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Determination of Sulfur Dioxide in Food by ICP-MS with Steam
Distillation-Purified Water Absorption as Pretreatment

ZHAO Liu-Hong', LAN Chang-Bo®"

(1. Guangxi-ASEAN Center for Food and Drug Safety Control, Nangning 530021, China; 2. Guangxi Liuzhou Food and Drug
Inspection Institute, Liuzhou 545006, China)

ABSTRACT: Objective To establish a method for the determination of sulfur dioxide in food by steam
distillation-purified water absorption-inductively coupled plasma mass spectrometry (ICP-MS). Methods Samples
were pretreated by steam distillation-purified water absorption method. "*Ge was used as the internal standard of sulfur
to control the dynamic drift of the analysis signal. Eight-stage rod collision reaction cell technology was used to
eliminate the interference of mass spectrometry. The sulfur content was determined by ICP-MS, and then converted to
sulfur dioxide (SO,) content. Results Sulfur dioxide had a good linear relationship in the range of 0-500 ng/mL
concentration with the correlation coefficient of 1.0000. The recoveries were 95%—105%, the relative standard
deviations were 0.1%—0.5%, and the detection limit was 0.03 ng/mL. Meanwhile, the national standard material wheat
GBW 10011 (GSB-2) was analyzed, and the sulfur content was within its standard value range. Conclusion The
detection limit, precision, accuracy and repeatability of the method meet the detection requirements and can be used for

the determination of sulfur dioxide in food.
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VIR AR ) PUar BIRLE T ORI 285 A b b — R e
IR

IRl o ARG i A e TR Ay
B BRSO @D AR ERERE |
TSN AR TN, R B, BRI
BOREEA, HA R ZATE TR ), —SeARaR i i
TR A B E AT M A A . GB 5009.34-2016 (i
GAE AR Bt AR ) e oR T B e R
TIEIE AR, TESCBRRR S R BN TRk | By AR AETE
B mm e, WO, e, #amN ST
EYEhh, bRy S CmRE RO, S EUR
Bk PR TR, TS S E AR R HE o A
IINTIE D AT IR AR N R T Um0 E 45 R
ICOCREL AL BB, R kR RO T, RIK
JEAR . UM @GS, WM EGE ., &7 Ok R E0E s, HEE
LY ISSICRAS SIS0 BN IS 137 % N S

A ST HEZAI 2015 4RI F e AL
B B A R 5 PR K 28 R IR, R e— 1Ak
IRFEAFRAIBAL, IFLAACHMOR, 5B T E Z bR R
HKGRIR - SR WML UL, A D 208 I 1) 5 4 LR S
JoT TR R R G 45 B TR BT % (inductively coupled
plasma mass spectrometry, ICP-MS)f T E. A = REJE . F
Yoo RGINERAR | MM 9E . ZOCR RN E 0, 2
ZRIE A TER KSR AT T AR T B th Fa(S) A
SRS — H B LA SO IR TR . HERA Y N O H R C
MZFFEF T, T ICP-MS #ARKDREASAT S
JER s> Rl S R AR IS, S ICP-MS
T R 0 S, A Nt TR A B M DU GRS A
ZI), WARRRSIASS, B A O TN ABEstiE
FHNGAT R ICP-MS R 5, DURERIESE. 'S IfE
WAL ICEK . *Ge Ay PIbRIC BRI R 7 MU RUIRE T
P, HL ICP-MS JEMERM . T3, KWK, Bk, i
B B WAL R A R AR T R, TN
b R TN I IOAN TS, B O A 2 A [E SR I
TR HEIT RS
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2 MRERHEE

2.1 UESEHF

ICP-MS 7700 Ui /A%, 55 3 N BAT R/
it 2 5 (ORS®) (3 [ Agilent 24 1]); JEZ 1810A JB SR 5L
U6 25 MR 4K 2% (35 [ Moore 23 Hl); ST106-1RW 2 fE— 1A
TR AL (Bl K 28 K £ %% STEROL, T Mg RS 22 i 7B}
HAWRAT), LA YA 10%HNO; %z ifl
24 h 5 A K spe T, DUB 4K ARG,
NSRRI G, T4

MR (68%, ks, SEE Merck /A H]); $hR(ILS4E,
FEE Merck A wl); K AHAEK; EZK bR fEY) TN
[GBWI10011(GSB - 2), #t5 20170612, HiERYFLHER L2
& BF 5P, i (S) bn Ui ¥ W (1000 pg/mL, GSB
G62010-90(1601), #L'5 20180428, FEZ AR .0
BRI BBE); S ARdESE (10000 ng/mL, B S bRufEiFH,
F 2%HNO; #ikt 2 2 B HNAR); Bk ism (S 1 ug/L
Ge. Co. Li, Mg. TL. Y, 3£ Agilent 22 #]); WHRFR(E
1 mg/L Bi, Ge. In, Li’, Lu. Rh, Sc. Tb, #[F Agilent
UNCINE

