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P, ZORMERR, R R m, R, T, & TR 8.

KEIA: B R O, B G SE B  RADE

Research on determination of tin in food by inductively coupled plasma
optical emission spectroscopy with microwave digestion
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ABSTRACT: Objective To establish a method for the determination of tin in food by microwave
digestion-inductively coupled plasma optical emission spectrometry (ICP-OES). Methods The samples were
pretreated with 5 mL nitric acid and 1 mL hydrochloric acid before microwave digestion. The samples were driven
out of acid at 90 °C, and then the content of tin in food was determined by ICP-OES with 189.925 nm as the
analytical line. Results The linear range of this method was 0.01-5.00 mg/L with correlation coefficient greater
than 0.999. The method detection limit was 0.7 mg/kg, the quantification limit was 2.4 mg/kg. The relative standard
deviation of the results of multiple matrix samples was less than 5%, and the spike recovery was 100.2%-109.4%.
Conclusion The method is simple to operate, with accurate results, high precision, high sensitivity and less
interference, and is suitable for the analysis of tin in food.
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By Je — Bl ks AR PR e, R R R R A —
JREALRE, TEm MK RGE, BHA —E R HUE Tk,
S BB R AR — Oy, B
BR(BE B W) ] T HE Sk B R AL, SR Y A A S R
BRCPERS, B2 RE DL AL IE p AT {5 Qe ' 55— i,
B A S Wz T A AR B Y- 5 B R B S IR
K, B A K TS Yt P AR
Y5 2 DB A B T 52 i g B, T 0 H A B 22 4 s 6 ) S
PR, SRR 25 R B E R, B ek
R AV ™ BT A 2 AR AR 1 R
FE SR8 A= (provisional tolerable weekly intake, PTWI)
M 14 mg/(kg BW) B, K [E GB 2762-2017 (& §h % 4 [H
FKARE BTSRRI 8 i IR E 2, R
FH B B B A AR A Bl b, OB R BR R
150 mg/kg, B4 JLACTT & . 24l LA BY £ p BR AR
50 mg/kg, HABE R 250 mg/kg.

FURG, B fh g il s Jy vk 32 A R 2 W L e gk )
S Ak ¥ R T 9% Ot Ok 75 1k (hydride generation atomic
fluorescence spectrometry, HG-AFS)!-81 | Kk 44 J5 1 W e o'
7 ¥ (flame atomic absorption spectroscopy, FAAS)P™1
f1 5 R F W W % 1% ¥ (graphite furnace atomic
absorption spectrometry, GFAAS)®) | Hi JEHE A & i 1A
J5t 1% ¥ (inductively coupled plasma mass spectrometry,
ICP-MS)!" ™1 | e RS & 45 B F & B 6 3% 12 (inductively
coupled plasma optical emission spectroscopy, ICP-OES) %2 H;
FROR D L A FAAS [RGB, AN 3 G I E {1
B B (< 10 mg/kg)FEfh; HG-AFS, GFAAS, ICP-MS #J
A6t BRACAR, (HXS T @ 8 & i (= 10 mg/kg) 9AE & U 5
BUEHEF TR RS, A ICP-OES HoAT 8¢ 58 il G [, #E
(7] BRI 5 AN [R]85 3% BEVE RO RE il o 14, ICP-OES A AT
ST TR . RS TESE L AL, HoAT A
PRV T ik Xof At EA T BT AL 3, RE X fRT B 5 1, R
BB A iR

AW 5T R F SO0 IH AR A T AR BB R, 45 S
ICP-OES # i I £ i B3 1 7 vk, IR X i S 801y
Yotk AR 2 A [ AR ME R B TT P ik 2 2%

2 MHREREE

2.1 I FAR R

R (= 65%, THE CNW 2 +dl); 2 (36.0% ~
38.0%) . BRER(PLZe s, ™ML H); B R (30%K
W, CMOS %, HEZiERMFLFBRAR), AFR(=
40%, ArATal, RET S FHE AL 1A BRA R, BriEs
(1000 pg/mL, /&4 3.0 mol/L 5%, GSB 04-1753-2004,

EZA 048 m X TAR Aoy

AR I % 43 0 BT AR HE 4 B (GBW 10020, 1 Bk 47 B b
ERAE 2 A TS AT ), BV IR AR HEY) BT (SRM 1548a, 3£
F E R SRR BE); F i (ERM-BC084a, 3 [FE B
R R SR E); FIT(T07321QC) . H3RYE(T07323QC).
TULL A% (T07330QC) . #F(T07332QC)(FAPAS); ik (Ck
JEF HE WA, W3R AT ).

