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Risk assessment of nitrite in sauerkraut in Liaoning province

HAN Xiao-Ou, PING Xiao-Hong, YI Ping, ZHANG Yuan-Yuan"

(Liaoning Provincial Center for Disease Control and Prevention, Shenyang 110005, China)

ABSTRACT: Objective To evaluate the potential risk of nitrite in sauerkraut to the health status of residents in
Liaoning province. Methods Through the analysis of mouse toxicology experiments, the hazards of nitrite and the
pathogenic mechanism were determined. A total of 120 samples were collected in large shopping malls and small
farmers’ markets in Liaoning to test the nitrite content. A risk assessment model was established by the risk
assessment software RISK@7.5, combining with the indexes of acute dietary intake risk and chronic dietary intake
risk, the nitrite dietary intake risk in sauerkraut in Liaoning region was evaluated. Results Totally 96 nitrites were
detected in the samples, and the detection rate was 80%. It could be inferred from the model that the average
probability of detecting one of nitrite in pickles was less than 76%. It was calculated that the acute dietary intake risk
of nitrite was 0.23%, and the chronic dietary intake risk was 0.094%. Conclusion The nitrite in sauerkraut in
Liaoning is at a safe level, and the risks are acceptable.
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HAEA ST R, W AREA B aEN, W
T TR 6 R A% U T 9 P 85 9 40 R AP Ak I £ 28, 1 4R ol o 4k
I o = L (1R R A 2R W R = B P 1K G NG B S
SR ERAEAR, T R A A 4 DR T £ R A A, BT
TR M & SR Z BT E AL, AR4E 2017 4 9
A 17 HEREM B GB 2762-2017{ £ 2 EFhrifE &
i G e B ) e T 3 v IV R e ) e KRR
Bl 20 mg/kg, {HERZE I AYER R FIE LN i A58 43
L ESNEAHICWIF GO, O T M0 T Hh DR 32 Y R
ARG, A GTHEST T 3L T X R 2 I 388 4000 5 R A 5
T, RS AP I PR R B 1 B A KU AT REAG Y, Rl
TR E AR IS, RN R Y SR 4, RIPA
P 4R IR 4

2 MHEREE

2.1 w5

TEARRREN (1000 mg/L, HEFHERZAIFFERL); AR
fR8 . ZBE. IS . WEIRBERR . FhIRZE L (o
ali, EZEBE AR A BRA R, s /MR 36 H
KB 27 2, bk AR ERCH EERRS).

T HIX AN TR SRR . Ry,
M AR E R A PR A s e, HERAERESL 120 £y, FEAREY
92019 AEEHE, BRIEAE i — o3 Ry BRIk 2 B, B
B BRI IARTR A 350, BEFEDLR I, 2 ATE SRR IR
t, B, T 4 CCOKFV A T
22 UES5ERE:

KQ5200DB # A% (& 1L Tl 48 A5 A 2% A B 2wl );
Synergy UV Mili-Q # A 4li/k R4 (3£ E Milipore A F);
XSP-2C HLF i (RS B R = AT B A H]); ST 16R
BB URELOHL, U-2009 51N AT WA (GE LA
F]); S 25 IRFEIR AT A (TEE IKA 23 H]); BS 110S B K- (1
[¥ Sartorius ZYF]); AU 400 MLEAEALANAL(H A Olympus
23 w)); KS-21 MER AT H A Sysmex 24 F); 202-1A FE
FRPE I AR T A (08 PO SE AT PR A 1)

23 B &%

TE T 43 R BURILN BUHe M 1) 4 S 1 9 — ], e L
g 30 FUNRL K 24 R BTG 7 d /NG
BEHLSLIGAN 30 d R RIS M EE BLSE B0 S50 . MERARIILAA 24
i AR 2R (mg)= H R AR (mg)< % 4157 &=
(mg/kg).

