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Optimization of determination of lead in strawberry by graphite furnace
atomic absorption spectrometry
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ABSTRACT: Objective To established a method for the determination of lead in strawberry by graphite furnace
atomic absorption spectrometry, and achieve accurate detection of lead in strawberry. Methods The limits of
detection and correlation of the method without matrix modifier and three methods with matrix modifier were
screened, the graphite tube heating program was mainly optimized, and the best method was confirmed by standard
addition recovery test. Results The lead content in strawberry was detected under the best method, and the linear
relationship was good in the concentration range of 0-100 ng/mL. The correlation coefficient was 0.99625 and the
limit of detection was 9.5 pg/kg. The average standard recoveries were 89.0%-94.4%, and the coefficients of variation
were 4.42%-14.61%. Conclusion The optimized method has good correlation, low detection limit and high
precision, which can be used for accurate detection of lead in strawberries.
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o BRERX A E KRR 5 HooRP R 6
BRI, SR B EAES 4 FPE SR SR O S
bR AG I Yy T, R R A D MR R R TG
PR 5 [ AR ME GB 5009.12-201018MK H BR i 4r 3518 piti 2%
R bRiE GB 5009.12-2017° 452 iti, $ 7 1 W k4%
R R, A ER S AT H B ARG A

I i AR S B0 B AL B Ay il s O AR g it
L 37 R B At e bR JC LR b B0 1, s f Ak
RIS R I o 25, b andifb4n s 5= 0 =, kel
HEFURR AT AR P 45214, S RS P A AR
o, AT A AR P A AL B R, SEE
HPEAIE S WK MR, A4 Th R R A TR A
SR 7 BRI SRR S

2 MHERE

2.1 #RL TSNS

FLRERE oA 1 S b AL B

T ER (L F2%, 35[% Duksan Pure Chemcals A #]);
e A (g, 23R40 A B | ); 4RO ER
FRUETE I (GSB04-1743-2004, 1000 pg/mL, A 648
Ko o RE 20 b DK b0 )y B O R B T R
(GBW(E)080129, 100 pg/mL, o [® &8 Fl¥Bt); &<
(99.9992%, LA &ALk Tolk); fr FH 3% 58 4% A
20% T FRIZ AL 1, S50 % K R Al K AU A5 A B 2l 7K o

A3AFG-12 JEF IR A6 T (b s 38 B il AR
A FRTHULEL w]); ED54 T AR (AL 53RN R RHL A e A B
23 w]); MS204S(HLF R VME R - FE R Z2 AU (F ) AT B2
A, TG A S R E R BRI A ),
HIIR-D24UV i 4l K X (7 E Millipore 23 H]).

22 ZEWHE
221 KA g EH

EARERS W, DL 2%BGSER MV, KAt A bn HEVA TR
B TR BB TAE B B s AR MR, DL 2% g R
SRR, KA ARV OB A0 BRBC T AL 200 pg/mL PR
#; 20 mg/mL MIBERR — S & F 20 mg/mL MOBEMR — A4k

200 pg/mL FYHSERAEAE N BRI BL R 2% GB
5009.12-2010%1F1 GB 5009.12-2017 4 — i I il
222 HSETAE

BRI, RFEM, 5%, FREE S g(KETRE 0.001)
TR P 0.5~1 h, 105 °CHHf# ML 2005
W Eimc i, P, HRRER 1~2 mL, 4iKEAE 25 mL,
FEIRBIR R 25 [, M 20 min, RBATIRIGERNNE, HEm
YT BB A BT IR A A T
223 BBELEH

I ERSHEEA: Pk 283.3 nm; Be4%: 0.4 nm, ST HLT:
2.0 mA; FYRIARER O B R 0 ~ 100 ng/mL, X4
R (D~O RS AR5 AR5 (1) A
e, = EnE s, HFHERFIE 1, MU FifE
FERITE ITEQ~@)53 L) 200 pg/mL FYRSERAE, 20 mg/mL
FIEER — & A 20 mg/mL [W#EER — S #-200 pg/mL AIfH
FRAEAE S BRI, SR 5, I A TRt 70 %
TR 5 uL, HIAHRR T 3% 2.

