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QuEChERS- -
13 N-

WOk, F O, A
G T e 4 AR B B0 s sy, 7T 462000)

i OE: BM @ RAPGEIL B HUS ik QUEChERS (quick, easy, cheap, effective, rugged, safety)-S M €43-
H B U1 725 (gas chromatography-tandem mass spectrometry, GC-MS/MS )P isk I & 75 iz Fl A R g il i 13 9 N-
WABREEAL G T . B FERIMANPR, 42580, QuCERERS A& AR 4 Fl 2L BT 43 Hud bt ik,
KA DB-WAXETR(30 mx0.25 mm, 0.25 pm)fiEtl o, 762 O WA (mult-reaction monitoring, MRM)
TUWE, WIRZER. &R 13 0 N-BEEAEYIE 1~100 pug/L WEINLH R REF, HXREEBIKRTF
0.99, EFREK 0.03~2.84 pg/kg; WHMAKFR 3~30 pgke, FHIEULER 59.1%~119.2%, AHXF7HER 2 K
0.6%~15.1% (n=6). &8 IZJr LMW AMER . REUZ S . RS, &M TR SRS T 13 B N- LA %
KA AWy He A

KRR P T A, AR KR PR NSRS SOR i - R R BT i

Determination of 13 kinds of volatile N-nitrosamines in sausage and ham
products by gas chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the rapid determination of 13 kinds of N-nitrosamines in
sausage and ham by QuEChERS (quick, easy, cheap, effective, rugged, safety) extraction and purification and gas
chromatography-tandem mass spectrometry (GC-MS/MS). Methods The samples with internal standard were
extracted by acetonitrile, purified by QUEChERS extraction salt pack and matrix dispersion purification pack.
Then, the samples were separated by DB-WAXETR (30 mx0.25 mm, 0.25 pm) chromatographic column,
determined under multi-reaction monitoring mode (MRM) and quantified by internal standard method.
Results The linear relationships of 13 N-nitrosamines were good in the range of 1-100 pg/L. The correlation
coefficient () was greater than 0.99, and the limit of quantitative was 0.03-2.84 pg/kg. The average recovery was
59.1%-119.2% with the addition level of 3—30 pg/kg, and the relative standard deviation was 0.6%—15.1% (n=6).
Conclusion This method is simple, accurate, sensitive and reproducible, and suitable for rapid detection of

N-nitrosamines in meat products.
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1 51 &

AR I AR TR R UORE, TRAK
S ARt h, A RGR A SRRSO, 1 H AT M
300 ZRNASHAAL G YT, TLAIESE 90% LA AT LS8
WU PR U IR 1 72, R R R . 1987
A, [E FRIEEAEF X ULA (International Agency for Research on
Cancer, IARCY¥; N-Vfii 3 — H it (N-nitrosodimethylamine,
NDMA) fil N- W i & — Z % (N-nitrosomethylethylamine,
NDEA)S A5 2 SE 3o ik B WS AE S0 M ) 2A 28, 04
AN AR AT eSO 2B 2513, M, WAtk &
HIAH SRS M BT — AR

X Tl O e B A R AR o, & R Al &R
HLAE P A B AP R AN REE L 10 pe/ke®); TR
GB 2762-2012 i & A FZ AR ME £ b s Y )
ZOR A A (R ZERESLBR SN NDMA A3 3.0 pg/ke,
AT S OK 7 b ESR BRI AT I 4.0 pg/kg Ak, Bl
EREXEENEHENRERE LENTTR, WKLY
JOR AR AT 5 G0 AR AR T A K SR A . E I,
TSRS AL A W ar I i 32 A M 65 - BT L M6
TE-RER AT . AR S AR SR . S RO
TR = OB (- R IR TS o RGBT BTN . ARG
ar A% By B LV UG 2, WO 6335 25 58 5 A A AR 45
P Mo R TR B, SR R R R b
e 5t 4> #1015 b QUEChERS(quick, easy, cheap, effective,
rugged, safety)7kJ& I 4F & JR R 14— Fi b s A it iy Ak 3
AR, F IR ) 05 B 50 SRR 5 5 o v ) 24 B A A T
IRBIBR RS LRy B iy, HETZ 0T R h 2255k 8
ROFR I €% - T i 10 FH B R T 0 B AR 5 2 IR A
Hoy, HARREES . M Z ., 0¥ . REES%
i, & HETA AN A BRI AR, EZARME GB
5009.26-2016 55— &R HIHE AR #E1T NDMA i oA
R, ARBR ST LAY S 2 A B KRR A R R AR, R
1 QUEChERS-“UAH 8,315 A3 K J5T 31 1% (gas  chromatography
-tandem mass spectrometry, GC-MS/MS)ll & P il & 7P 13 F
N-SEAE R A Ay e I i, DA PR LG v 22 0 N- A
JHZE ) S5 AR S R0 3 D A 4R 1225