231 P REEFEHYIRE

HHl BB 15 A R R 1 ~F B 5 29 200 mg/kg,
FHEAE R bl B, DASELLER 1.3 BRI, Rk
JNFIREAE, 438 6 A4, B4 3 1, Ao, NS

7.d JE, MR E RS TIE S, EERESE
(median lethal dose , LDsq): % Btk K (Karber) 1521,
PRI G (LDso) o 385 TSR R S 2 A S T2
7 95%~100% Fe/INBBEHRI H7 0%~5%, ()i
LogLDs = Xg —i(Z, —0.5) (1)

o X A FIR R REG | ARSI A ARG p o
BYBETA, 2, AT RS o AR LR A R 2
PR 2k .
232 KRIBHFEHY R

A 24 K SRR HRPES 40 B 8 41, 4 S MErEFI AL, 4 4
Mk A, BRI 3 HRR, 4 I m A5 BIR
P SRRSO A5, R REBAE IR SRR, N A R R T
Tl BSR4 50 TR A T B I R SR R R ORI A LR,
AT 30 d MEFRSEES, RN A SR (iE 2wy iR &
i<l mg/kg, WZBEAIT). TIERE, MARRMFITAML
FEPRINAE . AT 4 A SR S G T MR A A3 4 b,
I FRLH 43 2500 748 IR = e A T B 222G 56
233 HenaraE

FREL 5.0 g ZLWRIRATMERSEFES, BT 50 mL Feff
o, 12,5 mL BEMBANE, SRS, LU 70 cCAELTRIK
247 300 mL BHAREYEA 500 mL &, Tk As bk
15 min, BUHFWHIZ R, RF—WH s, —minA
5 mL WARFALHAE R, 75, A S mL ZREHAW, L
DUVERE U, MUK EZIE, #8450, iE 0.5 h, Brk LEE
i, WAL, FEEWINEM 30 mL, BT,
23.4 ARAEELH]

WAEERER: 1000 mg/L, WEH 20 mL AR ifER L6 AL
100 mL 840, BCHI 200 pg/mL ARIER I, IR
40.0 mL FIRIEW T 50 mL 7 ZE LA, 3 0.00,
0.20. 0.40. 0.60. 0.80, 1.00. 1.50. 2.00. 2.50 mL 7}
FRENFRER ST 0, 1, 2, 3, 4, 5, 7.5, 10,
12.5 pg WAERREAN B E T 50 mL 2L AE T, Thrif
&SI A BN 2 mL W SRR R (4 g/L), 1R
AJ#E 3~5 min TR 1 mL iR ZIRIEW (2 g/L),
K ZEZIEE, IRA)HE 15 min, B2 om @R, LIBRETH
WEL, TP 538 nm AWML REE, bRkl <k i,
[ ISR 25 11
235 HHEAK

X = Ax1000 @)

mx Y2 %1000
Vi

o X BREEFE S P AEER SR & &, mg/kg; m: AR
i, g AT E FRRB PO A AR AR A B, g5 ViR R A L
PRF, mL; Vi 5 FIRETR AR, mL.
23.6 HRAE

FRSERERL 4% 24 h P4, #49% GB 5009.33-2016 (&
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32 A R ER 1Y OB BFEA 9557

LA EFARE 5 AR R S R R R A ) PO Ay
H AR ER AT A BE T AR . B S SEA T
3, BOEHIME,
237 AR # S

HER 1 R FME S PP A 7, B ARE 36 0 A ke i i A
TR (Y SR EE R, DA RIZ S B AN 22 T R AR Sk
BISR ] Monte Carlo #1312 FHRURS 43 B 8 44
@RISK7.5 517 550 ¥, BREGETE =MEDMA 3 345
—d/ME L BORME . BT REME, HFRA 2 “RiskTriang
(R/ME, S ATREMH, HeRAA)” o A4S L 30 SR Ak i 42
FE, WEAMITREMEE R, WAEREET7E L T X iR 3
FR IR T R, E O RS AN R o AR 1K
HEHHEAT 10000 W5, B —IKIZ5 AR H Monte Carlo
FHRE 7, AT 455 B AR A0 A1 R B 1 AME, XX
AL B BT AT IR o TEAR 45 R LI 2 504 Y
i iUy
2.3.8 EHERFEANEITAE

