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BRI E I {E B EAARIE L RIATE L. C8f—
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1.1 {UE5KH

AA6800 JFF I W43 YL BE T (H AR B A D 3 GFA-
6500 A 89 (H ARG HEHAF]D ; ASC-6100 [ ghilt % (H A
S ED s WizAA SHLTAES 45, 83, 2k, 46 dmeras
CoBIRRAT s S5, 5. Bk B STRIEERRMEE : 1. 00 mg « mL!
CEZARUED) BT 0 - I F S 0. 200 1l IR & 2 15
IR (MOS 92); 3l F LS (AR); 2% e — S %% (GR);
MEK- I a8 V8 A4S R B AR BRI &
1.2 UEIESH®E

KR KIAIR FIRWOEIE R E 2k M. WMeES R, A
B T IR MO T 12 DU A R i, AR R LR 1.
1.3 WHE
1.3.1 #man

WERRFRERE . R, 025 0.5 g 2405 B3, KRS 2.5
g ity RO 1 g o4 TIHARRES, A 5 mLJK, 5.0 mL
fislR . etddiRs , F IR FEAS AR IE N #4000 1k 40 5 AR
Vsft s B A 2.0 mL a5 f0 %, JAMGE, B TH
{XH#z 0.1 MPa, 1 min; 0. 2 MPa, 2 min; 0.3 MPa, 3 min
BTN, MRS G e B B L RIE AR R, £
TR E ST 25 mL R0, 45 HiEEA FAAS
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Table 1 Instrumental parameters
JLE O WELE & /nm JGEES/om ST/ mA R R TR
Fe FAAS 248. 3 0.5 10 1.8 L e min~!
Mn FAAS 279.5 0.2 10 1.8 L e min~!
Cu FAAS 324.7 0.5 8 1.8 L * min!
Zn FAAS 213.8 0.5 8 1.8 L » min!
Pb GFAAS 283.3 0.5 8 100 °C 20 s; 650 C20 s; 1 900 C 3 s
Cd GFAAS 228.8 0.5 8 100 °C 20 s3 600 °C 20 s3 1850 °C 3's
Table 2 Regression equation and correlation coefficent
IR R HE I AR BE / (g » mL™ D) [l )4 75 7 HIR AR
Fe 0. 20, 0.50, 1.00, 2.00, 3.00 A=0.093 0c—0.002 20 0.999 8
Mn 0. 10, 0.20, 0.50, 1.00, 2.00 A=0. 221 6¢+0. 005 04 0.999 8
Cu 0.10, 0.20, 0.50, 1.00, 2.00 A=0. 150 5¢+0. 006 62 0.999 9
Zn 0.05, 0.10, 0.20, 0.50, 1.00 A=0.375 7c+0.005 71 0.999 8
Pb 0. 005, 0.010, 0.020, 0.030, 0.040 A=10.613 9¢—0. 004 09 0.999 8
Cd 0.002 5, 0.005, 0.010, 0.020, 0.030 A=21.371 8¢+0. 005 39 0.999 9

2 #HRSIHE

2.1 i

A 2 B IOFRERLA R 1 AP AR AR 200 A T
3UC BOFIME. MBIAARIEOEEE A, s/ — L #EAT
B PRI R . A=atbeCa HHRER. b RO FIASE R
Bors MRRBOIRTHAFT 0.999 8. LRI 2.
2.2 HFmillE

L b T AR AHE 2 RE 2R PF A TN E o S AT L
PR 2 LSRRGS AR BRE s AT B R R i R % 0 R

i co,
2.3 RBERE. EHERR

Fa B FR I AR HEY) BT GBW07602 (GSV-1) # AL it
0.5 g AT, THALIE A 25 mL 25 HiE 45 e 2k
M5 &5, F FASS HHEMAR . 4. £F. 1 10 FREE 04k,
Fi GFAAS FEMEY. 1 10 MR, 2L 6 4 FA74E,
WERT LRI M BE , PR IR P A, 45 E 3.
Fol L, 6 FOTEA AR HERZEFE 1. 1800 ~4. 242, 5
FRUES H AL, MIXFR 22X HAE 1. 66%6~7.18% , 7
FVFRZEFEE N VAR i . AAS T R E B 1 2 £
fl R 6 AT E TR,

Table 3 The precision and the recoveries of analytical results (r=6)

MRELR/ (mg « kg™")

