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Simultaneous determination of 10 kinds of nitrosamines in aquatic products
by QUEChERS combined with gas chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 10 kinds of nitrosamines in
aquatic products by QUEChERS combined with gas chromatography-tandem mass spectrometry. Methods The
samples were subject to mixture of acetonitrile-water (1:1, V:V) for extraction, the matrix was purified by QUEChERS
dispersion adsorbent. They were subsequently analyzed in the multiple reaction monitoring (MRM) mode and quantified
by external standard method. Results The limits of quantification of 10 kinds of nitrosamines were 1.0 pg/kg, and the
linear relationships were good in the range of 1.0-100.0 ng/mL with the correlation coefficient (r)=0.9988. Adding 2, 5

and 20 pg/kg at 3 levels mixed standard solutions to the sample matrix respectively were used for standard addition
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recovery experiment. The standard addition recoveries of 10 kinds of nitrosamines were 87.5%—-102.8%, and the relative

standard deviations (RSDs) were 1.9%-4.4% (n=6). Conclusion This method has the advantages of quick and easy

pre-processing, processhighly sensitive, reasonably stable, and it can simultaneously, rapidly determine and

quantitatively analyze 10 kinds of nitrosamines in aquatic products.

KEY WORDS: QuEChERS; gas chromatography-tandem mass spectrometry; aquatic products; nitrosamines

0 51 &

AR RAL G PR RSN = R BUEY 2 —, HA
R s E S 8o EN . IR R, FECARY 300 ZF
WAHREZEL A, HY 90% 0] LIS SRl s i 4l 2
ME LA, HEEE . IR IRy B2 W
S M KA G W ) IZ AT T & Fh i b, 190 40 P S 1A
NG T a1 T N - L N/ U N i B N
ARSI B S A P S R A A T Y
AW 0 B 23 it e 14 S RS 20, PRI, N-TIE
filf 5 — 1 Jl¢ (N-nitrosodimethylamine, NDMA)F N-ilV.fif§ &
. ZJ¥¢ (N-nitrosodiethylamine, NDEA)7E Ak £ Vi i 251k
Gt iR . FAE 1978 4F, NDMA HIl NDEA 4 [
I 92 AE i 58 HL A4 (International Agency for Research on
Cancer, IRAC)FI A 2A RBUEWIE T, FoAR) RS
A& YNBES R 2B HEED

B RS B W) SRR 43 S S MR AR AT N R
Lo W /T 6 NG =71 103 I = 7R3 ) | AN A =91 AN =G|
FED A, FEME] . HERE | SIS Tl rh, AR SE N
S A WS o Sy A IR R AL 5 ) . PIRPE & 1t &
AR BT AE R ER N B NSRS, TERRME R T,
SR R ARG SN 5 A O AR B . B E
U, 28 MRASEEHTIEK ™ S ) B B i, (L
TP A A S R, O T s I s 22
AR ZIR, SHERREL AR RS & AR W AE A S N S
fEA] A O RS AL G W), Ho i ml 155 100 pgkg. &
i, 7EFREBA ThRifE GB 27622017 (a4 EE b &
s ISR RR AR ) KT B K I A KT S ESRBRA )
10— FR B AR e 5 B T AR 0R, IR 4 ng/kg.

A6 I £ ity v i e 2 A B W R O 1 A R
7 (gas chromatography, GC)?Y .| S AH 0,3 - it 3% ¥: (gas
chromatography-mass spectrometry, GC-MS)*> 21 &% /i A
0,334 (high performance liquid chromatography, HPLC)P*
S P S - T R A S e 25 Ak A W e Y
Kk, i PRS0 & A, FRE SR
TR Z, FI, AT Er 2 R K A 8OR X T A
AL AR 3 AT E I N EESE . QUEChERS (quick, easy,
cheap, effective, rugged and safe)ft’ i 5 E AR, R
FHASIBGR) 5 e AR AR 256 00 J7 = BREAE ot e i 2 3, AT

