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gas chromatography-mass spectrometry
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Abstract: We determined N-nitrosamines in salted fish by gas chromatography-mass spectrometry ( GC-MS), optimized the sample
preparation conditions, compared the response intensity of N-nitrosamines by SPME and dichloromethane ultrasonic extraction as well
as explored the impact of organic solvent, extraction time and times on the determination. By ion selective electrode method, we deter-
mined the contents of N-dimethylnitrosamine, N-diethylnitrosamine, N-nitroso-pyrrolidine and N-nitrosamines. Results show that the
linear correlation coefficient is 0. 999 2, 0.999 1, 0.999 1 and 0.999 2, respectively, with a linear range of 0 ~10 pg-mL~'. The
method has good reproducibility (RSD <2.1% , blank spiked recovery is 70% ~ 80% ) and high sensitivity ( detection limit is
0.038 6 ng-kg™, 0.022 7 ug-kg™, 0.031 6 pg-kg™' and 0.047 8 pg-kg™", respectively).

Key words: salted fish; N-nitrosamines; GC-MS; optimization

AP R OB K PR A, AFPE R AT AP A A BB R AR Y, R A
TOREHRK . AER, BEEWRTIM SIS ZotkREa A AT XRE. E—H%5 320
Hil g R L VR BRI R, LASCHISCRERI K6 B A X T 7 SR i BEAT AR I, 3946 N-

YRS HHE: 2012-02-15; fEEHHP: 2012-03-12

BWHTIE : FEK=REE R B AR5 229 B (201240901 ) 5 |- ARA M FEH B HE %35 (A201101101) 5 EFKIARLM =ML H A
% (CARS49)

EEE . BHEM(1969 ), &, BAER, NEAZRINTSR/ELLSMSE. E-mail: wuyyl028@ yahoo. com. cn



Fal FeHRG: GC-MS AP b N-SEAE R 19 25 AL 17

—HZE RS (NDMA) , BETE R4 ) 448 145 8
bR FURE S TR R R B T 2 el LB 5 & M NS
W% : NDMA 1 N-—Z 3T ik (NDEA) , N-iFA
i B R EEY TS R E R BT A, Bt
o — AN A NS RSRE, WS s aE w S A
N-TERs A ™, X Rk fa v N-SIE 4 e 1 PR S A e
GB 10138-2005 F13i5E w ( NDMA ) ANE# i 4 ne:
kg 'V (BT A NS R I A R AR 5 PR
BARiE,

UTAESR, m1 T N-SP A e o 50R B50088 1 % X £
RIS E, WHRHE G N RS BT 5Y
%%, £ EA NDMA, NDEA, N-F 7§ 3 nit 0% 4%
(NPYR). N-WRMEREWERERE (NPIP) | N-— 527 @4
J% (NDPA ) #1 N-—T %7 % fie (NDBA ) M~ | i
X TR £ NG S e 0 S, 4 B 2 NPYR AN
NDPA NI TLARTE . % FIAE FA B Z Fh N-TERSRE
SYMTRG I 7 B A ERE S RTAL BT 2 . R . RAK
FEMRAEGRE, RAE RIS P, MR
frrf N-SE RS RR AR 7 1 . SCEEFIF GC-MS 7
BB BE RN RABME R ST T — R TR
FOMEEE ., s, MERRIOEMEE BT, HFE T
AR e L DR R 5 9 N-I0 S e 5 4358
LU AR LB STt 5%

AR

L1 ®{F 5]

L1 K& BalT Mok,
L1.2 &5 Z&HFBR(AR) W) Reke ik
FiGR) s ToKERERGN (AR) g B )AL=
NDMA #5 # & . NDEA #473 #E . NDPA #73 #E i )
NPYR #r#E 535904 F £ E Accustandard 2\ F] o

1.3 fY285%%&  GCMS-QP2010 plus 54
HEEE Y, Bi4s AOC-20i H shiFkESS F1 GCMS solu-
tion 343R A TR ( HA B ERAFM ) ; AR
DB-5MS F 41 & 1% 4 (30 m x 0.25 mm x 0.25
pm) (K E Agilent 237 H i) 5 85 3 7 BB B BEHL
(REFRHU A ARAR & &) ; GB204 B F4)
PR (it Mettler Toledo /A &] H &) ; TI-H10 #8
FETEVENL (TR E Elma 2A R H &) 5 BRI ZER
X (CH AR AR R X St ) o

1.2 REHE

121 IRAhn o 2 T e il # NDMA (100
ug-mL "), NDEA(100 pgomL~'). NDPA(100 pg-

mL ") F1 NPYR (100 pg-mL™") 78 B i 55 2 1
% 25 wg-mL ' H 4 B N-TE R RE AR EIR IR B IR A
WEW, T -4 CHTREFEM.

1.2.2 @Aigs&d HARImIEE R S50 C; #HH
R EE 250 °C; FHEFIME A 50 C, ff%F 2 min,
I8 Comin ' (Y EFZE 150 C-min~", {5 1
min; 4 20 Cemin ' {3 % F+ZFE 250 Comin ', £
1 min; RS M (He), MEH35 mL-min"',
STUREERE, AR 30 11, HFEEREE 2 pl

1.2.3  Japks&ff B FRIRAEE A 200 C; PR
FRREE R 250 C; #:HREEH 250 C; BHEHFHR
HFEGEFE(ED; BHFREEHR 70 eV; HERN
0; SIM/SCAN SRR, FREHEMIEER 30 ~
150 mz; SRAEEAZA 2; BFRIVIERESE]A 2. 5 min,
1.2.4 irAEfhZ il FRYR & b i 28 VR T
Tl 0 ] PR Jo A AR B A B P LRI IR A A o A T
W, TERAL)E gl K i 4444 T ELiE, 2
D8 R VA TR e 0, DA T RO o7 ) o R vk
EE, BRbrAEf IRl EIE A

1.2.5 FEREWEIS KR RREE K VAL
ANBR, FELH U R HLR B RS IR B AR Y A R
Ao WEBRFRER 20. 00 g SJ5 M B THEIE S,
TR S g, BAJEMAZEH L 80 mL, #
FAAEE 15 min, HEEFER2 K, A3 KHEH
R A TR K I 285, F 35 CTjE
HIERWHERET, AP HEAZE 1L.0mL, F

FAURE K d ugavd UBsR B 24, Bt EALA .

