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Rapid verification of sulfur dioxide false positives in different foods such as
melon seeds and analysis of practical applications
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ABSTRACT: Objective To explore the rapid verification of sulfur dioxide false positive in different foods such as melon
seeds and practical application analysis. Methods The method of rapid verification was validated by blank experiment, limit
of detection and limit of quantification verification, label recovery, precision experiment and comparison of different
methods of positive samples to ensure the feasibility of the method. At the same time, melon seeds and other foods
were taken as objects, and the positive samples detected by acid-base titration in GB 5009.34—2022 National
standards for food safety-Determination of sulfur dioxide were verified by rapid verification method, and compared

with the verification results of GB 5009.34-2022 ion chromatography. Finally, the suspicious causes of the above
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false positives were discussed and analyzed. Results

The rapid verification method could quickly and effectively

verify the false positive phenomenon of acid-base titration by GB 5009.34—2022, and the verification results were

consistent with that of ion chromatography by GB 5009.34—2022. The study found that GB 5009.34—2022

acid-base titration method had a higher probability of false positive in the detection of melon seeds and black dried

fungus, and some spices such as chili pepper, star anise, dried vegetable products such as pickled vegetables, dried

daylily, substitute tea, and other fried goods would also appear false positive phenomenon. Conclusion GB 5009.34—

2022 acid-base titration method will detect sulfur dioxide in foods such as melon seeds to varying degrees. When the

results are uncertain, the rapid verification method in this paper can be used for rapid verification. The verification

results of this method are stable and reliable, and the verification efficiency is higher and faster than other verification

methods in GB 5009.34—2022.
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FRUERLE T &l SO, MRS I 7, 5 — 3k BR B T a2 12
W PEERA R PP, AR BRI, WisS
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S 7% U o ) A R A BSORE o v At A LR S R )
Wl 28 WG S Rk T, 2% R
HA B PR B S, XA I 25 SR I AR A R e Rk T, 4R
£ 24 W A e BT L H SR B B G i S [ Y
JiLHEAT BRI, B 0L 2R A GB 5009.34—2022
B PRI T AW, R IR P AR
BOK 2878 AR B, LR b B =X 5 iR e a2 vk A — 3
T 2 EARNTFARIOCHE B, WO S =k AT PH 1 56 UE 9%
2% 1,

S P B I I TR TR E kR 4 AR
A FE 4 Hh P R B 0 2 AT SR AR A, X ik kAT
J5 B2 RO TR A UIF R 1, b 56 4 GB
5009.34—2022 BN A AR A9 BRI AR Sl A BRIE, I
5 GB 5009.34—2022 &5 0 30 R 45 SR 31T HL X,
o S %o 3 ST 1 PH A 10 T S 1k B PR IR A T T R S
Br, B2 Ty v A e FoA B B LA b 022 L FoE Rt
¥, BAHT, EE. 8%, RAE. B TH5R.
A=A ARG ARER . P E)S0, K
W FE e, R R E 2 E AN FE B SO, FR =M
G R R AL AR O Ty 22, B 2 4 W AR AL FE e N A
HE

1 MR5ERZE
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NIONEX ICS-2100 DIONEX AQUION &% {¥ |
Dionex EGC Il KOH Iy [FEER KR (L) A Hr a4
FRAF]]; Mill-Q #8467k (3 E Millipore /A /]); BSA223S
TR 0.01 g, FEETEZRFBAF); ST106-1RW
SO, MEX (B ST106-1RW i, Brrgizem TR A
FRAF]); ST109D — kK 28 AR (P ma R 48 L TR
HRRAHDS

EHRER (I Hral, 36%~38%, WitlH 2L TiARA R
fl); 30%id E AL A (HL0,) (S b4k, PUBERRE AR FRARD;
AR MR E M (0.1003 mol/L, b 2A1E S B4
R A BRA W) B BRI AR I (1000 pg/L, H T
WRFEOFIEBE); WARFRRAREY F(1000 pg/L, dx28 A
FHE AR AT B A F)
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Tl RS AT THS (BN, B as), ik,
AKIRF R ARG . PFT SRR TR A
AV HHRE . SETTIEE . TR ISEAE,
1.3 LWHE
1.3.1 Beig Bk £ 5%

