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Z SN MR ARG I, APRIAE AT SER 9 Bl N-IEAHAKTE 5.0~60.0 ng/mL Bl ML C R R AT, 2tk
R RB(NPBIRTF 0,999, Jridifi iy 0.1~0.3 pg/kg, RN 0.3<1.0 pg/kg, FICE N 72.1%~111.6%, HH
XFPREIR 2528 0.9%~8.4% Zai8  RIIEVERIXS NI A e i 25 BURIOR AT, AT Ui DA% e 48V A0 B BB 11 [ R
AIPEANRFIAED . GEIR, &R T IR T 9 Fl NI R A R
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Determination of 9 kinds of N-nitrosamines in ham sausage by deep eutectic
solvents-ultra performance liquid chromatography-atmospheric pressure
chemical ionization-tandem mass spectrometry
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ABSTRACT: Objective To establish a rapid method for determination of 9 kinds of N-nitrosamines in ham
sausage by ultra performance liquid chromatography-atmospheric pressure chemical ionization-tandem mass
spectrometry with deep euectic solvent (DES). Methods The samples were initially dissolved in water, then
extracted using microscale DES, subsequently re-dissolved in 50% methanol-water before separation by Agilent
Infinitylab Poroshell 120 EC-C;g (2.1 mmx150 mm, 2.7 pm) column, and atmospheric pressure chemical ionization
source ionization-multiple reaction monitoring -positive ion mode detection. Internal standard method was used for
quantitative analysis. Results The linear relationships of 9 kinds of N-nitrosamines of 5.0-60.0 ng/mL were good.

The correlation coefficients (r) of the 9 kinds of N-nitrosamines above 0.999, the limits of detection were 0.1-0.3
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ug/kg, and the limits of quantification were 0.3—1.0 pg/kg. The recovery rates were 72.1%—111.6% and relative

standard deviations of 0.9%—-8.4%. Conclusion DES has a good extraction effect of N-nitrosamines, which can

solve the problem of complicated tradittional operation steps. The method is environmentally friendly and requires a

small amount of organic reagents. It is suitable for the rapid and accurate detection of 9 N-nitrosamines in ham

sausage.

KEY WORDS: deep eutectic solvent; N-nitrosamines; green extraction; ultra performance liquid chromatography

-atmospheric pressure chemical ionization-tandem mass spectrometry; ham sausage

il

0 5

KRB A AR 0 Ak AR e, DR S A R A R R 4 B
A ABERE T ERNERR, WP RO, B
R, HA 14 € B T AR R iz i, AR AE — 7 540
T, EASER £ S 55 Pl i R RS W kA OB, AR IR
fiihi . A PR bR — 2R BUEY, 2 A b
f& TR R TS YY), BRI BRI w5 Btk
8 P g S SR GB 27622022 (A A
FARUE a5 YRR ) C0 N- T I A i R A
T AR RLE, e PR A Rl <3.0 pglkg, K
FEEh ) R L A < 4.0 pg/kg.

FIRI, N- AR o BT ok 2 3 M ikl )
FEATE TR SR g - ) SO 3 - R KT (gas
chromatography-tandem mass spectrometry, GC-MS/MS)#
R RO AR 23 - EB BE % 9% (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
S8 Horh GC-MS/MS il UPLC-MS/MS LA £t 5 {5 14
FEAE R, TR TR NI . T
FIBT . ARWGSE K> T, AR 2%, ELY5 et &t AT
K, WHE A pglke , BB, B AT
JERBERR o E R BT AL 2R 15 G Al 7 v GB
5009.26—2023 (B dh L FE ZARHE £ hhH N-TEAHIE AL
BHRIIE ), FTAL IR K 2 2R TR AR - TR 2 Ak
-KD 4 s i A B 28 R - RV AR i 2D 3R, i AR A
A SE T BRI N AR, (AR Al T AL 35
JUB, BRAERENT 20, MELLSC Bl m b B, B AR
B KA GEAT LA, PRIET5Ye R, SEhrm] #R A E
NG, PRI T R 305 L AR R it T AL BT AR R T AR
AR 70 B T A A ARG 3 M R 5 e U 2