S FOK (B 53k 0.55 pS/em, 25 °C)H4 i Milli-Q 4
aliK RGeS .
22 UES5EREF

Agilent 5110 ICP-OES HJSHE A %5 B F 1A & HHEIEY
(£H Agilent 22 #]); ETHOS UP 90 ik 14 i A3 (25 K #)
Milestone 2y F]); VB24 Plus s (AL SEIAZEBHMLA L
HRAF, ATY224 2 —HFRF(HAGHAF);
Milli-Q Advantage A10 47K R (3 E Merck A Fl)o
2.3 EWHE
231 HaEAEGE

S FREURE S 0.5 ~ 1.0 ¢ TR Mg N FES, A
5mL fiffR, /s E| T RELK, IAGENRIER
PRE B T, 4 BRI 0 A (PR AR AR 2D BRI AT A
(B TE B RE Y W% D AHFEUE, ZRITITRESEHER,
R EREOSAEHER, FHKERE 50 mL, RAEH.
] B Al s e .

=1 WRHEMRER
Table 1 The program of microwave digestion

H IR IR /°C FHR B ] /min H LS 1] /min

1 130 7 2
2 165 6 0
3 180 15 15

232 BEMEF &

FE b AR, h A RO A B TR
ASCR IR E RN 2RI 5E , RS 5 55 B TR R BB L
TESHILE 2.

*2 HEBRBAFBETHRLIAENIESY
Table 2 Operating parameters of ICP-OES

RF Ij 3% 1200 W
BRI 12 L/min
FAR 0.7 L/min
R 1 L/min
AMES I = 0 L/min
b ERRE 2
WEE TR LNl
ST LR Sn 189.925 nm %
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3.1 WURIERRERIA AR

AR A ] P A e B B IR o o A SR T (R
3), T VE R R M TE IR R R A (DIUAER;
QS IR+EL IR, 3R +id A AL %

i R 1Y) 3 AR T 7 %5 PR I S5 14 T HE G AL
BYEGAL TS SRS R JC vk iE— 25 5 oL I v AR
W — W, N A R 5 AR 43 TCALE SN A 1 B-8 R
(xSnO,-yH,0) L E AL 3 (SnO,)UTIE . ] 40, ¥ filf BR R 45
BT R I T Sk T A G B AT TR IREI Y
B TRP.:

Sn+4HNO;==H,Sn0;(8) | +4NO,1+H,0

Xan, A48 (Sn0o, SKIEFHEkL & 4 i A L)
e tis A A AL Sn0,2 . A, B R
[Sn(NO3)4]. FEER .43 [Sn(NOs),]. PUE AL (SnCly) . &
A6 85 (SnCl,) . B 2 .45 [Sn(SO4), 125 45 5y /K il s m #44

AT B a-45 R (SnO,-xH,0) . B-45 B2 8 4 1b 45 T ITE,
o-B R (SnO, xH,O)BE AL G & e ikl p-45 R 12, s 8673t
VETCIE SR R A A . DRIL, SO R R R A T IR T
ANRE LR UFE S 2 o2 DU A 1 A 1

7 6 R BE A6 76 IR Z& 1F F V i SR Ak 45 P21k p-
MR B R fE S T R AL B Y Ay a3
AR AR BT R T P R

R THERBEEENHEMRIAR, WSS E N
HER M, ARHFFT LLER 32 YR (T07323QC) Xt 4, RAT A
B HTH R R R AT SE 8 . o 1 2 S ERA H Y R
(HNO)#AT I i 5, ARG IR, E A5 %E; 4
R USRS 3, 4 Bm AT A Ak & (H,0,) . i R
(H,S04) . FHERHCY) . S HERHF)ZE ATk, K5
INFGERR, EAFNE, 6 2 AL AR
B, SRS MPGETRR 2P T 1 mL, #5050 A6 |

W, B MAERER T 1 mL, EFFME. %
BARILE 4.