(LyialRE T A 3

22 18 GB 5009.34—2022 55 — LB 2 e A TR A
SRR, O ok, Ak E 2 E 100 mL, i
1 mL CNW IC-Guard C,g#tfk/MEEZ Dionex OnGuard lcc
RP B 7/ME, 3 045 pm 5 0.22 um KRB, [BIARES:, &
BJETE

N E TR IS

Thermo Dionex IonPac AS 11 FHE ¥ 355 #rfE
(250 mmx 4 mm), Thermo Dionex IonPac AG 11 B & F£#
PH(50 mmx4 mm), iR 30°C, PEMEFE 1.0 mL/min,
20 mmol KOH %6 % 45 2 e I 20 min, #0728 HL 7K S0mA,
HPEREER 100 pL.,

(bR IR 2R Ay il 7E

PR B TR UEIS IR (1000 pg/mL)F B 10 4%, THAC
TR MK 1.0, 2.0, 5.0, 10.0, 20.0., 40.0 pg/mL
IS, $2 IR 1.3.1Q2) T AR e R R4, LA 04 T
FOG E bR T SR B 2 b v 2k

FEdh R SO, A 45 5 LK (1):

x=%xo.6669 )

AR X—FEf T SO, W E &, mg/kg, C—llE Hist
RE TR R ML A4 B 2, mg/L; Co——ia 28 11 P AR IR AR
B 0 W, mg/L; V——iRKFE E AR, S 100 mL;
m——IXFERRFE B, g F——FR R A
132 Za%k

R 1310 AR R H,0, A (% GB
5009.34—2022 ¥ FERCHIA 3%) AT AR AR LA K 2 1
S, AR
133 #dfRh & FReiie

PAGEAS (IRE S AL, M 10 WR2s (IR, Hss
FEI{E, SRASFRMER 22 (standard deviation, SD), PAFEN,
25 HF-BE+3 A5 SD VE R A i BR(limit of detection,
LOD), DIFEShZS FAEFHAME+10 519 SD /5 A ik kR
(limit of quantitation, LOQ),
13.4 AntreE i s

PLAEZS FIRE il O A9 IS T, 388 3l VS AN [) 2 1) S

F1 AFIARFH

TR ARSI AR IS 58, 5 B4 10~30 mg/kg A4S [EI
gz
1.3.5 REF &N Z AR

M BHERE S (R . KT, Tk FERE) 55
FAABFFE P IER: . GB 5009.34—2022 FRHIIN & ¥ Ml
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SPGB e % 20 S RO IE HE R R
137 SRR

Xof AN [R1 28 2 g A IR FIAS [R] XU 9 20O F 11 7 R B
K, bR 36 UE % GB 5009.34—2022 BB & s IR
PR R AT IE, 375 GB 5009.34—2022 & (o ik kit
TrE RS o ST FPRAR A AL IS SR8 (B Fh D wRAEE | %
2. FERGEEBT . BB . A 2. BARET
KA BEIESRE (R . B3R %)% GB 5009.34—2022 FR0%
T RE 15 5 B B 0 B S E A T IR R A I, FH R 36
X AR ST ISR, IF 5 GB 5009.34—2022 & Ak
AT I .
1.4 BUELIE

HEHES I GB 5009.34—2022 JikitE, R LIS
PHERR . T Mg Edis 245 R WPS Office 2019 it
TG

2 FER5HH

2.1 RIGEGALIE
TEORHER

BUR R R BRI B 3% H,O, VR IE 1.3.1 Bk
BUHATAS RAE DI, [ BsP B AS IR AH 5 25 A i 1 A D0 45
AT OB A0 HT - 3Bt 6 1 45 9 R A [ HHE VR 2 0 9 3%
H0, WIBAK 22 580/, 525 FIRE Sk I 25 SR AR — 35,
LIS 2 SR SO 81 A EE SRR T H,0, ik F
2.12 LOD 5 LOQ #%iE