® 1 FEOMARER
Table 1 The temperature program of method (1)

7= TREE/°C THE s El/S A /S
T 1 90 5 10
T 2 120 5 10

KA 450 5 5
sk 1700 0 3

jEzia 1800 1 2

w2 FEQ-@WFRRER
Table2 The temperature program of method (2)~method (4)

BB R EE/°C PARUNEI TFeEtal/S
T 90 5 10
T 2 120 5 10

WAk 750 10 10
JE 71k 2100 0 3

ik 2200 1 2

224 Fikthwnih
HOATT 2 (1)~(4)1X 4 Fp 5 7 RO R A 56 R 850
o R
225 FikegmAk
FEXTHEFRF 0 4 ANBr BRI T4 KAk e
AR BRI T AT A . AR IR IO B ) R Ak
Pt
22.6 3KFAAREE
e i is HRER ) 5 B 208 o 7 AR
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FE SRR T IR T I AR, R, A, B, LA
W, BE 6 K. RBRESFBEIERINL
227 HFEREIE

SBICE TR X FR, T ALIHA:

X=(C-Cy)xV/WxF

A X NHEBILE SR, ng/ke; Co NASFAWE, ng/L; C N
BRI, pg/L; V NERMEL, mL; FOSRBRAEG W oEL
i, go

R (limit of detection, LOD)i# i T i 2y 23R 15
LOD=3xSD/K. SD S Ziilll & pRifE=s AR ZOLIE 20 K
FIARER 22, K ARt TR RER

3 HER5SH

3.1 FFEMAIE

4 FhRG Iy R AR e 2R S5 G IR Fe g, HEGX 4
i S BT A AR o il 2R 56 R BORTS HBRUNEE 3.1 3
AL, SR 4 FOR A Jr S, A H BRAE AN ARKT
FITE S5 R0 JGHE (AR e 50 A A5 150 T B 9k (DA s BR e i
3.0 pg/kg; FEAIATINE 56, BERR — SURk-MeBR AR o ik
B B 2 (4R R 9.1 pg/kg . [V LA 7 v (1) F 7
P(4)iX 2 kAR EIE AR #E GB 5009.12-20172 )%
— VR RO H BRI EESR, BRI 2 B R i
AT — 2 1AL

3.2 A
32.1  FE)HMmA

KA 1 M T LU B AR RE S, R A A 5
W, JE LR A BN B, DRI X T R R A
Ak

e TR B, SRAM 2 £k, WAk i
W28, Je ARl TR AR By Bt 2 AT e, P b
AT, TR AR T T 5 R R R [ S K 2 ROk
2 fi5, WRGE RN RIZUE, U NI T RE R ARG DU T 2 4
S UATOL e A B B RS, e, 4R Al IR
100 °C; Hi24 1800 °C, [RIESRAIIRATHIE 572, #—2
B 11 B AR i OB S R T R B U T, VR R — i
Fe ISR TRLEE 7 100 °C, PRI R 1900 °CH8), (i fb i)
1 551 3% 4.
322 FiEk@)athik

20 mg/mL AR — S8%-200 ng/mL FIHHERALAE A Ak
A, AR, SRR N A,
BN FHERE PR TN Ak . S5 e o e i TR
EEmfiAe, FREEATE R L . S A s A — By
Bri Ermt, Hopb BB R A AP e THERE R 4 4
By BRI T8 . Ak SRR ASE, AR OmE Ak, B
AL LT I B BRI EL 2 AR R, RO A 9 B 1) i
F B L AN )RR WO R A AT A, R
oAb BB FHRFE P 5% 2 h—3L

®3 ERLZ, EXREREHR

Table 3 Standard curve, detection limit and the correlation coefficient

MEFIR BEAABUE LMk ARHEr R HER/(ug/Ke)  ARUEZRRMETE R (ng/mL) TSRS
25 T Y=0.0049X+0.006 0.99828 3.0 6]
ST IR — &%k Y=0.0020X+0.0046 0.99541 33.5 ()