A FEDRRAR L SURI T L T A S0 £ S R s e
L R F 5123 (Joint FAO/WHO Expert Committee on Food
Additives JECFARIERE BESIGEE R, T 2018 iR P
TWASERR T A H P AR R 5.253 g/ikg bw d), DIIKE:
AP SO S AT A, AR f K4 A B (acceptable
daily intake, ADI)Jy 25.3 mg/kg( A& L) 65.80 kg i1)!'%,
FAZS ST 58 R S b A R AR 1 18 M I A A XU
(%ADIl). %ADI /NN, 2%ADI < 100%H] 27 XUS:
ATLUEAZ, 24 %ADI>100%0 28 KUG A AT 5%

STMRx 1
bwx ADI

STMR : iy B8 SC 560 5% & (e, BOF- 34 5% & (H,
mg/kg; ADI B H RV AR, 253 mg /kg; bw A{AEE,
kg, % 65.80 kg it
239 ZMERHEARNE T

FRE T AR 2V, R RS T 9% K& (H (large
portion consumed, LP)!' 345.6 g, FIAR(4)H LT
b DX S v A Rk 1 A AL, A S) TR SR
oA R R 2 PE R & B A AU (acute  reference
dose, %ARD)., %ARFD i/ XU /1N, 24 %ARFD <100%
i 26 7% XU AT DL 3332, 24 %ARFD> 100%H 2% 75 A A 7] 332

52 AU o

%ADI =

x100% 3)

esry _ (LPXSTMR-p) @
bw

% ARID = 21100 )
ARD

M = Lffpx oW 2 12 6)

Horp: 1ESTI A8 A R, mg/kg; STMR-P A5G
KW b 37 5% B8 &, 1.571 mg/kg; bw MK E &, kg, %

65.80 kg 11 ARID b2tk i ik o WAl i ) B t {E
MBI 20.0 mg/kg!; SM: 264 PR mg/kg.

3 HER5SH

3.1 BEIRA
3.1 PR Td A EE I R M

/N 7 d SRS, $— 5 g /0N BRI A R
K F ELEE T 20 B o AT RE 2y, W/ N BE T
B, W 1o m A ()T AR EL 21 $UEE H(LDsp)
4 253.279 mg/kg.

1 NREFT7TARBER
Table 1 Results of feeding mice for 7 days

g TEEEAR NEBU ECRU gEroR friE
/(mg/kg) " " 1% 1%
1 118.30 5 0 0 1
2 153.81 5 1 0.2 1
3 200.00 5 2 0.4 0.6
4 260.00 5 3 0.6 0.4
5 338.00 5 3 0.6 0.4
6 439.40 5 5 1 0

312 AlE-REL A
L SR AT, e A R A R - R 2k,
25 E 1, N A A AR D BBE R G (LDy)=
257.00 mg/kg; B KEFEHE(LDy)=110.00 mg/kg; 4%
(LD 100)=439.00 mg/ke,
253.279

ADI = =253 @)

AH: ADI: IR KR me/ke; 253.279: AT
FAFIE K. AR F XA & JCRE MO i i 445 1,
mg/kg; %4 FRE 10 TN S IE] 1) 25 5t 5 - I
eSS .

AR, LWAEmRERICT 25.3 mgkg AETER
R MEF 253 mgkg BF, WLy Wl ER L 28R
S ARV RSO R R E 253.279 mg/kg, il WASEREL &1
0. 126.639. 253.279. 506.585 mg/kg, VAT PEFEHSLE .

- 2

100 200 300 400 500
WAL B /mg/kg

I 11E = A =3

Fig.1 The standard curve of dose-reaction
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3.1.3 KR 30dRIKI L RO

(WAALIE T8 45

i 2 15, B MH(total protein, TP)FIBREE [ (globulin,
GLOB)A TR, HEE M (albumin, ALBYELAIE; 4
N5 [i#(alamine amintransferase, ALT)1.2 3 ZH¥/NTF04H; 4
B G (glutamic oxaloacetic transaminase, AST)ASfVANEHE;
B PERERR A (alkaline phosphatase, ALP)A B EAF{k, HASEA

FAE, 2 AU R T RAL, 1, 3 4LEMAS T mtads, MRLT
Z (total bilirubin, TBIL), BB #(direct bilirubin, DBIL). [8]
$2IH4T K (indirect bilirubin, IBIL)JLEF(Cr)JCH] B A8 1k; JRIR
(uric acid, UA)L, 2. 34BHE/NF 04, DI RZ5RERI, Wil
MM EMSEE BN, FEE 3 45 0 XA
ek, U, O B S T REAN RS
Fif.

