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B R R A2 3 ARG YE (Inductively coupled plasma mass spectrometry, ICP-MS) il & & A
Cr. Ni, Cu. Zn. As. Se. Cd. Sn. Ba. PbZ10 i o R 1704 %o SR FH AR IR o IR 1A 38 0 A ol 2R A7V
fift, HET AR ARG MR RN R O T 2 )5 B TR T R KT, M Se. Gey Y. Rh,
In. Re%5 03N W AR G L IE SR T IRAER . 7 ik IR H IR 7E0.003~0.780 pg/LZ i), Cu. Znf#Zk i yu
0~200 pug/L, Cr. Ni. As. Se. Cd. Sn. Ba. PbiJZktiEHIN0~100 ng/L, HIFJTFEAHIE REE K T0.997,
Frlal % 84.80%~ 131.40%, HIXHhrifE 22/ F5.3%.
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Abstract: A method for simultaneous determination of micro amounts of Cr, Ni, Cu, Zn, As, Se, Cd, Sn,
Ba, and Pb in poultry and livestock meat by inductively coupled plasma mass spectrometry, (ICP-MS) was
presented. HNO;-HCIO, wet digestion was conducted on samples. The polyatomic elements interference
was effectively eliminated using a mixture of hydrogen and helium by collision cell technology (CCT). Sc,
Ge, Y, Rh, In, and Re were used as internal standards to correct the matrix interference and drift. The detection
limits for the ten elements were in the range of 0.003-0.780 pg/L, and the linear range was between 0 and
200 pg/L for Cu and Zn, and between 0 and 100 pg/L for eight other elements with a correlation coefficient larger than 0.997. The

recoveries of these ten elements from spiked meat samples were in the range of 84.80%-131.40% and the RSD was less than 2.60%.

Determination of Ten Micro Elements in Poultry and Livestock Meat by Inductively Coupled Plasma Mass Spectrometry

Key words: poultry and livestock meat; micro elements; inductively coupled plasma mass spectrometry (ICP-MS)
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ME T HRAS MARFREKEIS6 DMK ERMS3 DR
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AR BRI fE, a1 GIAGHREAR, @R
Il E B &P Cry Niv Cu. Zn, As. Se. Cd. Sn,
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IR =R A Tal B 254 B IR
A#l; Cry Niv Cu. Zn. As. Se. Cd. Sn. Ba. Pb,
Sc. Ge. Y. Rh. In. RebrftiFll [ SArAED 0 70
Fl; Liv Cov In UFIE A 3£ E Thermo Fisher
NCIP
1.2 {FHEHWRE

ICP-MS X Series 1T HJERE A48 3 TAR IS EE
Thermo Fisher/A #]; Milli-Qi#4li/kHl. 3£ [E Millipore
AFE BFERMAR R R R
NCIP
1.3 i
1.3.1  FRAL AT AL

HERFREL1.000 gFE 5 B T B O =, IiA30 mL
HNO,:HCIO=7:1 (V/V) MW, R, HME
. KHETHMR EmAERE, EHEMREREG
BTG (U AR P2 (B R R, VA AN 2D VR R 4k 45
MR , BREAMEH, A0 mLE /K 4k S0
MR B R N1 ~2 mL, fF =4 HHEAKE R E
ZT25 mLA AR, FRERFI2 A,

FEL B O 55 B AR I RSV I mLY R, IR
R E82% HNOLEBE A 10 mL, 7l
132 FrdE AR ECH]

B Crv Ni. As. Se. Cd. Sn. Ba. Pb& T &bk
HEVE I, FH2%HNO MM B 50.04 0.1, 1.0, 10.0,
50.0. 100.0 pg/L; Zn. CubrkVER#FE ~5.0. 10.0,
50.0. 100.0. 200.0 pg/LIIH5R#E 25 TAEW .

¥Sc. Ge. Y. Rh. In. Relf] 5 1% W W B i
10 pg/LIEW, PARHEEIE N &N TR A bE
133 ICP-MSJll5E

i1 ng/L Liv Co. In. UJH i i85 0 e Bk &
S5 B TR AR SRR AT T AL, A TAESH
W1,
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Table1 Operating parameters of ICP-MS
W H TAESH i H TAESH
E 2 /W 1 400 EEE P Bk
KAETR B /mm 129 T /0 3
A/ (L/min) 13 A A IN A /s 0.1
24/ (L/min) 0.90 ERERH 3
FAERE/C 2 SRAFEIT [A)/s 47

TEZ 1 ICP-MSTAESHUT, B4 % b eV W A0
B10 AWM R P Cry Niv Cu. Zn. As. Se. Cd.
Sn. Ba. Pb%:10 FHoc & Ml EIRIE .

BB B2 LV s AT YOORTRE o Y 0 e e A 2%
TELEIIN I bR, DAYH B A4 808 A2 1080, AN E P
% O Ym BRI R IE 77 FEXTA R BRI AT A a2 Ik,
TEACER TAE AT T, RS & J0 bR AV 1) o R P At
NS S50, THE S TR IR MR R, B
WERER, BRSPS TRSE, TEASWT:

pXV

X=X 1000

X XA RS R/ (mg/kg) 5 p NFER T
TLERREWRE (ug/L) 5 VAFEBUSAERYmL; m AR5
JHE/g.
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M EAE AL (kinetic energy discrimination, KED) i
W2 R, T R AR T R R
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Table2 Selection of isotopes for analysis of ten elements
TR e TR EiES
As 75 Ba 137
Pb 208 Sn 118
Cd 111 Cu 65
Cr 52 Zn 66
Ni 60 Se 82

