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ABSTRACT: Objective
N-nitrosamines (NVNA), N-nitrosoproline (NPRO), N-nitrososarcosine (NSAR), N-nitroso-thiazolidine-4-carboxylic
acid (NTCA) and N-nitroso-thiazolidine-4-carboxylic acid (NMTCA), in dried smoked fish products by liquid
chromatography-tandem mass spectrometry. Methods
n-hexane, separated on a MORHCHEM Caprisil Ci3-AQ (4.6 mmx250 mm, 5 um)column, and detected by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) in multiple reaction monitoring (MRM) mode, and
quantified by the external standard method of matrix standard curve. Results The linearity of the 4 kinds of NVNA
was good in ranges of 1,4,10 or 50-800 ng/mL with r*>0.996, the detection limits were 1.36-56.17 ug/kg, the

To establish a new method for the determination of 4 kinds of non-volatile

The samples were extracted by acetonitrile, degreased with

quantification limits were 4.52-187.2 ng/kg, and the spiked recoveries of 4 kinds of NVNA ranged from
90.34%-103.60% with the relative standard deviations (RSDs) of 1.75%-6.47%. Practical applications showed that
NVNAs were detected in commercially available samples of the dried smoked fish at different levels and in different
species, with the weakly carcinogenic NSAR being detected at higher rates and levels. Conclusion This method is
simple in sample pretreatment, good in accuracy and high in precision, which can meet the simultaneous

determination of 4 kinds of NVNA in dried smoked fish, and provides a valuable technical reference for the

%16 &

regulation and control of the NVNA contamination level in dried smoked fish products.

KEY WORDS: non-volatile nitrosamine; dried smoked fish; liquid chromatography-tandem mass spectrometry
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ERH R — KRB P T IS Y, AR
TSRS K A C e A R WA TR
PR LSRRI, B s A R
) R 38 5 IR AT 6 o AR R M Bl RE R S B 3 e AT
AR, RS R T 4r b HE R PE I B R (volatile
N-nitrsoamine, VNA) F1 4k % %& 4 . il B% (non volatile
N-nitrsoamine, NVNA)®', VNA % i = 5 0 At £k i1
BN AR, Hor B 2A S0 M A, 7EOK)
il i A 3R B AR R O 1) NVINA ) 3= 32 oy 23
P B S L R 15 T R PR AL P ) 20 A A S A J ), A A
ol Ho At MR T A A B S G T R L
NVNA £ i i 3 il 2 B2 (N-nitrosoproline, NPRO) . F i 5t
L4 B2 (N-nitrososarcosine, NSAR). VA 3-WEMS b -4- 2 iR
(N-nitroso- thiazolidine-4-carboxylic acid, NTCA)F1.fil§F-2-
B - ME BB BE -4- R R (N-nitroso-2-methyl-thiazolidine
4-carboxylic acid, NMTCA)%%, fbL2#25anE 1 s, Hep
NPRO #ih & A AEBUEYIH, NSAR HAT 55808 E, NTCA |
NMTCA (AR, (RS A5 7R SRS
THRKETE, NVNA WA SR R i e e B i )
B, DI, EFXE NVNA TSRS Hms > O 12 g,
M7 NVNA Ky ik, B s HE.

