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Determination of lead content in spices products by atomic absorption
spectrometry and inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To compare the determination of lead content in spices products by atomic absorption
spectrometry and inductively coupled plasma mass spectrometry. Methods The first method of GB 5009.12—2017
“National food sdfety standard-Determination of lead in food first method-tomic absorption spectrometry” graphite
furnace atomic absorption spectrometry and the second method of GB 5009.268—2016 “National food sdfety
standard-Determination of muti-elements in food second method-inductively coupled plasma mass spectrometry”
inductively coupled plasma mass spectrometry were used to determine the content of lead in spices extracted from the
market. The accuracy, repeatability and precision of the two methods were compared at the same time. The accuracy
and reliability of the two methods were verified by measuring the content of lead in standard sample and quality
control sample. Results The average recoveries of tomic absorption spectrometry was 76.4%. The relative standard
deviation was 6.1%. The average recoveries of inductively coupled plasma mass spectrometry was 97.3%. The
relative standard deviation was 0.4%. Conclusion The recovery rate of inductively coupled plasma mass

spectrometry is higher than that of graphite furnace atomic absorption spectrometry, and it has high accuracy, good
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stability and fast analysis speed
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BN, BB FP R ERER L O T. T 2 4634 vl g
ANEL& @A, W T A f e, 5500 H 25™ &,
o f e E R TS Y SR, AR A AR TS
HIARIFEA SR

H & £ 3 A B AR ME B AR AR, R o A 1A
WET, HE PR AT RE RS2 VL S, 2%t A
WA EE M. HE ARG AT R, il Z 4 h
B AR R TR B S JE
HA —E W R, B P R I T, A
SR E MGGy A SR RO R LR B, 1%
G07 AT IR ISR AR, T BREERBIRAT E AL B E AR
FE . ERROEMEE R | AR AR AN T R R
FAL, RTHRZEAR BT S EFRER SR Iy
B J o & 45 B A B 15 (inductively coupled plasma mass
spectrometry, ICP-MS)¥: o A RIFFE kb4 2 -1 B
AR, AT 1L B HhAS: v AR 2 A AR R B W A
B AR R X S, R A A &R T W06 2 (atomic
absorption spectrometry, AAS)Fl ICP-MS il # 5 Hp £ 1
FrEPL BRSNS, A 2 FOTIEIE | RS
A FRENE | ISR B R A DR,
E— PSS T AR TR AN Ty i, DA S AR
P4 I 4 i ) 2 Pl AR AR A %

1 #MR5E%

1.1 UFES5EE

Nexion 350x HLIBGHE 5 45 25 IR BT (€ B AR
BRALES AT BRZA FD); ZEEnit700P 5T SOG4 (1
HR A3 Mr AL AR LAY 28 7]); BSA124-CW HL T ROF [ [ 3 £
FIT B2 2R L) A BRZA 1], ETHOS-One {8 71 f# A
(R IR 3 2 v ) o
1.2 £

SRR UHETR I (GBW08619,18032, 1000 pg/mL, H[E |
it BE 2 WF 5 BE ), Bk (Re) B OC F AR M ¥ W (GSB
04-1745-2004, 1000 pg/mL, [E%A (048 K 73 R0
WG, ER(E e, REBRCAF); L8 KN —
K.

ARSEEGRTF 6 HEUFE S YR B XU W 4 A A 5
FERERE AL RS 3 s Y BT GBW 10049 (GSB-27)
FRUE(E ] (1.34£0.16) mg/kg [ iRk G s BR P Pt Bk
2B DT RT

SRR R BT R A B EE AR T 20%A8ARIZ L 24 h,
o FHT R FH 25 B AR nh e T 25
1.3 XLWHE
1.3.1 MR H &

FRUERE 2RI (100 pg/mL): K2 R BN BT R AR
W | mL, FUKFRBIFEAE 10 mL f .

KR BRI (1000 ng/mL): KA F IR RS
FW | mL, FKFRIFEA 2 100 mL =,

FRE TAEVE W KB BGE R 1000 ng/mL HI4SFRIE
P, KRR BRI 0.10.20,30.40.50 ng/mL
(T AR R AR

BR(Re) LI R FRMEIR (50 ng/mL): K5 H Bk IT
FARMERWE | mL, FUKFERIFERE 100 mL &0 K%
B AW 0.25 mL, FIKFERIFEAZE 50 mL &,
132 & &P RTHRMAE R

FREGAAE 0.2~0.8 g(FEHA S 0.001 o) TR I i f o,
T 8 mL AR, Fa RESHOUE T A (5 VA6 BRI A U RE, T A
KRR L, BHE BN R, AR AR T
140~160 °CHMR % | mL 247 . WIGHEBGA )G, 15 ML
& 25 mL FRHHH, FROKTRR N RRE 2~3 Ik, &5
RGBT AERPIHFKESRE 25 mL Fal, RA&
o [ iEs [ 5 .

