AR AR

—1226—

CHINESE JOURNAL OF FOOD HYGIENE

20224E%f 34 #4556 W

QuEChERS 45 GC-MS/MS I 7 5 = v 117 N A i R Ak 5 )

E L, i AR
(WEEASHERRSNF O, 4T &M 317300)
# E.H# & 5 QuEChERS &4 8E#-MERAERNMNZEMNE T 11 A BAKEELSDAETHHK
DM Tk, FiE HREACHRR,Z 4 RAKRBER 1 g AMBLAK, 150 mg PSA.150 mg GCB #= 900 mg &
KB 4E F AL, K HP-Innowax & A5 &, 5 R B B M X T 2 F o4, @+ LK R 55 7 A7 0 v 45 7] 4
RO R AR A, RO A N-A RS HE 0.5~50 pe/L &8 E N, &k E R 835>0.999,
NDBA NMPhA .NEPhA NDPhA Z 3% 69 KR 2w, ok A = & KR BeAr ik A& P .3 ZAK-F (1.3.10 pglkg) n 47K
ey TR E A 94, 8%~105. 1% ,RSD(n=6) % 1.6% ~5.8% . &it ZH7 A A BBAERL TLBF &R
AR LE R T EME P 11 A N-TB 2l i AL A4 09 2B 547
X $217] : QUEChERS; GC-MS/MS; ¥} 5 ; N-I 5% B
FE4SEKS:R155 SERFRIEAG ;A
DOI:10. 13590/j. cjfh. 2022. 06. 015

X ERE:1004-8456(2022)06-1226-07

Determination of 11 N-nitrosamines in Chinese pickles and salted vegetables by QuEChERS
combined with GC-MS/MS
GUAN Yue, PAN Yanmei
(Xianju County Food and Drug Inspection and Testing Center, Zhejiang Taizhou 317300, China)

Abstract: Objective To establish an efficient analytical method for simultaneous determination of 11 N-nitrosamines
in Chinese pickles and salted vegetables by QuEChERS combined with gas chromatography-mass spectrometry. Methods
The sample was extracted with acetonitrile, dehydrated by 4 g anhydrous magnesium sulfate and 1 g sodium chloride,
purified with 150 mg PSA, 150 mg GCB and 900 mg anhydrous magnesium sulfate, separated by HP-Innowax
chromatographic column, and quantitatively analyzed in the multi-reaction monitoring mode. The matrix effect was
evaluated by calculating the ratio of the slope between the matrix and the solvent standard curve. Results In the range of
0.5-50 pg/L, the linear coefficient of 11 N-nitrosamines were all above 0.999. NDBA, NMPhA, NEPhA and NDPhA
showed stronger matrix effects, and the standard solution should be prepared by the blank matrix solution. The average
recovery rate of low , medium and high levels (1, 3, 10 wg/kg) in the sample spiking with reference standard was 94. 8%-105. 1%,
of which the RSD (n=6) was 1. 6%-5. 8%. Conclusion With simple pretreatment operation, good reproducibility and

accurate results, this method is suitable for the quantitative analysis of 11 N-nitrosamines in Chinese pickles and salted

vegetables.
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1 #R5F%
11 EZUER 55

AR 3 - % 1 FH X (A gilent7890B+7000C ) ,
% E Agilent 28 A ; A HE R 2L (VORTEX 3) , {# %]
TKA 23] 5 780 8 ¥ % B 0 WL (Multifuge XIR) , 382k K
TR B Crp D A R A 5 7 K F (ML203T) , #
R -0 208 (10 ) A R A 5 B2 AR IR R A AR
(DW-25L95) , 7 & ¥ /R B Ay A BR 2\ W) 5 8 75 I8 7 Uk
#+ (KH300-DE) , B2 11 A48 A28 A FR S A