0. 20, 40, 60. 80. 100
IRAT HbR Y=0.0019X-0.0104 0.99764 46.9 3)
AT IR — S - AR Y=0.0031X+0.0046 0.99766 9.1 “4)

*4 MUBENFEREF

Table 4 Optimized temperature program

57424 R/ C FHELET 8]/ PRAEIF )/
T 1 90 5 10
T 2 120 5 10

TRAk 450 10 10
AL 1800 0 3

jEzia 1900 1 2

OFHR LT I AL
TR B R AR P AR EEE 2 O TR
TER GRARGERAN B, THRTBCR AL THRILEY, TR

WA 5. A TEGRIGEE R 90 °C, THRZ& L
TEE R 120 °CHIMOGRE (A e, HgE migR e el fi
TR AR, ARGk S T AR SN BRSO P
AIRTRE R 90 °C, THRZIRIRIE R 120 °CHffER T4
B . AERMEERATRER, SMORBURRFNIGE 0))J5 0
PSR AT AR AL, AR EER AL S 3% 5. AR
FER 900 °C, WSROl b AR IR . Rk
RERAL R 5. JR-FIRIREE R 2300 °CHl 2400 °CHIH 5
JEWOCEEE AR L, X T ABENEMEE, EERE
JE R 4 75 i A O B R 2[R vk R AR IR R N
2300 °C. ¥rfb 2 e by A P RE AR IR B, ki
FRE HE TR 100~200 °CRERR RS LR, RtoE4
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IR B4 = 2500 °C,

QFHRRE T (it B L4k

YT AR B0 43 B, WL R VA S A 1R B TR o B
I L3 Bk, BRIUt, A 5 A T8 R A
FVRIEBS N R AR, 8 K AR B A ) o B0 B S8 0
W2 18 S [) 4 R AR T T o R AR [ R Ab 5 v
fEET LT Ak g, ST aBEHFMEE, SMLEECS
2500 °C, 2 [RRR ALt [B)5E 2 i, HAREH R Lt ik
B 6,

3.3 IKFEMFRSELE
331 fALEFEQ)

PALI (DT 3 KPR BT s 5245 5 I 3%
7o FE 0~100 ng/mL £EMETEREINAHSERECH 0.99625,
B 9.5 pg/kgs 3 /K SF AR S5 5 [l gk R 5E Bk
63.90%~122.22%, F-BILZIEFH 89.0%~94.4%, “F 5
BRECH 4.42%~14.61%, LM [BICR IR 52 800 1L
T GB/T 27404-2008 fy 2Rk B9 5 PR W 2 T GB
5009.12-2017° ik, HART [ ZbsifE.

#z5 TEABEFHWLE

Table 5 Absorbance value of different temperature program

T KAk i1k
P
S—ErC  BIRE,C g 5t B R/ °C W R /°C 5t B
90 120 0.078 600 0.072 1900 0.058 1
100 120 0.067 700 0.074 2000 0.07 2
100 130 0.071 800 0.076 2100 0.066 3
100 140 0.073 900 0.078 2200 0.066 4
110 140 0.07 1000 0.071 2300 0.074 5
120 140 0.069 1100 0.045 2400 0.075 6
6 FEREFHELSR
Table 6 Scheme of time of the temperature program
FTE1 E Y HE3
T B Bt L EE/°C
TR ] /s 58] /s TR E] /s {5t a] /s TR ] /s PREFE]/s
TR ls 90 5 10 5 10 5 10
TR L 120 5 10 5 10 5 10
Ak 900 15 10 15 15 15 20
JEF1k 2300 0 5 0 5 0 5
1k 2500 1 2 1 3 1 4
=7 MEREYE TN % E LI (n=6)
Table 7 Recoveries of standard addition recovery and the precision (n=6)
Sk BE/ (ng/kg) AJRAA/(ng/kg) ENEA S R % 5 R EU % AHOC R Hur i BR/(ng/kg)
113.90
63.90
88.90
20 10.56 94.4 14.61 0.99625 9.5
80.55
122.22

97.22
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bR B/ (ng/kg) A AE/ (ng/kg) %