®3 MHRENHBRIER

Table 3 Digestive acids reported in literatures

FPe MR [P UBLUIRZS EY A LN G3 0T ik WIEFL  REER
1 I S £ = A TR+ W R +IRER PR L (a3 . HG-AFS 201417 [ P9 o o
2 B O RS R D RN Rk i 12 ICP-MS 2016 F| A A 4
3 B O R R D R Rk il 2+ 45 12 FAAS. GFAAS 2009 [ 4
4 i RO T A 0 R T N e 1 il R+ 45 R ICP-MS 2009t [l 4 o
5 e S £ T = i vk T FR FAAS 19881 | 41 A
6 A kR TR vk T fR ICP-MS 1998141 RhEE Sk
7 I S £ iy A= WIER (37 TiF W2 +45 12 FAAS 20051 B SCER
8 T 7 i TR T A 7 TR+t ALk A ICP-MS 20071 BhH SCHk
9 Sk A TR T A 7 TR+t A b A HG-AFS 2007 B4 scik
10 e TR T A v TR +id A AL A ICP-MS 201011 BLEE Sk
11 R Bk TR vk T fR ICP-MS 201107 BbEE Sk
12 WERER TR T A v T R +id A AL A ICP-MS 2012081 RBbHE Sk
13 Bk e T T ik ik HIR -+ AL A ICP-OES 2012 B SCER
14 B TR T A 7 il 2+ 45 12 ICP-OES 2019297 BhH SCHk

F4 TREIHEBEBRARTHEEMNERLER(N=3)
Table 4 Comparison of the results of tin content in different digestive acids (n=3)
A=) TRCIBE T e R 1A R T R I 0 A R 459 /(mg/kg) 1 25 B /%
1 5 mL HNOs+1 mL HNO; J 322~361 6.3
2 5 mL HNOs+1 mL H,0, ¥ 369~385 2.1
3 5 mL HNO;+0.5 mL H,SO, T 356~432 9.9
4 5 mL HNO; 0.5 mL H,SO, 356~369 1.9
5 5 mL HNOs+1 mL HC1 Jo 426~436 1.5
6 5 mL HNO; 2 mL 20% HCl ¥ 416~424 1.1
7 5 mL HNO;+1 mL HF X 473~530 6.4

PR fE —

— 386~499 —
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g IR BN, HA SRR+ IR AR R AR 08 & =
FERR /RS P SRARSER . ARR -+l L& . WY AR +Bi
i A 2R T Ao D A5 10 485 0 bl AR s (B IR AR, SR A R +
SURUER TR R T A5 10 8 & B E bR R (. AR, R
FHT R +58 198 1 22 32047 Bl T A 0 F 8 & il e 2
T AT L& A

DA 2 X6 A [ IR 1A% 28 00 35 SR A S DRI 90 - (1) 4
T & S AT, AR B o T A R A R ek,
ALY ERE, (AR SS, TILEM p-5 R
FALBUINE; Q)FMRIK R TTRERNREIA R p- R, Ll RE
R R R AT TF ICP-OES f77E Tt ; (3)Eh MR B AT i I i,
REAZ M B i Efk, BHIE B-BIMR s AL B A L, AR
THHERNEEE; GRS R R, HERR
A ZR A0 I 8 A O e, TR AT BE R MR AR R 25 (LA — A
(B 2 bR R (BT ), v R &SRR 1R R X ICP-OES
e Tk

3.2 EEMAEMAR
TR A A B IE M E S, A0 R
BRI AR IITFE . LAERSEIR(T07323QC) AFFE x4, 7E

WA BIMA 0.5, 1.0, 2.0 mL £/, &Z&Mi5
B B AR R VS N (ILER 5). BB R Al
M, 3 A RMEEKFE 005 FRAREE XS
(F=1.96<F,5(2,6)=5.14, P=0.221), Ui B in A & 78
0.5~ 2.0 mL {1 [l P X485 5 i (0 0 52 8 A5 S S5 S T o A
FEESLIY T R A 1 mL R AR
3.3 TAEERRGANE RSN