F1 BUBHBEY

Table 1 Microwane digestion condition

BB FHEEE/min PREEEE/min - SR/W REE/SC
BB 1 15 - 1800 130
KBt 2 - 5 1800 130
BBz 3 15 - 1800 180
MrEx 4 - 20 1800 180

133 wASEE B THRAEE

FREGAAE 0.2~0.5 gOHS 2 0.001 g) T i i e v,
B 8 mL R, I iCE R, WeRRER, iRk
PR HERRAE AL BREAT I %, WS &R 2, Wil)E
B, 2T SRR, TR, K
EER R E, T 140 °CHERZE 1 mL, IKEEE
25 mL 0, AT, IRIEHgEs E 525,



2254 B dn 2 4 R R I A 4R

12

1.3.4 Ankiik

He A B RFRBOEIEAFRI 0.2105 g, 0.2121 g1
T BHE N IFR A JICRE, 43510 1000 ng/mL 5 v AT
0.10, 0.20, 0.35 mL, 41 FiRsEd A R, T1Entr
[BISC 4 F R 6 45 2 TR BRI PR 02001, 0.2011 g
B ERME R AT INFR A RRE, A 1000 ng/mL 4% 7 [H)3
0.10, 0.20. 0.35 mL, 41 FiRSCs R RvEALBE, TH8meR
I, X b 2 Bk iy ik,
135 hagiht

(DA SR T IRIOEIE

43 I 1000 ng/mL FARHERR 0. 0.5, 1.0, 1.5,
2.0.2.5 mL(H Y 832450514 0.10.0,20.0, 30.0. 40.0,
50.0 pg) T 50 mL AR, MUKFBEREZIE . (UEZ0
WA s AR 2 21, RARZ A2, MaEkK
283.3 nm; ATHLUE 2 mA; BRZ) 6 mA; M4% 0.8 nm, #FHELE
20 pL, Zeeman2 fEZBIAINERTT 5, S FOLH,
IR WS AR THERF R 2, fRER, a8
IR T IR S F B 2% 14 T D bR v TAE IR WS
AR A i BTROIIE Ky 283.3 nm, LIARHE RS
VSRR B R v B R R AR b, AL 1) 40 BT 2 i 8 i 7
FYARR, 2l AR AE R LR, ARIE AR i 2 A5 2 R AR
ol PR, AREETT A S AR R S R

®2 AEWFFHERER

Table 2 Program for graphite furance

g g W THRER e e UE

/°C /(°C/S) /(L/min)
1 T 80 6 20 28.3 0.1
2 T 90 3 20 23.3 0.1
3 TR 110 5 10 14.0 0.1
4 KAk 400 50 20 258 0.1
5 AZhEZE 400 0 6 6.0 *x
6 ¥ 1500 1400 4 4.8 X
7 FRE% 2450 500 4 5.9 0.1

(2) LA 5 55 B8 IR T i
43 AWEL 1000 ng/mL £ ARHERR 0. 0.5, 1.0, 1.5,

2.0.2.5 mL(H 2 T4 & =407 0. 10.0.,20.0., 30.0.,40.0,,
50.0 pg) T 50 mL ZEEH, MUK R 2. A2
WL IR R A, TFRE S, EHRBHRE S E
TR A e A A5 T I AR M T R S R R A 1
B, HIYRNLIERA 208, DAIBRUE R AR 0 B Dy R
AR, LA 4 43 BT 5 B I O (B R A A, 22 B T 4R
HR A b 2 A5 B AR IR I A e, ARSI A XA
RS P ETR Ar i ARSI UL 3.