22 LRUEVEEL. MO RESAG IR
ICP-MSHI B &L HEVE IR %, W Eik9 ME
WHEFER . A ER . A PRIEERE N B & o0 R 152 b
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RV, #%PE0~200 ng/LIEANCu. Znff 2k iuH,
0~100 ug/LYFNCr. Ni. As. Se. Cd. Sn. Ba. Pbi
BAGHE AT Ze VT

HRLT 0P AT W00 5 1500 2 VsV R AR O A v s 22, e
H R ARG =3RRI E o JIEIA DG R B FEXS bl 22 2%
for HH PR 48 SR L3223

£33 HEHEXRR. HEkEREHR

Table3 Correlation coefficients, precision and detection limits of
ten elements

TR MR ZREr A bR ZE/% KR (ug/LD
Cr 0.998 1 0.053 0.159
Ni 0.999 5 0.016 0.048
Cu 0.999 8 0.040 0.120
Zn 0.999 7 0.260 0.780
As 1.000 0 0.012 0.036
Se 1.000 0 0.062 0.186
Cd 0.998 9 0.001 0.003
Sn 0.997 8 0.095 0.285
Ba 0.998 7 0.025 0.075
Pb 1.000 0 0.015 0.045

HHR3 A, 10 Fhyc R IAH S REAYTE0.997 LA L,
FHG bR AR 22 /N T0.260%, 46 H PR 7£0.003~0.780 pg/L
Z 1]

2.3 JIVEREE R R AR

R4 mFRECRLRA R

Table4 Recovery of ten elements from spiked samples
Stk MO (pe/lD e &/ (/L) ElEA
8 9.15 114.36
Cr 40 51.95 129.88
80 83.68 104.60
8 8.79 109.90
Ni 40 47.68 119.20
80 80.05 100.06
40 41.89 104.73
Cu 80 92.67 115.84
160 160.80 100.50
40 41.93 104.83
Zn 30 88.67 110.84
160 149.40 93.38
8 7.79 97.34
As 40 42.46 106.15
80 74.22 92.78
8 7.618 95.23
Se 40 39.00 97.50
80 67.84 84.80
8 8.90 111.24
Cd 40 45.02 112.55
80 75.18 93.98
8 9.45 118.13
Sn 40 49.54 123.85
80 82.20 102.75
8 9.850 123.13
Ba 40 52.56 131.40
80 85.80 107.25
8 7.87 98.33
Pb 40 45.55 113.88
80 82.70 103.38

£S5 HBARRTEHETMESFREREITER (1=6)
Table 5 Analytical results of ten elements in pork sample (n = 6)
TE Cr Ni Gt In As Se Cd Sn Ba Pb
FHER (ngkg) 047 006 045 1534 001 14— 010 047 045
HRREREL 0948 1855 3715 L1737 5299 6483 1986 2968 4716  0.987

o= Rl R

R4 ~S5a A, 3F N N & 5 mAx Bk & 7E
84.80%~131.40% [A], XF[FA]—#FmiZE sl FE6 x HAHXT
Pt O 22 /N 1-5.3%, 158 BH BT 42 37 119 J7 923 [l S 2 B A
BT, RemsIE R HOE AR
24 SERBRFES I E 4

#6 SHEBATIOHITRNER

Analytical results of ten elements in poultry and
livestock meat from eight species

Table 6

mg/kg
JLE KW RN RN BT RS XY UKEEY 1939
Cr 047 029 038 0.8 048 028 039 0.52
Ni  0.057 0.021 0.032 0.075 0.064 0.083 0.095 0.058
Cu 045 031 031 078 08 016 014 026
Zn 1534 1765 2200 8.60 12.14 7.67 817 1050
As  0.010 0.011 0.012 0.011 0.013 0.015 0.013 0.014
Se 143 098 135 3.07 199 287 168 174
cd — — — — — — — —
Sn 01 011 013 011 012 015 013 0.2
Ba 047 040 037 014 016 025 017 020
Pb 045 024 033 026 037 047 017 020

W T LT, e TN, ER. FR.
LG, BEERG . Sy, IKEENS. D958 B E & At
10 FioC R & &, FOFEMNPATIE3 K. R6AHI,
Cu. Zn. SetEi RFAIBEBEFN P HAERKNER, GB 2762—
2012 (&R E) PHEAs. Pb. CAMIIRE N
0.05. 0.50. 0.10 mg/kg, S FBESENFMES B TRS
BT IR E bR R R e & .

2.5 hRAEIIR AT

32 FH A S 56 BT ST 118 7 92506 5 T R 43 3 A s v 20 o
(GBW 08551) #HATMIE . BRI, 10 Foczme
1 5P AR -

RT  BIFRSHVREDR (GBW 08551) SRkl 5l e s R

(x*xs, n=3)

Table7 Comparison of certified and measured levels of ten elements in
pork liver reference material GBW 08551 (x s, n=3)
mg/kg
Tk Cr N In As Se o S B Ph

filEE 020040000 = 1720020300 1T2000£4000 0040004 094020030 0067£0000 — 039040000 03400020
Pl 01984003  — 176000400 17T3000+5.000 0042£0011 095020015 00680046 — 039040025 05600038
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RiF, iR B8 ER TR T ELRNTE, FiEK
PR AE0.003~0.780 pg/LZ [A], Cu. ZnfyZik
0~200 pg/L, Cr. Ni. As. Se. Cd. Sn. Ba. PbiZk%
JEHE0~100 pg/L, [EIHAFFEFHC REE K T0.997, ks
[T 84.80% ~131.40%, HFHXS bRk 2 /NT5.3%.
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