L4575 577 (deep eutectic solvent, DES)J& f—Efh2%
T O U2 PR (I Ze i) A S B AU A (DR IR | B8, ek
FIBESE) 2 G B IR IR 54, HAT AR Ge AT LA Rl 4
| BRI AR, TR AN IR AR
RO HRTO A TR E A s Rk
A B AU e 2k T 4 g R0
SR ST TP FSY; AEIRBE AT | R R A AT

R IR =4 53 W20 2815 )5 VI AT AR OG0 FARGE, R &
PR M S TS BT o BT B R DL . ASBIE SR FH AL
JIEUTRE hy R 52 (AR B o B BEIAR B DES A 2R HR
BGR, &545 8 m ROBOR (3% - R TR AL 2 B 1Al - R I B
¥ (ultra performance liquid chromatography-atmospheric
pressure chemical ionization-tandem mass spectrometry,
UPLC-APCI-MS/MS)E V2 & K B vh 9 B fif e L5 )
(75735, R a2 PR it v NSV e 575 Y 114 2 £
IR ARG B A R

1 S

L1 #R5RF

KRR (T, PIHERG Y N- 3 S0l e Il s e (A
A R BRI B ); HEE . O . WER (A Rk,
i Merck 2~ ]); ARG . Kl . £ "%, W=, 1,4-
T ZEEGrira, LigBTRL T A bR I A BR A FD); N-
— H L WA M (N-nitrosodimethylamine, NDMA, #4f &
99.8%) . N- 3 fiif 5 HT JE £ B (N-nitrosoethylmethylamine,
NMEA, 4 97.6%) N-V il 2 ik 1 bé (N-nitrosopyrrolidine,
NPYR, 4 & 994%) . N- = Z J W i &
(N-nitrosodiethylamine, NDEA, #liJif 99.9%). N-ilfi4%:0k
IE (N-nitrosopiperidine, NPIP, 4l 96.2%). N-Lfigdk — 5%
Nl (N-nitrosodiisopropylamine, NDIPA, 4liJ& 99.8%). N-
W 5§ £ — N % (N-nitrosodipropylamine, NDPA, 4fi &
100.0%) . N- T F& IV fif§ it (N-nitrosodibutylamine, NDBA,
4li fif 99.9%) . N-IF A 3 — K i (N-nitrosodibenzylamine,
NDBzA, #liff 99.8%). NDMA-D, F B/ (100 pg/mL) .
NDPA-D, H B (100 pg/mL)(3 [ 02Si 24wl
12 (HF5RE

1290/6460C 25 A% WA (2033 - — B AR AT A3 16 s34
[H7 Jet Stream HEMWES 21, KA &8I0
Agilent Infinitylab Poroshell 120 EC-C;g #:(2.1 mmx150 mm,
2.7 um)](E [H Agilent 23 F); 3-18K & ES DAL (2 E Sigma
25 Hl); S300 H A I E VR (FEE Elma 23 F]); MS3 digital $X
AL EIR 5 8 (T IKA 22 H); AutoEVA-60 4: H 3117
WAL (BRI H R AT
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1.3 XWFE
1.3.1  ARofEis ik v Beh)

A3 AIHERFRIL 9 Fi N- A Bt i 45 25 mg T 25 mL
FHEMT, AP EESZZ20E, R 1.0 mg/mL AR
HERE AW 5 B NDMA-Dg. NDPA-D,, I H B R e
X 1.0 mg/mL PIFRIES K o

A4 TS e TR A B M £ YRR 0 B T S Al — 2B
TR E N 5.0, 10.0.,20.0, 30.0, 40.0., 50.0., 60.0 ng/mL
1 R SNEAARUER I 4% NDMA-Dg. NDPA-D . JHHI 4G T
SlARRR B BT R A 1000 ng/mL PR A
1.3.2 DES #%44&

AW LA IR Az Ik,  ZFE L TS =B 1,4-
TR RE O SRR, g AR AR B TG
M, BT ZERND, IR | WERIRE, BET,
AEBEFL R E R E B R, ARBRAEERE
%M.