ISFNEEE B . e RE S B PO AR TG k7%
SZENRE | ELZS 2RI AN B R A B2, QUECHERS A AT ER,
BISCREC R E, AL, B P, Rl AR, &
AR . HHTAHSESCHERS, QUEChERS 4K 2441 T 14
Ko PR b B R AL B, E AT il e LA it v 4 g AR 55 R X
BALT Btz Ah, BUATIY )7 HAEXT NDMA | NDEA
RO RS A S Py BEAT 43 TRl ez ] L[] s A
10 M AR S PR 234 5

AHHFEHFI ] QUEChERS HIARLE &AM (- FR IR BT
(gas chromatography- tandem mass spectrometry, GC-MS/MS)
RIS it P 10 A ARG S A T o il Ak
PR . EhbT . AR S BTSSR, ST RERR AR A
Joxt HARPI SR THE, oE— 4R m SCm s R A e b, LU
XK i H AR G W R . R PR
Y5 A

1 RS

L1 R 5F

AWM | Bifass | fEfa | BT | FBR A
f BERE B NI S AR T . BT RN SE .

NDMA ., NDEA ., N fiff(N-nitrosodipropylamine,
NDPA)., N-—T VA% (N-dibutylnitrosamine, NDBA), N-
V. fit§ F WR B¢ (N-nitrosopiperidine, NPIP) . N- V. fif§ J i 1 ¢
NPYR) . N- I 7§ H Mgk
(N-nitrosomorpholine, NMOR) , N- . fif 5 — ¥f . 3 Jit
N- W fiff e = K pE
N- I fi§ £ = % & k&
(N-nitrosodibenzylamine)(4E & 99%, JLRHRFAH]); LHAE
%% I 43 B4 Ak £, (5982-1010 QUEChERS dSPE EMR-Lipid
Bond Elut EMR-Lipid dispersive SPE, 50/PK, 3¢ [EZHEeRIH;
AR, (G, SN, TOKBREREE(SI 2t (h
2GR AT BR 2 R SEBRHIK(Z2 Milli-Q LA,
25 Milli-pore 23 ).
12 HF5RE

7890B-7000D U AH €8 i - = F DU FF 53 5% STk FHIAY
(G E ZHRAL B A IR Hl); Multi Reax Z2 L0 TE iR 7 %%
(%[5 Heidolph 23 F]); AVANTIIJ-E {5 V3 R 25 O HLEE [ T
T2 EIRFRAHE)

(N-nitrosopyrrolidine,

(N-nitrosodicyclohexylamine) .

(N-nitrosodiphenylamine) .



LERE Ul

IR, 55 QUEChERS $E ARG, A A 23tk - 5 BT 135 30 1R I 22 A 7™ i H 10 o S i i 29

1.3 WA
131 AR R & B

10 FHIEANRE 1000 pg/mL AIFRIESAR, i
R, TORUTEYRAT H 10 pg/mL R APRUIE TR, Hik
W EAE20 CCIMIRSE T, TR 3 N A4
132 HeyaTasE

HEFIFREL 10 gOHA 2 0.001 g)FEAL T 50 mL A B0
H, A 10 mL 7K. 10 mL ZJiE, 314 2500 v/min 5 iER 75
15 min, #A 15 min, FIMA 4 g BHBREE | 4 ¢ EALANERE TR
Bl E 5, DL 2500 r/min iRHENES 15 min, 7 15 min,
5000 r/min &.0> 5 min. B_EIHW T L RERF A, BN
A 3 mL JC/KBREREN, LA 2500 r/min iR iEVRT 10 min, FE
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Fig.l Effects of extraction solvents on the recoveries of 10 kinds of
nitrosamines (nN=3)
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Fig.3 Total ion chromatogram of 10 kinds of nitrosamines standard working solution (10 ng/mL)
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Table 1 Mass spectrometric parameters of 10 kinds of

nitrosamines
Higy CCRET JEMET OPRmERime AR
Xt (m/z) Xt (m/z) /min /eV
5
NDMA 74, 44 74,42 7.65
20
10
NDEA 102, 85 102, 44 8.54
18
5
NDPA 130, 113 130, 88 10.49
5
5
NDBA 158,99 158,99 14.84
5
5
NPIP 114,97 114, 84 15.35
5
5
NPYR 100, 55 100, 43 16.35
10

