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B OE: B® & ke & AR P R (P YA B R TR IO 1%V (graphite furnace atomic absorption
spectrometry, GFAAS). F5ik I FHBEIR — B0 A1 R SEA G, @i EAS i b GFAAS Wl 4k
Pb (A51F, AAG IR EE | JE AR | B BGHRIFI S B5R GFAAS Sl 604 IKABIREE 200 °C, J5
FALIRE 2000 °C, 10 pg/L BiEER — A0 52-10 pg/L A BRIR AV TR E M AR 71451 T, Pb £E 0.0~50.0 pg/L
TERINEMESC R RAF, HEFREr=0.9979, JridfshBRA 0.10 pg/L, W TN 0.5 mg/ke, &N H T
Wk R EEERAE 7 RS R PO R AGIE, AIXIRRIER 22 3.9%~8.0%, HIFRIEICER N 93.7%~108.8%.
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Determination of trace lead in edible salt by graphite furnace atomic
absorption spectrometry optimized by orthogonal test

LUO Jian-Min, PENG Cui-Hong', ZHANG Rui-Ying, CHEN Guan-Mei

(School of Chemistry and Civil Engineering, Shaoguan University, Shaoguan 512005, Guangdong)

ABSTRACT: Objective To establish and optimize a method for the determination of trace lead (Pb) in edible salt
by graphite furnace atomic absorption spectrometry (GFAAS). Methods Ammonium dihydrogen phosphate-tartaric
acid was used as matrix modifier, the experimental conditions of determination of Pb in edible salt by GFAAS
including ashing temperature, atomic temperature and types of ascorbic acid were optimized by orthogonal test.
Results The optimal determination conditions of GFAAS were as follows: Ashing temperature 200 °C,
atomization temperature 2000 °C, 10 g/L ammonium dihydrogen phosphate-10 g/L tartaric acid were used as
matrix modifier. Under this conditions, Pb had good linearity in the range of 0.0-50.0 pg/L, with the correlation
coefficient r=0.9979, the detection limit of 0.10 pg/L, and the minimum quantitative detection limit was 0.5 mg/kg.
The proposed method was applied to the determination of lead content in 7 kinds of edible salt samples, the relative

standard deviations were 3.9%—-8.0%, the recoveries of samples were 93.7%—108.8%. Conclusion The method
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established in this study is suitable for rapid and accurate determination of trace Pb content in table salt.

KEY WORDS: edible salt; graphite furnace atomic fluorescence spectrometry; lead; orthogonal test
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HEE AR TR EBTE AR R
R WIEREE, URRRIE Iz, A RRanin . k.
s AT IR G 2 2 2 FE YR TS Y
B S NaCl, RS ARMERNESE, i Pb*, Fe'',
Hg™4%, HA@eh)yE2—MAEENERMESRE, rlEimn
WARAR A, AR, IS, MEE
TRE S EER HERES, I, fiE Pb e R AR w4
WA R AAT DRI H 22— 16 GB 2762—2017 { &b &4
EZEE i YRR E (2 | SR ), Pb 1R
AR HEESS L, WK 22 RIEE i h Po S atfR(E,
B HER PR LR 2.0 mg/kg. B ZARMERLE (R )50 GB
5009.12—2017( B Z e EZrE &&T Po gillE ), B
W, EHEETPHOE P BINE A R FoORERREY . —
], TR RSN SR Ve s 7 SN o 21/ o3 a7 S I ¢
A% s TR TSRS TR ek L R sk i
HUAL PRGBS, F G 5 B IR TR ks B O,
WL FEE AT He. As BIIE, JEFIRBOERE L ERE R
UMURE, Tk B B R R AR, 2 A
Z 1) P Ky, Al 43k KO T WSO B R A A
JE TR BE T, AH O B RO G B v, A S 5T
WSO B vk R Ak e T v, Ao tH R EEAIR, BT RR AR AL
A, AR R

A BRSO I E B SR P SRR, &
FEE P B8 NaCl &7 A K 5T, kiR
PR AR RERFEAREE B NaCl 155 140, JEARuu A=
T A SR ARSI, R SRR T R T, SRR
FE SR LR L, 2 AR FAE B B TR T &
BBk, SR AR T R AR M, R ARIN T R AR R
PR 2 i el SR R IO BE B P
SRR R A B R — Sk . S, AR . B

MR - A R AR, X SERE AU ) REFE AR T~ L IR,

Pb 76 K FE i 3L AR & Z A e R P, (FIRF I IRES
585G 5IMME, i b5 2= bR A b= 3
s g U o B R KA B 2
POMETE Hy 5 Cl, B HCL ik, RN s 5
B, R Pb 5 CUE S kY, b BRs ik, 2&—
R BR U RAR S i S A ke b ) U200 I i HL A
BIRBRIE, ATLYS Py B EY, WO R LA,

