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Comparison of Two Methods for Determination of
Heavy Metals (Pb, Cd) in Plateau

YANG Xiao—jun'
(Institute of Agricultural Product Quality Standard and Testing Research , Tibet Academy of Agricultural and Animal Husbandry Sciences , Tibet
Lhasa 850000, China )

Abstract: To establish a microwave digestion—inductively coupled plasma mass spectrometry (ICP-MS) and graphite furnace atomic absorption spec-
trometry (GFAAS) in a plateau environment to determine the content of heavy metals (Pb, Cd) in wheat flour and compare them. The samples were
processed by microwave digestion, and the heavy metal content was measured by ICP-MS and GFAAS after sample pretreatment. The lead and cadmi-
um measured by ICP-MS and GFAAS showed a good linear relationship within the standard series concentration range , among which, ICP-MS sam-
ple analysis results RSD are all less than6.4% (n=7) ; GFAAS sample analysis results RSD are all less than11.4% (n=7). ICP MS is more convenient
than GFAAS, and has the advantages of high efficiency, parallel, stability, accuracy and precision. Therefore, ICP MS method has better effect.

Key Words: inductively coupled plasma—mass spectrometry (ICP-MS) ; graphite furnace atomic absorpthion spectrometry GFAAS; microwave di-

gestion; heavy metals; comparison
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1.2 B 5iKH

BRI T A S CTC AT TR 2 ¥ 3R DU £ 0 1 A e )
(ZZAMAZS ) 350NX T = 5 PU AT o Bkl A5 25 g
TR 3% AL (22 [ PerkinElmer BHE A R A 5] ) |
ICE3500 % Jit W O 384X (e A1 B 0 7 7 fL 4% )
(EEA AT )  AB204 B H T K- (Hi -+ Mettler
25 d]) Milli-Q 47K & 48 (3£ E Millipore 23 H] ) LR
(L :299.999%) .25 mL 25 50 (15% B SR 1=
WS, T2 Tk ) . HmR (ghal, 2y
R 2ERAFIA FRAF]) 51000 pg /mL PhHITEbR
TS 1 000 pg /mL Cd FATTERPREA .1 000 pg/mL
In LG R ARER W (B 5CA (648 Si 3R ir
M)
1.3 FRERRAIEH

FH 1000 wg /mL 4 57 5000 2 bR W 1%
TR R B 50 we /L A2 g /LAY SRR uEfd
FH; FH 1000 wg /mL Ph Al Cd 250 2 bk E 1
1% T PR i FE R 1 g /mL (bR A % W, 7571 Pb
H1 Cd b HE i 5 W 1 Pb 0,2,4,6,8,10 wg /L. Cd
0,1,2,3,4,5 pg/L Bk RINIRRIE W H
1 000 pg /mL In LICRFRET I 1% TSIRE KA
FERL 8 g /LI InbRifEE IR . T 4 °C oK R
TRAEE
14 HmETaiE

K I f# %5 < (GB 5009.268-2016) 43 %I #4
B3R R/ M 0.25 g ORE A 5 0.001 ¢) , B4~
FE S FR R 7 0 BT GO0 AR TE N, SRS N 6 mL Yy
HNO, #EA7 i 56 47 S A0 R 80 B I FH A 10 i
ACHEAT I A o 6 SE BT RIS 1R PR e 1 T A A1
) 70 °C, 44 4 i FE L HE - 30 AR PN R T 2R
(14 Tt s R i A, A5 3090 M R PN 1 SR S8 T o8 2
Ja AT IE AR RE S T, A S K e P 36 K e
BFEEREEE N, T 150 CHRE | mL A4 B0,
T fire WE TV T ) 19 B9 HNO, 15 T R 16 11 i T 2~
3B AL EE R B 25 mL AR It E A B 4
BELIRAIE . WO 2 ks . B
ICP-MS FI GFAAS ML E o f00 I i A TR 2

FFUEE LR,
1 AEERNIHRER
s VIR TR fRmE B
/min /C /min /W
1 5.00 120 5.00 1200
2 5.00 150 10.00 1200
3 5.00 190 20.00 1200

1.5 ZWHE
1.5.1 ICP-MS

FE ICP-MS TAE 14T, F 38 W I % 1CP-
MS, feff HORS 95 B SRR S5 A5 R4 6 0 2 b A, 2
SEMAE J5 i BRI S RPN R | Sl
FNAS , AT s AR UOR R 25 11 A i R 51 A
FE S WG| ICP-MS; 152 Pb Al Cd JG 2 % 1 1)
Frth <k, 15 B4 8 Ph A CA UM S . o JEH&
FREFRBE I TAESEOLER 2 IR .

