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Determination of iodine in milk powder by combing microwave digestion

with inductively coupled plasma mass spectrometry
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ME-B: 2L — M HA AT IH T e T
POHE M BRAREF B TR KTk, K
B AN 0.2 mL LI A A2 5 mL ALK RGHE, B0
A5 mL AR BR AT BRI L A 2P )G L R R MK R 5 E
35 mL,F 4 5 A 10 mL & K. 1 mL #& & # .50 pl
TritonX-100 B R & . A B LBk, R 7 F4hH
PR 0.044 mg/kg, Bt A F LR BREH 0~20 pg/L 5
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Abstract: Objective: This study aimed to establish an efficient
and accurate method for the determination of total iodine in milk
powder by microwave digestion combining with inductively
coupled plasma mass spectrometry (ICP-MS). Methods: Firstly,
0.2 mL of precipitant and 5 mL of ultrapure water were added for
mixing and standing, and then 5 mL of nitric acid was added for
microwave digestion. After cooling, the volume was fixed to
35 mL with ultrapure water, and then 10 mL of ammonia, 1 mL
of stabilizer and 50 pL of TritonX-100 were added in sequence, a-
voiding the iodine loss. Results: The detection limit was 0.044 mg/kg,

while iodine presented favorable linearity in the range of 0~
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20 pg/L with correlation coefficient () of 0.999 9. The precision
of the method (RSD %) was less than 5% . and the spiked recov-
eries of real samples is 90.2% ~ 107.7%. The measured values
of various standard substances are consistent with the labeled val-
ues. The iodine content of the same milk powder was similar to
that of GB 5009.267—2020. Conclusion: The method showed the
advantages of high efficiency, good recovery and accurate for the
determination of iodine contents in milk powder, ensures
personnel safety and reduces instrument maintenance cost.
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FEHTHEF (TritonX-100) : 36 E P HL T Tk 23 7 5

W (T FRMER I : 1 000 pg/mL. M X §™ B %2 B
HJ0.7% Ck=2), B ZH 6 48 K F AR5 5t
EP‘L‘;

WL O FRUEIR WL : 1 000 pg/ mL, AHXT ™SR AS W 2 B
0.7% (k=2) , B Z A 0.4 J& S B F b1 b3 il v 5
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AlRH BRI R 1 pe/mL (0 BUAR o % 2 V80, T ARG R
(0. 002% AgNO,—2% HNO;—5% NH; + H, O—
0.02% Na, S, 0;—0.1%  TritonX-100 ¥ &) # B e 1 it
o Y I 2 AR A vt e B R R R MR 0.1,2,5, 10,
20 pg/L ARt 2 TAE B BT
1.4 KA

PRI 0.3 g FLBY AR &, A 0.2 mL U3 7 (1%
AgNO WD A 5 mL B4k, #2255 # & 30 min, F
Jn s mL AHER,GE G LR S AR B B Y HEAT RO
it ZHOLER 1, WMME RS W RS E =R, T
e A B & 50 mL B0, B 4l K b Uk v e E
Bt A — & & B A K AR AR AR 35 mL, A 10 mL
K (25 6 Wk T AR P UR RS A BRI E A I
PR M A 1 mL & & #f (10% NH; - H, O—1%
Na, S, O W) 50 pL TritonX-100, F 7k sk i i HE , o
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Table 1 Parameters of microwave digestion
instrument
WrBe PR/ Wo RE/C FHEEE)/min fHIER ] /min
1 1 800 120 7 5
2 1 800 160 7 10
3 1 800 190 10 20

1.5 U ITIEEH

HR A% BEAT 45 1 o FH VR385 9 0 AL 285 1) 45 T 48 4, fil vl
TR A 55 B R RS 005K B 0 S IR S AR AL RS AL &
TG AL SR EESHORE W E 1 550 W, SR
4.4 mL/min, 55 6 5 % # 0.8 L/min, ¥ 2 K i
0.2 L/min, FBAL R 2 C R BEME AU VG 4.
BHE R AR 3 R IHFVERTH] 20 s, B @ IR 20 s,
1.6 #H&NE

i T B 7E 10 A2 R0, Fo e A e i, FHBE MR (10 &
7K—0.1% TritonX-100) ¥k 3 B . (ff 5 48 2 B R 5%, [
R 3 A B R BRI, A SR S AR R RO AR T Y
CPS, Lo B 3 5t 28 L IEWE R e 2ok, o T IR BRI
B 5 HEFGRGAER S TH0,#d ICP-MS A 7EL iR
(PIFRIH 500 pg/L Te WD, BI AWHRITE R " Te 3k 5
R W 00 AR T I ek AR S A AR A R
1.7 manidigit