WSk 2z (LGS W BT O LI
Okt OB @AWk, WhE kR, £H

TEDIA 28 W) ; oK i R B S AL B, ¥ 2 43 Hr 4l [
2 R 2= R A RS A s A as ik B (GCB) L& =
Jiie -N-T9 JE RE e (PSA) /N SEHE A fE IR (C ) WPl
BT, b S R BB A BR A R 5 N-I i
B obR o & ON- WO E OB R B (N-
Nitrosodimethylamine , NDMA ) \N-3F fiff & F 5k 2, FE i
(N-Nitrosomethylethylamine, NMEA) \N- fi§ % — 2
%ﬂﬁ(N-Nitrosodiethylamine, NDEA) N-W i3 — N
FE iz (N-Nitrosodipropylamine , NDPA) | N- IV fif & —
T % B (N-Nitrosodibutylamine , NDBA ) \ N- MV fiff %& R
BE (N-Nitrosopiperidine , NPIP) | N-3V. fiff % nt % %¢ (N-
Nitrosopyrrolidine, NPYR) | N- W fi§ J& Mg mpk (N-
Nitrosomorpholine, NMorPh) , N-il. i Bk — AR KL% (N-
nitrosodiphenylamine , NDPhA ) | N- 3P fiff & -N- F 3 ¢
Jii (N-Methyl-N-nitrosoaniline, NMPhA ) 1 N- V. i 3%
-N- 2, 3£ % Jli (N-Nitroso-N-ethylaniline , NEPhA) , ¥
4R 100 mg/L, FEE 02si 24 H] .
1.2 W5k
1.2.1  FE ATk 2

FREL 10 g ¥R S8 e FE A, BT 50 mL B0
LA 10 mL Z S IR THER % 1 min, ITA 4 ¢ JG/K
BRAREE (1 g SUILAN I 1 R X T IRENR Y 1 min,
7 000 r/min 0> 5 min, 6 mL LVEW , B T4
150 mg PSA . 150 mg GCB Al 900 mg JC /K i iz £ 1Y
15 mL B0 8 1, 18 EHR% 1 mins 6 000 r/min & 0>
5 min, B EVE W, 1 0. 22 wm fALIE R, A SERE /N
R LRSI
1.2.2 bRIER WY T

R W B 100 mg /L 4 N3V i i 18 b 3 &, FH
e T S 225 1 U B VR B R B MR Bl 0,501
5.10.50 ng/mL [ RS bR e T AR .
1.2.3 @ik

HP-Innowax & 4 % {4 3% # (30 mx0.25 mmx
0.25 pm) ; FHR AT & 4G 50 °CL, LA 20 °C/min
FHi 2 150 °C, LA 5 °C/min FHE &= 200 °C, fi L4
20 °C/min FFRE % 250 °C,PFF 4.5 min; 25 He (4l
FE 299.999%) ; Wi # : 1 mL/min; JF £ 11 & B .
230 CiEFER 1 WL A RERE
1.2.4  JRiE&MF

&P (ELTR) i iR 70 eV 5
FURTRLEE - 230 °C5 PULHFF IR < 150 °C ;1% iy 2 i i
230 C; R AR 22 /O A A (MRM B0 .
11 Ffr N-SIE i e 25 b 6 ) Ok B8 B[] K o 3% 2 801F
W& 1.
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Table 1 Retention time and Mass Spectrum parameter for 11

N-nitrosamines

WJB‘ ‘E A FASE=N
e oty R R
' -0 fif§ 3 — F L i 74.0>44.1% 5
(NDMA) 74.0>42.1 18
N- 3 fiFf 5 B 356 2 SE e 88.0>71.0% 2
2 5.679
(NMEA) 88.0>42.0 19
N-G il e — 2 B i 102.0>85.1°* 2
3 5.901
(NDEA) 102.0>56.0 18
-0 il 3 — 9 B i 130.0>113.1% 2
4 7.005
(NDPA) 130.2>43.0 9
N7 il Bk — T i 116.0>99.1% 6
5 8.849
(NDBA) 158.0>141.1 2
. IN-SIF i 35 -N - FY 34 e 8052 106.0>77.1%* 17
(NMPhA) ’ 106.0>51.1 35
N-T fif§ 25 -N- 2 B A 121.0>106.0% 11
7 8.960
(NEPhA) 121.0>77.0 30
N- . H R 114.0>84.1% 6
8 9.322
(NPIP) 114.0>41.0 13
N-SIE i i 1 - 100.0>55.1* 6
9 9.677
(NPYR) 100.0>70.0 5
N - 7. 12 B 116.0>86.1* 2
10 10.314
(NmorPh) 116.0>56.0 15
N -7 i 2 e g 169.0>168.1% 18
11 19.406
(NDPhA) 169.0>167.1 30
T 2 5 BT
2 #R
2.1 FEmfitie
2.1 1 FRIUA R R