JLE ] 5 3 1 5 o AR MIXbRMERE/ 20 WEBE ARRE/ %
Fe 995 987 1009 1015 990 1010 1001£11. 8 1.18 102040 —1.86
Mn  55.07 56.94 58.06 56.85 57.23 58.09 57.04£1.10 1.94 5843 —1.66
Cu 4.95  5.23 499 516  4.92  5.42 5.1140.19 3.81 5.240.3 —1.73
Zn  19.81 20.31 20.53 19.77 19.74  20.74 20.15+0.43 2.16 20.6+1 —2.18
Pb 6.50  6.46  6.50  6.82  6.49  6.78 6.59+0.16 2.47 7.1%£0.7 —7.18
Cd  0.142 0.137 0.146 0.135 0.148 0.150  0.1430.006 4.24 0.14+0.01 2.14

3 ANHRE T E
3.1 EUEFEER

X = VA/m
A XM TR, mg - kg s oo AFESEMRE S
JCRWREE, pg - mL'; V HEAKREL, mL; A WEBREG

m HFERE, g.
3.2 TREESENEERE
3.2.1 ARG RHEE

WG Am N ZFEIUE 6 Fioc R R, 135 oo BT
DU T 77 A AR AN T 2 TR o YRR B B ™ A R AN A 2
JEBEAEY) BUAS B 25 0 ORI B, DR TR A R4 O
2 I R R I T SN AL
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3.2.2 HeRtyRERH LI
F PRI R 5 R SRR 2240 1
3.2.3 Mo BmHRMMIING R EE
FERAE MR A E ARG AT E
3.2.4 MRS AR AT G209 R A EJE
WFEEFER I SRR . RPMER M. (K2
FE A I E B R RN T B 5 R A AN ] 22
3.3 FREESENITE
3.3.1 ARG R
(D) F SR/ 3 40 Bk M AR ARt ¢ B = A 1
AN
HRHEZE 3, XPRER 6 Y, FH A il SR AT AR vk i
cos M co WIPREARTERE U H s

fs<A>N/i 1, (g —0)?
Uep == FRETTY

n=15

DA —Ga+ie) T
S = TG
Horpr SCA) JsRAFHREE WG EE (R AR bR 22 5 S. b
WEVSROHR B BRI E TN S .. = D) (i — )5 n WhRIER
W 5E REL (= 15) 5 p Hy co MERELp = 6) . c FfERME
LR BRIV 1 P 2 B, 25 R L3R 45 ol o Sy
SELERIFE . Uy R co BRREARTE R U () A o
PRI AR EATRE B s Usa (o) = U, /s

Table 4 Caculator of National Standard Materical GBW07602(GSV-1)

WiH 7/(mg kg™ 1) ¢/(pg s mL™ D) Sece Ucyr/(pg * mL D) Ut (co)
Fe 1001 1. 34 1.974 X103 15.94 5.312 2 5.307 X103
Mn 57.04 0.76 3.572X103 7.236 0.337 3 5.913 X103
Cu 5.11 0.76 1. 018 X103 7.236 0.011 42 2.235X10°3
Zn 20. 15 0. 37 2.028 X103 0.618 0.1359 6. 744 X103
Pb 6.59 0.021 2.646X1073 8.2X107* 0.057 19 8.678X1073
Cd 0.143 0.013 5 3.804 X103 5.2X10°* 1.014 3X103 7.091 X103

(2) H bR T OB ) T 7 A ST o B

@ JCRARUER A 2 B

H [ R ARAED IS O AR B 7T RAR R TR A AR XA
WEEN 1%, W Uear =1%/A/3=5.774X107° mg + L™
GEHIE 4D

QAL TR 5 76 AR X A o AN B 2 S

H—JER AR ERAAHE R 10 mL B M 100
ml M F/FR 2554 0,02 F100. 10, 8 10 mL B I
100 mL %5 B 5 R M ASH 52 B R 0.02/4/3=0.012 mL Al
0. 1//3=0. 058 mLUEHETE 4 )

Ho BB G R C R 4%, &R0 A
SEJEH 0,002 F1 0. 025 mL,

FL R R RN A R i+ 38 S 0 4 I TR
R(25E3) C, KL 3 C. I F KK R L0

2.1X107* mL « "C™, Bk B9 IR EE RN 51 S A iR FRAZ 4B 10
mL B AT 100 mL 2550 TR R 2% 3X2.1X107* X
10=0. 006 3 mL I 3X2. 1X 107 X 100=0. 063 mL (¥4}
i) s MK AL 1R 255 R I PR B | ARIARIEAT & £ 0. 006
3/4/3=0.003 6 F1 0.063//3=0.036, W 10 mL BIKE 5
IR B AR AR EE N U

