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B OE: BM & RN MR- EGE A & 1§ 2 (inductively coupled plasma mass spectrometry,
ICP-MS)illE &P T 3 KA h & TR S Wik, 5 FEERIN GG, RAIEE SR AELm
APAR, JH ICP-MS 5 FHEI 2 M- | 44, 377 Pb, Cd, Cr, As, Hg 5 i@ It K& . R KL RE
Hbr 230 BN et R AT, MR 0.0003~0.010 mg/kg, BT B0 R BUE R, £ I0EBintrE ik
HH 86.4%~107.9%, FHXTHRAEN 2% (relative standard deviation, RSD)H 2.84%~8.97%, B Jy vk A et i vfis
0 R 5 8 e IR S D7 i I R R [ AR MEA B (GBW10050), IR B EFRIERTEE N . &8 % kth
LR SRR, A KHEE RS 1T
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Determination of metal elements in 3 famous specialties of Yueyang city by
microwave digestion-inductively coupled plasma mass spectrometry

YU Lian-Fang, LIU Jian-Bo", GAO Wei

(Food Inspection Institute, Inspection and Testing Center of Quality and Measurement, Yueyang 414000, China)

ABSTRACT: Objective To establish a analytical method for the determination of metal elements in three famous
species-specific products in Yueyang city by microwave digestion-inductively coupled plasma mass spectrometry
(ICP-MS). Methods After microwave digestion, peristaltic pump was used to add the internal standard online. The
contents of Pb, Cd, Cr, As and Hg in tea, whitebait and lotus seeds were determined by ICP-MS. Results The linear
relationship of each element was good within the standard curve range, and the limits of detection were 0.0003—
0.010 mg/kg. It showed that the sensitivity of the method was high. The standard recoveries of each element were
86.4%—-107.9% and relative standard deviations (RSDs) were 2.84%—8.97%. It showed that the method had good
accuracy and precision. According to this method, the national standard substance of prawn (GBW10050) was
determined, and the measured values were all within the standard range. Conclusion The method is fast, accurate,
and sensitive, and suitable for the analysis of large quantities of samples.
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WAOE AR 2RI IE T, AFEad, A et
FAOSERR, B BTEEER, R R U S B N TR [ AR
fa ) F7 Xz —, WA XgRch £ 86, ffa, b
FRFR g T At AR A A0 30 T £ g A T S AL 5 2
A A B, SRR XK AL . b BRARIR . AR IR AL 3
HETARK, BETHIE"XZ—, BEE ILERE . “W
BEER AR | BESE T OO0 BH P 48 DR 4 1 4 1 45 b,
A AT BH i 4 T DO AR TS A 44 R ANy o ARk, B
B A B RN B, SRR i 2 e ol
MM HZTMER CHINE . B TIEEEE . RAHLIE
AR T LA SN T R AR It R R Bt K™ i rh & ROt R
T YL (R B AR S

H BT 0 &R 020 0 Oy 1 F B KA R F RO
(flame atomic absorption spectrometry, FAAS), f1as47 )i+
W G115 (graphite furnace atomic absorption spectrometry,
GFAAS) . J5i T %¢ % (atomic fluorescence spectrometry,
AFS). HLBHEA 558 71 & 41615 (inductively  coupled
plasma optical emission spectrometry, ICP-OES) . HiJE&#H &
ZEE TR %92 (inductively coupled plasma mass spectrum
etry, ICP-MS). FAAS ¥: . GFAAS i1 AFS ik i FR 52 55,
RREF BN ZFh ot &K . ICP-OES 2 T 5 1o 72 o Jir
B b P R LS RN s ) 407 2 28 D D8 B ol 1 L P
ICP-MS 75 K H BRAR, Wik T Zon Bl o b, shasgkik
JOETE . RS, MRRREA R Hrae i S, &R
AR 4 B G R A el B AR U2 T Rf i i b FE
1, TR . FERER . Z) i i 2E 0 & (1940
&, WWIEHM A FE R . BRI fERPEROR. BF5E
W, MEARRABREED . TR s
[ o R g i ek B B A Y, MOKE ik 1 % 5 1CP-MS
SRR ZITTRE TP AR STk . AR R
THfY ICP-MS BXH, s B ILaer”. “<WpEmm”. «H
FEYEF "I Pb, Cd. Cr. As, Hg 5 fiP 4 )@ T % [l s
Tk, BERNEIEZ & NE RIS