T A %

AR5 R Y% FAR R Hr £6; H R/ (ng/kg)

94.45
81.95
106.95
40
69.45
90.27
115.27
10.56
89.72
95.55
91.39
200
83.89
88.05

85.55

13.89

0.99625 9.5

4.42

332 fRALE T iE(4)

AL Dy ()25t 3 KT IARESS, 3 AKSFhns [mlilk
RIIEAF] GB/T 27404-2008 P pRuEZEsR . LR 75
(4), ralEsER 6 it 3 FLAKIIR] )y SR T 3 /K P-525G,
2E R TCIE R MR 2, 3 /KA i B i 2 g
JE A — K EARTERREEDRIEEIN, FE 1 RS 2 10K
SRR B TR R AR EESR, DT SE 3 kR S A
HEZER, PRI 40 ng/kg J5 %8 1 A5 2 A8 53 R A
WAREZDR . 28 BFTR, $#3 L MRk i i (4 A fE
TSI R R A R BB R, T — AR .

4 iHesge

4.1 EARBUAFIRYIRE

FEAA SRR ] 1 S A P AR VS VR R AR I R
P B R A I K o0 R R P A S e B A
Rk R 2% GB 5009.1208°) Mk r AN AT Xt B2 %
BebRE . BRI R LR IR AL B BEWR IR — A Bk
ZROEFEE Hy 5 CUR R HCUE %, TR I 8 30 S 4 1)
SN TS D8 CUIE AL B R P, 4 — i 2 5 3L
b JEE A R TRV T, 4R e S A B O, T AR
I % 02 W IRAL IR BE P R i adk 5 b2k | sl 4l
BELOWREE L OmMAR . AT RORRE, KRR FRANTE, R
T 4 1 RSO SR AS — e, [) B it 5 35 A ek 590 14 o
AT G R 5 AR B 2% 0T, JE RN B R A A% Bt
— AN AR B RS | Al VR L AR . A
75 3 o SR AT AR TS S P R i R A w5
Fofr i 33 mT RS 0K A 05 (4)AS BB R 1 5w A AG DU
BN 22—

4.2 FATIE ZHIEE

AL 7 (DA AR T i 5, 3 AKE s Bl
RIBA A ICHREER P, SR 3079 SERE S B s
HET S RGBS, 3 A IR 52 55 [R1ISCR FDRS 2% B 44
W T AR B RO ik ()P R B R T T
AN ][] B A T O AR o BN AT P RRAE K 283.31 nm, #54T
A4 D5 A TE A8 KT RS L P, — T 3 0 T RO
SRR, Wy RN RCR A, BT LAAS F SR F KT 40
TSRO RGN A P A A R, BT N R s
FIRE SN St S5 R BUR AT S HRCR AT i
WA BN S A5 B v AT 2E 2 A S R I v A
Frik—2 5%

g5 bk, feE oy o AR S 1 07k (1), FRAE S K
283.3 nm, 4% 0.4 nm, SJHLUT 2.0 mA; JCHAMCHER], TR
KTHNTS 50; THEART R w25 1k TR B 90 °CTHELITE] S s,
LREFRFE] 10 s; 120 °C FHEREHE 5 s, CRERAFE] 10 s; KAk
450 °CTHRETE] 10 s, fREFHIE 10 s; JRF4L 1800 °C Tt
TEEHE] O s, PREFIE] 3 s; ik 1900 °C FHEEE] 1 s, {1
FEAFA] 2 50

TEM T T # AR A th 4R 5 &, 76 0~100 ng/mL
2R PRV AR G R 0.99625, K HIFR A 9.5 ng/kg; 3 7K
SRR [ R TG R 89.0%~94.4%, 7 5 R ALl N
4.42%~14.61%, PRIEMBAICLENE . 3 ACE bR L5 L
RAEFRZBIIW L T GB/T 27404-2008 P 55R, HAG
H PRI 2 T GBS 009.12-2017FM 5K . X3 I % 5 1460
TR S A OCHELY, K BRI, BISCRLE, K% LT,
PRAETRIE, T I NS, T DL BE S B AR A
T PR B ARG
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