32 g2 HEREARFEZR( BARIFEM) Vol.32 No.2
20174 6 A Journal of Hunan University of Science & Technology ( Natural Science Edition) Jun. 2017

doi;10.13582/j.cnki.1672-9102.2017.02.013

B WERSHEX R H N-
NIR ) S A=Y/ g ol

qpAE e, B EA AR R, i

(1. WIRRHBOR S ALt oAb, BB AL 5 D) RE > T-H0F AR A SE 005, WP T 4112015
2. L T BT o, I L 411100)

W OE AP A A iy A Kk 300 R, Y AT Y T2 A B AL N B AT R AR R R A 4 F TR A A . R B T R
KA A ELJR S o o 55 1 8 2 % B A A (NL,0) Frn IE A BE(NO)2 Mo i 8 F1E RIR 45 5, DU & i 0 O A4 01 x¢
ZREH-FERBEEMEDLBRMNN T &, KBERD T IAAE KR & % LA iR RN &
JEEE SRR 1 7 E KR AR

KBIR:N-TR B FRE MG TR AR LS

HE 4 %S .0656.3 SCHRARAERD A T EHE1672-9102(2017) 02-0078-07

Determination of N—nitrosamine compounds in food by using
double—ion probe method of electron impact mass spectrometry
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Abstract: There are over 300 N—nitrosamine compounds found in food, but the current national standards
only detect four representative nitrosamine compounds. N—nitrosamine compounds can be ionized and produce
two unique fragment ions, nitroso amide (N,0) and nitrosyl (NO) , in electron impact ( EI) mass spectrometry
ionization, and this property is used to determine the existence of nitrosamine compounds and quantify these
compounds by selecting the two ions as double—probe signals. The commercially available preserved meat was
selected as test objects. A method of determination of N —nitrosamine compounds in food was explored. This
method can greatly reduce the missed detection of nitrosamine compounds existing in food. The method is simple
in principle and the experiment operation involved is convenient, it greatly cut down the cost of testing.

Keywords: N-nitrosamines; electron impact mass spectrometry; ion probe; food safety

N-WREEIALA Y B TR S Y, WRFA LAY, BAS0E B Msge g vt &
TERL, RIS 4 KI5 2 — i i b, W RS e AL S Wi B i ARAR (7R I8 % I L A A 454
TR AR 5 DR B, B I W R R S R 27 LR % PSRRI N— RS AL 4340 42 4 B R BRI N— 1 Al i
A 300 ZFh, YORHER , B R R R A R AR AR IR [R] , 72 A4 i N— RS e fb A
WIRPEA AN A S A A PRI 2R 4 £ 5 B RE DGR Sl T AR S B RR AT, 55 41, £t v B HeAt

s HHEA:2016-12-07
BETUE : [ [ ARFEIEA VI H (21372069, 21602054) 3 #7 H5H7 k40 0 75 A A2 #4531l Ve BY 3 F (NCET-13-0784)
EIEEE AR (1974-) 5 WM LA, T4, 08, B M LA R HTHTE. E-mail: zhouzaichun@ hnust.edu.cn



%24 XUBKAE 26 - O OUREFE X b N-E G e A6 5 P 2 A 79

B AR 2, R AR A P DX 0 R T 8RS FRIME. H B — iR DU v i X Jor A il e 2 1k
AP T S B R R R 1 Tk