T A VR A T AR R Ak B S v R B, AN [) B A PR
TR XA i A A A R AT R, B ) {1 B
PRI T s M AR A A%, 160 °CHEERR i85 & BH 2 1 2
100 °CHEFR K (LAY 80% ~ 89%(JLI 1), TR :: £h
PR P11 AR (38 %R BR 1 S5O0 48 °C, 20%:Eh IR 14 1% i 15
1, 108 °C, 0% ~ 20%:ER BRI £ 4E 100 ~ 108 °CIH), 5
sz, PSR 2 R EER IR IR, PR h 8 it
FEVE; S —Jr T, AR R AN s B i T
BUPIE AL, AAAERor DU ks, T &b B 2 ANk
Py AR 114 °CB42) BT i 2 S 30 SRk,
B R mit. Bk, EREEAEEL 108 °C, HitR&
FRF (7] S AT R

x5 HEBMANENLEEN=3)
Table 5 Comparison of hydrochloric acid addition (n=3)
PATARIE SURN %%/(mg/kg) 3
s Tl 1 At PR AR R - ¥4 {H/(mg/kg) K%
1 2 3
1 5 mL HNO;+0.5 mL HCI 451 468 446 455 2.5
2 5 mL HNO;+1 mL HCI 450 460 458 456 1.2
3 5 mL HNO;+2 mL HCI 477 464 462 468 1.7
bR E 386~499 — —
500
L 4
@ v h
0 | ERIIS. SN S
a * ¢
ED * EEEU(T07323QC)
_Ei 300 =
) B 94LRI%(T07330QC)
g
fﬂﬂ 200
&1 Hi1F(T07332QC)
#
- S — e g B
100 L o HI1(T07321QC)
............ ® i @............®....
T o [ TP @ :neene @ e [}
0 1 1 L L L )
100 110 120 130 140 150 160
HERRIERE/°C
1 EERR IR BE XTI A 1 52 0
Fig.1 Effect of acid evaporation temperature on determination
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g itk — 2 BF 5L R O 2kt G SRR, ASBIF ST L
PHLLAT ¥ (T07330QC) X4, 43 HISR A KRR . 75
R . A R BE AT BR 1) Jr U AT LB S By, S5 R LR
6. FIBADN 2 22007 T, 8 ZH 45 SBAE ALK 0.05 7418
N 2 B (F=2.85>F5(7,16)=2.66, P=0.039), HH, &~
HEMR . 140 °CHEMZ . 160 °CHERRIX 3 L HRAFAETS /0 45 1
AR T %9 Fibros (S 5, A& AR, HERR
X 3 B, R RIS, R S AL R
{HAEKT0.05 T A k3 22 5 (F =1.81<F(05(4,10) =3.48
P=0.203), 73X 5 HEHRME S, #FERM 120 CH R
) 48 SRAELAS 5 FE M AT 45 92 (>6%), T 80 ~ 100 °CHEFR 1Y
o5 PG % 8 BT (<3%), MR 80 ~ 100°CHE /i 5 2k
G M 90 CCHERR W25 ROV ME I K, K% BE 3T, 25
A ERER RN VU AL 19 5 R, 90 CCHERR i & il -
34 fRERZSHEEKRER

B HIHFE 0, 0.01, 0.02, 0.05, 0.10, 0.20. 0.50,
1.00, 2.00. 5.00 mg/L MIARIER I R, LU EA

FERIRT 10 200G RE LR MEAT 400, FFIE 20 By #F dh s 1,
AR PR, 45 7, Bk BoR, 189.925 nm i
RV R TE, REERE, BRI, e
BT L, & ICP-OES Il &4 & B & Ad W #rit
2%, A TR R ECH 0.99999, Jrikgi ity . AT
1) HH A At 0 5 45 SRR 189.925 nm £k B S o #R
5 189.925 nm 354 (YK H FRVEE (0.007 mg/L), MHRAERE
H}0.5 g, EAEF R 50 mLEF, Jrk ke R 0.7 mg/ke,
FERBR A 2.4 mg/kg.
35 FEEMESHEE

Xof A ARG 8 Z2 RO [6) 36 5 1 225 W i DL R — 0 T
MR IEATINE, BAFEREEATINE 6 Wk, T
H AR PR R 22, 25 0E 8. Fif S YR E
SR MESHETEE N, A R T 25T 0 FE X5 AR 2
] < 5% FL i & GB/T 27404-2008 5256 28 5 1 45 i 50
£ AL BEALAG I ) CPOTRE R B B i R

#6 TREIERARNHERITE(N=3)

Table 6 Comparison of the results of different ways to evaporate acid (n=3)