F 5T & B RE VR R I 0 S0 AR F B I 5 A v TRV
Wrh SO > f R ] — i, MRS 2 45 1.3.3 311 LOD
A 1.50 mg/kg, LOQ 4 3.97 mg/kg.
2.1.3 MiREic g

MW 3 RS REWPRBL LM GB
5009.34—2022 PRI O AR EICR LA —3, IFHIF

2.1.1

REEM SO GRE

Table 1 SO,’ concentration of reagent background and sample blank
H,0, IR FIAE B SO, i & ¥R /(ug/mL) 25 S Y SO J5 kB /(ug/mL)
Lk 1 Lk 2 Lk 3 LUk 4 Lk 5 Mt 6 P
2.5552 2.0163 2.3986 2.4012 2.2949 2.4002 2.5707
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%2 LOD 5 LOQ (mg/kg)
Table 2 LOD and LOQ (mg/kg)
EiEN
SD LOD LOQ
1 2 3 4 5 6 7 8 9 10
0.983 0.223 0.401 0.817 0.433 0.892 0.396 0.019 0.000 0.191 0.354 1.50 3.97

Ho T PA T B RTAL 3, AT X [ R B
K, GB 5009.34—2022 PRI A 125 1] eI Rl W) e 56
TE T2 7 [T A i K
2.1.4 RE kN E RS2 R st
WCEARE R BHPEARE S, 433 3 ROy A A, %
4 ZERRPLEAFEVRE R HERE S, PR IEIEE S GB
5009.34—2022 PRI . GB 5009.34—2022 & 1-{if
T N g
2.1.5 WHEEEE
PGB TR AN F AR i T R TS, R 4 455

5009.34—2022 i AR (G U ST A SR A A X 25
AFEITHCTER 10%253K
2.2 LFRB AWML R

R A NF 64 Hom] 5 A
FA AN TR) 7 2 5% 4% UM B9 AS ) 5 jBLIF- 32647 SO,
FRE R PRI, 3R 5 D SE A5 AL 3R WH IR IR A2 1 Al 45
RAE 13~30 mg/kg Z M CGE IRy 10 mg/kg, T H), BAME
2 ILFH 100% . PR Bk I iE NG, &K IL4E
BRI, 5 GB 5009.34—2022 85 5 (0 1% 1 B0 1E 45 1R

2.2.1
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Table 3 Recovery rates of spiking with different methods

SO RHREE SO Wit AR & ik(Lh SOs* i) bR B T [l e /%
/(ng/mL) /uL /ug LA SO, it /ug  GB 5009.34—2022 FRIIN & e P SEL AT RE
125 125 100 70.6~111.8 67.1~109.0
250 250 200 84.2~110.2 79.3~105.1
1000 375 375 300 93.0~109.8 90.5~108.4
625 625 500 90.2~108.5 93.7~97.5
1250 1250 1000 92.1~99.8 91.0~98.4
FT 4 AR EBRMFERSIN
Table 4 Actual measurement of positive samples using different methods
S GB 5009.34—2022 fRfi, ~ GB 5009.34—2022 &4 R 6 VR 45 R /(mg/kg)
i oy s — = .
LA R (mg/kg) LA R (mg/kg) FAT 1 FA7 2 M R /%
EiR 18.8 17.9 17.8 18.1 18.0 1.67
JKF 48.1 475 476 48.0 478 0.84
F%k 59.6 61.1 60.8 60.4 60.6 0.66
FHEE 104.0 100.0 102.0 105.0 104.0 2.90
Eik 2 208.0 224.0 218.0 217.0 217.5 0.46
TR 2 272.0 258.0 260.0 266.0 263.0 2.28
ER3 454.0 466.0 459.0 452.0 456.0 1.54
Fz 5 AEIZEBIERNF B2 PR A 56 E B2
Table 5 Verification and application of false positives in different types of ripe melon seeds
Fom i BRBRR A A ZE IR PORIEE GRS R BT aiE ks Bk
) /(mg/kg) /(mg/kg) /(mg/kg)
J ¥ USIS 13.1~25.8 HAx A K. B
HAFWRF 13.5~24.0
kiR R+ 15.1~23.2 S
Pk BT S5 . oIS,
I FRT 20.5~27.8 WAMIT IR & Fh
RkILT A Ak AT
EEYies 18.3~20.5 B RPRLE SEsm
I T Yk Ay
BT 19.2~20.3 . RAEHS
AN B R RF 15.0~20.7

e KA S5 R DL LOQ F/m (WSS F (i h I UE LS AR 1, JL 5 SO B GB 5009.34—2022 Rl 25 5 <6 mg/kg), T,
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RIS A BLSR . GH 50 UE 12 B0E A A
i, KGR H, 5 GB 5009.34—2022 & (A
RS R —5.