T, WA 7k 2L e VNA |, B4k
I FH B 22 W 2 S 60 1% - 5% 7k (gas chrromatography-mass
spectrometry, GC-MS)!'™"81 SR (0 3% - 53 K 33 vk (gas
chromatography-tandem mass spectrometry, GC-MS/MS)!*2%
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Fig.1 Molecular structures of 4 kinds of NVNA
oY, A B i - HB I 5T 3% 9% (liquid - chromatography-tandem
mass spectrometry, LC-MS/MS)' ™22 A 137 (kb BT AL 317
A GB 5009.26—2023 ( fihZEERE BT N-E
AL B DI E ) 2R — 1200 T /K 28 AR -T2 R
(ssteam distillation liquid-liquid extraction, SD-LLE) .
QuEChERS J5 322 [ A1 # B (solid phase extraction,
SPE)*O27) | 4y W W T AE B (dispersing  liquid-liquid
microextraction, DLLME)Z$ 2 F1 34 i £h A 2 B 3048 . Hirp
GC-MS Hil GC-MS/MS AN NVNA H AR, fiiA4:1k
AE BT, LC-MS/MS Al NVNA 8555, HAH SR
EIRED, [RIRE, A7 880 bl BT AL B E A AN 35 70 1 1A 2R
BRI A B 4, HERRMANN S5PUAT NIKLAS S5121%
R CIEFEIR, 456 AR Y IRBR IR A A Ok 4, 5T
BRSO B, ROE R R AR E &, ST % VNA
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T NVNA [R5 A, (EFEABE R . 2B BRmB
BAEL R o ASWESEER XS T B AR A, DU ) B TR R A A
i HTAL B AR, PEFEE H % BR R, E57 4 ' NVNA
B LC-MS/MS KN T35, ARG bl Ff NVNA {5 3¢ il 5
FEHRRTHEARASE,
1 #R5R%
L1 #E5ERF

T (T 5 AE M 25 7 5 J50EH; NPRO. NSAR F
NTCA(ZliE 98%) ., NMTCA(4EE 95%)(JiN% K Toronto
Research Chemicals /A H)); IEC ki, OHE(A5E%, =
MREDA Technology Inc /A H]); HER((AIEK, Jbaiiikik
BHEA R R, ZKEIER, HERR T A bR L B
AR
1.2 UFE5EE

LC-TQ 5200 ¥AH (18-S kAL (7 AR AE AL
HBRAF]); S810R =3 7B O HL(HEE Eppendorf 2AH]);
MS 3 basic JABEIR A (TEE KA A Fl); FW100 =388 AL
(RSB IR w]); FSH-2 nJ 3 5 S 3 L M [l 1
HL A AT BN FD); BSA224S-CW L 401 KRS B 0.01 mg,
e FE L R A AR A R 1]); NW30VF Smart Plus i
ali K HL (T AR W B2 7 BB e A BR A Fl); ZORBAX
SB-Aq (2.1 mmx 150 mm, 3.5 um) .ZORBAX SB-Cig (2.1 mmx
150 mm, 3.5 pm) ,Extend-C g f&3%4%(2.1 mmx100 mm, 3.5 pm)
(& E 2 EEB 0 F)); XSELEC™ HSS T3 i+ (2.1 mmx
150 mm, 3.5 pum)(3E[E Waters 2\ ]); Caprisil HILIC-X (2.0 mmx
150 mm, 3 pm). Caprisil C3-AQ (2.0 mmx150 mm, 3 pm),
MORHCHEM Caprisil C5-AQ i 4 (4.6 mmx250 mm,
5 um)(3E[E MORHCHEM technologies inc 23 ).
1.3 XWHE
1.3.1 &= Beh
FREL NSAR, NPRO, NTCA Fl NMTCA # 10 mg(f
#%10.01 mg), 40T 10 mL 255, AR FEL, 1945
LAY WY 1 mg/mL I HPRERS W, B 2080

i, —18 °CIRAF. A BIBBILAS SRt &, IR B L
Fike, 1SRN | ng/mL ATRA TR IAE, —18 °CIR-AT - Bk
BWERA PR, A, B EERCEADF 10 min,
S BIREBOR A IRl 10, 25, 50, 100, 150, 200 uL T &
H1 10 mL B8P, ZRAG T, ARRRELT, #Hf
JIA 1.00 mL 25 FIFESRIUR, € 30 s, FEAFEMI S, B
BREWE N 10, 25, 50, 100, 150, 200 ng/mL A4 &4
I BRI
1.3.2 #eonaras