1.3.3 #enaras

HEBR AR 5.00 g FH 20 248 T AL A TR g T 6 R
50 mL B4 H, A 50 il PIFRIRATR .S mL 417K (150 ul
DES. 10 mL IECEfIfIZNG . 1 ¢ &4k, L3000 v/min
TRJE 2 min #A 8 min, 12000 r/min 25.0> 8 min J5, HX 5 mL
LIER T A TR AAN L 45°CRR T, H 50%H Bk
WZE05mL, 2 0.22 um MFLIEEYE, WA AR

®1 REBEBFNER

Table 1 Deep eutectic solvent synthesis
ETRe2 Az AR SEuEErC fheEit L

DES-1 ERaiIE . 70 1:2
DES-2 ERLAIEL N =i 70 1:2
DES-3 FACMED  1,4-T 70 1:2
DES-4  ZAfbJIngs gL 50 1:2
DES-5  S4LARmE 2317 50 1:3
DES-6  SAMLARmE 2317 50 1:4
DES-7 At/ K1y 50 1:5
DES-8  AfbJIni g 50 1:6

1.3.4 LB &4

% 44 Agilent Infinitylab Poroshell 120 EC-C s #1
(2.1 mmx150 mm, 2.7 um), F:if{: 35°C; Waht: AN 0.1%
FHBR /KW, B o F B, BB BRI 0.00~1.50 min, 90%
A; 1.50~7.00 min, 90%~45% A: 7.00~8.50 min, 45% A;
8.50~10.50 min, 45%~10% A; 10.50~13.50 min, 10% A;
13.50~15.00 min, 10%~90% A; J5iz47H}[E]: 4.00 min; i
: 0.3 mL/min; #EFFE: S pl.

JEE S A PR AT S, APCT B FIR, SRATIES
FARF, 2 SO Wil (multiple reaction monitoring, MRM)#&:
2 TR 250°C; T 6 L/min; 251/
J3:50 psi; BANEHLE: 2400 V; HAWSHILE 2,

R2 IMN-THEHNRESH

Table 2 Mass spectrum parameters of 9 kinds of N-nitrosamines

ey {5 83 Bt [f1] /min BEEF(/z) FEF(m2) MR R/ V Rl 18 RE H/V nEEUNIEEEENIAY

43.2%* 34 16 4

NDMA 3.709 75.1
58.2 34 12 4
61.2% 29 8 4

NMEA 5.924 89.1
432 29 12 4
55.2% 93 16 4

NPYR 5.998 100.9
41.0 93 30 4
75.1% 73 8 4

NDEA 7.933 103.1
473 73 16 4
69.2% 97 16 4

NPIP 8.461 115.1
412 97 24 4
43.2% 59 12 4

NDIPA 10.712 131.0
89.1 59 4 4
43.2% 78 12 4

NDPA 11.517 131.0
89.1 78 8 4
57.2% 104 12 4

NDBA 13.254 159.0
103.1 104 8 4
NDBzA 13.588 227.3 oL 64 4

Z . .
65.1 64 56 4
46.2* 4 1 4
NDMA-Dg 3.643 81.1 6 3 6

64.2 34 12 4
50.2% 58 12 4

NDPA-D, 11.310 145.3
97.2 58 8 4

TE N ERE T
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1.4 HHELIE

fifi ‘% $# 1 Date Acquisiton B.08.00 ., Qualita-tive
Navigator B.08.00 Fl Quantitative Analysis B.08.00 "I /Eufi %k
PEXT O il N-SIE il e 288 45 G 9 5 e M 8 1 R T el Ak B,
e B IR B 0 P B AT RE M, AREEE fEA0 T T WPS
2019 BRAF XL AL S B KSR EE L SRR R T AL B