2 SR 500

2.1 RBEHEHHAUL

2,11 R [A) Ak B 7 B 2 #F Z Bk

[13] ~[15], BSe%I8MFEMMHZEB (SPME ) J5 ¥k
AT S, BIFIF SPME ZEHUJ7 &R HE, &6
B, W4i. BERET IR, EEARE T AR
BEGIRR GC-MS Byimhe, JFalamr, &%,
AhERfET R, T, HRRKERPERY, R
SPME J5 £ #EATIN E W) A B R AR, B 1 O 2
PSR 2 BT 2T AR I R 1R 5 A e ) 20 3 1R %o
oo 2 FARBOTIEERREHRS 4 B N-TZ AR AR B R,
{HZ SPME J7 k0 4 Fhi% Stk N-SIE A% e 9 0 1 {0
B — R -8 W AR U AR, R A
Bk, K2LWERNIXXT LA, FH SPME J7 ik
I e 7 P e 55 JBE L BE — S FR e- 7 9 AR BT



18 R S = $£8H
intensity intensity p
100003 & § 10008/—_ é
90004 8 9000 - -
2000 ] 8000 4
7000 7000 4
6000 6000 -
5 000: 5000
s000- 4000 - w
3000 3000 4% > 8
3 iz Z
2000 2000 4%
g b _
100042 ZZ 1000 -
f I M TIC*1.00 E TIC*1.00
0 . : . ‘ . : ‘ 0 : . . T : : : . ]
30 40 50 60 70 80 90 100 110 min 30 40 50 60 70 80 90 100 11.0 min
E 1 EAMER(a) A ZEE(b) M aigE
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Fig. 2 Response intensity by different N-nitrosamines

a. N-dimethylnitrosamine; b. N-diethylnitrosamine; c. N-nitrosamines; d. N-nitroso-pyrrolidine
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Fig. 3 Effect of different methylene chlorides(a), different extraction time and times(b) on response intensity
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Tab.1 Standard curve and linear range of 4 volatile nitrosamines
N ERET St HXRR(R) A gl
N-nitrosamine m/z linear regression equation correlation coefficient linear range
N-Z WA/ NDMA 74 y=3x10"°x+0.423 6 0.999 3 0~10
N-_—Z %Wk NDEA 102 y=4x10"5x+0.436 3 0.999 2 0~10
N-TE Al FEMEME 5 NPYR 100 y=3x10"5x +0. 460 2 0.999 1 0~10
N-Z &P AEE NDPA 70 y=6x10"°x+0.368 5 0.999 2 0~10
®2 HRAT N-EHRFESE(X +SD)
Tab.2 Content of 4 N-nitrosamines pg-kg™!
RARE T AR w(N-ZPETAE) w(N-ZZETHE) w(N-EREEIEER) w(N-ZHETHEK) SR
salted fish NDMA NDEA NPYR NDPA total
K # 1 ( Pseudosciaena crocea) 2.11 £0. 40 0.130 +0. 14 A 4.17 £0. 51 6.42 +0. 15
=ZF 421 ( Otolithes ruber) 1.81 +0.32 0.008 +0 2.31 £0.50 Rt H 4.13 £0.32
4 (Pomfret) 2.57 £0.52 0.520 +0.31 0.03 £0.01 1.69 +0.24 4.82 +0.20
%35 ( Capelin) 3.75 +0.74 R# 0.29 +0. 11 0.85 +0.17 4.89 +0.44
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Fig.5 Chromatogram of 4 standard N-nitrosamines mixtures
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Fig. 6 Chromatogram of salted fish added 4 standard
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Tab.3 Recovery experiment

N-TE A e Jink 2/ pg-mL ™" IR /% IR BRI 22/ %
N-nitrosamine adding standard recovery RSD
N-Z HI B A% e NDMA 2.5 71.20 0.65
5.0 70. 14 1.32
10.0 73. 88 3.96
N-ZZE WK}k NDEA 2.5 73.11 1.12
5.0 75. 65 2.74
10.0 80. 10 1.04
N-JF ALt S NPYR 2.5 75.22 2.15
5.0 78.72 1.26
10.0 76. 41 0.98
N- P E T A¥ i NDPA 2.5 70.27 1.04
5.0 71.72 2.63
10.0 75.23 3.45

®4 EHEMFAEEHR

Tab.4 Determination limit of instrument and method

N-3F fil§ e AL FSAG M FR/ng -mL ™! FER R/ pgkg ™!
N-nitrosamine detection limit of instrument detection limit of method
N-— B £ VA5 NDMA 0.772 0.038 6
N-—Z.ZE % NDEA 0. 454 0.022 7
N-WP RS ZLn 4 o NPYR 0. 632 0.031 6
N-"TAZ % NDPA 0. 956 0.047 8
intensity —4— N-—H R F A NDMA
4.0 —8— N-—Z WA NDEA
35 —&— N-TF il BEME 52 NPYR
3.0 —%— N-Z AT 5 ik NDPA
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Fig.7 Chromatogram of injection for 6 continuous times Fig. 8 Quantitative determination of peak area for 6 times
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