0.0127+0. 0022 40. 003 67 /10=1.3X 10 *, f 100 mL %
SR AR G A A X AR S B R N U =
/0. 0587 +0.025240. 036 /100 = 7.3 X 10~*, [H I, Fe,
Mn, Cu, Zn, Pb, Cd 43531 10 mL BAFRLE RS IAS 1 100 mL
BABRER A fib L HE AT 38 AR B I AH X AN B8 08 BN U =

U%cl(srdl) +mU%c|(stdZ) +7HU%\\1<.-“13> s m jﬂ%*%ﬁ\ﬁv éﬁ%'jﬂ‘
%5,

Table 5 Combined expanded uncertainty of sample and result

i H Ureltcy) m Urelcsid) U relco) Uel (cRep) Uad () Uc(@)  £558/(mg+ kg™!) JEHB{E/(mg + kg™D)
Fe 5.307X107% 3  6.325X10°3 4.805X1073 0.009 578  9.588 1001419 1 02040

Mn 5.913X10°% 3  6.325X10°° 7.910X1073  0.01175 0.670 2 57.0+1.3 58+3

Cu  2.235X10°% 3 6.325X10°%  6.9X10 %  1.554X10°2 0.016 94 0.086 56 5.11+0.17 5.240.3

Zn 6.744X1073 4 6.499X10 3 8.813X1073 0.01288 0.2595 20.154-0. 52 20. 6+1

Pb  8.678X107% 5 6.667X1073 0.010 07 0.014 89 0.098 13 6.59+0. 20 7.140.7

Cd 7.091 X103 6 6.832X1073 0.017 32 0.019 94 0.002 851 0.14340. 005 7 0.14-0. 01

3.3.2 HaRETIIANGTRHEE
A2 —B PR, HArREMH 0.1 mg, FREES 0.5 g,
BUYS50 A0 . 5IARIAEXT A E B Ug Gr) =0. 1/4/3 X1 000

=0.000 06, 7] ZW% .
3.3.3 HamERRBRIINGRAHEE
FEMMZMBE LA PG EA S 25 mL F o, MRk
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25 mL s i K AL 228 0. 03 mL, BI51 4346 51 AR VP RET K=2, Wi BARHEE U=K -U.(x),
AR E Uiy =0. 03/4/3 X 25=0. 000 69,

3.3.4 KT AR AU B 5 B 0 R A 4 g5 8

BEGLIEZ 6 V52 55 50 BRI X AN 5 FE A 4% 0 T 3%
5, Hr U (crg) =S/X /6. MR A T T AT B R B R <o
35 AHAREESERER BRI B 3 . S AR | AR B 5 7 L R i i B

R AR (L 5+ A AR SO TR R R . Ao R
BT TR S5 ERETE BT (URE W REAE 2R b
MEVEHL TN E S

Uda (2) = U%el(('()) +Ukicwar +Ukicor JFUfelu-Rvp>
B HATEE U (1) = Uqa () « X, 1 5% EZKFE TR, W
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Microwave-Assisted Digestion with Atomic Absorption Spectrometry for
Determination of Pb, Cd, Cu, Fe, Zn and Mn in Food and Assessment of
Uncertainty of Analytical Results

YANG Feng-hua
Zhejiang Huzhou Centre for Disease Control and Prevention, Huzhou 313000, China

Abstract An AAS method for the determination of trace amount of Pb, Cd, Cu, Fe, Mn and Zn in food was established, and
the uncertainty of the analytical results was assessed in the present paper. Microwave-assisted digestion technigue was used to
prevent the elements from volatile losses and to reduce the blank. Fe, Mn, Cu and Zn were determined by flame AAS, and Pb
and Cd were determined by using graphite furnace AAS. A National Standard Material GBW 07602(GSV-1) was analyzed and
the results were in accordance with the certificate values, verifying the accuracy and the precision of the proposed method. The
uncertainty of the analytical results was assessed on the basis of the requirements of the ISO documents. Uncertainty sources

from all procedures were evaluated.
Keywords Microwave-assisted digestion; Atomic absorption spectrometry; Food; Uncertainty
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