 10°’X-2.420 x 10, 0.996 9 0.10 0.3 82.3 14.21 83.8 11.3 75.0 4.56
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