T ARFAEZ A TCHLAR S (U CuCl) [0 A B 14 £b 27 & D' 1 X5 B i VAR 5 v S il B A & A7 4
RN By ] O 3K o T Y B P I 0l I T Ak A W B 2 B A Al ik
B it i R — R AG I S S B AL ) B AT T B T AE 7 B Bl AR (B ) (53 - B IR T 4
AR A U B B AR T 1 I BB A8 33 — TR B P B AR 45 4 T M € 33 o R 0 B i D R R 1
SESTEERMIIRE ST, REUE AT LA 107° K58, & H AT Hr AL € 24 B IR AW o A RN 2 4
22— R R A ) AR SRR AR 22 I B0 5 SR AR LA ST, EST B T IR e R R A
HU(SFE) Uiz L 3l (a3 (MEKC) 43852072 | 1 oy 56 0033 i B 1 220 462003 AE A A5 19 € £ 5 o N -0l i
KA AW IR B G AR ) SRR T B NSRRI e, N— P R 5k — 2 e, N— T il — P el N—
SV AF L ML Aot e 4 oo IV e 2 A0 A5 R A 5 R 1 A € i — FRBE A BT R A i — S A I T 1 45
R B ) g - TSI B AR R A R A T A A BB A F L R, R B TR R A
B ABATSSRAFAE B B A B (1) XA R A JLFR S A e £6 597, 4 2003 4 [E AR HERT 2R 1, T & &
BRI AL A il 300 A, AR, A FRAY LA A e fb & A e AU R & F WA e b 5 W i B k5 (2) 3
AW JER T A (SR ) 0 - Bk Bk HEORTE 0 A ALY 5 T B A 5 K DI RE , (H A BB A %K
RS AL G5 HABAA B A RX 535 (3) R BUAE 09 A il iy £ b sl LAt 2R 0 d R v 43 B B By N-
WAHIAL AW, 25 2 AR PEA B i) T mi = A AR B PR S 2R 5 (4) BUA 19 5 30 780 A AN [R) 85 1R 11 22
SEAERG I Y RS e Ak S It A0 (8L, 40 BT AT EST B IR RHRE S 7 F A AR R X 5.

R T TR A L), AR SORI I BT o e S s (ED BF IR AR s, N NSRS Ak & A B () S5 F0 F
SRR DLS AT R 8 i T8 I AR A G IR T — AP i S PR A S T A AL & )
SR Y 7 A% 07 I T bR NO Al N, O 35X 2 MR B B FAESUREHE 5, RIREEWD> T X WAS b &
VIR TRASE IR A , 0] B4 A M2k & ) AR 22 1 8 2 A HILBSAT HE DX 40 HE O, Rt 1 240 - BT e ] A
A A% B i AT B i PO R Ak B P SE R R B ER AL T A 5 0 SR

1 SR

1.1 X FFrEmab i

VR FREIRHR B9 N- UL (NDMA ) N- " 2L ik (NDEA) , N- N B TEfif§ i (NDPA ) 1
N- S AF LR e (NPyA) Il B H A A ST T bR U M SE [ 02si 24 7). NDEA il NPyA S 4fi e KT
98 % ) AliAF: , M ] — S Hbe A B 2 5 000 mg/L J5 (i s NDMA il NDPA 4 2 000 me/L 14 B3, Il
TR B8 P FH AR 7 12 X AR A AT ALk B SIE i e A7 14 7 1 R E

AR AL BRI S 2R FEH R AR E A5 4 IR

1) ZE IR AN AR IO AR SO 2 1 S0 PR 1 [ P A5 B 18 20 B 2 U N A B — 25 58 I BRI 50
g M TELF RO A (BLEE N ) , BT 500 mL A% b, A 100 mL JE4EK AT S0 mL — 58 6¢ , B S5 min, K
FE SRR TR ZE BGR IRPRE UYETE 100 mL KB 40 mL 5 e Rl SRt 1 A 5 47
AR AT R G VR LIS, TR I PG AT 2 00 A O WO v BRI, 25 WRHELBE FE MR 7 110 °C, e il J2E 42 7
45 °C.7E AT B4 T B A 28 VRBGRG B T IR T, 2848 40 min J5 45 Z8 M 1 e i RO 2010 AR Y
EREE WINPT AR, A AR Al , AT R A 2.

2) WAHAVE A IV KRR L2070 45 C R P A2 BOR e 4 R FRZ974 0.6 mL A 0.3 ¢ o
IKERBREN B A B A 2.0 mL B SRR R, A B — S R B e IR AU, B Pl 5 e 4 v 5 01 0F
ERZE 1.0 mL, R @3 - B IR SCE PERE B
1.2 {UER&EH

D) PRI A AR B 50 B QP -2010 B URH (3 — i A A AR AN AR X RE dh £ 1 e 0
JaRENE AR GG PITBE A , HEEE FHELEE D 240 °C A3 60 “C RS 4 min, L1 20 C/min [ FEF



80 e T = AL ) 2017 445 32 %

FHEZ 240 Cf/FF 15 min; ZAVERR, 1H B, 4ERFHERE 1 166.8 kPa Hs JJ F1 2.85 mL/min FAT I &
AT IERE AR 2 WL TR BRI O , B TR L R il £E 0.70~0.80 kV, B TR IEE R 250 C.