2 MREREE

2.1 #MRI5EE
Fligs BRI E R 12 FOAERRARGE 11 F):
N- A%k — F1 %2 (N-nitrosodimethylamine, NDMA), N-V fif§

3L Z S (N-nitrosomethylethylamine, NMEA) , N-WEAf%E—
Z Wi (N-nitrosodiethylamine, NDEA) . N- M i & — 77 JI
(N-nitrosodi-n-propylamine, NDPA) . N- iV fij 3 — T %
(N-nitrosodi-n-butylamine, NDBA) . N- V. fi§ F& UR BE
NPIP) . N- W iy & nk 0% be
(N-nitrosopyrrolidine, NPYR) . N- W fi§ 3£ 15
(N-nitrosomorpholine, NMORPH) . N- . fij & — 78 3t Jig
(N-nitrosodiphenylamine, NDPHA) . N-F fi§ %& -N- B 3 O
(N-nitroso-N-methylaniline, NMPHA) ., N- V. fiff J£-N- 2 FEF
(N-nitroso-N-ethylaniline, NEPHA)(#JEH8 10 ug/mL, Jbit
A AR AT, 13 FNEASHARPRELR 2 Fln: N-EAE
5 T H(N-nitrosodiisobutylamine, NDIBA) N-Vfifi 3 — 54
Ji(N-Nitrosodiisopropylamine, NDIPA)(# Y48 50 pg/mL,
Eat 2 A YRR A ), bR N-VEAHZE T H f-De (2t
99.0%, Jtat AR EYIEARL A N-IEAHEE —NRE-D14(40
B 99.6%, = o2si A H]); FEBHIETT. QuEChERS ZEHER
4 g REE. 1 g SALHN). QUEChERS JEF ML al
(50 mg PSA . 150 mg C;sEC . 900 mg HiliR4H, 5 Agilent 2>
Al); ZNE(figal, S5 TEDIA 2Awl); SR > 99.999%,
TR T AR A ).

7890B-7000C " AH (7% - = 5 U G FF i 335 3k AN (36
[ Agilent 23 5]); VKAE (K & /K AR H); ME204E 1
T RV[0~220 g, B LR 400 2 (R 1) FR2 A D
ZEIATER A AL WU AG TS A BR A FD); 3-18K = # 8
HELOPL(EE Sigma 2 H]).
22 BWAEE
221 E#EM

%A Agilent Poroshell DB-WAXETR(30 mx0.25 mm,
0.25 pm), FERIFHRFLT: BIGEE 50 °C, fF 1 min; L
10 °C/min FHi& % 120 °C, fR+F 1 min; FFLL 15 °C/min T
2 220 °C, fi$F 3 min; FELL 20 °C/min FHELZE 250 °C,
PR 8 min. PEREIELIE: 250 °C, ERERIEN A 433 ik
B, HEREEON 1.0 pL; AU R, R 1.2 mL/ming
222 kA

R 2 i B F IR (ELIR), HEIRESR 70 eV, W
FEIR 6 min, BFURIRE 230 °C, DOYFTHEE 150 °C, £
SR W5 (mult-reaction monitoring, MRM)# =, 13 Ff' N-
SV A i 1) B R B BT A BT S ALK 1
223 AR

B2 i N A e Ab G IR FR i i, 4390 T & T i
BC A 1 pg/mL FIR G AR UE IR, 0~4 “CUKFRIRAE, fif
FHEE, M98 T 22 O N 8 20 B 2 A B &40,
A B AR EALHKBEY Y 10 ng/mL), BAHIAL .