FREZUIE] . M =50 T AR 2.5 g(Kth 2
0.001 g)% 50 mL B0, HEMINA 10 mL 5K =
0.01 mL), FREEHFEALLL 10000 r/min HFEHEI R 30 s,
8000 r/min £5.0> 10 min, HX 2 mL FiFWHT 10 mL 25.04%
WA 2 mL IS FIE CobE . IRBENR 30, FRE
5 min, FEFRSTATIEIG, BBAHEER FEIEC K, =X ik
AR AR —K, TEHMIRBORT 0.22 pm MR, B E
FE SR R REI
1.4 &M
141 &#EH

fdi F MORHCHEM Caprisil Cis-AQ {41%41:(4.6 mmx
250 mm, 5 pm), FsHH A R 0.1%H KV, FishtH B h
0.1% R ZIEV:V), st 1.0 mL/min, FJ54% 0.6 mL, #EA
BB FIRAOME N 0.4 mL/min, FHEERH 20 pL. BEEEEELE
¥ K 0~6.0 min, 0% B; 6.0~6.1 min, 40%~90% B; 6.1~
8.0 min, 90% B; 8.0~8.1 min, 90%~40% B; 8.1~14.0 min, 40% B.,
142 JiE&

R FF FEL % 22 £, B (electrospray ionization, ESI)IE, £
o Wi (multiple reaction monitoring, MRM#EZCAGN , T
FARASIREEN 500 °C, THAASEH 10.0 L/min, ESI (+)
RS B REES 2.0 L/min, EST ()RR A <k i
7 3.0 L/min, ZFALHESIFH =R 75.0 psi, AlifEHESE
4 0.4 mL/min, ESI (H)W{4f & 2k 5500.0 V, ESI (-4
= KR 4500.0 V, ESI HLE £ 8000.0 mA, Kl &
AHFE A 4000.0 V. 4 F NVNA 1 MRM = 2
A 1 iR,

%1 4M NVNAs §) MRM 2%
Table 1 MRM parameters for the determination of 4 kinds of NVNAs

. B B[ " i 4 = R He BT s Al HesHM n Y 4] n

/min (m'z) (m/'z) /eV /V Y
44.1* 18 145 11

NSAR 3.62 ESI (+) 119
88 9 30 4
69.4* 23 24 11

NPRO 3.73 ESI () 145
68 23 52 9
70.9* 17 45 3

NTCA 4.34 ESI(-) 161
117 9 30 4
71* 14 30 3

NMTCA 4.97 ESI (-) 174.7
131 8 10 9
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1.5 HUBALIE

O Bl RE . s MERSHMHEH
MassSeekerV1.01.16-t9 HIEAL I R G ubAT; LI 55
3 Excel 2021 3847,

2 HER5SH

2.1 BB FHREESMK

1 T4 F A AE AT A AU S SR S H RN 45 s T 1
FRERHEEA], XT 4 F NVNA A #E4T ESI (H)8f ESI (-
R, S5 DA sh 48 B ERE I 7 X, HR R T AR e A X
T REUE, HRNVNARF I L5 HE RE 3~4 1K,
4L 7% NPRO Al NSAR 75 1E B R T i B i B 4 e,
NTCA F1 NMTCA &5 & 0T g o i m, LA 2,
RS 7 2 R, NPRO Al NSAR HE#R1E 5 Tt
K, NTCA Fl NMTCA b8 7 2 TR A

1.40x10°

1.20x10°6 + ’—I—I

B IE 2 TR
CO s s

M
% 6.00x10° | + 1
=
T 400105
2.00x10°
| — B
NSAR  NPRO NTCA NMTCA
NVNAFR

P2 4% NVNA 7E ESI (+)F1 ESI (DT 1015550 B L
Fig.2 Comparison of the signal strengths of 4 kinds of NVNAs in
ESI (+) and ESI (-) modes

S E— AP DL T A S0 O R dE bR, LA
1 VIR RERERER . RS TR s ik, LIS vV
B RO LS e T R AT A0 AE, 4 Bl NVNA filf fii fE |
B3 H 1 HL TR DA R R 9 5 | A v TR R &AL AR 25 51 R 1 T
£ 1.
22 BESBFHRERSMK