1 MR5ERZE

1.1 XFE5R
FILaREr . A, 3. AEGIEEEHTTE).
PQ-MS Tl i B & 56 B 1A 343 (T ] R B2 2 ) )
Multiwave pro 24HVTS0 HY ik TH i A (S8 ) ‘22 AR A 2
F]); 09A24S TR A (L i 8 b 22 BB A BR 2 A,
ME204 Ji 4 Z — . F K (% == METTLER TOLEDO /AF)),
Pb. Cd. Cr. As ZICEFRMERW(1000 pg/mL), Hg H
TCEARMERR (1000 pg/mL), Bi, Ge. In. Rh. Sc ZILEN

FRAR(100 pg/mL) , Au HOTRARMER IR (1000 pg/mL)(E XA
B4 )8 KR HC); Be. Mg, In. Ce. Pb, Th
P (10 me/L, 18 = HE 2 28wl ), KU I 5 45 E 9 ot
(GBW10050, HiBRiFEHIBRIL AN HFFTIN

SER( T2k, #RTEA ), S256 FHK (i B FRZE 1K) o

SEG T B TR A AR ITE 10% 0 Aims iR sl 24 h,
68 FF R R 7K T R i I Bt Sl TR A P R i A TR Y
1%, FIFH RO RIS O, S5 R AlE Ve T4t it T
S5k R DR O A R A ) — U
1.2 LWFEE
1.2.1  AUE TAE ) & B4

KEMERER: B 2 mL £IcRAwWER, HAMRE
W (5:95, V:V)FRBEZR 1000 mL, T RFRUEAIRAIITH] o 7
HRWZE 1000 pg/mL KR 0.5 mL T 50 mL &.0%F,
KRR EFRBER R 50 g, 155 10 pg/g BB . R
BUZAE & 0.25 ¢ F 50 mL .04, FRARER E R
BEER 50 g, 155 50 ng/g BYFARB A I 43 FIFREL 0.
0.100, 0.500. 1.00, 1.50, 2.00 g iZ P EET 50 mL &L
o, RORMHERERGREEES 50 g, 155] 0. 0.100.
0.500. 1.00, 1.50. 2.00 ng/g HukRHE T/ERZ .

¥ Pb. Cd. Cr. As ZILRIRMERA 2% HNO; #%
LI E BB RE, Pb, Cd. Cr. As JLE M TR
JER 0. 1.0, 5.0, 10.0, 20.0, 30.0. 50.0 ng/g, PEFAFH
T T AR ot £ 1 o [ e 5 B o) PRV VR, PR AN B AR
Ao JI ICP-MS XF iR RAVARUEE AT E, LA Ny
BEAAR, LSS AR bR, Zeifilbniihize.
1.22 #enara e

AR SR, FREL 0.3~0.5 g BE&h T i i
EES, A 8 mL fSER, MEACE R, HEERER, A
T AR TR | AR B ISR T . R
B, BTSSR, AR se e, K
TR - F 100 *CHI#GERR, ERFIRZ | mL, F#4
HJG HKEAL 2 50 mL O, EHE 50 g JFIRAI&H,
[F] B i 1 S5

R1 WOKHBRER

Table 1 Microwave digestion procedure

FHEETE] R AR )

BB REPC ) ) WU 5
/min /min
1 120 5 5 1
2 150 5 5 1
3 190 5 50 1
4 60 22 -- 3

1.2.3 ICP-MS T &4
587 FH RS OG22 TS FR b AT R 3, L08R
IUERBHOE B W 2.
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2 GER5HH

2.1 MERML R AIESE

AT SEAR BT [R5 3 =F BE R . T AR e F iR
TR AR 5 TR, 4SRRI ST R A Rl R RO
W 3, WSSl BB ER BT hAEE 2 4, &
XA R R i S BT e R AR T 2R 1 () o7 3% R e R 8 Mt
FaHr B Z AR T4, M T as SR i .
2.2 NFRTRAIEE