P WU AN ), % N-SE A i 288 A5 ) B0 4G D) 245
AW R o AU e PR A 4 Fh 5 BO% R
B2 R Ol S W e IR 2o, 23 X A H
b B AT 4R B, IO AR BSGR S , I bs i
25 pg/kge == FMERL T H ARSI 0 R H T
Gl o hibm Bl 22 3R B AL B0 S, B 2 mL AR

1o, ML B LMARE 8 —ETE O IOk

a b a
100 [

80 Hm
= =%
o =3
£ o =
= =3
40 E%

=3 &

0 L L
NDMA NMEA NDEA NDPA NDBA NMPhA NEPhA NPIP NPYR NMorPh NDPhA

FET, R OTRERZE 1 mL, Gkl #2408 H
PSA 200 mg+900 mg JC 7K i /2 B 7F Jy e Ak 7], A4y
AL FEFRAER] 1.2, 1, IS E5 R (E 1R L0
XF N-S Al e A& W) i S OO R et s SR TR 5
AN BRI Ay B AR A W R O 5 2 A
A 2R, RS R BE R il s A5, Xk &
T I C R X H AR Ak G 1 00 i BOROR 22 4
D 2 S 43 A 2R Wi R G AR S $2 O )
2.1.2 HAR LR Yk R

e TS B O R A O R A LR
WAL BTy, T AT 4 R . AR e T 3 Fib
W B B AL BURE, B PSA L C o GCB, 48 51 L 3 Bl R
[F] ¥+ Ak JEURE+900 mg T 7K it 2 5 A Sy A7), X 25
F AR FE i AT A [0 g o 0 2 0, B
J B bR TR R SR AR i R 3 pe/ke.
FEnE G B 2 mL AR 235 T, DL SR O BRE 2
% 1 mL, HABF A HDBRIE 1.2, 1. 525 20 &l
2~3 (Y LA £k %% 2 B 5 ) NDMA \NMEA . NDEA |
NMorPh 182 ) ff 7%, PSA B fdi JH & 7€ 150 mg I},
JFH A G A/ HL A B A HILIR i i 55 2% 0T T 4 1 &%
JELL B PR Ak S Y B O S RS B IR
IR B 5 A BB TP A0 T, i 3R A R
FEARAS 5 C o By AT S 0 A2 % [ e 26 T W 5 e
GCB 1 ffi & 7E 150 mg I, B R T LOR BEAH
F Ak 5 Y O BEAS B W], H DR 4 T ) R B
GCB fifi i 5 i 4k 2238 hin , GCB X H br 1k 4 4 i W B
Al 7 A 3G, S B BOR BT B, B, AR
KB R ] 150 mg PSA+150 mg GCB+900 mg J& 7K
TR B A Ry Ve A B 9D, 4 AL T 5 VA IS 1Y B RS U
5 BN 4~5, A6 5, A% T 0 W]t oa /b, Ak
B 70280 S B

AR O
P

I~ b

WEMAIR
T A AL W0 A TR/ 7R R 22 53 1 3 (P<0.05)
P A ] i B 700 0 [T WA o4 Y 52 il

Figure 1  The influence of different extraction solvents on recovery rate
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Figure 2 The influence of PSA on recovery rate
N 25 pe/kgo FESETAL B BRI 12,1, LB O
Ja B EIE W 2 mL BEAT AW, e A5 R s 6 (R
DL Ak % o B 59 NDMA \NMEA .NDEA . NMorPh
KA TR, R K M 30 CHRIK, AWK I ] K
(45 ~ 55 min) , K BF [ (9 R, FEAEN B bRk &9

+ TIC MRM(**->%5%)
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o
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Figure 3 The influence of GCB on recovery rate
iR, MIBCR TR B R KA 35 °C.40 °C .45 CL A
WO 205 (0 B [ 406 6, (E K v T BE B v L 380 1 B bR
B YR K, TR TR B AN AW B 4 B I
8RR 1 ML A D 3 S v T AT RO R R
o R, A 50 i 2SR AN AR i O =
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KA [7]/min
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Figure 4 Total ion chromatogram before purification of 11 N-nitrosamines
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Figure 5 Total ion chromatogram after purification of 11 N-nitrosamines

