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Determination of 10 metal elements in puffed food by ORS-ICP-MS
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Abstract: Objective: The method for determination of Al, Cr,
Ni, Cu, Zn, As, Se, Cd, Sb, Pb in puffed food by inductively
coupled plasma mass spectrometry (ICP-MS) was established.
Methods: Samples were pretreated by microwave digestion
technology and molecular ion interference was eliminated by
octopole reaction system(ORS). Results: All elements had a good
linear relationship within the linear range, with correlation
coefficient » > 0. 999. The precision and repeatability of RSD
values were ranged from 2.8% to 4.5%. The recoveries of
elements ranged from 100.8% to 114.4%. Conclusion;: ICP-MS
combined with microwave digestion is simple in operation,
effective in reducing sample loss and good in accuracy. It can be
applied to the detection of multiple elements in puffed food. SPSS
was used to analyze the results of pre-packaged food and bulk
food. The test showed no significant differences in metal content
between the two samples.
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1.2 k7

TR « W 20 7 ) R s Ak A AT

& JEICER IR AR : 10 mg/L. 35 [E Accustandard /A F] 5

P :10 mg/L, 3 H Agilent 24 H] ;

NARVE W :100 mg/L, 3 E Accustandard 2 A ;

T 6 S BB WAL B T
1.3 FRAEBRRES R A S
1.3.1 ARUEEWECH  MEFIRI 10 me/L RGBT R R
eV 0.1,0.2,0.5,1.0,2.0,4.0,5.0,10.0 mL F 2 & i,
DL 2% f 8 7E %5 2 100 mL, £33 i & ¥k 4 10,20, 50,
100,200,400,500,1 000 pg/L AR iR FI B . 53 50
100 pe/L MFRHER K 1.0.2.0,5.0 mL. Ll 2 U IR E XK E
100 mL, 3B BT N 1.0,2.0,5.0 pg/L ARUEWK T .
1.3.2 IR B 10 mg/L & HE VALV 2 VIR G
PR, LA LSRR B 2 1 pg/ L.

1.3.3 WFREIRIEH  MERT I 100 mg/L A bR AR HE B

W1 mL, L 1% AR 2 A = 100 mL, 754 31 Ji &k ol
1 mg/L iR & WARE WK .
14 HRMEBESMEEERK

H AL £ OB BRI L 2 L PR 0.5 g AR BRI
WO . BT PR A AR
BT ST 8 mL R RR VR AL 1 B 1k a3 2 MR S LAY
TE SR I A R A R B R . T T AR R R R
FHEEHTHEA - THE R 120 C 4+ 5 min, kTR E
150 CA£4F 10 min, FFE E 190 CA£+EF 20 min, 3 K FHR
) 3558 5 min, B E N 1 200 W, Re i g R
Mez 55 CLATFRFHCH TE i i, R 1 T PR HER . 4 &b
HUS B RE SO ER #5 h . F 140 A 1 h, K BRAE S
AR . R S ) & SR M Al K b VR T i HE
SWHABEM ERE 25 mL.ESRHEREE B
FATF AT ) ok SR PR ) 1) T 95 AHORE s iR B

ASC2 LA 8 9 R T R O AR S AR AR R
TLIVY O TL ik il fw 22 78 0.1 amu JE BN . 3 FE R N
0.65~0.80 amu,EALH (CeO/Ce)<<1.5% » W fif (Ce? T/
Ce)<{3.0% ., RFEREN 3 W, ML 1 550 W, R £
WE 10 mm, #& X W # 1. 07 L/min, & K ¥ &
4.3 mL/min, WFRIC T 3 £ & §1 (7 So) L 5 (7 Ge) | B
CORh) B Tn) 8 O L) 56 G BD IR & 368 W %
LI AR,
2 H RS
2.1 tREMZREHR