T AR [ 2L R AE A JRC A I AR O 0 S Al 1L W
0.5 mL JFEWE N 1 pg/mL 0 TAR % 598 P HE A
F—M AR 2 (. AR 2 TR, SRR 5 i Ak 2
R A T T 20 T A 3 R0 R R i A B RE A TR R O Y
AE ZEAR N o 52 T AL B R E AR AR IS BEAT BEALIIGE .
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Table 2 Experimental design of standard addition

4150 T Ak R 0 K R Y TR 4 1 SE AT 1 AR

A ek 5 mL,#E ST E 30 min, BN 5 mL fif 2

B M0A 0.2 mL JLEER L JEMM/K 5 mL. 384 % E 30 min, TIN5 mL AR

C  MA 0.2 mL JTRER , FEI 5 mL AR TS A B0 K & 35 mL J5 i 10 mL &

D A 0.2 mL UL . HM 10 mL @RRIEE Vg : Vi=1:1 K 1 mL R 5E R K E 45 50 pL TritonX-100

E A 0.2 mL JL3EM . 5K 5 mL, BN 5 mL fi§ iR

F A 0.2 mL ¥L3EHR] ek 5 mL, 3% 408 # 30 min, B 5 mL 7R

G MR A B L. 25% Z K& 45 mL J5.n

1 mL FAE N, 25 % ZKES N 50 pL TritonX-100

FNA 0.2 mL ULEEHF L JEfmk 5 mL, $22)# 8 30 min, B 5 mL i8R

H TR A B0, K E 35 mL /B 10 mL &

KM 1 mL R 5E ) K E 45 50 pL TritonX-100

2 RS0
2.1 HESBTREE N TE R

I BUAE AR AN 5 55wl R aE AT S b HL BB ¥ T 20 K Rt
AT TR 519 Y 19 3 A BT, 7E T R AR R P g A i AR
B R T S R e S N R M RS 1 5 L AE A R
T R A WA AR, DAt [ 0 A S 1 7 BRI O AR X — &
TR R E R 2R R HE — 25 Bl R A Ak B I 28 T i A5
s RN &5 ARG T SR B AR 51 i A R 7 48 i AR
T =, AT A e 0 3E TG 35 g ICP-MS 25 4k I 5 119 ) 2,
B 2% 3 AT, PR AR I B A — B0 A 1t 45 4% 18 4 TR] 0 1 B0
T A DT R B2 50 B RS i B, R A AR AR A
IR R AR . R AR X RE O o8 BURRAE B R L 5
0.2 mL YLIEFRI (1% AgNO, I 8O J5 #E 47T IR 1k .
2.2 FEGRETALIE NN K

B ZMIES S 5 5 B A A AT 98 R PE 1Y 1 iR
HEAT RN Rl R e L BR T RT BE 5 A R SN A N B 4
KRR AN R RS S T4 A T LG B o R RO
e AR . B R OB fF 38R 2 m A K DLZE b
B 55 R SR 1Y ) AR B B oL A R 0 e BN T 3k
EAl) A Ay e S (N = S I o = B I 51 1 N N E R ]
A J5 2 BE 52 ) AE 30 3o AR i S AL AT B (O R IR

R 3 ULER IR G E 25 R0
Table 3 The effect of precipitant on the determination

result of samples

T R 451 2 ™ B 5 T SRS WK RS R (D), 5 B R
JIEE L 1 R AN K TR A TR CED T BB A RCAR = AL o
BT R IO 5 LA S N K R i ER 5 (B FE IS S R
FE 3 oA i LA R
2.3 AT HEMBEBEME

TH A 58 I 00 T AR TS R M A R T Y T R M O
WTES M E N MR L, AR, BUZE Rl & F L
BRE , HA T W0 v v Ok B A R T 55 A e A2 5K
INF o DA I R 2 B X T A R AT B AR . EL XA e Ak
I e ok o B K

H i, GB 5009.267 B HoAth 347 i 42 B & £ & it
7 i v, 32 A D R AR A i s AR B AR S O
N R 1 R R . (R R R A R
B BE 1 o S 4 A0 B0V Ao R TS R SR 2L Sy o R R M ) O
O NE V= R U = i o s = R
TR BB 2%, Ik FH B Oy 22 4 IR R Y K A T TH R
WO o
2.4 TEBRE

FE ST R B UK R ) L 3R I A Tri-

F4 KMHERVNELERNZIL
Table 4 The effect of water on the determination

result of samples

- PR AL/ 25 FHRBE/ s i/
ZH 1
/g  (pgemL D  (pgemL ") (mgekg D
0.317 4 12.596 31 2.10
A —0.031 93
0.353 6 12.943 99 2.07
0.300 0 19.700 50 3.10
B 0.000 15
0.312 8 20.344 83 2.87