H T TR B o T2 2 R FH R 2% PRl 2% 40 . YA B Il
Wi HL0, VAW IR, SO, I T W T ol S8 Ak 2B Al
TR, RAE AR R R € H 8, (HizikZ& IRt
RT3 S SO i b A LR 55 m] R TR] 2B 78, X I 42
THE T AR T, 255 MBI AT, T8 7 ik i
TR ZR IR e, AL SO~ Bk, THdb. LM E
5 AT 2 B0 R BRI A A U R F A7 — 8 AR T4,
P ANIE M, T AN IR T PR A T 3R A
222 HAbg sy iR

FAARIR T AT AR AR B IR LT | A
). FERIOHHCT . B . A\ ). BBAET &
PSS . MEER 50T SO, SR H Tk, % 7
SRR BRI & A AT 45 RAE 175.6~271.9 mg/kg
Z [, FHEEAEZR 100%, ZEIFIEE TIE SO, 588, H4A
SCHRTIGUETE B T O s IR S, R ILES SRR
th, ST T HEBR R ER R W) 2028 Hh i A R R 1 T4

PR T 7 WA U HABAD DL 2R (B Fh TRAEA: | TR EDHRY
R B REAS 25 B BEACAE 12.5~29.3 mg/kg Z [, IR B3
N 50%AE Ao M . AR . I\ R AR BE
FEAAG M 45 5 A TE 10.2~23.6 mg/kg Z 18], AR B3 R
H50% LA . ESELL | WESE R AR SR 14 Al PR A A A
ZERILARTE 13.4~22.5 mg/kg Z 0], b 3RFE L &P BRI
WIERING, RIS ARE, 5 GB 5009.34—2022 &

T I A R —

bR T R E SN, AR EE . RASE. BT
R EAESRET) . AT THRI B, ). ARTH
b AETRIER AL DT SRS I SO, BN ak &) it T ]
Y SR THRER A, R B CHES . EAERT . JBIFEH
HBH LA G, SRS IE RIS, KBS
FRMGH, 5 GB 5009.34—2022 8 TGk iE 45—,
2.3 HINERBAMERI AT BE 4 o 4
231 JNF ARG T E R B 5 AT

FHBRTE 2 O AN R 28 A 2 | Az JICT- IR AR % %
B2 RTFIATE TR, BIAERES LT 100%. J5FH
T INTFA B A HE R L T5 B W T AN LRI R R S IR 25
N2 | WA AE) P Hh i o LR B IR 5 & A 4
PRBRIG ™ el . Wi RS ) ROy B HE R
WA IR R g R 2B 28, B HL0, Ak AR
Wik, THLERmE L, W2 e A A
232 HEAA SRR T 5B R B 4

MR A I BR AR E A, AR TR, Pk
WER A 100%, HE5RAE R . AR K BAT T E
A 5% A R R A A b B Ao Ve L A 5 A AR
Gy R R M R BT AR PR B 4 ik A e T 7 g
H,0, B UL, SXJ5 5 NaOH SN, THiHEssR. HE
FRAEHRE IS TEE A GB 5009.34—2022 81 ik A g
ST HEWT LA B R SO,

B A RAEA: | TR IREIN T & R A oE R
()M E BB ESERY, M2 5 kA A
WA . B BRI T 45 R, S IR B,
R BRI R S A X T 801K

®6 TRIAEENFRIBMEMIEIERA

Table 6 Verification and application of false positives in different types of raw melon seeds