®2 BEBSEEFHRIENIESH

1 LEIRYIES 1550W
2 S A 15 L/min
3 A 1.05 L/min
4 D 1.0 L/min
5 AR 5 mL/min
6 FALE IR 2C
7 FE ST 0.3 /s
8 SR B R
9 RAERE 8.5 mm
10 RAER e
11 HERE R i) 20s
12 AL 301K
13 AT IREL 3
14 T B AL BT e ok 48 r/min
15 U5 S A Tt ) 30s
1.5.2 GFAAS

WE GFAAS M I 4 h 283.3 nm, 5 I K
4 228.8 nm DI E T B 0.5 nm, ATHLE 5.0 mA,
TR IE 262, 807 5 AR, SRR RER 20.0
who FER P HEFR] (RFR 20 wL) £ B4 FHE AT W
%3,
%3 AEPARERF

B L i [h] W AUk
/C /S /(C-S7")  /(L+min™")
T 130 30.0 10 0.2
R4 Ph:800;Cd:300 20.0 150 0.2
JFAE Pb:1300;Cd: 1000 3.0 0 0
Gl 2500 3.0 0 0.2
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2.1 ICP-MS #1 GFAAS %t i {45 B 5K E . &k
HHEREXRE

23 5 ICP-MS F1 GFAAS Il 52 B 4 (4 s 7 1%
W 2P B AS BN e 5 B (£ 4) . ICP-MS
M4 Pb#E 0~50 g /L i B PN 2 B0 R 4 i9 4 1 ¢
ZL RN Y=13 262X+0, H 5 %M 0.999 963;
Cd7E 0~5 pg/LIu N 2 REFIERME R Ltk or
TR Y=3 758X+0, HHC R ECH 0.999 484 ; GFAAS T
15 Pb 7E 0~50 pg /L Y5 Bl N 0 R 4P &R,
2 1 J7 F o Y=0.002 55X+0.0063, #H 3¢ & ¥ M
0.995 0, FEAFE VR 4 1.724 0; Cd 7E 0~10 g /L 3 il
W R ALkt o6 &, M #2  ¥=0.133 58X+
0.005 5, 4 2250 7 0.996 1, FHAE e B4 0.032 9.,
P S RT N, FE bR v TR FR 50 Tk B R Y 1CP-MS e
GFAAS A A i 2R 2P 56 R 4

22 HRNELREE
22,1 FiRUHE E AR
2201 FemlE ik E kAR EMRERILES
P

TESAR I A5 R B (36 5) , ICP-MS il 5 (1)
Pb V-4 {H 2 11.293, I % (A 7 Fl 24 10.335~12.19,
PRIEZE A 0.655 5, AN bR 254 5.8% ; Cd F-34{H
9°0.156 0, I 5 {35 4 0.146 5~0.165 1, b #fE 2
9 0.007 1, AH X A5 HE i 22 4 4.6% ; GFAAS I 7 1)
Ph V-4 2y 11.5308 , I 2 0 F 2l 9.813~13.387,
PRifE2E R 1.287 7, M X AR HER 250 11.2%; Cd T3
{H 4 0.146 5, I 22 B 15 il hy 0.125 8~0.172 4, 5 if:
2574 0.020 6, AH Xk 14 22 4 14.0% ., 1CP-MS ]
) Pb H1 Cd A5 HE i 25 S A0 X b o O 22 39/ F
GFAAS, GFAAS il & fE i B L ICP-MS I 3l K .

x4 HRERIRELEFEREXRY

FRAEF R AR E (g L")

W5 I i JLE 2T R REL
#51 512 #7513 #7514 #7515 516
Ph 0 10 20 30 40 50 Y=13 262X+0 0.999 963
ICP-MS #:
cd 0 1 2 3 4 5 ¥=3 758X+0 0.999 484
Ph 0 10 20 30 40 50 ¥=0.002 55X+0.006 3 0.995 0
GFAASE
cd 0 2 4 6 8 10 ¥=0.133 58X+0.005 5 0.996 1
x5 EER: BREWHOREM GBWI10015(GSB-6) (n=7)
M 5E 7 JLE FHEME/ (mg-kg™)  MEETER/ (mg-kg™)  FRUfEMmMZE/(mg-kg™) AR B v I 22/ %
Ph 11.293 1 10.335~12.19 0.655 5 5.8
ICP-MS %
CBW10015 cd 0.156 0 0.146 5~0.165 1 0.007 1 4.6
(GSB-6) Pb 115308 9.813~13.387 12877 1.2
GFAASYE
cd 0.146 5 0.125 8~0.172 4 0.020 6 14.0