TRAL B NT L TR, M. REMEE. FEs. A
26 Y %) ISP M i AR S R 380 R A TG A, [T
FES IR S5 55 T, ARE MRS J5 & o
22 REWHE
22,1 AR F | BLH

TS ARHEVETR, FH 2% M MRIE oA A R:, R 0,10,
50, 100, 250, 500 ng/mL ) S Rk RN
2.2.2  HfSuAT AL B (KR AR - KR ACR)

[ PARE S ERR AR I 5 gORIIf 2 0.001 @), WAL A HE
TFEE 5.00 mL, B TZMEMRS, A 100 mL K, &
BRE— RIS, ABEE PR ERHATLEAE 25 mL
KRR 200 mL AR @A L, PRELE AR R o
A 5mLERER, 7 BPRE2E, WKFER, TR 1 KMINHGERE,
ZWEEILE, TKRBEESZE 200 mL, RS RIG. [H
A Al e

F1 BER—AUEBUEFEE

Table 1 Programming of intelligent integrated distillation
instrument

KR/ C

/W WAE/mL  JKFESGEIE

300 17 150 A

223 ELEMt
HALIE AR 2 L3R 2,
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3.1 RIREEEM
3.1.1  KEARRBF kKA

Bl AR 2 ) T AR R R 2R A o R S R | R,
VL TREVE O RO, *Fokky . ok, BEE . WA
ERES, BHRA BT IS HE . AR KRR
ZEM, MR EE . KBRS R AL . A T
B B Ak LSOV A B KR AL S W HE R, AR O MR
THER TR 2205 R = A e R T, AT
PRER AR, R, RUFOR A R — b 28
AR, JEXTZRIMRBR P ATk, DUMEAT 2 | e 2
AHEE, Wit 25 WIESSKE . XFHmFRAKF R 100 ng/mL £
TR INbRFE SR R 2.2 SRRkt T e, 45R 0
3. SRR EAMIEB A IATE 300 W, IdERE
150 mL I [ENS R ENGAE) 100%, 3T HiaTRaE, ki,

%2 ICP-MS TIE&£H
Table 2 Operating Parameter for ICP-MS

T H TAESH i H TAESH
EIpT IR 1500 W Eoia FEh/ O F S
BB FIRAMA 15 Lmin  SRARHE/ARIUHE R/ HE
AR 0.80 L/min  SRAFIRE 8 mm
B 040 L/min SRR Bk v
E R 4mL/min Kl =C A3l
FERE 2°C S 5 K 3
FEmMARFHE AR 03 1/s EiV-2/ ¢ 3

®3 ZRBEFRUREERR%)

Table 3 Distillation program optimized interaction table (%)

st AW
/mL 100 200 300 400 500
50 93 94 96 100 100
100 96 97 99 100 100
150 97 98 100 100 100
200 99 100 100 100 100
250 100 100 100 100 100

3.1.2 HIATE RAFEMAIE T &R

SR v i R S oL 2V Ak R FH B B2 U - LR AT
Wik, BEAMBOR TR 2, ARIRIOR S B R
Bk, SRAKFER IRk R R i s B, T
W, R T PN BRI, BEdnER K

410,100,400 ng/mL P25 A B IARFE NS, FKF- 243, 43
AR A0 AR UEC A TR A B, T A o D
RHTINE, SR IF 4, AL ENEH 100%, AHXTFRE R
7% (relative standard deviation, RSD)& 0.1%~0.3%, EZKIr
LIRS 91%~97%, KN 3%~T%, H5RFWIA
WS RTAL PR 7 it PR, K% .

F4 KESEFRFERLESELR0=2)
Table 4 Comparisons between this method and current
standard pretreatment methods (n=2)

JFRK-/(ng/mL) - FIACFE 3L ASHE/(ng/L) BICR/% RSD/%

9.98 100
ENTR 0.3
0 10.01 100
e 9.66 97 \
PRkt 9.34 93
‘ 100.12 100
i 0.1
100 100.03 100
e 97.28 97 5
R 92.32 92
400.52 100
FINTS 0.1
400 400.16 100
% 388.23 97 ,
PRI 362.17 91

32 {USEEHMHK

F 1 pg/L(Ge. Co. Li, Mg, Tl. Y)igRigm Sy
{GHRIRAS, ALGHTh A AR . SRR SSH,
SRR REUE R o HACE, Sk, SRRk
AR, 050 0.6% . 1.1%, HFFE<2%. <3.0%MER,
33 FHERIE-FLEMARRIZEE

ABFFE AR ZE S P'S. **S). WAR(PGe. '"Rh,
W2 AR K, LI R B M E SR, 525 IE
IR, X SHEN 0, 10, 50, 100, 250, 500 ng/mL
S PRl RN 2.2 SCH LTI E, 25 R 5,
HA S5 IEEIT:

ICP-MS ll5E S fy 32 %2 [ B B T P A SR E0N o
B PRI R R . ZEFEF . R T, H
R A S e o ) WA 2 8 1 1 U AILE & N AN
P EAFTH AL AR, B2 FE TS He
B, Hy AR A0 I 200 AR5 R\ AT il i S
BitEAR, FT SH S, PSS s 4 MR ERIN R, P
S TS, MSEH L, AL S TS S MUK R, 4
SRR R fE R AR T, 4SR5 R ot R
Kot PR AR, i TP/ o