(N-nitrosopiperidine,
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Table 1 Retention time and MS parameters for 13
N-nitrosamines and internal standard analysis

oy fREgetal SHEEFX REERE R e
/min (m/z) 1A'
PRSI 74.0 > 44.1%
NI il 2 — F e 7148 5 -
(NDMA) 74.0>42.1 18
Al Kol 88.0 > 42.0%
NI il 2 F AL 2, B i 7736 19 -
(NMEA) 88.0 > 43 5
R B 102.0 >85.1%*
N-F A2 — 2 8.103 2 1S
(NDEA) 102.0 > 56.0 18
VRN S 130.0 > 87.8*
N-V At 3 — P 8.946 3 1S1
(NDIPA) 130.0>41.2 25
RS N 130.0 > 113.1*
N-VE A 5L 7R 10.069 2 1S2
(NDPA) 130.0 > 58.0 6
R E 115.0 > 84.0*
N-W Ak — 5 T h& 10,340 1 1S2
(NDIBA) 84.0 > 68.0 33
R E 116.0 > 99.1*
N-W A =T ik 12.169 2 1S2
(NDBA) 158.0 > 141.1 6
T RN e 106.0 > 77.1*
N-V il F-N-FF B4 12319 17 1S2
(NMPHA) 106.0>51.1 35
RN N7, e 121.0 > 106.0*
N-IFfi $&-N-2 Fe ok 12.326 11 152
(NEPHA) 121.0>77.0 30
- R L R 114.0 > 84.1*
N-AE R ALV e 12.485 6 12
(NPIP) 114.0>97.1 6
&Y J 100.0 > 55.1*
N-AL B S e 12.810 6 IS2
(NPYR) 100.0 > 70.0 5
AV LR 116.0 > 86.1*
N 2 13.303 2 IS2
(NMORPH) 116.0 > 56.0 15
R E s = 169.0 > 168.1*
N- ik — R S e 19778 18 1S2
(NDPHA) 169.0 > 167.1 30
N-Ef3E D6 o 80.0>50.1% 5
(NDMA-D6) : 80.0 > 46.1 18
N T - 144.1 >126.1*
N-fig 5 M i%-D14 9.972 2

(NDPA-D14) 144.1 > 50.1 8

TE: B X

224 Honara

WEFFRIL 10 gCRSH 2 0.0001 @)X I poAE bh, N
AR NDMA-D6, NDPA-D14 % 100 ng, 10 mL Z Ji54%
U, WRHEIRA], #E-20 °CUKAEH &% 30 min, Sl AR
R F 2 1M QUERERS ZE Btk A, Wi R¥% 305, 0 °C
2 F 10000 %% /min (KRB0 10 min, B FIHK 6 mL
F /N A QUEChERS JE 514y B b A0 15 mL B0,
W HE 60 s, 0 °CZA4ET 10000 %% /min I 5.0 10 min, B
Py AT 0.2 pm £k it B8R, GC-MS/MS F#ill

3 HER5HH

31 HEAILIESEEE

xR R A R A, ARBFITIEI 3 AR R R
PR (P . 39 DR A TR 9 7 1 KRR g 28 7= i R 9 58 % 42,
DIHAARAS BRAR A b BRSO . HRTR A A U A K 78
RZEMR TS MO R GE DY R A gk
QuEChERS %, ASZE LA 7 i Arai AL FE, 8 1d A
R 2 R 15 B 43 AT R IR K Z8 R 2R TR 1 AR B BN /)
IERCPET, EARBGE AR B AR AR R OR, [k
FAK3.0 pg/kg WRIEAKCEINARFE & FHSCRAE 41%~60%2
) EORFRRE, ARBIEST = A, IR AR R RERR
AT Y, FAEBCRAE, 7T RS I5 YR
M AN B RRUE M, WG B R R T M R TR £ ()
[ P A R o AR L R S L R R, (AAE R
A 48 o A 5 18 FH B9 QUECHERS 5 2 H A & JB
PRAHT AL R 7, A PG S AA YT . IS T
ARERRE SRR, HRETE ) 2N T B MR 2Rk 255k
BA 1 R s AR L 0TS
3.2 BIEHEEE

