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ABSTRACT: N-nitrosamines (NAs) are a class of highly toxic compounds with diverse chemical structures and
teratogenicity, mutagenicity and carcinogenicity. NAs are not only widely found in nature, but also easily generated
during the pickling, roasting, smoking, frying and other processing of aquatic products. Among them, the
contamination level of N-nitrosodimethylamine (NDMA) in processed aquatic products is high. Therefore, NAs are
currently an important factor affecting the safety of aquatic products. Taking the safety of processed aquatic products

as the starting point, this paper introduced the types and toxicity of NAs, the limit values of NAs in domestic and
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foreign prescribed foods, and the pollution situation of NAs in processed aquatic products sold in China. By

analyzing the formation mechanism ofNAs, this paper reviewed the influencing factors and change laws of NAs

formation in aquatic products from the perspective of aquatic processing technology, in order to provide a theoretical

basis for the subsequent formulation of effective control measures for NAs in aquatic products and the development

of NAs formation blocking technology, which is of great significance for ensuring the quality safety of aquatic

products in China and protecting the health of consumers.

KEY WORDS: aquatic products; N-nitrosamines; toxicity; influence factor; changing rule
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5k 2A 280" . BRTE AP NAs | ET RS
i, RZBFFRE D TS S RO ZK R iy
T, T N AR ARG T NAs IIRFFE Fha B N4 55k
B, RPN T A o AT N
T NAs F A2 B JsURHSE Tk L T T AR 2
F, PR ERLE A . B LARIESE K o T A
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HESEUEY), A —T 5 40 3 2 B2 (N-Nitrosoproline,
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R, AP AETE R NAs, L5 SR a6 X7 145
KM NAs K& FARS R G X, NDMA, NDEA /K-
5 B AU TR A 2 IR ARG
1.2 BRPIELMN NAs HREE

NAs EAEMAEEG Rz —, &=z a %
A, PR SEEEEAAEEEL, Bl A
221 R R R b DX REUAR A 57 K R PR L P NAs g R 2
IR 1) BT TR I E R NAs B
T i R HE, vREBCRTENS . FE GB 2762—2017 (&
WA E FARE B PTG Y R ) B B R R
NDMA il 22 T BREAE, BE K" 5 OKT i Sk BRAM KT
7K S NDMA FREEE <4.0 pg/kg, PRI (RIZEHE K
B4 B P F4f 5 NDMA BB <3.0 pg/kg. EME
UK MR TR 2 v 22 SRR R E T AL NAs IR GHE . %
VO JEE T HHFE IS NAs B AP 5 e B (A,
T U B AR 5 AR T e £ 8 NAs SR THE . il i op
NAs FREFRERM EZRE Z . o 2% fE R 55 % 4
fE4 0.5 pg/kg, EKERN 5.0 pgkg, FolE W HE B PRy
NDMA R A 3.0 pg/kg. &3 ST, MUE
NDMA KV F 22 ZEROMET bR, 18 2:d B0 22 25 5 B 4 fim
BRI T 45 T Ui/ NDMA Az pl, R g
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NAs 8 A, NDMA BIrEN 57.4%, & &k iksg)
89.43 pg/kg, MR 22 7%, NPYR Zridfmik3l 99.20 pgke,
MUNAs S il 4.38~104.60 pg/kg. 4 AP 54 3R
RN A 57.4%BF5, NDMA & =i EiA5] 88.42 pg/ke,
ABFRIT 22 fi%, NPYR & ik E 99.20 png/kg, & NAs 7%
it 4.38~104.60 pg/kg. BEERPGIN Y 33 ) & B £ 1 NDMA
HFREEN 36.4%, 3 F NAs F NDMA & &Efim. @90k
P, KL NAs 1 NDMA & 5B @ TRk R,
X ] B AS [ ORI NAs BORT RS AR TR, o] fig
Je F TS R R BB BN T AR ] . el 3
FLAE—PT et | WF R R £ 22 2 K R & B
NDMA £ 1 58 Ko bR 38 85 8, e e o (1788 L 3 [ B
20 15, HAtJLFD NAs S E1EGEE 2).

JEJUAE, BRLEAT SRR XU R K i GRS, RP
KT ST & ORI, BRI R 2 B RS T B e i
T G2, HEGETT, 2016—2020 4 Hh [ 5T 7 ] 0 25
Wl AR T 98 G Al AR P 1Y 147 HE YR A 17K ™ B NDNA

BARRTE O, TEARm A whfss . IR IR, H
EN 5.18~290.00 png/kg, HIILATIL, T8N LK™= 5
NAs 7544 /K ™8, NDMA B4R S g, T
JFURH RN RO T T 24N NAs T8 R B & 00 52 i ik
— A HTRAISE, NI 2 8 R NAs B4 5 .