2 GER5HH

2.1 DES 3 R AT B #r4ZE B R R 220

AT 1 A0 8 Ff DES, #4218 1.3.3 FEALAT
SEPENT 9 Bl N-EAS e Ef 74, SE3G 3B, DES-1., DES-2
AR 2%, JLT 2SI H AR, DES-3 (AU
W=z, MiLAZRR A A b4 A DES-4. DES-5. DES-6.
DES-7.DES-8 2 IUACR 47, HA Ll DES-4 f5c4f, LAt
& DES-4 fE AT AR . 25 18 3 B R AR A AR 5
FIXF H b2 A KR, ABF5EX DES-4 5 &k
TR, LU0, 50, 100, 150, 200, 300 pL)A[EIMAFRAY
DES-4 % 9 AR MZEIRE Sy ilb 7842, s (3L p
JA 10 pg/kg MIRAPRE, 1B 1 &3, X4 DES WHEN
150 pL B, 4% ARk AP e g (855 7] 55 v B s 1 i v 1)
Wi AR BRI, FERAE 75%~99%, AL R L4, i
FZL AT L Bz 4 SE B Ae e e Ay, ki DES-4 H
It 150 pL VRN ABIF S S AR OGRAFR

_120
< 100 : Ry I aNDMA
M th AR [m |l sNMEA
5 80 : aNPYR
@ 60 aNDEA
~ aNPIP
H 40 aNDIPA
= mNDPA
20 aNDBA
0 Les g3 4L 3l HE = NDBzA
20 60 100 150 200 300
DES#F/uL

B ORIN-E e e AN R AT DESHE B 7 -5 A A 3 FP (o )
L (n=3)
Fig.1 Ratio of response values of 9 kinds of N-nitrosamines in

different volumes of DES extraction solvent and standard
solution (nN=3)

2.2 BAEREX EiRZERR AR

A A B RS L UE IR B9 DES FEVE 5 H S LT 43
BOE AN /N, SR HL R AR, AN EE = B AR 2
BUROR o ASBIE G 6 S B Tl o 3 5 R R A T 5 48, R
150 pL DES-4 X} [f]—IR A hr s midt A rimiat, alre 2 im ie
2min J&, 4rHILA 0, 5. 8. 10, 15, 20, 25 min FEfTHES
WL G5 RN 2 s, B IR 8 min R, & BRI
IRF AR USRS K i [t TG B AR T RUR, M
TR, ABFITREAE 8 min /R e fEHE A AEURHE

34 F
29+ -—-+- NDMA
AAAAA v — NMEA
s 24F —F-Tca--E o TEEER = NPYR
% . —e—-NDEA
m 19t —e— NPIP
B B m——m  ~-&= NDIPA
E (4L " —a—NDPA
— — — * ———NDBA
09 k- — & Cr — —— NDBzA
04 L —r T mY e

0 5 8 1I0 15 20 25
A st ] /min
2 RS R AR A P 2E B 520 (n=3)

Fig.2 Effects of ultrasound time on extraction efficiency of target
compounds (N=3)

2.3 UERSHMMT
231 &K Araii

ZE4 T Agilent Infinitylab Poroshell 120 CS-Cq
(2.1 mmx150 mm, 2.7 pm)F1 Agilent Infinitylab Poroshell
120 EC-C 5 (2.1 mmx150 mm, 2.7 pm) PR @i, 4550 %
T2 AR A A SRR B 8OR, (B # Frin) k
Ml JO7 Wt e EL 653 e B R SR, DA TSR 1L £ Agilent
Infinitylab Poroshell 120 EC-Cg (2.1 mmx150 mm, 2.7 pm)
VE Ry esht; [R5 1T oK-HIEE . K-2JiF . 0.1% K-
F AR U S AR 9 A BRI RS2 . 25 R 3RHT, 1L 0.1%
F R /K -FR BRI SARIE, 9 Fh H AR 2 REARIS L1 1 (01
WETE | 3 ARG R AR, o B e AR IRIA AN 3.
PIEABITFE R 0.1% FY R /K - F A D S sl AH