B2 Ay A w9 TE 1 AR B2 A 100~200 ng/mL Ay
WATRER W, AU, XF A HP-5MS | &5
% P . DB-1701 F1 3 #% : #1 DB-WAXETR( ¥ A
30 mx0.25 mm, 0.25 pum)XF 13 # BFR LS P95 B ROR,
GESRRWIR A HP-SMS FER, HERMEEYE B ECR 2,
NDMA . NEMA B i 0], 59500 0l bRt () kg, 24k
VTR R E, B B L4, R A DB-1701 A1,
NDMA i 4B, iy T K, NMEA 1&JE 2,
NMPHA . NEPHA . NMORPH U4 5, NDIBA W& 52k, 1M
X F DB-WAXETR #1:Af, fk NMPHA . NEPHA 4t At H
RGP 345 2] R AT 14385, HAH R ST far o i) T4 8 F
XFAE R ) B BRI N o 4B RS T L
WA 1 M, ASBFSE % DB-WAXETR (4384 . 54, #
P 23 1 3 50 IR VA P R SE B TP O, S R AR
VERE TR/ 0 N G 1 B8 XA O S X, 45
3% 1.
3.3 #HEBEEFARMMKL

FEIR A TR R P B 2 H PR A 1 B Uk
FIRE i v 2% B e ot H AR e 0 T PRI 0L o AR BFSR I B 1R
MBS 50 °C, 43 LI HR (R4S 124 1 min. 2 min I
3 min KA K THEE K 5 °C/min, 10 °C/min F1 15 °C/min [
ArERCR, S5 RIIRRERT A 1 min SEKF 3 min #95F
i LR bR 0 M DA BT (R I 1) R RE G, TR B B
HARIEE R o B AOR, H IR FEG SR RIS N 1 min; 24
FHfH ANy 5 °C/min B, AP T GRS, g
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SEI A, YTHEHA K 10 °C/min A1 15 °C/min B, [
NMPHA . NEPHA 4, BARUEBHREART, HEmigs
H br e A 23 B SOR B B B X 5, BT S R &5
Wi MR L 2 N R R, Dbk R TR R R

P2, LA bR 0 o g 50 TR ASURILR RO ) o o 222 1]
PRAEZR, 13204 NOEAHIRI LT fe . ZRIEVE R HG
FH, ML 3 FEEMR A 10 F5 50 TR 2% N-IE A HE Y
ASCHRA: H BRANE BERR, sk 2 s

10 °C/min, 3 FiASEE A B & TRt L RILE 3. T 35 EREIEDE
FEd LA 2, SR AR FHE E 250 °Ca, A R 2445
Wi A . SR . A iy Ak MERE LA A
e, I B T 5 20 8 min KA — I R WS BRI 3
AMEB3.0 pg/kg). H1(10.0 pg/kg). & (30.0 png/kg) 3 Fhifk

SRR AR IR FEK P B IBR, 2.2 (07 VR AT A B LI,
34 fRfEZe FAFESOEATIGE 6 K, [EICRFR % B 45 R I 3.

K B TR RS 25, 13 FPE R N-E RS ERE MR 3 FTLIEH, A ERER 59.1%~119.2%,
WATROYES, RAFREM IS TR LA 1, A BER. X bR ME i 2 (relative standard  deviation, RSD) ¥
%K) NDBA. NMPHA . NEPHA , NPIP 45 B 5 (0,3 & I 0.6%~15.1%, 0 R % B 355 6 S0 Im Bk .

x10°  +EI TIC MRM (**—>**)

2.8 13 _
2841 HP-5MS
24 5,11, 12
9 8,9
2 |
1
8}6; 3 JJ |
: 6 10 7 J
0.4 2 4
0% f-‘-«._,,_"‘L/""\__/. k;\k___ Uﬂl’-’ '\__.,A_A__.\"‘J\_\.\._v_‘_w___‘__._mL ‘_.jzu_.\ [ L. JL_II
X10°  +EI TIC MRM (¥*—>*¥)
2811 DB-1701
24 8,9,12
22 1 13
w18 7
1.6
# 14 3 10
1
08 4073
: 2 A, L
0% e k.fL_J \s #_,Ln. WU NI | L
x10°  +EI TIC MRM (**—>**)
241 9
3 DB-WAXETR
2
1.6 13
o4 1
# 12 7 12
1.0 10
0.8 3
0.6 4 5
0.4 P 6 11
02 =
0

556 657 75 8 859 95101051111.51212.51313.51414.5151551616.51717.51818.51919.52020.52121.52222.5
SREEHT E]/min