2.1.4 gk s AR B

S AL — G R G B T g L O i
— Ak, BEBE T L BRI T A B T X
VR Jy s 2 15, = B R 2 AR Ry kX
25 [ L B N- A B A & AR R TR B I, &
Sprh HArfb G R R R # M 1.2.3
51204 WA E X% AR W AT AL BT R
1 wL, M B R 50 ng/mL, bR fE 5 58 Ui B an il 7,
Horp  NMPhA 5 NEPhA 753 88 i} ] e L4y 5,
BRGE B TR EmE 8. mEE &, 11 A H AR

A e 5E 4 HEEAR T B, T BRI 4, H
i Ak G W Ok B8 BsF T) &b oA o 5 B T4, BT 84
R LS TNE
2.2 JrikvENY
2.2.1  HEEJEHON

HE 5RO BVAE i b B B AR LLAMR 2 43 X H
B 0 4 A R DN 5k AR TP R T L R B AR 5 e A AT
S5 MR PE L AR 00 3 AR A P T TR G
B A o 1 e AR 2R I R0 T A A o 2 AR Y
FUAB R PEA 3 400, 2 LU {ELE 0. 8~1. 2 S
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Figure 6 The influence of nitrogen purging on recovery rate
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Figure 7 Total ion chromatogram of 11 N-nitrosamines standard sample solution
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Foar +
R pElSr
3
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Figure 8 Extracted ion chromatogram of NMPhA and NEPhA

I, UL FURON BES T R AE T AL BT AL 2.2.2 RMESCHR KR PR R E B IR

N R T X 2 R S T T R T 4 A v A 50 ol 2 PR A R OO R IC A 1. 2.2
VUL DL I ST R A R B kg TR IUM B AR T AR, R 121 8
BRIEAT A AL, 11 Fh N-SIE A5 e S A0 B i 6 MV
24 0.5~ 50 ng/mL. 43 5 LLGE i 85 7 4 B2 £
ECoh 321 A0 10+ 1 BBy H AR Ak f 9 5 e 2 O A

RER,EEMEILTH ,NDBA ,NMPhA \NEPhA |
NDPhA 09 5 AR FE B 43 70 o 1.22.1.41.1. 40,
1. 29, 5L A5 iy 35 o 18 9 % 0, B4y N-30 Al i 2 Ak

BRAFE BEFR . HARZ AT e R R R 2

BV BRI o R 1R E AR AL W ﬁﬁﬁﬂli‘%zo BRI SE I L 11 A EBR AL A T
fk o AT B M A AR WU ORI HE RS 0.5~ 50 ng/mL 2% ¥ 5 BB A I 26 e o R O K

PR T 0.999, ML RIFF G T K,



QuEChERS % & GC-MS/MS I 2 # s 3% th 11 R N-JE A% i 2540 & 4

L, 5 —1231—

K2 1A N-IEA I RAL AW RO LM 7 B DR E ZR B K R PR BEER

Table 2 Linear equation coefficient of determination, limit of detection and limit of quantification for 11 N-nitrosamines

K5 e L JUE RBR K PR/ (g /kg) AR/ (pg/kg)
1 NDMA y=336.42x-24.937 0.999 9 0.30 0.95

2 NMEA y=303.55x-38.273 0.999 8 0.12 0.35

3 NDEA ¥y=220.10x-7.370 9 0.999 8 0.03 0.08

4 NDPA y=177.99x-28.733 0.999 8 0.06 0.17

5 NDBA y=277.65x-15.205 0.999 8 0.06 0.20

6 NMPhA y=21239.2x-27.217 0.999 9 0.17 0.50

7 NEPhA ¥=856.90x-44.530 0.999 6 0.30 1.00

8 NPIP y=272.75x+5.813 7 0.999 8 0.17 0.55

9 NPYR y=180.82x+14.277 0.999 6 0.30 1.00

10 NMorPh y=417.46x-44.194 0.999 9 0.25 0.80

11 NDPhA y=2 789.3x-222.98 0.999 3 0.02 0.06
2.2.3  [nDSg A R R X o o i 22 Hi 2 3 AR, 3% 5 3k B9 S 3 8] R 94, 8%~

Wz JAE 10 g, 20 3 m AR (L pg/kg) Lt
(3 we/kg) 5 (10 pg/kg)3 A~ AS [a] #e B 7K 7 B b o
VW HEAT AR LG 5, RS W R E 6 AT
BE AT AL B 12,01 A B AR K A5 R L3R 3.