2.2.1.2  FmE gy ik s Eo AR n 45 R L& 6 AT
=

JINFZ RN R 4 I, ICP-MS I 22 ) PhF- 14
B4 0.1099 , I 22 1B 6135 30 /0, R i 2554 0.0070,
AR BRER 22 4 6.4% 5 CdFH4{H R 0.1384, I 52 (i
0 PR 9% Bh /0N, B v 22 R 0.0083 , A K Bk E R 22 4
6.0%; GFAAS 2 () Ph F-34{E 4 0.1082, I 5 {E 35
BBl i 3l K, b fE 25 04 0.0123, FH X A5 4 i 22 4
11.4% ; Cd F-25{8 9 0.1263 , 1 5 {8 15 Bl 9% 51 K,
#E 22 2 0.0105, A8 XF 45 M fi 2% 4 8.4%. [ I,
GFAAS Lt ICP-MS Wl {4 Ph Fll Cd b 7 1 22 FIUAH X A
T i 2 R 0 (Y R Bl
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FE R JRIREE T, IR UE AR 1 1E 5 ], 1CP-
MS A3t s AH 558 e [ BRS04 DA P iz 31 g 5 1
B AR BB SRS I T b, 1CP-
MS Fll GFAAS 47 H B[] 8, 4 s AR tb 5. T
T SR A R B LA P M AR XA 5K, T AR B O R e
PEJT T AL 2 B — 2 22 5 AR TAE AT A B
FETARIRES B A 5 N b 22 5 R K (] B R
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TWHE NS, SRS N2 AR K,
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®6 IMEMERMELR (n=7)

s Pb Cd SEXE/ (mg-kg™) FrifEd 2%/ (mg-kg™) FHX R O 2/%
INEERE DNRE DT » »
Hmg-kg™) /(mg-kg™") Ph cd Ph cd Ph cd
. ICP-MS #: 0.1183 0.1557
GFAAS#: 0.1228 0.1367
) ICP-MS#: 0.1167 0.1398
GFAAS 0.1215 0.1344
3 ICP-MS#:  0.1154 0.1390
CFAASHL  0.1164 0318 jop-Ms¥::  ICP-MS¥:: ICP-MS¥:: ICP-MS¥::  ICP-MS#::  ICP-MS#::
A ICP-MS#:  0.1103 0.1368 0.1099 0.1384 0.0070 0.0083 6.4 6.0
GFAASH: 0.1061 0.1298 GFAASTE:  GFAASTE: GFAASYE:  GFAASIE: GFAASEE: GFAASIEE:
S ICP-MS#:  0.1052 0.1338 0.1082 0.1262 0.0123 0.0105 11.4 8.4
GFAAS 0.1033 0.1279
p ICP-MS#:  0.1028 0.1320
GFAAS 0.0953 0.1133
ICP-MS % 0.1009 0.1316
GFAAS#: 0.0922 0.1096

WS, ARAROKFE K Bk HRE) 8 T %
FRA, ok R EE S BRI BRB R
SE10 L ICP-MS Fll GFAAS % /N2 FI 3 S bR 9y
JO ARG I 285 SR, WAL Tk X R A 4 R T
VEI IR 2 SRS — 20, UM R /N 22 sl i
XoF P 3 A ARG I 45 SR R i A o PR R R e
INAE S I VEWAE TR, X ICP-MS I GFAAS I Fh 7 125
RIS A, e /N A — 2 S H M

4 % £

ICP-MS gL ¥ 2 JC & [F i 4347, I HLAG 4 PR

X, B8 HFERP TR B
FET v SR A T R T A — PR B A
(ICP-MS) Fll A7 B0 J5 F O 157 (GFAAS) I
Jrik o R O I M A B . 1ICP-MS Tl
(1) Pb Al Cd FE AR 1HE 2R 50 Mk B35 Bl N e MG R R AT,
HH 56 2 BOEBAE 0.999 484 L |, KE & 22 {H RSD
/NT6.4% ; GFAAS EEIAE 1Y Pb Hl Cd 7EFR1E 5 51
VR S PR N M O 2R AT, AH G R BHRAE 0.995 0 L,
b B I R A5 R RSD /N T 11.4% {H ICP-MS
Lt GFAAS I (A5 v i 2R e 1 O & B AR OC R 400
) 1L P s T i 22 AR XA 7 g 22 4G L 3000 2 {131 Pl
Wesh/NE, I, TCP-MS ik oA R e JE I e
FIOKG % B 55 L 20 e R = AT A
YRR SR 8, 38 /N2 i 4 JR oe &R 1l e o
S &30k
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