a3 PR AL B/ 25 A/ s/
ZH
/g (pg s mL™1) (pg*mL™Y)  (mg-+ kg™ ")
0.305 9 3.539 80 0.59
C —0.059 36
0.364 5 3.408 26 0.48
0.303 4 13.811 11 2.29
D —0.056 50
0.303 6 13.739 46 2.27
0.302 3 17.293 89 2.87
E —0.056 50
0.308 5 17.233 85 2.80
0.315 2 20.969 12 3.32
F 0.042 37
0.307 6 20.942 15 3.40
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tonX-100 FH7K . FHorfr, 75 2% 1 % B i 5 22 7K I oK A
SRR AEAT R AL, LR v HL R R, ) S8 R Y R B AR
BE RS AR E A O S AR R A 5 R AT B AR R N S
HRRE KRR . A5 WU 0 3R 16 5 4 7 TritonX-100
A e PR TR ) B S 9 T T A UL DA T 5 D S 2 B
PER R . B I, 2 201 3 500 0 S it ) 4 K — 4L
K —Fa s Fl—2 1% VA TritonX-100” # A7 #:4E. H
5 A0, 5 RG 1 25 Y0 &K R AL E A A
VU o 56 K T T 25 TH R LS » P B 1 A AR T g AT A 7
PR MASRE S R B T

2.5 FREMZEIGHR

RREE REEB—ICP-MSNELRFHRNEE

2.6 FHEBWEMBEEZE

2% 6 AT 0, A F g 90.2 %6~ 107.7 %6 o AH R A7 e A
250 0.9%~3.6 %0 , U B J5 W6 BA BT 1 DGR RO 9%
2.7 FHiEHETERIE

Hi 2% 7 al A1, AR ol 4 T A I 1R AR A o Y R
WL EBIRGITT R, MR TR & 25, — LWk T
T R FUM S I R HER T
2.8 HERAEER

P 3R ST AN L 4K 88 U5 vk 6F L b AT A R E B0 &

®5 ERRENERNELERAZMN

B T 4 PF 1 WL DL 2 v i 3 A B Table 5 The effect of different constant volume process
] R S ’ Z 2. [E 71N
BRI CPS 57648 AR Te 19 CPS 9 [ 2% % 9 on the determination result of samples
MSFRHEATERE LI S04 R A T R y =0.036 0+ PFHF Lo/ AR/ W/
0.008 2. I R AN 0.999 9. (LEK th K 0.029 pg/LL. H/g (ue-mlD (uge-mlD (mg-ke'D
AR R U O B R BR B O T ARy 09048 1seeTo 26l
020 pg/L I 3L 5 06 9 CPS H 3 5 B P 0 26 436 5 09202 16487 61 251
W GB/T 27417 WML GESEME 25 (it 10 R By 03023 1mEesse e 287
K i B A 0.044 mg/kg 0.308 5  17.233 85 2.80
F6 HREMBZENRBER
Table 6 Results of tests for recovery and precision
20 5 Frkeht /g MU R/ (mg - kg™ D) YIE/(mg » kg™ D) MR/ % HH R o R 25/ %
0.518 8 1.276 1.4
1.29 -
0.519 6 1.311 1.6
%14l
0.511 2 2.207 90.2 1.2
0.514 0 2.318 102.1 0.9
0.303 9 1.344 2.8
1.41 —
0.316 5 1.470 1.8
o
0.317 4 3.103 107.7 1.0
0.353 6 2.877 103.9 1.8
0.305 5 1.341 1.7
1.42 —
0.326 6 1.492 2.9
53 4
0.315 2 3.191 104.7 1.9
0.307 6 3.152 99.6 3.6

.5 GB 5009.267—2020 55 — 1k I A5 1 45 S AH G L AH X
FRUER2E R 2.0% .
3 ik

HEST T LARY ER AT AR AR R A0 SR 9N g ICP-MS
FE FUB L R Y O 3, AT S B AR DR EE b X LA AT
T AL TR LD T B AURE R I B A ML AT RR AR
TR AR ICP-MS (1) 4 47 pli A , 45 & ff 55 A, [6) B A
HHIE TR B S R k. 5 GB 5009.267—
202058 — AL X R T IR BREL BRI EHEA

RT7T AEREDRMNELE RILER
Table 7 Testing result of comparison with different

standard material

iR AR R
R R L s

(mg -+ kg 1) (mg « kg 1)
GBW10116 BN 2.99+0.23 2.93
GBW10117 R 1.27240.10 1.36
GBW10020 A7 0.5340.16 0.55
GBW10022 M 0.5740.09 0.51

53



54

L2 5% SAFETY & INSPECTION

B 2528 | 20224 10 A | RAESYIM

x8 ARKEFEMEILE

Table 8 Testing result of comparison with different experimental methods

245 e /g EHLWEE/(ug » mL™1) ZEWIE/(pg » mL™D) it/ (mg « kgD M ARIER 22/ %
0.522 4 14.023 97 1.348
867 —0.062 29
0.521 2 13.675 84 1.318
2.0
GB 5009. 267— 0.512 4 13.844 01 1.369
- —0.185 37
2020 55—k 0.523 3 13.533 81 1.311
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