#3 ICP-MSEETE8H
Table 3 Operating parameters of ICP-MS

THESH B TAESHL B
ST /W 1200 CREEHEFIBEGE R
Aot PR W /(L/min) - 18.00 LN a7 <2%
4 B A/ (L/min) 1.20 XLH fiaf <3%
BT E A

A S8 TR W AL T 2 T L B A 45 S TR S R
HEaitE A
(P=Py)xVxf
mx1000
P XRESL PRSI, me/kg; P-RESLIE TR AT RO IRE,
ug/L; P25 IR P4 UM B, ng/L; f-RE Sh AR BRAE ST, m-
FEAL TR, g; 1000 NIRE BB,

2 HERE5HH

2.1 ZMEXRFEHIRHER

L3 TR M4 hn il R 9 TARVS TR, ARk F (A
QY IETE S FE, i85 2 AN J5 325 A W B (A
JCER K WARICE A SR . DAERE IR R A bR, AH
ML AR A A AR, ZeilbriEf (LR 1. B 2), 5
B R F i 2 RS ) 36 450 43 S0 52 25 FA
IR LLIR, 3 i 22 SRR Z G SR 2 Fiek
[ 7 s th B, L3 4. 20 e BRI & 55 B I vk
RES UG ARG T S S AR A B

F4 KURER@M=11)
Table 4 Results of detection limit (n=11)

AAS ¥ ICP-MS &
W% R i i BR/(mg/kg) TCEAF 5 MR {E/(ng/L) K H B /(mg/kg)
0.00141  0.00162 0.00109 0277 0.294 0.286
0.00151  0.00102 0.00177 0275 0270 0.273
0.244 0.008

0.00122 0.00161 0.00188
0.00168 0.00210

0.276 0.267 0.261
0.273 0.273
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020 22 HBEEXZRK
/' WRERC“1 317090 AR TRV 30 ng/mL 20 uL, 7E(1)
0.15 |- u MQ)TETE A T A TIE 6 IR, 43 HHEFR 6 K 2 FIR[F
3 — VWO T RITE RN FR TR (5 S AAS 10
% 0.10 | /. HeJE B AR X AR HENR 2 (relative standard deviation, RSD)F
®f /' ICP-MS Ik (70 A5 50 [/ (B A M AR v IR 22 435100 1.1%
0.05 | H10.65%, FEW ICP-MS 75 BIFEH L B T AAS .
L Y=0.0037X+0.006
//} r=0.998 23 BEEMSE
000 w
1 1 1 1 1 1 “&EY“I.&Z *ﬂ 1.3.3”I1ﬁ\~|:@\:iﬁul:l{ﬁ{ﬁllhm, ﬁﬁu% 0.
0 10 "ﬁé?‘?/( /33) 40 %0 1.2, 4. 6.8, 10, 12, 24 h HEFFIGE, 05 2 FORFJ7
o3 m . I s 5
A He YRR (ELAITE 2 B AR TE 2 15 SRR AAS R0k
P11 e 2 SR RSD H 2.1%, 1CP-MS 30702 £ EH 3 i RSD

Fig.1 Standard cure of determination of Pb by GFAAS
3 1.4%, FH] ICP-MS IE1E 24 h WEEE REF .

T 24 EEMTH
o1 / LIV, $13.2 A1 13300 Ry Iy
=37 / il 6 DFEAIEIR, FRAE(D)FIQQ)IOGIE A E 6 1K,
2 20T " Wk 2 MAFEDTEROEEEEMITR KN PR TR 5 5
E:} 1.5 I / NAE; AAS W G B {H 19 40 X A5 E Jl 22 (relative  standard
B ool / deviation, RSD)N 1.1%, ICP-MS ¥£MICE(F S {H RSD
05t /' V0.067+0.009 4 0.13%, W] ICP-MS M4 AT HEW] 5 T AAS %,
00 = r=0-999 2.5 BRI
S e B IR AT, X 2 R Iy P AR i
Wi /(ng/mL) g, ARIK 5, Ho AAS BT BRI
2 WA ST T BRI 2 76:4%, ICB-MS ik i) ¥ IR FI MRSy 97.3%, R
Fig.2 Standard cure of determination of Pb by ICP-MS ICP-MS LR AT SEVE T AAS .
£S5 MAFERESBL
Table 5 Experimental comparison for spiked recoveries
ik AR AE/(ng/L) DA /(pg/L) A /(ng/L) B /% S E A % RSD/%
23.99 77.75
23.86 4 74.50
23.71 70.75
26.78 73.75
AAS 20.88 26.58 8 71.25 76.4 6.1
26.80 74.00
32.28 81.43
32.54 14 83.29
32.25 81.21
24.708 97.50
24.721 4 97.83
24.689 97.03
28.642 97.93
ICP-MS 20.808 28.542 8 96.68 97.3 0.4
28.570 96.98
34.400 97.09
34.427 14 97.28