SEH L 0.1% B9 B R K (VIV)FL 0.1% 10 H iR 2 11
(V) oo s A, o2 R W) g it o =X, Ik T
ZORBAX SB-Aq (2.1 mmx150 mm, 3.5 pm)., ZORBAX
SB-Ci5(2.1 mmx150 mm, 3.5 pm). Caprisil HILIC-X (2.0 mmx
150 mm, 3 pum), Extend-C;g (2.1 mmx100 mm, 3.5 um),
XSELEC™ HSS T3 (2.1 mmx150 mm, 3.5 pm). Caprisil
C15-AQ (2.0 mmx150 mm, 3 um)F1 Caprisil C;5-AQ (4.6 mmx

250 mm, 5 pm) 7 FROFERNT 4 B NVNA 905808 . 4551
7R HILIC 43 B A L P RIG I 45 22, AR (i 20 B A
KA XSELEC™ HSS T3 #EAI Caprisil Cg-AQ H:HI4%
NVNA EJEHAF, (A fd ] 150 mm AF A, AFT 5k
eyt MW TH, AR Caprisil Cis-AQ (4.6 mmx
250 mm, 5 pm) @iAE, 76 14 AT, A58, 1R
FeME MRM g LA 3,

3.428
2.80x10° [
i
juzze)
E 140x10°F
= NSAR
0 L 1 1 1 1 J
0 3 6 9 12 15
£ B 5} 1] /min
= 3.00x10° T 3.537
o
im:g 1.50x10% F
= NPRO
0 1 1 1 1 J
0 3 6 9 12 15
A4 84 Bt 8] /min
o 1.26x10°] 4.295
o
im:g 6.30x10*L
= NTCA
0
0 3 6 9 12 15
L4 B4 15} 8] /min
= 62x10°] 4.902
%‘ 8.10x10 |
0 NMTCA
0 3 6 9 12 15
£ B 5} 1] /min

Pl 3 ARSI 4 R NVNA SE 5B MRM (@i
Fig.3 MRM chromatograms of 4 kinds of NVNA in
samples matrixes

2.3 REBUATIANERE

CEVE R — P FEIBOGR [R B HLAT R R R A T A,
S BPIHERE AR ISR 25 I H AR HA PP B
P, MR BB, IAGE B AR BRIK (R 1k
VD), DA R T H AR R BOR S 22 0 C BB g,
SLEGHEA T AL B, C. DA E 5 FHRBGH 4R BGICR, H
HARCHE. BROI%HBRZIE(V:V). C R HEKE W
(V:V, 9:1), D K 0.1%HF R ZIE/KEE R (V:V:V), E R 0.1%
LUK ZIEKER(V:VV)IE 5 FOR RSB X 4 F 5 Ard
PAREURCR, B gET 4 EE, WE 4, 458 58
PRI R A, BRSE 215 I RORAR X B, WA 53 i FH 46
ZNERRBGA
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BRZIE  A01%TRLIE
140 - EEZEA [10.1%H 2K
0. 1%% K Z A7k
120+
1.00 |
%(
B 0.80
E
=060
0.40
0.20
0 =l |0 k&S 25 E
NPRO NTCA NMTCA
NVNAFHZE

4 KRRIFEEGRINT 4 Fh NVNA A 57 55 B 9 5% 1
Fig.4 Effects of different extractants on the relative response of
4 kinds of NVNA

24 FHEFEE
241 #HER, ZERFEEX AR

Xt S FURESOIAR I 22, e 3 RS (5 M L AN 10 %15 M
Fe 4G H BR (limit of detection, LOD)FIE & FR (limit of
quantitation, LOQ), &5 UL 3, LOD fl LOQ 435K
1.36~56.17 pg/kg Fl 4.52~187.20 pg/kg. HFARBFITH
FEAL IR BUG AR HEAT He 48, LOD F1 LOQ % 3C#k[2,3115%,
B FEARMNS T NVNA SEER, HFAEm LN
i