1.1
1.0
09
2 0.8
=07
06
g 0.5 2 . 11
=04 10
E 8
02 1 sl 6 7
01 3 P( ?
0

3.0 40 50 6.0 7.0 8.0 9.0 10.011.012.0 13.0 14.0
4 B3 b5} 1] /min
#: 1. NDMA-Dg; 2. NDMA; 3. NMEA; 4. NPYR; 5. NDEA; 6. NPIP;
7. NDIPA; 8. NDPA; 9. NDBA; 10. NDBZA; 11. NDPA-D14.
B3 ORIN-SIE AR Ak A5 1 o o 5 - SR A

Fig.3 Quantitative ion extraction diagram of 9 kinds of
N-nitrosamines

232 FigfMetie

HFABEGE ) 9 FE AR 2575 YWy J& T+ A ik ak
SR AY), HAaFRA BN, BT ReR
X A 45 AR . ASHFSE LA R 50 ng/mL W
i B VB B o Y VS T A L ) €8 335 2% 1R T 40 i) ) Fl T 55 A
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APCI B FIRUEAT LA, 1EW B IR 4 B e d i) s &1
T, 5 R (U R ) R e T R B R
BEATIPAL o G5 RERI, Ak G i 5 B FI{E W L A% ESI
TR PR 25 e o R B R MR LEERAS G APCL R, EPIE T
APCLIEXT R /NS TR AL A 38 PR T4 b 5 ),
K ABFFE e APCI AR N H B R
24 EFRMNER

AHFFE S SCAR[30], 3 058 N-S A5 e M feAs
I B AR R gL R DT TS VR A bR v AR TR AR
TEVA R P A TET AR, e R AU N (matrix dffect, ME)A
PEATTEEE, 4 ME M, FORA7 I MHI 20, ME h
IEME, FRAEAESLRIE TR AN, ME 76+ 20% LA P 2R 3
JRAON A . Z5 R 3 F, 9 ff N-IEASIEAY ME
—18.5%~—2.6%, ¥JFI A IL TN HI RN, HALE£20% L)
2 =S e BTN Ny 78 - 95 1S A N R - e LTk
PR, HE— e Sc st e
2.5 FFEEWIE

GMEE G, IS R R

W 13,1 LA REIR G bR A A BT I Tt 3 R 6 Al
JEEHE A 5.0, 10.0, 20.0, 30.0, 40.0, 50.0. 60.0 ng/mL
1 R SNRAARHER I . SRR, DL N- I A e e 1 7L
5% 1N N AR I TR LU (B 22 A E i 26, Horf NDMA LA
NDMA-D¢ N W #5, NMEA % Hifth 8 Fb N-Vfilf iz LA
NDPA-D, 4 Jy AR Z5 R0 9 Fh N-Efs e (9 2R PR AH 56 22

2.5.1

BMBRT 0.999; [z [HFE S PR IR G PR R, 76
BT TIE, DUEREFEMRLY 3 f5(SN=3)F
10 7% (SN=10)F (R 137 72 L 9 b N-3I7 A e 1) 7 364 s R A
EEMR, TS 9 Fh N-SEAE e A 1By 0.1~0.3 pg/kg, &
BN 0.3~1.0 pg/kg(3E 4).
252 wlkELARsARE R E

AHFE VL KRG S AR AT AR SE 5, )28 1 KR
MR FE TR INR.0. 5.0, 10.0 pg/kg) 3 K- 9 Fl N-Efild
WEIRAARMER, FEAIE i T 8T, A KA T E
6 YR I NIFRIA 5 N-TE RS A IR L B 45 vk B
AR RN bR 22, DABLIS TE T vk BT BE R B,
FATTI, AWFFETF R M7, HAT 0 5 AR 2 B RIS B,
LRMER R RAT, FRIRAS S B ThR T A R H PR
2.5.3  ERAFSRAE N

BRI &5 B A, 0 12 TR R A 1
HERVER T NDMA JREFEIFT R . S550A7 1 A d
NDMA, &4 0.6 pg/kg; 2 #HLKH NDBA, & 843514
1.1, 0.5 pgke, R SRR LT E 2R, ALY
KA FAIERE NDMA MIAS45 8K 15.4 pg/ke, LB
TEAERAEME(11.7~16.9 pg/kg) X RTE Y, 4558 i .
254 L% EGTk