E: 1. NAMA, NDMA-D6; 2. NMEA; 3. NDEA; 4. NDIPA; 5. NDPA, NDPA-D14; 6. NDIBA; 7. NDBA; 8. NMPHA; 9. NEPHA; 10. NPIP;
11. NPYR; 12. NMORPH; 13. NDPHA
1 ARSI 13 F N AR bR ) 8 8 7 i e 1 7

Fig.l Total ion flow chromatography of 13 N-nitrosamines standards under different columns
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B dn 2 4 R R I A 4R

F10 &

x10*

FBE

+EI MRM CID@2.0 (116.0->99.1):

x10°

FE

x10°
3

O—= N WA SN A O\
—T T T T

x10¢ TEITICXSX (**->*%)

1
1
1
1

FE

x1

1.6
1.4
1.2

1

x1

1.6
14
1.2
® 10
0.8
0.6
0.4

02 jt TS . R AL =

0.8
0.6
0.4

02 o A

X
# 08

0.6
0.4

02 tﬁlm,u_ "

\ NDBA
\”
|
[
Y
_ +EI MRM CID@17.0 (106.0->77.1):
|"'| NMPHA
|
|
r| ‘!
|
_ +EIMRM CID@11.0 (121.0->106.0):
n NEPHA
i |||
I
+EI MRM CID@6.0 (114.0->84.1):

|" NPIP

110 112 114 116 118 120 122 124 126 128 130 132 134 135 138 140

SRAERT[E]/min

2 NDBA. NMPHA. NEPHA. NPIP #2HU % T % A
Fig.2 Extraction ion chromatograms of NDBA, NMPHA, NEPHA and NPIP

.6
4
2
.0

0
0° AEITICXSX (**->**)

.0

0
05 +EITIC X5X (**—>*%)
1

0

.JH_[ |_ __,-.,J_Jr‘ R | N i

* ll
uJJA_]‘ L,__.-_,,_ b -..JL_,--\JW—-—“-‘—"

,_h_lJ_m' wallhJ

5°C/min

L]

La_

10°C/min

L JJLJ /

15°C/min

Il
N

&
.

s

5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22

SRHEHTE]/min

Kl 3 ARITHEEET 13 50 N-TEAS AR Y S8 T s

Fig.3 Total ion flow chromatography of 13 N-nitrosamines standards at different heating rates
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F2 BMHN-THBRUAYNLESE. EXRER. &METE. RHIR. EER

Table 2 Linear equation and correlation coefficient, LOD, LOQ of 13 N-nitrosamines

e/ Frife £ 5 VB LRI/ (ug/L) 6 H R/ (ng/kg) FE R/ (ng/kg)
NI 2 — ¥=0.917065X+0.051777 0.9995 1~100 0.12 0.41
(NDMA)
N-AL G L L IR Y=0.513315X+0.015788 0.9996 1~100 0.24 0.80
(NMEA)
N 3 2 Y=0.442106X+0.025250 0.9996 1~100 0.09 0.26
(NDEA)
_ 17 — 1
N-AL T — 5 P Y=0.461702X+0.016104 0.9997 1~100 0.04 0.13
(NDIPA)
N-J A2 = U ¥=1.972679X-0.020542 0.9994 1~100 0.01 0.03
(NDPA)
[z — |:l{ 17>
N-ALAR 253 i ¥=0.513315X+0.015788 0.9999 1~100 0.50 1.67
(NDIBA)
Sz —_— 1
N AR T Y=0.513315X+0.015788 0.9999 1~100 0.05 0.18
(NDBA)
\73 e
N-EAE-N-FELA Y=46.463553X+0.626979 0.9997 1~100 0.09 0.29
(NMPHA)
N-ALAE-N-C IR ¥=0.513315X+0.015788 0.9996 1~100 0.07 0.24
(NEPHA)
NV A LR nE
NI FE R B Y=3.560946X+0.009502 0.9998 1~100 0.12 0.41
(NPIP)
NI S e Y=1.175071X+0.045402 0.9996 1~100 0.85 2.84
(NPYR)
- L nd
N S Y=0.513315X+0.015788 0.9997 1~100 0.12 0.38
(NMORPH)
_ I :—l—l—ﬁ 177
N-AE i 2 e Y=13.633882.X+0.237084 0.9998 1~100 0.17 0.56
(NDPHA)
%3 AH&ES 13 M N-THEREEDRmirEEREMESRERE
Table 3 Recoveries and relative standard deviations (RSDs) of 13 N-nitrosamines in meat products
7 9 A 7
(nglkg) [ 5 /% RSD/% [ 5 /% RSD/% [ 5 /% RSD/%
NDMA 3 105.2 9.6 103.2 1.3 106.0 11.7
10 106.7 53 93.1 2.6 94.3 2.7
30 99.1 0.7 97.2 3.0 96.3 0.6
NMEA 3 90.6 6.2 96.0 3.7 95.8 12.3
10 86.2 8.7 104.0 1.8 101.2 3.4
30 96.8 3.7 108.3 9.5 96.5 1.1
NDEA 3 98.0 5.0 100.8 8.2 85.4 1.9
10 87.3 2.1 98.1 0.9 92.3 1.4
30 95.9 48 105.9 52 94.7 13
NDIPA 3 91.0 10.5 79.6 4.5 81.1 3.5
10 105.2 49 78.5 3.7 89.7 25