34.445 97.41
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2.6 TFHXE

R — b AR, $2¢1.3.2 L 1337 A
A A A, F(D)AQ)IOLIE A I E o A7
Xif - B9 0 25 FE£10% 2 P, DL J0 3R A T 4000 e 45 5
Na. K(1000 f%). Cu(1000 f%). Zn. Ni. Al, F#ITTHEE
FRHRE TR SE B0, 453 6. KM ZILHENT 2
TPy 00 22 it o A B G 3 2 45 R 38 TR

F6 Tzl

Table 6 Interference test

S WG 22 A I MR
) Ang/l)  /ng/l) 1%
b 22.06
AAS - 22.44 0.85
Feih+ZILR 2281
b 24.550
ICP-MS - 24.348 0
FEE+ZICER  24.146

2.7 FEFHE
AR 5T R FH K2 R 4343 A A vE ) 5+ AR N e R R 43

VB2 A0, $541.3.2 F1 13,3700 F #9771 i) 4 sl i VA

RN AR i 25 15 #5(D NI A1 F 7 B BEF TN E - 3t
SEXIZOT AR BT, a5 R IR 7. KRB SRS
MR AT T 325 19 000 L5 s o AL O AR X AR HE DR 22 KT 5%,
PSR 3 20 1 AR T 0 G {5 A L R R A v
2T 1%,

®7 REEHELR

Table 7 Tests of element accuracy

AEPRTIRHOE RS S T

BA A BThR e I ek ey
PRl /(mg/kg) YN EE/ (mg/kg) A0 E (E/ (mg/kg)
KA 1.34 1.21 1.33
AP 240 22 /% 72 0.53

28 HmERSH

ML 2 By A S R IO R R SR G A
BRI 6 HEURE S A A R, RS P AT
THRMELIRNE 8. RUIA B JFEFIRIBOGIEL S
R A B A ST 1 00 S (AR N Al i 2 K . Ferp 2 4t
UCASGARAE (i e SR 5 50 88 AR O i V0 5 i
LN 5E (A W S i 1A s IR SO G D E Y B

6 HKAEM T 2 YR T EEREIREN <
3.0 mg/kg), HAHR KM N 4.7 mg/kg, KIEFKE (& L4
bR Bdh PG YRR ) PO e R SR b
SRMRERE, 5 LRE 1.57 fF. 1.27 ff; XARFH

SRS A P A A S R B T R R B, T X —
WG — HAFE, HAE R R BN . AR S0 K
VAR A RE R SR AL RORE, JBMIFX 2 SRR Xk A 0
£, HICEE AT, AEIER ), By A EE AR A 5
PR AT BB LRk B TS G B FPAR B X s 0 LBt
IH LRI A7 304 Bk, ok AT 2 MRS G 8.

®8 HRERIH(=6)
Table 8 Result analysis of samples (N=6)
AT IOLHE A EE S R TR

FFe . RSD/Y
i % AAS/(mg/kg) %% ICP-MS/(mg/kg) %

1 0.83 0.77 5.3

2 0.29 0.32 7.0

3 4.1 4.7 9.6

4 0.94 1.0 4.4

5 34 3.8 7.9

6 1.3 1.4 5.2
3 &

LS 6 SEUHE il S R R I E SR AT HAL, £
SR LT MRS 3 BT IR it ) (TS 4 14 L HL bl 5 46 8
TR DA B CRAR, R T SR R RO
FEREME R SRR 5 2 B TR . RABIRE . Tl
A5 R A, By i A R i 22 R JRORE 5 45 1 A
BRI E PR R R A, AR R TN R,
RZE AR it R ARG 45 SR AT LAAS Y, H SR 5 55 B T
WRAMERR R . 6 UK EZ A, BB 5
B IR BRE VR TN 25 3 O R, T SR T RO
TEAE BRI GG I AR, 5 LB 5 55 B T A i ik
HEAT RGN B I A REA B AN VR AR ISR

kP E S E AR R Z, G TR
T AL & P S SR, TER R IR
ZHIRASHRZREG t TSGR 5 gy KIS
e P EUFUR RIS o A ST TS X R b
AHEFTASC R G R AR I, DAORBRE T AR 42
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