BASHIGEIT & W TS GB 5009.26—2023 47 HL#
e 5 R, Ak HARER A . A GA LR THFE
S An B AR R AR, ROR AR T SE G A
DI PR B 5 e, HBESCBAt & e Ab 3

F3 ME HER%)
Table 3 ME review table (%)

SRR NDMA NMEA NPYR

NDEA

NPIP NDIPA NDPA NDBA NDBzA

KR T ~13.6 6.4 ~13.1 2.6

—-16.2 -7.0 -8.3 -17.6 —-18.5

TE: ZEALY. ME/% = (35T D Bg bR 177 I 0 1 AR A A ME IR 48 1T A1) 100%

R4 9OMN-TRERMZMEXER, &MEE, RHR. TSR, EWRERZBEIIRERZE(n=6)
Table 4 Linear relationship, linear ranges, limits of detection, limits of quantitation, recovery rates and relative standard deviations of
9 kinds of N-nitrosamines (N=6)

ey
oy giﬁ% RIGEE R ERR o) 1 % MR 2/%
® /(ng/mL)  /(uglkg)  /(ng/kg)
NDMA 0.9996 5.0~60.0 0.3 1.0 2.0, 5.0, 10.0 106.7 102.3 102.8 8.4 5.5 5.4
NMEA 0.9996 5.0~60.0 0.1 0.3 2.0, 5.0, 10.0 76.3 74.2 78.3 4.0 1.1 3.9
NPYR 0.9994 5.0~60.0 0.2 0.5 2.0, 5.0, 10.0 87.4 108.1 111.6 7.9 6.1 3.7
NDEA 0.9996 5.0~60.0 0.2 0.5 2.0, 5.0, 10.0 87.4 81.0 86.7 5.8 2.8 8.0
NPIP 0.9998 5.0~60.0 0.2 0.5 2.0, 5.0, 10.0 102.8 103.6 106.3 7.5 5.1 2.4
NDIPA 0.9990 5.0~60.0 0.2 0.5 2.0, 5.0, 10.0 87.6 93.9 96.7 3.2 1.7 2.3
NDPA 0.9994 5.0~60.0 0.2 0.5 2.0, 5.0, 10.0 94.1 97.9 98.0 5.2 2.1 2.3
NDBA 0.9998 5.0~60.0 0.1 0.3 2.0, 5.0, 10.0 74.1 72.1 74.2 3.0 0.9 3.3
NDBzA 0.9998 5.0~60.0 0.2 0.5 2.0, 5.0, 10.0 72.7 72.4 74.6 2.1 0.9 2.9
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x5 AFHESHERZENEER
Table 5 Comparison between the method in this paper and the standard method

(Rl piR7S S /g HTALFR A /min AU SRR/ R B (ng/ke) BTG YL
Afbih 65 ¢
GB 5009.26—2023 20 120 TeK BN 10 g 1 0.3 K
& 170 mL
Hik1 g
ENyIRCS 5 45 ZJiE 10 mL 9 0.1~0.3 /N
DES 0.15 mL
[6] BRAAA, Bimsfi, BRefd, 4% QuEChERS-SH o i- = I PUM AT A5k
3 & it

ARG R AL RAR-R B & Y DES WAHGH], 2
Ji& S 43 BB, Al LTS e R S R, (R F APCL R Y
UPLC-MS/MS H AR KR H 9 Fif N-TE RS 41
SR T . DRGSR G LT . KT . AT AW RR AR Y
DESf R ZEBGA I, ARG G AT HLIE X SRR Hh N-E A
Je 05 Y A TR I, sl TR A HUE R R R . R
PR, V5 YA . AT B AR R R >, 2y
PAIAIE, 2O A R L BISCR | R BORE 9 R Y R
TR TS YR B AT R . A TR BRI . R R
BB, TAESCRE GB 5009.26—2023 4 I W3R},
AT AR 9 R N-ERSHG QD 09 R E . DES
A RAN B L, AR ARE—— RIS, EEhn 2
R 2 A AR SR AL S ok il % DES, SR s
WH%E.
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