DARRIN T 3 5 4 bR 70 3 0 B A5 5 (8 B 3 o A
VA 7 VS VAR VA (L M O A 25 o A R R K b v R
M RBCRMETE R LTk R W2 1, 3 1 nl 4,
10 Fh T 2 M3 B 8089 >0.999,
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Table 1

Linear range, detection limit and correlation

coefficient
% R/ J7 A R/ —
(pg+ LD (pgeg™H
Al 10.0~1 000 0.505 0.999 0
Cr 0.2~400 0.013 0.999 8
Ni 0.2~400 0.011 0.999 8
Cu 1.0~400 0.065 0.999 7
Zn 1.0~400 0.057 0.999 0
As 0.04~400 0.002 0.999 9
Se 0.2~400 0.010 0.999 8
Cd 0.03~400 0.001 0.999 6
Sb 0.05~400 0.003 0.999 9
Pb 0.2~400 0.012 0.999 9

22 FEBEBEESERE

PRI A0 0.279 1 g 00 I i i . A 10 mg/L
GBI G ARER IR 500 pL IARE R 5 pg. A GE BRI 3
AT R R W AR S R S R MY,
22 AT, 10 FhooC 2 AR B 2k 100.8% ~114.4%
PARE b 6 YN 38 9 AH XT B i 22 RSD, 75 21 Jy 15 4 %5 BE
RSD #<5% , Rl iR 5w .
2.3 FHEHK

i) 2ot A2 v = A 0 S A T 4 £ Bk B TR E R
R OWHLE B RS T T ALRIT As TR F AL R
B0 86 0 2K %k B 3 B R 0T Cu ' Sh E AT AR, 4 o
RWER FEIFTFEF TR B CRFEGZREFCr.
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Table 2 Recovery rate of standard addition

and precision

ggﬂlb‘)#%}%’%ﬁ'/ IMARIE AL/ nbRE/ Wl R
TR

(pgeg ™ (ugeg " (pgeg ) F/% RSD/%
Al 6.933 26.819 17.915 110.0 4.5
Cr 0.128 19.248 17.915 106.7 3.5
Ni 0.056 18.990 17.915 106.0 2.8
Cu 1.793 19.975 17.915 101.5 3.7
Zn 5.459 23.676 17.915 101.7 4.0
As 0.181 20.348 17.915 112.6 3.6
Se 0.205 20.695 17.915 114.4 3.7
Cd 0.018 18.081 17.915 100.8 3.5
Sb 0.002 18.811 17.915 105.0 3.5
Pb 0.006 19.260 17.915 107.5 3.3

t IR A RS Sh.Pb T E F R <LODUEHBR) . L 1/2 LOD
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FCr P Cr ™ Cr, B 32 B d i 1197 Cr i 50K % Ni 3=
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FH RS NP A T, 5E Zn P78 0 Se
FEESAZ Ar 4 F T8, B b3 £ Se 47 I & .
1Cd ZFPd FAL T CAT O Cd 4y ) 2 £ S Tn
BT E BRI Cd, R on R A T R
R B3 B e . D e AR Y 4 S T E O AR
A AR S T 3 BE R AT e 7 o B T8 T
e ISR F B TR

SR FRWCIEE T A% 125 S 8 VA 7 AL 28 5 =X, A 28030E B T R
w5 YR G R R TR BB BT AR O 2R TN %
RO P LR R A P AL B N R A R
i 152 TE AR RO, 388 3 % A R 45 3 0 0 T SR R 1
PIBR IELICR Sy 80 %0 ~ 120 %6, A7 4% B 46 00 45 SR | B
PE. K BB AR T AR S OUT R 7 AR 1Y [ i A R