2) 5 A A 1 ARARE 5 e P I A ] A SR 3% 250, P FID VRS I8 , 3 TRLEE S 240 °C XA L
B AT
1.3 ZRHKE

AR SR FH I8 10 SR 3% 7 R A A 284 7 5 o, R ik s B

c=cg><Rf>< n. (1)
e, HAAHEOTERREE R, ARIER T, BUE 4 FbrAER IE BT F- 21 0.01 50 k4 f5 4% 1/50.

ASCHERFER 50 g, FH A Gt BOF s AW 45 8] 1 mL; B IS R % B 1 o/mL B, A5 24 T i 4
| 1750, BpX (1) H119 n fA.

2 HR5H

21 WEFHRITRE

EAH AL 5 W) 2 — 2R UG E AL B 1), AR DL IET 1B R S5 48 5 LA Itk 1 (SN-N=0) iy 2L [+
AT AEAN A A SR B IR SRR 25 H (5 AR e e LSS B (EST) I (S 6) L Al v
(CLANNCI) RS A L B (APCL) I B B0 6% A (MALDL) 25 85 R0, 2 th 7y 7845
S HMELUSE T 22 A4S 45 B 10T L SR el (ED) B IR A A — 2 RE TR A i 5 URA PR O AR a2 3 A ELAR
MGE) 7R E8 1 R E T, U0 7 8 T BA RFRAERE K T 75 se b~ B i sERE I, 7
TR AR, A A A T R SR R, X LA SR R A R AR S R I S I R S0
HA PER B 3 P ARG 2R AN SCR I i AL 5 e EL IR B = 22 Ry B W8 7 8 745 5 0 DL, L
B TR E R B S — Bl AT A e A s 1) 75

WA AL G P 28l L7 S B T DR T, R T BRI I 224 ) A ) ML AR I (N, O) W 7, FE 1%
BT U T T 2RSSO T RO ASE M STt RE (NO) A% A (18] 2) B8 1, NO HI N, O 31X 2 MF5 AR
€, BAZ G Z BT L NO R, EAR S AT LA, NO (i BOIRSAATE , L LB S R e 8 438 TE
TR AE N B T8 O 30, 584 5 Z AR A9 2 (R Fr) AR RAR A, A 8 CH,0, N,H,,
CoHg AFFEdh fE—RE BTN AAE T, al UK B SIBR E T T8 B2 19 N, Ot BAE 1Y, XA A T3I1
AL & W71 2400 N, O T 7544 19> T8 R A B Z M A 6E, 4 CO,, CONH,, NMe,, NHC,H; 4§, X
B AR 5y £ TR B B8 1AW i ) 23 EATHERR. BT LAJURR ) NO AL N, O XUR TR BT BR IR, T KR

Sy T B
Rl\,ll
AN N=0 N—N=0
N—i—N=0
\\\/ :
r [M): 30 44
B 1 N-Iakfib b4 agid X, B2 N-TAifismER el &1

B B TR ST S T R AL A0 NO I N, O 6 F B 72 5 4 bR 5 4% S0 10 S0 46 P HE A
W, 46 50 % R SR 40 (8 3) L FLASTEAE T NO AN, 0 3 2 IR A0 135 (P 4) LB
FE 43440 009 30 1 44 TR S5 85 T30 (TIC) RiT LA AE HUULAE 1) 2 8 0 (MIC) B fi . 1] 4
JER T1E NDEA JXMUIR AL A9 B 85 73 5 6 A A A A ) 22 555 o AR X 3 B A K
T 10% ,3cHERR: T4 HOM B 10 7 R0 28 135 S AR B TR0 IR L B C, N, O A HL A A 30 3¢ i i
(G T30 A S AR I 0305 0 o, P36 T L O 2 AT 135 5 R R SR LA 06— A o
BB HHRALA R 2 A TS ORI EER T3 1, e 100 AT 35 3 2 L PR B
(LA BT A TERIEL 2907 1 NO A N, O X 2 S S IR 5 5, o B 9 77 1