30 111.3 3.6 91.8 7.8 98.9 5.1
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HR3
e AT W 5 14 K
(nglkg) a1l /% RSD/% Bl /% RSD/% i /% RSD/%
NDPA 3 80.1 15.1 86.2 10.3 83.8 9.4
10 89.4 7.6 84.0 52 86.7 5.3
30 91.1 3.6 81.4 9.1 82.9 0.9
NDIBA 3 933 6.5 87.8 11.2 98.8 5.7
10 87.6 5.8 89.3 52 90.7 43
30 89.4 3.7 94.4 5.6 96.2 42
NDBA 3 94.7 7.3 81.3 6.1 98.0 1.9
10 83.8 8.9 82.8 2.6 89.0 47
30 88.9 4.5 85.8 6.5 85.5 4.0
NMPHA 3 86.2 13.0 106.2 7.1 81.3 49
10 87.8 5.8 86.4 2.5 86.5 42
30 93.8 4.2 86.3 6.4 89.2 4.1
NEPHA 3 85.4 9.3 91.5 7.0 119.2 5.9
10 85.8 6.5 89.8 1.5 87.4 4.0
30 93.5 52 86.9 52 86.6 0.6
NPIP 3 84.8 14.9 71.0 8.4 101.7 9.3
10 87.5 8.6 83.1 3.0 85.9 1.7
30 82.4 4.8 85.9 4.2 81.9 0.6
NPYR 3 77.6 59 59.1 13.2 80.3 7.1
10 84.3 7.1 73.4 8.9 87.1 6.8
30 83.6 3.2 87.5 6.4 85.6 4.9
NMORPH 3 92.2 4.7 76.2 8.5 93.7 42
10 89.8 49 88.6 2.1 85.3 2.8
30 108.6 0.9 87.3 4.6 89.4 3.4
NDPHA 3 1132 5.1 108.5 7.9 112.5 43
10 99.4 3.3 97.6 4.1 107.1 3.9
30 94.7 5.6 99.4 8.2 109.2 5.1

3.6  FEGRINE ST

K 2.2 S EORETALEL )y i, X 20 Lk T A
R Y 13 B NS A RS AL A kA T e, Hoh 2
Py#E S PR NDMA, &84l 2.67.1.01 pg/kg, 1
By FE i Kt NDPHA, &80 1.08 pg/kg, HARFEAIY
Tok

4 F51e

AWFFEHESL T QUERERS- AR (A% - R B ST 2 A0 P
filbah 13 FOERSIEAL S PIRTk, 13 RS S YI7E
1~100 pg/L JEHEINANESS R RAF, HXREIIRT 0.999,

G BRM 0.01~0.85 pgrkg, RN 0.03~2.84 pg/ke, Jilpn
KRB 2 RN 59.1%~119.2%, HH X5 1 22
0.6%~15.1% (n=6), % ILIAERME . 155D H B8
JEPRH AN B HE RS AR ST, R R L [l
YA B 5 FTORG 8 5 24 AR G 2 R B A BT SR, AT T AL
13 Fifr NS A e A6 G 9 9 B A A3 A RS T

EEPES

(11 RTZE, AT, EM, 55 SO ERE- =T R AT E ) 4 X
BN 9 PR METRIET]. 2RISR, 2016, 30(6): 29-34.
Yu WIJ, Qiu YS, Wang P, ef al. Investigation of nine volatile nitrosamines

in sausages marketecl in Guangdong province by gas chromatography
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