HRAESCPREE S AL T, 2% LOQ fHAIRE L H s
YT RES RS, XTEIT LOQ & 800 ng/mL i i f vk JiE
WEIE TSR, BRIL% 2, % NVNA B2 RIFL
Pk, r*>0.996.
242 HEHELSHER

LA SIBRRESL Y 4 il E AR AT RE PR 4 AT
P LOQ, HEAT 3 K 6 T MR ML 5, e b

F2 BWUTE&D 47 NVNA 53ERZMH. LODs 1 LOQs
Table 2 Linearity, LODS and LOQS of the method for determination of 4 kinds of NVNA in dried smoked fish

Hiz¥ LODs/(ug/kg) LOQs/(ug/kg) LR FE VLIl (ng/mL) Ltk Ty r?
NPRO 18.51 61.70 10~800 Y=598.267X+630.176 0.9994
NSAR 56.17 187.20 50~800 Y=140.908X+285.898 0.9995
NTCA 3.87 12.90 4~800 Y=3125.253X+656.276 0.9968
NMTCA 1.36 4.52 1~800 Y=5260.183X-804.764 0.9991

e XA Y SRR R
IKWLF 3, HARAMbR K 4T LOQ #E T mbR.
T NSAR K HBRE R, B0 T 200, 800 pg/kg B4~
TFRZKF-, NVNA S EDECR ARG 2 B IR IL36 3, IR
90.34%~103.60%, RSDs K 1.75%~6.47%, 54 4 GB
5009.295—2023 BYTEHREER .

#= 3 FE& NVNA S ENEREREFREZE(n=6)

Table 3 Accuracy and precision of determination of NVNA in the
dried smoked fish (n=6)

Hir¥) TR /(ng/kg) [l /% RSDs/%
100 101.10 1.85
NPRO 200 103.30 3.14
800 97.69 3.27
200 103.60 6.47

NSAR

800 97.55 1.75
20 98.78 1.93
NTCA 200 94.99 5.31
800 90.34 2.86
8 97.64 5.69
NMTCA 200 100.80 5.05
800 91.57 2.84

VE: AAXTFR ER 22 (relative standard deviation, RSD).

2.5 SCRReESEAT

XY 5 AT IR AR 5 AT Lt ke S EFT T S5 brky
W, FAFESER 3K, G5RIEK 4, 5 DT IE AP IA
AREIFEEE . REIFPZER NVNA K, b T s fa
NTCA ik 1410.6 pg/kg, VERXT HREE ST i fa %A
NVNA # i  2 fa rp AT 55 808 P 1) NSAR K H 58 w5,
Tt e, AT R P AR RR NVNA {5 L XU,
VAT SR

F4 LRSS NVNA BN R (0=2)
Table 4 Determining results of NVNA in the actual samples (n=2)

- T/ (ug/kg)
NPRO NSAR NTCA  NMTCA

TR A ND 243.6 ND ND
TR ND 205.6 1410.6 15.71
TN IR R ND 158.0 ND ND
THHE I 54.70 ND ND ND
TN LT 56.24 ND ND ND
TR ND ND ND ND

TE: ND ARG H
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BRI C KRG, A T AR 1) N6 KW i
BUSR, B T bR e i R e Ttk 4 Fh
NVNA () LC-MS/MS 87k o i kel Ab s faf o, 45
VR, AHLKH R, BB R . e B R
W, RENET R T IR A 4 Fh NVNA F IR 4 5 5o 0 4 7
2 T E A NVNA TS50 S R T 0E
AR S . BARZOT AN T ARG T 4 Fh NVNA #K:
T EUAS A ARCR, (A A RE S 38 F YR fe il — 2 50
UE; [IFHBAETE NVNA SOMIRE B o s o2, i
P, X a8 (AREAS 50 ARAR R &, 38 T o il 2 3o e xS 3
M)A, PR (0 0 o i, SRR R AT AR R R, FAAIR
FERRON T, 218 LC-MS/MS R f H NVNA 7
BEHE— A5 fif e [
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