F2 MBERERUEER
Table 2 Results of blood biochemistry analysis

215 0 Itk 0 Mk 1 M 1 ek 2 Itk 2 ek 3 Mtk 3 Bk
HEH/(g/L) 78.6 81 713 77.8 75.9 73.1 68.2 68.2
F&EH/(g/L) 33.4 33.4 33.2 31.2 30.6 35 32.4 32.6
BREEF/(g/L) 42.6 482 38.1 43.8 41.6 45.6 38 37.6
AN i it /(U/L) 69 71 50 40 59 37 56 50
23 U /(U/L) 185 159 174 157 157 151 153 163
TP Wi Rt/ (U/L) 183 179 203 205 406 243 257 314
JEHBZT 22 /(umol/L) 2.4 2.5 2.5 1.8 3.5 2.6 2.3 2.3
H L2/ (umol/L) 0.4 0.5 0.4 0.2 0.7 0.3 0.3 0.3
M) 42 AH 41 % /(umol/L) 2 2 2.1 1.6 2.1 22 2 2
JUUBF/(umol/L) 44 45.2 4238 47.5 44 452 44 42.4
JRTR/(umol/L) 100 84 73 77 70 60 56 55
Q) MBI S 250
3% 30 dJF, RIS mL B AR, HHIFKTT B 200 - "
TARARAR I 7 B 34T 11 27 25 1 (hemoglobin, Hb)FIFS &k il & 150 e
£17 11 (hemoglobin, MHb) 7 M .8 H EURCT-HI(, 45 e R R
RILE 2 ~ B 6, FfiZE B O R 5 7] 9 m, 1k E 0 L— : : :
- - - 1 2 3 4
Hb S 54 T FE, MHb & A7 L TIOR3, #3204 * 151
JH el D 1 B MRS . .
o 3 RRkILLIE
Fig.3 Methemoglobin content
25 -
1000 - 220 .\I—.—.
3 800 S 15t
B 600 ﬁ
&2 2 10 | ———y -
% 400 \ —— % ot
& 200 —o— Mtk & 5F
‘E 0 1 1 1 1 1 1 1 1
0 1 1 1 | 1 1 1 |
1 2 3 4 1 ) 3 4
2L 253
B2 IMersE S & 4 r4np s
Fig.2 Hemoglobin content Fig.4 Total number of red blood cells
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Fig.5 Packed cell volume

30
g 25
2 20
=] e —m—
= 10 ‘_‘/0———‘ I
S
o 5
0 1 1 1 1
1 2 3 4
4131
SRS I9 584
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()4,

AR AL S R, IATE 7 d A s as 5on,
AR R/ NRAE 2 1 ARG, ), S5iEE /N
SR EG, PIREIEARSZ, TOAEfk. 7E 30 d MEFRSEE SIS,
ey, AR A R B P I B S AR A, e 7 R R
L TR RAE K Z B, BBAAGL, TP, BF
AR B BB BB S, SR WVLP ik, Wi, &N
FARKENILFTCIR LR, D NUS IR, DD 5K, B
B, EEEARTR, AR IRIRER TR S:, HARAR (IR
SE PR, AR/ N R A R

Q)R BRZ,

W ik B T4 Mg ERE, #1700 Ab3, 4550k
B, A B KB, MRS S B BBk AR A AR
B, 0 BFL R RBEL B W EORAEZ, OERREER I, O
VAR o VT ZE b, or R, LSRR A0RDIRAS, WLEF4E
BN 3K, PO anie . FFAnMa ok As v, ) B g R
WA BRI, S, BANMAEY IR, FMIER A A
BEW AR EE, =T AP k. B/NER TR, R
K, NG F R AR, RFE HURBRE I A, KN
—, JEARAHLIN: uE3 bR i S LSO AR (R 2 41
Vg OBEEEFD 3 ZHMERE . RRERE), 1| HMENE . MEPERIRBLS o
2 M Y R R L2 5