ZF E:ORSICP-MS#ZEMEWLEBERZFIOMEETE

AAMAYT ARG TET T, 2GRN T RE S8 m.
FEAETE I T BOMAR B WA = 38 xR 7 2 A 2k
BT RS, DL ORS SR f 458 50, BE 8

e Q7 A T a7 - e SN ) T R e S i
80% ~120% ,

2.4 FERENER

X SR G 2 ) B A0 Bt 8 AT T I E L 29 AR TR
B VR AR VR RS S T T R DL AR PR TR 2 6 T e
GERR O A R HEATIC AL S5 R WK 3. AR GB
2762—2017, AL & S RO R B 0.5 pe/gs K4 GB
27602014, yiy A 1 ) 5% FER bR P AR 0 8% B OO A5
F 100 pg/g. £ 3 AT A, BT AT ORE &R AR
0.006~0.292 pg/g. FAF &~ 1.184~29.790 ng/g, HIFF
BARME. RGN H E RN 0.015~0.205 pg/g. A N
0.026~0.878 pg/g . fil& R 0.404~3.221 pg/g. FE & &

T A BTG A8 R AL T LR . D 3.171~12.391 pg/g. B & 20 0.002~0.006 pg/g.
3 BUBRRPTEESENELR
Table 3 Determination of metal content in puffed food ng/g
FE il 2 531 FE it B Al Cr Ni Cu Zn
E N S 10 1.184~29.790  0.015~0.240  0.075~0.301  0.748~3.221  3.171~6.935
By 6 8.160~17.975  0.055~0.185  0.041~0.878  1.003~1.774  5.533~12.391
KA 4 3.468~11.240  0.023~0.063  0.026~0.209  0.404~1.035  4.606~6.904
R 42 2 6.933~8.805  0.054~0.128  0.038~0.056  1.436~1.793  5.459~6.468
AR 7 5.255~14.951  0.047~0.297  0.040~0.108  0.647~1.678  4.453~8.082
S Gy e As Se Cd Sh Pb
B LELAR 10 0.003~0.048  0.016~0.051  0.007~0.034 <0.003  0.006~0.124
B 6 0.011~0.195  0.015~0.058  0.004~0.015  0.002~0.006  0.022~0.292
KA 4 0.024~0.065  0.018~0.029  0.003~0.009  0.002~0.004  0.025~0.123
LIPS 2 0.066~0.181  0.017~0.205  0.018~0.021 <0.003 <0.012
AR BRI 7 0.010~0.162  0.019~0.067  0.007~0.035  0.002~0.003  0.006~0.089
TG Y W B B o o e AL B A A x4 MEBLEEHEBALRRATESELR

RV E . S5 YIRS N LR A LR LB T R
FRAE 2T 508 0.5,0.1.1 pe/g, AL B AR P o 35 & O
0.003~0.195 pg/g.Hh & 7 A 0.003~0.035 pg/g, 5 & &
$70.015~0.297 pg/g.3 R E 48 & &5/ TIXRE. ¥
et b G JE S BB R R BT R LU B (E T
B o S AR HE IR Sy B8 > B > R > B > >
T > il >3 > .
25 AREFBEZGTRERATHNEETEEE

I YRS ) A A 5 T 0 A RS R A 2 T
PR, AR AE A R TR MESR & & 1
225, % Mann-Whitney U JE 2 506 50 1 55 91 40 1046 30
Gt ZH. SRR A ZHOIMEKLR. P EHY >
0.05, RN GRITR S A M LR EEZES.

Table 4 Comparison of element content in pre-packed

and bulk puffed food

JLHE el VA P O3
WaieEm HEEM
Al 13.59 19.43 —1.580 0.114
Cr 14.77 15.71 —0.255 0.799
Ni 14.30 17.21 —0.790 0.429
Cu 15.09 14.71 —0.102 0.919
Zn 13.91 18.43 —1.223 0.221
As 15.27 14.14 —0.306 0.760
Se 15.61 13.07 —0.688 0.491
Cd 15.66 12.93 —0.741 0.459
Sb 14.20 17.50 —1.191 0.234
Pb 14.18 17.57 —0.922 0.357
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