A TCEAEN S S5 1 A n B TR HE g e
WY EERO AR IETE o INARIT R AT LAMGE 43 BT {5
SERREM, NiRTEMN SREMTEAMHIEN SR, B
BRE . bR A A L, PA— ARG R AR
RERERT A RECR W REA T . HINFRIC R AN 2 [F] &=
S E & W 2 R B T IO T 2 B F A
AT, BTN, A T K. Ca. Na, Mg
FENENTR-MRLE R, SlEl—EMEATH, 5l
R e A5 5 A s KBS, AR 4 L B
K. . B3 ANRERA Sc. Ge. In. Bi MIREGWHRIT

K, RAENFEAELIMA . SO ENNFRTE L 3,
2.3 ICP-MS BFH RIRIE

# ICP-MS HEBM TR 4 AR SRS T4
GRS FIFTIE T3 JEFTE T2k B 55 B30l A
HESRAIUN | 2 1] FL A 0N R p R I A 1 R | A e
BN BUE T B R T e s F T, FERAVE
EE T BURMTE T AEE S el e
AW, RGBSR AE LM A PIbR AT LU i AR 1E — ¢
RN o« WSMRIBREER | R0 8 55 B0 e T,
T8 1R ] B B AT A AR . 138 L ik ICP-MS T
ESH, WRGENFIA R, RARIE ) B a5 515 iRl
R WSO IE T4 AR gT i & A AR R, 52
6 vl A5 43 <3 33 50 mL/min ) 100 mL/min, %5804 1
Ji7R o AR M R ARE 5 5, AU aA
B 80 mL/min, FIFSMARRN (BB L), #
S I B PAsTiE, 5B kER YArtcrt
T, SIAESR, SR F:

40AI‘35C1++H2—>40A1’1H++35C11H

BAS s AST

2 ICP-MS ITiES#
Table 2 Working parameters of ICP-MS

SRR SR E 2IE SR
SRR 1.35 kW kA [k
TR R 10.5 L/min KA R
F Ak A 0.96 L/min KRR E 6.5 mm
PR 1.50 L/min KA Bk v
T B[R] 30's Y HIK IR 20 °C
AL E R 3°C CRC SR (ER) 100~120 kPa
Rk 15 r/min BRI 7 R S B 33
*3 HNTREENEMLEMARTE
Table 3 Selected isotopes and internal standard elements of the elements to be tested
JLE [l {3 2 (m/2) FE /% MFRICE BB IE TS 3L/ % I3
Pb 206/207/208 24.10/22.10/52.40 29Bj 97.2~100.0 AR 52 0t
cd 114 28.73 "In 95.9~100.2 Tl 438 J52 1oz it
Cr 52 83.79 3¢ 94.6~100.0 il 4R 52 0t
As 75 100.00 Ge 95.6~100.7 Tl 43 52 1o it
Hg 202 29.86 29Bj 90.8~98.5 Till 428 J52 )37 3t
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24 ZALEMEMLRSKER SEREME R KN, TR 5 Bp R, 45 R ILFR 5.
AR AR 905 B P
W 1 %, LR 3 e rE
RN 22 R DU R IS (R R R, 10 fishioe 2.6 FEROREEMEE
P22 ARRRIT A E 'R, £ n B L i HERE YR AR 1R EATRRI S Ay, #% FaRSEs sy