£ 4 2017~2018 FEEE T AL EL

(5) B 2

ShYNE R BHEN S A 0.5%~10%F% MHb, 4 MHb ¥
FEEFHmE A 30%L0 BRI, O, Wi 70% 53
W R AT PR A S 300 K B 30 d i) M IV il R 6 1LV
i Hb Al MHb /& BEUEFT T W, A B0 A R A v 791 o
41 Hb A FEAIL, 1 MHb A TR tadh . BB st 12218
BIFTIMARAS o P OEHES O RS ER AR A BOR LI R, AR
R BRI AL, PR B T I 2 0 Y R h 28 T W
WA MR, K E R A9 4T 2 (AR AR R A 4T B il
ENAROE = QAR S e || A = QA R = B e
TR EE S, FEULSUUEA, KRR, HET,
32 BEAURERBEITMHIER

A 2.3.6, X 120 MG EA TR, B 7 18 R
S A R R B H B K et Ol 25.3 mg/kg, MLAE
25.3 mg/kg MBREE, B4R/ NTRREE, WRIEREE
KRR B 2 SOA BEMERE &, TR R AR R, 45 IR Lk
3~4, MREIT T HLIX FR SR ARG I L, T g IR, A
AL R VAR, ALY B R il R S v R BR R 1
g1

#F3 THBEREMEMLEER
Table 3 Nitrite test results

WK R R gj‘?ﬁ R
KA T 9 45 0
NIRRT 3 40 80 0
JE R H 47 94 0
£ i o 96 80 0

32,1 LT HEBRE T LA AATRAEA

H 3 3 154G B EERE S 96 1, Kt 80%. HST7E
1077 b X 3 P O TR R A HH R AT R AR AL, BRI
RiskTriang(0.45,0.80,0.94)!" "1 32 4l X 46 it 9 304 7 545 780
VLI 7, 3748 R 3 v A 1 A B A A b A H A 7 6
54.26%~88.14%Z [, FH AR RYAS 1 R S v W i 1R 6 FE
PERESOAG H B TR KN 76%, TR SGT T HhIX iR 28
F IV P B PR G S A TR 6% L TR A A AT
TH BRI FE T SRR 20 A Ay, R
e 1S IV 1 B A i A G S PG HE R 76%

e B A 45 SR

Table 4 Results of nitrite residue detection in sauerkraut in 2017-2018

FE5h A4 FR o H R B 6z HH (B Y R/ (mg/kg) (i /(mg/kg) R H/(mg/kg) K %%
RIRITEN 96 0.35~8.80 1.548 1.571 80
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S ¥ 2 v 9 v & &K X 0 X R
S S S S S S S S S o o o
LT TR AR ER FEMERR: S A HH R WA T 26/%

Bl 7 LT AR ER A H A T A AR
Fig.7 Model of prevalence of nitrite detection in Liaoning province

322 TFHE KAA T B AR 2L R EAF b TR AL A
WAL, T4 OB T RS A K
920 BhAEAT, BEEEILAS HESE R 0 R T A T R R A
W, FEHRIBORE S 20 17, ARHRERSE oA Rk BH AR R R
R L 5 76%, TEIX 20 FPEE LA 1 R SR A AR
R BT R AT LI RiskBinomial(20, 0.76), 455 LK 8,
30 1 IX R TR T 8 T A R SEAE i v A R A PR A A
HMRTFET 1 AR/ NT 75%.
323 MERFRT, RETH, 5, ARTLHRT L
FHER 2k PR AR S R AL A
PR /NIRRT, A BT b DA R BT TR IORE

50 £y, HFMEHIRSE L T X EREF L, LR
FPPARAER S AATIE T, hIRUE I B RIERSE 50y, @
SV Al 12 B A o T A T ABE A RiskBinomial(50,0.76),
SES LI OB ST e XNRURER A T, N BT,
WA RE IR RS v (R S il v I A TR A BH A
i R T%T 1 AR/ N T 76%.