105. 1% , A8 %t %7 #E Ji 2= ( Relative standard deviation,
RSD)H 1. 6% ~ 5. 8% , )7 i HEWH E AG % R4, ]
WREHEX P N-EME RS ERE DI H
ZR,

F311LA NSRS G A 4 9 R K RSD

Table 3 Recovery rate and RSD for 11 N-nitrosamines

H I RLSCR /% (H 5 RSD/% ) ,n=6

1A R /% ((H [A] RSD/%) ,n=18

F5 L&Y — —
(1 pe/keg) H1(3 we/kg) i (10 pg/kg) (1 pe/keg) H1(3 pe/kg) (10 pe/kg)
1 NDMA 103.0(1.6) 102.3(3.7) 102.0(2.7) 101.9(3.9) 99.4(4.2) 99.0(4.6)
2 NMEA 102.4(4.1) 98.5(2.8) 94.8(2.0) 101.1(5.2) 98.1(3.6) 97.2(3.9)
3 NDEA 101.2(2.2) 101.4(3.0) 103.9(2.3) 99.8(4.4) 98.5(4.3) 99.9(4.8)
4 NDPA 103.2(2.5) 101.1(2.4) 100.6(2.1) 103.1(4.1) 99.0(3.8) 100.1(3.9)
5 NDBA 101.7(5.4) 101.8(3.7) 105.1(2.0) 100.2(5.6) 100.2(4.3) 100.5(4.5)
6 NMPhA 100.7(2.2) 100.0(2.3) 101.8(3.3) 101.4(3.2) 100.1(3.2) 101.6(4.3)
7 NEPhA 100.2(2.5) 97.8(1.8) 100.2(5.0) 103.2(3.4) 99.4(3.6) 100.7(4.4)
8 NPIP 97.7(5.8) 101.3(3.3) 103.9(2.9) 100.2(5.2) 100.9(3.8) 100.1(4.2)
9 NPYR 99.8(3.2) 102.5(2.8) 102.5(3.1) 99.3(4.5) 99.1(4.2) 101.6(3.9)
10 NMorPh 99.9(4.3) 99.4(4.2) 100.8(2.1) 100.2(4.9) 98.4(3.6) 99.9(3.5)
11 NDPhA 102.6(3.7) 99.8(1.6) 102.6(3.0) 102.2(3.6) 99.9(2.0) 101.4(3.3)

2.2.4 SEPREEM E RS ITA R 51T

P2 FEOAR SC 1.2 J9T 3R i Ak B 7 i R €83 R 4%
8% 20 #E YT 8 ISR TR 11 A NS i 2840
AW HEATR D, DA B IR T T A R
JE L P, DA i 1 AUE i . P NDBA K 3R
K 35%, 5 EN 0,22 ~ 2. 67 pg/kg, NMPhA K HiR N
30%, &M 1.21~2.62 wg/kg; NDPhA i M R Ky
50%, & HN 0.08 ~ 1.51 pg/kg, HAy T H 78 20 it
WHES B R K . 2% E AR GB 2762—2017 rf
NDMA 19 FR &8, H A8 5 1 5 b N-E A il 2 5
Ab T HARK T o X AT e A AE R P MR S A 7 ke
T LW A O RIEHHF IR R ¥
g % A5 W ) 5 2B , NDMA A1 NDEA #5544
fH L B 38R CE B A, NDMA 25 4 & 1 75 T4 W 1
PR 32 3 e, i T 0 3 I SR AR SR R
% A% 0 ol DY B BESE H20 o R AL L B R R
GF L B T AN IR A s e R AR T
NDMA FI NDEA 7= 4 . ZHANG %5 fff 5% ) %
B, R A SR A P NPYR R R e T

AT 8 1 6 T S A AR R K e L TR
IS T 0 3 1 A L D L aX nT g & NPYR IR KR
Rt 9 B o F R, SR P N R AL S
oz s/, Bk 28 mm H ik R R, AR kR
K E W NDPhA 5 NMPhA, 76 & € 5 25 A
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