= 1(E)
Hi ERET EVEET EWREEeE fEee R
Xt (m/z) Xt (m/z) /min /eV
5
NMOR 116, 86 116, 56 18.05
5
TARE— 210, 193 193, 83 31.73 ’
WO I ’ ’ ’ 15
i 5
I 168,168 168, 167 32.60
R 12
WAHE= 91,91 91, 65 36.28 ’
N ’ ’ ’ 10
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0.3 pg/kg, ERMREHN 1.0 ngke, KMZERILZ 4. WFRE . B ®3ED)
) . r A .y
tayy Wt it T EBEaAAEE A NDMA K H, H. - HARHE R — RSDs/%
TEMEREZK T it PG R 3R g, AR At A A e, Augke) (n=6)
il th 2z | BREOT . FEEREGH AN R AR . 2 90.0~99.5 3.6
F2 10 ML AMNEMSERE . LMHRYASTE. XA NDPA 5 96.4~101.2 2.0
Table 2 Linearity ranges, linear equations and correlation
coefficients of 10 kinds of nitrosamines 20 94.4~100.7 2.5
Hir9 [ )9 5 A LEBS ()] 2 89.5~97.0 2.8
NDMA Y=147152.25X-181904.22 0.9997 NDBA 5 95.6~101.6 2.4
NDEA Y=50112.47X-76381.20 0.9994 20 95.0~100.7 24
NDPA Y=56883.20X-104010.67 0.9990
2 87.5~97.5 4.0
NDBA Y=105933.19X-198000.12 0.9989
NPIP 5 96.4~101.2 1.9
NPIP Y=101608.84X-188696.42 0.9990
NPYR Y=53468.37X-92304.33 0.9989 20 95.2-102.3 32
NMOR Y=126412.55X-228683.83 0.9990 2 90.5~102.5 44
KA TSR S 7 NPYR 5 96.4~101.2 2.1
O 3 Y=8625.62X-15672.78 0.9988
e 20 94.9-1008 2.1
DI TEE- S S
S Y=726273.70X-781640.18 0.9996 2 89.0~97.5 38
DIRTCE- S S NMOR 5 95.8~102.0 2.3
ok Y=638959.45X-471483.53 0.9993
Sl 20 93.4~101.2 2.9
o oo, N — oz - 2 90.5~101.5 3.9
F3 KA 10 FIERERE R SR MAREISER TR R E R ZE
Table 3 Standard addition recoveries and relative standard WAL IR 5 95.8~101.8 2.4
deviations (RSDs) of 10 kinds of nitrosamines in aquatic products
TR 20 94.4~101.2 3.1
— 1f7n7dEs % RSDs/%
HR) fugke) P % (n=6) 2 92.0~102.0 3.5
2 89.5~97.5 2.9 DI 2B i 5 95.4~101.2 2.4
NDMA .6~101. 2.2
> 95.6~101.6 20 93.9~101.2 3.0
20 95.0~100.8 2.4
2 89.5~98.5 3.7
2 87.5~98.0 4.0
NDEA 5 96.4-102.0 29 P fiF ik RS 5 95.4~101.8 23
20 94.8~102.8 3.2 20 93.4~101.8 3.2
F4 ZERMERTP 10 FIEREE LAY R (ng/ke)
Table 4 Determination results of 10 kinds of nitrosamines in actual samples (pg/kg)
H x4 L1973 fifi 1 22 N fft 0T ik i 05
NDMA 1.81£3.08 2.84+5.25 2.40+4.05 5.40+7.75 0.77+1.60 0.06+0.27
NDEA ND ND ND ND ND ND
NDPA ND ND ND ND ND ND
NDBA ND ND ND ND ND ND
NPIP ND ND ND ND ND ND
NPYR ND ND ND ND ND ND
NMOR ND ND ND ND ND ND
il e R AR R ND ND ND ND ND ND
LA AL — R ND 0.07+0.29 ND 0.160.51 0.10+0.36 ND
P fiF B R B ND ND ND ND ND ND

E: ND R ARf i, B/hTFrEfR.
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