%2 XIFKAE 5 RS DR EHE R T NG A A 4 04 4 Aenml 81
—A AR iR A
TIC
30.00(5.00)
44.00(5.00) NDPA
NDEA
NDMA A ﬂ NPyA
A / i |
2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.0
RT/min
e I RN BB T (TIC) |2 IR 2R 73 33 7R NO il N, O f8 J 1 BB F-I (MIC) .
B3 N-TZaifia 4 FARERA B T155
%
i 42 o . E 1 RHORAB TS
I 44
- ‘\IJ M] A8t 5%
N SR 102
75.0 [ /%"
29
&
[ 57 NO  N,0
50.0 [
I NDMA 27 18
NDEA 14 93
25.0 [ N
k0 NDPA 20 14
i | ||| #t5 71 85
0.0 | LT ' L L1 | NPyA 27 15
gy Lo g o ] o g ] P P Y o gy il | Ll
20 30 40 50 60 70 80 90 100 110

m/z

B4 #74 NDEA 69# 5 & F

22 LEREmMMNESHH

* : LURIR A5 51y Sk

PRI 5 A an R I, 7% 2003 451 [ bR k0 BT AV EA B 20 i BEA T S . X 5 4y
SRR AT SO T - DRI AE | AR 6 R S B o S 2% I B IR 1 A D 23 A AR SE PR 5E PP T
fill N, O gE—20 7028, LI NO ff5 S AR 3R BE RS I 2 L e 42 R 210 0.8 KV 25 58\ /s Al 39 A9 442 e 1
AHUSGIA 90~ 110 Fh ([ 5) 7552 FR AR A2 MGE AR Z (9813 Hh DX 73 1 S0 Je 2 R AR X 572 B ey AHLRE
A 30 44 1 2 REHE S A 22 24 Bl (181 6) , AT 20A7 1) AR B DR 2 A 7315 P v s RE A 28 s
R B IR 18] 5 A A G A B A T DX 38 1 s R A 1 A L A P 2SR AN ) 4 AN A I AL 5 90
JEAR R AR R 4 b N— SR PR RETE NG P bl & B, A MEE AR AT R A Jis PR v Il e 1k 5 W i 5
i, I A R E e M A2, A5 R AR T A T 5.

TIC
30.00(5.00) T I P il it 1
44.00(5.00)
F90~1 10 R
HHLE S
MN W‘MMLMU b
" L i b o
50 75 100 s 150 175 200 225
RT/min

B 5 AAEE- i T A R A P IR R 6 K



82 e T = AL ) 2017 445 32 %

MIC
30.00(5.00)
HOR00 (AR
E e R AL A

| |
"J“"Jjww‘k””k”‘“‘ﬁ# Jw @Mm JY‘ ’ ’LU T J\"“‘AMJLJWAWM“

| (| 1 Pl

5.0 7.5 10.0 12.5 15.0 17.5 20.0 22:5
RT/min

Ho6 WEBHAMEE-RER(AE S5)RK,FKAEFTHKKT 100 45

% Ve FI IR (1 — T v B W e B AT 5 T ), U SR B ARAE , 45 S E R IR 2.
DA A SO 5 AN 3 — TR A R R ) SR (15 4 1, 4 FID AG I 2 0oh i 1) v 2 3R R A LA
WA T AE R ZE S LR 7 4 A5 B A P RS e S i B i 421 ng/g (B 421 pg/ke, 3 2) , Hiflh
4 (SRR AR B B 5 B T 50~ 160 ng/g 22 1] A8 Ho [ £ 0 A o, WS | 388 PA) o B0 e A 5 4
(SR 3 e/ L AR AL A3, e S IR , (LI A 0 A e DU 28 37
T A AR B NDPA S, EIREr SFRIEF 5 ) NDMA,NDEA 2520 5376 B3R 450k F I A
ot RE R S I BRI T A2 2 T ST A 2 S RE 5 BT BEAEAE DB W R LA S )
JB WA A, T 25 B Ge 0%k s 5 AN R R e A 3 AR P 22 55, JRAS IRl HOG
T U LR FME R 4 e 1 A0 , AV 1 RSB 5 SR , 5t 2 S o BT 1.