45 0L /(mg/kg)
F5 EERR 7 5 . > 3 S YI{H/(mg/kg) 15 % B /%
1 N AR 122 97 106 108 11.7
2 P L TR 118 132 133 128 6.6
3 80 °CHEMR 134 133 136 134 1.1
4 90 °CHEMR 137 141 144 141 2.5
5 100 °CitEfR 137 136 133 135 1.5
6 120 °CHEFR 127 135 146 136 7.0
7 140 °CiF g 137 132 103 124 14.8
8 160 °Ciffig 69 123 118 103 28.9
PR E 117~159 — —
%£7 TEIEZARERRZ G SR
Table 7 Standard curves and detection limits for different wavelengths
o N . . " 2 s iR & e BE i Lk *
ST A (me/L) e W AR AVINE - RRREE ERTHN
W22 (n=20) /(mg/L) /nm
189.925 0.0100~5.00 960.328 4.3369 0.99999 1.95 0.007 o
283.998 0.0100~5.00 2061.336 242075 0.99999 5.41 0.008 284.001 (Cr)
181.059 0.0200~5.00 592.518 62.5200 0.99999 2.49 0.013 Jo
242.950 0.0500~5.00 418.028 7.4613 0.99993 3.13 0.03 242.952 (Rh)
226.893 0.0500~5.00 632.666 11.9557 0.99998 5.38 0.03 226.890 (Ir)
242.170 0.0200~5.00 438.978 10.8743 0.99999 4.53 0.04 242.165 (Tm)
224.606 0.0200~5.00 175.651 4.7086 0.99993 2.67 0.05 I
235.485 0.0500~5.00 325.252 23.4566 0.99997 5.39 0.05 235.489 (Fe)
183.113 0.100~5.00 43.528 6.7676 0.99961 1.74 0.12 183.113 (As)
215.152 0.500~5.00 49.135 3.7328 0.99950 221 0.14 T

TE: TP AU R S 4t
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Table 8 The results of different samples (N=6)

B R (i (mg/kg) WER mee) T g,
1 3 4 5 6 /(mg/kg)

& GBW10020 3.8+0.5 4.02 4.01 4.15 4.29 4.07 3.94 4.08 3.0
MWK E SRM 1548a 17.242.57 14.9 15.3 14.9 15.1 15.9 14.9 15.2 2.6
FMi¥% ERM-BC084a 225+11 216 222 225 221 223 220 221 1.4

Hit T07321QC 62.7~87.8% 773 770 77.6 71.5 78.1 78.3 77.6 0.6
M T07332QC 76.5~106.2 97.1 97.1 977 974 974 974 97.4 0.2
PU£LH¥% T07330QC 117~159 151 151 151 148 150 145 149 1.6
B3V T07323QC 386~499 492 448 468 490 488 475 477 3.6
T — 625  6.11 630  6.61 6.62  6.92 6.47 4.6
TRt T07321QC Wb R (B . D& (B AP B A B2 34 0 mg/L; TR R R I H W M IUAESL, Tohis (.
#*9 BEIRERZBERN=3)
Table 9 The results of the spike recoveries (N=3)
FEdh B S A % 1/ (mg/kg) B SR/ (mg/kg) FE SR AE 7 1/ (mg/kg) [EISR /%
25 9.04 102.8
A 6.47 5.0 11.48 100.2
10.0 16.80 103.3
50 152.1 109.4
i T07332QC 97.4 100 201.4 104.0
200 302.4 102.5
3.6 [EESTE &% 30k

DATE B R 1G85 B i B L Al SR i 4 B iR S R A T
Tk T S8, SR FH B bR VA T B AT 3 A S TR VR
AKOFBIMAR, Z5RME 9 Fin. SLEE R ER, Rk
WCRTE 100.2%~109.4% 4, i &2 GB/T 27404-200820%}
F R ER

4 &

ARG R S mL AR +1 mL £5 R /Y R 14 2 E 471
W ATAL BRI AE 90 °C MR, A HRBHES S E T
KHHEIEZE L 189.925 nm A /il LRI E £ A R
i, ZTERIEIE BN 0.0100~5.00 mg/L, J5ykgkdtTy
LK BRSNS 0.7 mg/kg, Tk E RN 2.4 mg/kg, ZFh
FE JTRE B 00 25 SRR X AR R 22 < 5%, 0 A el R A
100.2%~109.4% 4 o % 7 LB VR R DR btE, 25 R, 45
W, RS, T, 5T 85T,
UL [ AR D E 7 AR S HOE RS
(4 53 BT 7 1 o
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