RBR . R 40 3 4 WAL AOUREIARIEM  BUETIE, SIS R SRR S R e %
LICHNLRIE R RAF, KA TF 0.0003~0.010 mg/kg  fRyfkvaiie, e L Rsem vy BIMEFT I, ol 5k
2, R R AR, AR i 2 BT 22K LR IE 6. K ILRMIFIE N 86.4%~107.9%, #iIT
2.5 FREYIR GBWI10050 B4 Hf R, AT A RIS, RSD 2 2.84%~8.97%,
R HCHR I ZARUE DT (GBW100S0)EAT 6 YOF-A7MlE, 9L GB/T 27404-2008 (S =it il UL 22k ML
T AR A P, JF ke R it K NIRRT I AT B v A T
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7t
——Hg ——Hg
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= —% Cd a st & cd
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1 FlEAE SGE T O A5 55 BE R RSD (52
Fig.l1 Influence of gas velocity on element signal strength and RSD
R4 SETNENLMFE. BXRBREDHR
Table 4 Linear equation, correlation coefficient and limit of detection of each element
TR LR HHRREr £t B/ (mg/kg) JE 1 i /(mg/kg)
Pb C/S=(1118.0+675.5+5454xconc)*[1/S Ratio] 0.9999 0.003 0.010
Cd C/5=(564.0+1946+45700xconc)x[1/S Ratio] 0.9999 0.0005 0.0015
Cr C/S=(105.7+35.20+485.4xconc)x[I/S Ratio] 0.9999 0.010 0.033
As C/S=(367.0+59.914+3264xconc)*[1/S Ratio] 0.9999 0.004 0.012
Hg C/5=(434.0+498.1+42620%conc)*[1/S Ratio] 0.9997 0.0003 0.0010
T CIS ARFRAG S5, 1S ARR PRIy TR
x5 HOEESNEENERN=6) 6 [EUERFHEEE LI (=5)
Table 5 Comparison of standard values and measured values (N=6) Table 6 Recoveries and precision tests (N=5)
- KIF(GBW10050) ez CTHWGEM WY WGEMRY MR RSD
e : ” - /k /k /k 1% 1%
PR /(mg/ke)  WIREEH(M/(mg/ke)  RSD/% (mg/ke) (merke) (mehke) ’
b 0.20£0.05 0216 35 Pb 0.382 0.5 0.851 93.8 2.84
cd 0.0390.002 0.0377 532 Cd 0.0505 0.1 0.141 90.5 4.91
Cr 0.35+0.11 0.332 3.85 Cr 0.525 0.5 1.00 950 372
As 2.5 2.58 2.88 As 0.0731 0.1 0.181 1079  6.65
Hg 0.049+0.008 0.0421 5.79 Hg 0.00836 0.01 0.0170 86.4 8.97
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2.7 #H@NE

it FREAR RS S, RO T A% 1ICP-MS BX
2, X BRSO EFRES IR, 4
RIER 7, BHE 7 ATHL 3 RFF” Pb, Cd. Cr. As. Hg
ERAEAEZE S, Pb M Cr & AR, Hg & BEAXT AR
20 Ph S B AR AANE T, B lgRAR 149 Pb
HAF] 0.382 mg/kge ZEM AT R EORIEF . RV
RASE N T Ak R, 25 AR A 2 5 i B [ 25 ok a0k AT BT
B EER RSN S Cr R B AT AR
i, REEU=MAAN 2 FIERAAAE, M8 1 Fk
TR IR, AN A BoEE. WahoR SR
T A RE R, oK D AR E YRR E
BRI, KRR AR ] o B e ki AR A
BE 3l i i 0 & AR O S 22 5 AR A R A
BN, e, TN ERAE NY 659-2003 (450
B R R B EEEIBRE ) U1 GB 10136-2015 (&
ah A E RARAE ST ) PO GB 27622017 (£
MG E R RS R E ) PR NY/T
1504-2007 (%) PG ER

R7T EPREERIENLER (ng/kg, n=3)
Table 7 Sample test results (mg/kg, n=3)

AT R Pb cd Cr As Hg

I 1# 0.382  0.0505 0.525 0.0731 0.00836
H s 2# 0.224  0.0452 0.736 0.0582 0.00835
H s 3# 0.195  0.0487 0.368 0.0621 0.00668
B L4 4# 0.256  0.0533  0.569 0.0610 0.00938
TEEMIARf 1% 0.0675  0.0511  0.193 0.0394  0.0227
TEE MRt 2% 0.0492  0.0626  0.264 0.0326  0.0345

2035 0.0436  0.0497 0.0747 0.0428 0.00812
[Sp 0.0497  0.0463 0.0911 0.0593 0.00624

A ERET R R T R B TR
AR BTE A E 25, I RE 3 K4F)™ H Pb., Cd, Cr,
As,. Hg WY& i, AR T A0 1 s Jolkol & a4 4
P o AN S (R T A - L SRR 1 55 A B 0 [
SEAEBAT 3 RADLR:"H Pb, Cd. Cr, As. Hg JLRIYJT
i, INEBRAERE . PR, ks RO R, B
WOTIEREM AT R T LT R BT E
BOR . SRAZENE ST, Bifh, E T Pb, Cd, Cr,
As. Hg H95 I T AN 09 E SRR . A5 )™

ST NPt BN o5 AN U <D= o 3 e e
SE R
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