N | ‘ LR PRRIEERIE T ERERIE
= LR R 25 J/(mg/kg) 25 J/(mg/kg) 25 3 /(mg/kg)
WAL TS TR YTy 207 EXT R
1] 4t o AST )
PR T B K 59) 196 et et
SR A THAERT BT 203 Kb ekt
bz 7l 2 BT BRI T 237 Kb ekt
st O A LT LT, KL 2.0 b Kk
bz il
. EILT, FAIE, K i i
Py g L e KOk b 363 A4 KT ey 27.9 ER ot Kt
WAl | KT, FAAI,
AR e ey T REEE R 2.9 it Kt
EIE- Y\ 252 RAG ARA
fyN. 316 Kk K
E il =< i ?_'? N . 5 i 5 ?ﬁﬁ
B T ARG 273 b it
- LT 132 FA Hekth
AL RF 13.1 KA At

ORI R AL, T,
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Table 7 Verification application of false positives in other foods

; : [N VR AUl S RIS P R AT R SRk 37 T "
i w
*H &’ /(mg/kg) /(mg/kg) (mg/kg) Rt
o . R A AL, SN R
AEA= BRI R AR A 13.0~29.3 A A B Er V] TR R
g5 A [
- . ) ) §3 ﬁ)ilm &Mu%ﬂf&
i E s . 12.5~17.5 FA FA SR BRTIMF . TS
- PRk
wbcr by 102 1?'155* 3.1, ekt ekt
R S 12.6. 123, 11.5, Sk P
13.2
Eh 23.6, 21.2 A Akt
EARHA 1 175.6 HAr Akt
WARHAF 2 212.7 E N ok PR ot
BAHT3 217.8 HAH ENioA]
BARHT 4 1943 FA A
BAHTS 231.0 A A
THEAE gt s 220 el et
BAHT7 271.9 A A
HARHT 8 237.7 KA H PN oA
BARHF9 175.6 KA H KA
BAHF 10 200.4 A A
WSR2, 15.8, 20.1 A A
A B W B (ANAESE . 3548
A Wil AARE] e N
RS 134,174 A AR ) FOPI . RO, iE
sl LI 158, 18.2 AR AR MINAS TR R (R L B
- eyl 225, 178 H e PR oty B 22). SR E SIS Can
- . 2. WERS). 7
x5 . G i G y
e 5 18.9 PN i PR i g
4 3SR 21.6 KA H PN oA

BT« BB .\ SR AE AR BB R A DD A
FERL R S W BT A RS, 2 R B R
M ARE L DR RAEREA, TEMAZE R TR R 5 wR
7, FRAE MR E i A )T AE TR SO, AR AT
TR AR R A Kl R 2 A N IR S B R,
BORIAAE SO, AL, BT LA G227 i RR2
P, o T 3R A R R (I N BRI R AR )
AOBRAL G Y, TEMRZEE N BB Ty, wes Gt
L] 25252

BMESRAEA " W R P 2 MARTERIR . CIR . FLIRGFIR
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PIB R IAE AR, ST E S5 B S
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FRENATA SO, BRE i, JUHAE RS il P s ey
UK S RRAFHE AR NI 25200 SO, 5k B, 45 et s,
PRI 1T 3 AR PR P

BT EREEAN, AR xS [CHE . BT
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b ARIRTA S L R AES U SO VNI B ) 1k i 1k 2
P £ RN 43 2 £ TR VR ANk e A st L 1L 2 S A T IR R A
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PEAEBNGR, Y] 1 AR 5T P 56 UF A S T HR UE AR A, 36
WES5 R 5 GB 5009.34—2022 B F ik —3 .,
233 HALT b R ERARGE TR B AT R A

B TR AR B s, DU R RS s
FHME. 1. RGBS s RS s gL, 2. Inshakig
B SR R, BWEIRCREESFHEF AR, HEYE
Bl R A ENT B Ny A 3. G AR, BARREE K, B
SRR & ke 4. B B R A FHBRAEAR A S.
RIS, R B TR sk 6. LI
AR AR IE S . AT IT R IR AT 35 O HERR
TR AT REAEAE I [R]85 5 2 11 S 50 R B ol 4 DR A
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