5 SRS ML AFLE ICP-MS B3 s,
F S M — B BERC S, FE R VUMRAT BB A5 55 2 1A
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B ORI, A2 LR A 55 PO 48 IE SEAA R0 e s
B 778 SRRV . FRUEIIATE RN BRI . ASBF5T 2R A
WARTE TR IE, R R HOHIE B XTI ARt R
7Ge, '"Rh, '""In #HTHEE, SEREIHLLL Ge HNFRIT
KT AT LRSI S TO R LM A AR IR, $
i 25 SR v 1

#x5 FELRMARZEIERREEXRER)

Table 5 Interaction between isotopes and internal standard
(correlation coefficient / r)

) AE7n
EfvES
7ZGe l(BRh IlSIn
328 0.9826 0.9671 0.9317
3s 0.9923 0.9883 0.9752
s 1.000 0.9980 0.9969

34 FREHZE R GIER TR

A8 B R bR o PI E 1 — AEABR B i, 5 T Aofe il
LRIEE R 0~500 ng/mL. MERESHNE 20 k2SR R A
AL AR S IERRE R, 255U 1, DI 3 55
TR 22 X 07 e B2 113 R B 0.03 ng/mLs

3.5 [EIERKEEZEERE

454y B AR UE IR AN, Rl o SRR PR R, 3%
1110, 100. 400 ng/mL 3 47KFEA AR GRS, Bt i
. AT kK. Brgz, OWHE. B, AIATE AR
Foil, B 6 (), BOME 6 . Z5RE 6
fi7Rs, [BISCRAE 95%~105%22 18], RSD A 0.1%~0.5%.

34 S [He] ISTD: 72 Ge [He]

x10?|  y=0.0328X-0.0053
=1.0000

50l DL=0.01002 ng/mL
BEC=0.0412 ng/mL

23

2.5

500.0
e /(ng/mL)

1 RN R A T R

Fig.l Linear equation and detection limit

250.0

Fo6 EWR. BEERXBER@=6)

Table 6 Sample contents, recoveries and precision test results (7=6)

10 ng/mL fiikR/KF 100 ng/mL AR/ 400 ng/mL AR/
FEAR AR
X S EEER/%  RSD/% X S ENEER /% RSD/% Xy FHERER/%  RSD/%
IR 9.9113 99 0.3 96.3254 96 0.2 400.1361 100 0.1
SESE 9.8042 98 0.3 102.2068 102 0.2 401.0582 100 0.1
KHy 10.0081 100 0.2 101.0547 101 0.2 399.6168 100 0.4
g 9.6923 97 0.4 99.5478 100 0.1 403.0581 101 0.4
SR 9.5797 96 0.3 99.5032 100 0.2 392.2555 98 0.5
i 10.1213 101 0.4 105.1832 105 0.4 405.8653 101 0.5
T 9.5185 95 0.5 100.2362 100 0.1 401.8431 100 0.3

3.6 EEMRE

F¢ 2.2.2 %F 100 ng/mL MR- AT R AR ik
ATRTAL B, BUINARKE SRR 6 0y, MIE S &, 454
184 96.33 ng/mL, RSD 4 0.2%, Ui &M,
3.7 HEMEIRI

¥ 2.2.2 X/INERREY TR A TRIAN L, SEATIE 6 4,
X5 P ERR BE AT A BT BRAIE, AE(H 1.78 g/kg, ARiE(ETE
Flh 1.61~1.95 g/kg.
3.8 SERRtEmAEN

e, W NT L TRl M. REDEE. B
i A T SR U 7 HERES, TR SR B A R AR R bR
AEUNI S, AR 7, 2 Fh O EE I E 45 5 RSD H 4.6%~8.5%.

RT FESYTERFEELER0=3)
Table 7 Comparisons between this method and current
standard pretreatment methods (n=3)

SR EAIRZS
KA R RSD/%
S &L SO, it gkg) S &R (A SO, i, g/kg)

i S 0.069 0.062 7.6
HRT 0.015 0.014 49
Kby ER oA A /
ek A AA /
HRbHE A A /
s 0.015 0.016 4.6
HIA 0.044 0.039 8.5
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AT T RE— AL ZE AR (A AL K 25 S0,
LAl A, LS S R0 R OeR | Ge 1N FR
JGE, FIF ICP-MS Rl fif S v ithF AR 5 7 Rl [ 2R
B AR S R . kA ad R AR W DN
[GBW10011(GSB-2)156 U, 52 (B 75 ML 5E A A (B3 FE 7,
FEM IR EETE 95%~105%TE, HHEAE 0.1%~0.5%. A
WA, BRAE A SRR R, R R T B Y
rrZu b, RS, NG Rl R SN b A AR T R R
T, A R, kAT B R AR EER, I
b B E A5 R A B AR i
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