2 NAs B2 BRALE K 2200 ) =

2.1 NAs B9 AN

TEM CE M B, A7 b s & A Ak = %
(trimethylamine oxide, TMAO)7E N 5 E# el s 4k ¥ /E T nf
Srfi# R — H % (dimethylamine, DMA) . = H j%(trimethylamine,
TMA)SE P R PO e 7K 7 i M ) 45 e A ol ) AR
AIBES T ARSERER, MR R 7E 1M A Wy sl A 7E A I O T B
SRR TR R R BT, R R R AR BRI A5 R A T Y R
T SNV 8 R 4 i ol 2 A I il 0 5 o 1) 2 5 T R 49 I STV il T
(N205), 5 e | = A I S O] B NASPS 21 NAs
F A SO 1 RO,

®1 BOERMENERPIFELMYE NAs RE(E

Table 1 Limit values of volatile NAs in food regulated by some countries
] 5% B X Hbr 5t A FRAE M/ (ng/kg)

B 27622017 NDMA KT bl OK 7= B E SR BR AL ); K7 gk <4

PR i (PR S TE S Bk A1 ); 280 PR T il <3

%I NAs B Jie 1 P <10

i NAs fiit i =

P <10

B fa | R <3

RN A NDMA-+NDEA PRI PR Al <2

R B PR i <4

e NAs fit i =

PR il i <2

5 NAs 241 i =

P il <2

Fz2 WEKFMIRT NAs ZE(pg/ke)
Table 2 NAs content in commercially available aquatic products (pg/kg)

AR F i (n) NDMA NDEA NPYR M NAs Fe U5
Jak f 54 0.21~89.43 ND~12.68 ND~99.20 0.79~104.60 [21]
KW 33 ND~19.96 ND~3.45 ND~4.78 3.38~40.36 2]
J 33 0.23~88.42 0.04~12.68 ND~99.20 4.38~104.60 [22]
T 8 0.70~80.00 0.25~1.18 ND~3.75 [23]
o B 6 3.72~25.40 ND ND~1.19 - [23]
N 4 0.47~9.05 ND ND~1.19 - [23]
PR ND ND ND~1.20 - [24]
ol £ 5 0.74~4.65 0.44~1.93 ND~3.71 - [24]
95 i) Bl £ 2. 0.53~16.87 0.33~2.91 ND ~2.77 [24]

T -2R7R SO R AR S5 ND R AR A6
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(CH3),NO —» (CH3),NH+HCHO

TMAO DMA  HIfig
20v0,) <2 24NO,) ——N,0,12H,0
+
R,NH JH (il anfibi |

l AHRE)
R,NH=0+HNO,
NAs
EI1 NAsi R

Fig.1 Formation process of NAs
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5 ng/kge METHE I NAs SN ig IR R 3225 76 5 T,
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R M M2 I, e S AR R R, HETT R0 NAs & e,
H=, H UL KM NAs (195204 200°C, 5 NAs fifl
IR TS SRR, AR BT AR Lk R,
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JCOMUHE SR fi 1 X NAs (2 MRk, H AR 46 238 4 Py o
NDMA #: % #1d 100 pg/kglo B Z RSN, A4 W7
TR, — AT RE S A W RN NOx kA,
HouT R AR AT . 55— 7T, BABENNSE nTREE 4
O NAsPT,
222 pH

W9 pH 78 2.5~3.4 It "Mt 25 5 & A Al 5L
k. 45 pH 2k &, WASERER A Rz B 6], MBI NAs
BIA R A pH 2K, MR AR HREE T 5 & 4E
JFAk, AFT NAs IERLEY . fildn, kg5l se
&P NDMA ¥k BE 7 pH BT RIS TR, I

TE pH iy 3.0 Bf ik Bl KAE 52.2 pg/mL, SRR %, 18
pH >4 5.0 B}, NDMA ¥ J& B0 =515 96.4%
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WA AT 2R T RGN NAs AR, FEERM
1E 35 T o— 2 W2 & A 1 8 T E T RERS & U N A, 7
B R A 25 T 2 NAs A R WA A, — ey
] R 2o A IR R T A R 1 IR i SR AR R I NAs
(A 0, n, A M v B BRI B FF BRIV T T R B A
B I R BTG, AT MR Y 7 7 e R R RE T,
M5 WA R £ & 28 B AR A NAsIY, = R0 M 7e Bt at
FEHFEIR, A NAs T R IERR 1 4544

T HATE M NAs 15Ye4 R 5 a8, A A
W R AR ) NAs YR % 51 [ N A7 5 1 56 5 &
B, WSHNFLBRTE . AWM ATERTA . OB R BR T A A el
DA A AEK IV it -5 R A= 49 i 5 DT BELDBTE NAs F L4412
A F V5 & B0 il LT T A R BRI KT I R
NDEA . NPIP, NDPA . NDPheA % 1; XIBBKZE oM 7 I
2 T ) (A W 7 4 o A+ A 00 LA T+ T LT ) T A
PR TR 1A B3 R [ A= 0 30 i Ak 310 461 351 (microbial nitrosation
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NDMA I3[ 3% 59.64%, NAs &l ik 26.19%.
2.2.4 NAs #HRM R

BEAREFIK M NAs B A= L i AS B,
B2 — A TMAO 143 iR #)——DMA . TMA, J& NAs
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W& AP TE 225, BARE I Sk B 2R -l g sy
R, FFGESIYE TMAO & 32 Ui A A 3R IR
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5 NDMA Fl NDEA % Y,
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FEA S Tad B b, &k | RERER AV AN AR R | JERR
R R IR A TR A N 5 m NAs e, %
B FER AT B Sl I S i AR T X NAs 1T AR
FEAIIE VR . BULUSHI 2552 & BN 1.5% NaCl #k&
AN NaCl B HI, H NAs S8 50%, Z45 R T
HER T NAs T CEAA IR F o e RRER e & i 1
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