S L5 B X 9244 TE.
S
e SRS AR

[T

1.0 20 30 40 50 60 70 80 90 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0
RT/min

BH7 AME&iETeBATY Rk s
22 AWIRABTRETHASBKRE

No. RT/min C, ¢/(ng/g) No. RT/min C, ¢/(ng/g)
1 1.245 99.790 12 14 8.906 0.021 77 43.6
2t 4.111 0.000 68 1.36 15 9.589 0.005 96 11.9
3 4.330 0.002 01 4.03 16 9.708 0.006 38 12.8
4 5.936 0.000 48 0.96 17 10.783 0.015 77 31.6
5 6.806 0.000 68 1.36 18 11.079 0.006 52 13.1
6 6.909 0.004 18 8.38 19 11.776 0.016 69 33.5
7 7.232 0.001 21 2.43 20 12.118 0.007 90 15.8
8 7.399 0.000 36 0.72 21 13.062 0.008 57 17.2
9 7.630 0.001 27 2.55 22 13.259 0.001 54 3.09
10 8.018 0.002 16 4.33 23 13.631 0.017 12 34.3
11 8.109 0.011 43 22.9 24 14.260 0.028 52 57.2
12 8.478 0.005 21 10.4 25 14.992 0.036 70 73.6
13 8.619 0.006 77 13.6
I 1 (ng/5) 4206

S VRTINS 55 2~25 HTREM IR &4 55 9 o S EbRrh NDPA W4 (1 T4 415



%24 XUBKAE 26 - O OUREFE X b N-E G e A6 5 P 2 A 83

3 it

A AL S W0 ET PTG ol s B NO AN, O 33X 2 N URFIAE F B 1 A5, U5 11 i it
1 A R RIS B2, 5 b e X A B A XUR 55, T 1 W AM I AL & W AR T AT 1 B, R
JBEWD T AT B AR X A e S A 5 P Tk DA A 5 SRR B, B — AR i A5 0 3 i e R T
BT P SR 2 ) S AR BR A L A P M A 13 0 F) B 5 i 0 o 1 W PR, 7 I i A 0 o s
SR A ACRANE Y 4 Bl AEIE AL G, A Al B2 AT B X AR SCHR Hh A I 7 3k, 5 1 B ANAES™
SCEG PR faT R, W] R AT ZY o3 B 1] RS

SE -

[1] Venulet J, Van Etten R L. Biochemistry and pharmacology of the nitro and nitroso groups, In nitro and nitroso groups[ M ].
New York: John Wiley & Sons, 1970.

[2] Yuan J, PuY, Yin L. Predicting carcinogenicity and understanding the carcinogenic mechanism of N—nitroso compounds using
a TOPS—-MODE approach[ J]. Chemical Research in Toxicology, 2011, 24(12) ; 2269-2279.

[3] Jayaraman J, Langeswaran K, Gowthamkumar S, et al. Diosgenin exhibits beneficial efficiency on human mammary carcinoma
cell line MCF-7 and against N—nitroso—N—methylurea (NMU) induced experimental mammary carcinoma[ J]. Biomedicine &
Preventive Nutrition, 2013, 3(4) . 381-388.

[4] Lin H L, Hollenberg P F. N—nitrosodimethylamine—mediated formation of oxidized and methylated DNA bases in a cytochrome
P450 2E1 expressing cell line[ J]. Chemical Research in Toxicology, 2001, 14(5) : 562-566.

[S] VFERL FRETHh B N-IEAEEA [ M. Jeat Bleg kL, 1988.

[6] Haorah J, Zhou L., Wang X, et al. Determination of total N—nitroso compounds and their precursors in frankfurters, fresh
meat, dried salted fish, sauces, tobacco, and tobacco smoke particulates[ J]. Journal of Agricultural and Food Chemistry,
2001, 49(12) . 6068-6078.

[7] Wang J, Chan W G, Haut S A, et al. Determination of total N—nitroso compounds by chemical denitrosation using CuCl[ J].
Journal of Agricultural and Food Chemistry,2005, 53(12) . 4686—4691.