12.00 18.00
0, 0, 0,
2 i A %] |,
20 - 80.0
e 15 - 60.0
R @RISK Trial| Ve sr 1
g;' For Evaluation Purpas€siOnly
= 10 - 40.0
5 - 20.0
0 " ﬁ--g" g % 0.0
v (=) wv (=] wv (= v
| = = Q St

LT U X R BB T A — T RS H L R AR A HH PRI/ %

B8 LT X KB R GT HIRE A — R R ERAG H M
i
Fig.8 Probabilistic model for the detection of nitrite in sauerkraut
from large supermarkets in Liaoning province

33.0 43.0
I 5.0% 90.0%
14 Ty 100.0
12 85.7
10 4 - 714
2 8 - 571
& @RISK Trial Versig
# For Evaluation Purposes
2 6 - 429
4 | - 28.6
2 - 143
0 ’ ' 0.0
= S = o o o = =)
- = Q A 3 ) )
T HIONRUR ST Rl Tk A RIS A — PP AR R ER AR ) AR /%

B9 7 HUIX /NIRRT 37 S T Uk R v oA — AR R ER A, 1 AR

Fig.9 Probability model for the detection of nitrite in small-scale farmers’ markets and the homemade sauerkraut in Liaoning
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3.3 BERBEAXKITRE

PEAlT R 35 o S R e e e £ IR T Aty B e JRU Iy
WAL, 4R AR 5, mHAXG)AARE, P ILmHRILE
PERE TR ARSI AL T 100%, 4 0.094% X FH, 174
DX R 3 Hh A R R (4 P2 PR B 48 AXUR AT A2 11, AR
PR Pt 5L T A= 2047 (World Health Organization, WHO)%{
e, URARXGIHES N 2MEEEARG N 0.23%,
LT 100%, T H X R A W i R h i Sk s &
PRS2 T 352 0, T HARMK .

F 5 BEESE P LAHERER 1B 1 XU T4k AN 2 KBS 1T 4R
Table 5 Chronic risk assessment and acute risk assessment of
nitrite in sauerkraut

PR bR BRIE S DIZTELZERN
P XUBS A & H AR A R/ (mg/kg) 25.3
-5k B i (ng/kg) 1.548
R BB (mg/kg) 0.04623
PP RS AR/ % 0.0944
XU DAl TR Bk it/ (mg/kg) 8.802
SR RE AR/ % 0.2312
Z A HBR(mg/g) 4.817
4 & ®

WESYEZRBEREP MRS SEMNT
25.3 mg/kg A AEMBAR RN, 45T 25.3 mg/kg B,
TV B e K ML 21 2 71 I, R 5 4RURE 0, = B 4 4 ke
A, kB, LEET, WS EWAHRE P HERE . 8
T XL T X 120 ByFE S ARSI, A6 H I A ER SR 96 1y, A&
Ak 80%, LA RERUEET 9y, Ktk 45%, /NIRRT
Wi 40 1y, K2 80%, 76 E LEZAK H PHIEERE S, 47 0, K
H1 94%, K HETE A 0.35~8.80 mg/kg. iz KU P4
A X ARSI B A 7 R BSOS PPA AR, 25 LR,
307 Hb DX KB R S8 T (A R S A i P S S TR R P AR i
HRTFET 1 FIHERANT 75%. NEURBET, Mgk
Ry, W E S A SRS T IR SRR S RS AR AR
PRPERE LA K T T 1 FIBER/NT 76%. DRIGAT 7 1
DX 3 v T A R R B S A K451 1 Ao AR
INF 76%.

17 b X Pk BT RRSE WS PR R 3R B 12 M E A
JRURS: 22 T e £ AR iz FH A NG5 . RS h A R 46
F A PERE 4 A XS (%ADD A 0.094%, KT 100%, X
FEUH, AL T DX TR S I T A A e T R A XU 2 T
PAFEAZ A, i FLARARRE 1), AR A YR 00 - s i 2k
THEAT R SRR B R A KR %ARD 4 0.23%, i

IEF 100%, PRI 77 i DX ROK o B S SR S B 48 A
W %ARID S 1T AHEAZ 1, # BRI A 2 i R 6 1) e 4 3
B 4.817 mg/g, Ik GB 2762-2017 £ &2 4 ZARE
S PR TS 2 e PR (e /> T e Kk B B i A T, AR
A SRAE WL 7 b DX PR SR P 0 A PR ) XS AR AT

SE
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