[8] Downes M J, Edwards M W, Elsey T S, et al. Determination of a non—volatile nitrosamine by using denitrosation and a
chemiluminescence analyzer[ J]. Analyst, 1976, 101(1206) ; 742-748.

[9] Gorski W, Cox J A. Stripping voltammetry with preconcentration through chemical reactions coupled to charge transfer in an
ionomer—coated electrode; application to the determination of a nitrosoamine [ J ]. Analytical Chemistry, 1992, 64 (22):
2706-2710.

[10] Fan T Y, Tannenbaum S R. Automatic colorimetric determination of N—nitroso compounds[ J]. Journal of Agricultural and

Food Chemistry, 1971, 19(6) : 1267-1269.
[11] YoM, ARafe, Atete. Mg N-TIE &tk T, ik, 1998, 26(12) : 1478-1480.
[12] Gronert S. Mass spectrometric studies of organic ion/molecule reactions[ J]. Chemical Reviews,2001, 101(2) ; 329-360.
[13] Dennechy M K, Loeppky R N. Mass spectrometric methodology for the determination of glyoxaldeoxyguanosine and 0° -
hydroxyethyldeoxyguanosine DNA adducts produced by nitrosamine bident carcinogens| J]. Chemical Research in Toxicology,
2005, 18(3): 556-565.

[14] Weiss T, Angerer J. Simultaneous determination of various aromatic amines and metabolites of aromatic nitro compounds in
urine for low level exposure using gas chromatography—mass spectrometry[ J]. Journal of Chromatography B, 2002, 778( 1/
2), 179-192.

[15] Lona - Ramirez F J, Gonzalez — Alatorre G, Rico— Ramirez V, et al. Gas chromatography/mass spectrometry for the
determination of nitrosamines in red wine[ J]. Food Chemistry, 2015(196) ;1131-1136.

[16] 7510, ARSE, 49U , 55 JBOR (0315 — HR IB B 00 s 5 A = it IR S rb A PO R i [ ) ] 83, 2010,28(8) :754-758.



84 e T = AL ) 2017 445 32 %

[17] Wrted 2, 5T 8. - s A D0 MR 2 25 PP i) NG — AR [T ] MR, 2005(6) » 24-26.

[ 18] Wu W J, Ashley D L, Watson C H. Simultaneous determination of five tobacco—specific nitrosamines in mainstream cigarette
smoke by isotope dilution liquid chromatography/electrospray ionization tandem mass spectrometry[ J]. Analytical Chemistry,
2003, 75(18) ; 4827-4832.

[19] Escola N, Di Salvo F, Haddad R, et al. Electrospray ionization mass spectrometry of a novel family of complexes in which
various nitroso compounds are stabilized via coordination to [ IrCl;]* [ J]. Inorganic Chemistry,2007, 46( 12) ; 4827-4834.

[20] Sanches Filho P J, Rios A, Valcarcel M, et al. Method of determination of nitrosamines in sausages by CO, supercritical fluid
extraction (SFE) and micellar electrokinetic chromatography ( MEKC) [ J]. Journal of Agricultural and Food Chemistry,
2007, 55(3) . 603-607.

[21] Prokopczyk B, Hoffmann D, Cox J E, et al. Supercritical fluid extraction in the determination of tobacco —specific N —
nitrosamines in smokeless tobacco[ J]. Chemical Research in Toxicology, 1992, 5(3) : 336-340.

[22] Sablier M, Fujii T. Mass spectrometry of free radicals[ J]. Chemical Reviews, 2002, 102(9) ; 2855-2924.

(23] Hpe NN T A 8 v ] [ SR A A B2 5 2. GB/'T 5009.26-2003 £ N—SEAH AL & M9 [ S]. b At
FP I BR v H AL, 2003.

[24] Gross J H. Mass spectrometry: a textbook[ M]. Berlin; Springer, 2011.

[25] A N R ] 10 A 3 e o] [ A v AR B 22 B3 25, GB2758-2005 J I 1L A A ofE [ S T b 5T v [ s o ) iR
#t,2005.