TEWF ARG 32 ZEAR RO M, LA™ 1) TR B D <
A, DT R AR A RS s[RI AR, 37 A R s S 3 T I 1 571,
A AR 2 AT S s R AT IR T, kS TR AR AL B B
“WEER ISP, DR, AR RUR B R — U R RN £ 1R
TRA SRR, IFEWE CU0 R A s 1 fh T3 795y T e
43T I W B RORE 25 18, 3 ol 1E S8 B P A A R
JEFWHOLEEEIE Po WA, IRR TR T2
ML L T SE 7 AR R AR AL D P A, A
WEsC R R Po ME SR BRI S5 Trik

1 MR5ERZE

1.1 XK EHR

Pb #RERE A [1000 pg/mL, GSBG62071-90(8201)]([H
FANBRA RN O B IF S B BE), I PRI 2% HNO, 7
BRI SE FHTR .

HNO; . WA, BEfR S8 riral, =254 H ik
A BRA A, 3 K B BHAE>18 MQ-em 9 258§
TKs
12 UFE5EE

WFX-120A JEF W6 WE-1E A 8),
Je Tt 43 J A o3 A e (B DA BRSTAE A W15 1C012 A 3l
BHIKAE % B (RIS B AR AR A H); Pb 250
BT (AT 6 4 R AFAE B ); MS104TS HLFR5F-[J7 4
Z—, Ei MR 2 (A PR .

1.3 /7 &%
1.3.1 Houd®
VERRFREL 0.05 g #E 5L T 100 mL BARh, J] 2%Rs a5

ot 4)E, EAE 250 mL AEH, #£45.
1.3.2  HAR gt ik

FER PR EC R BRI 0.1 ¢ BEIR R EAT
10 mL BErrp FIZERKIE MR, B A 10 mL lEE T, Ak
WROERZZEE, W15 10 o/L BER S5 FRIO0.1 g W4
PR [ R F 10 mL Bebf i FHZEB KA, B2A 10 mL H @A
th, FKFBEAZZE, RIS 10 o/LBARR.

FERBCHE RN BN B T E: 10 g/L IR A8k A
10 g/L W ARRFHES 5 uL BISPFR, s R Reieltsalisn
WAL 3. 5. 7. 9uL), dFFER 20 pL (Pb FRifEA R R
50.0 pg/L), FEA S THERR T LG R RS, HA
WG

D E SR ATHI: 3 mA, BREESEIE: 0.2 nm, #F
FEH 20 pL (P FRUEVA R 4 50.0 pg/L), 10 g/L e — &
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B-10 g/L A7 PRFAER OIS 10 uL (4% 5uL), f18:457 T+
TR I 1,

®1 AEFFRERF

Table 1 Graphite furnace heating programs

I IR/ °C RS TRAFIS [H] /s
TR 100 5 20
WAk 200 0 15
JETA4k 2000 0 3
ik 2300 0 2

1.3.3  EGRIEE
R EEILARBGIEFFIZENT GFAAS 0 % 45 5 (A 32 10,
PP 10 g/L BER A H-10 g/L FUIRIMERAS 5 uL AE R L,

KR LNIEACTHRIA TS, KA A) . 5T
PEUREE(B) . TRAHEMAAIER(C) 3 A0 RIS OB (V)
SEIR, N KPR WA 2, R a7 E OB 31K,
BCEE .

2 HERE5HH

2.1 EABUAFIRME#E

i 3 AT, 10 g/L WML — A 10 /L A FRE 5 pL
B, Pb e WG (R K 3 F2 B2 T AR e ) AR AR
KARET, Jovk e 2 BRI T4, MR K, &k
TRIEFAIREE, i Pb J5 b ROCRREA . TR, D A
Pb ], BEHUIMAJEMA A 10 /L BEIR — S8 10 g/L i
A4 5 uLo

F2 RFEFRKERE
Table 2 Factor level table

K A JRALIE/°C B T ALk /C C RA LAl
1 200 2300 5 uL 10 g/L B§B2 — A %%-5 uL 10 g/L ¥ A1 iR
2 400 2000 5 uL 10 g/L BBz — A 48%-5 uL 10 g/L ¥k M iz

=3 EABUATIREXN R E R (0=3)
Table 3 Effects of matrix modifiers dosages on the absorbance
of lead (n=3)

WA R /uL

PR — & /uL
1.00 3.00 5.00 7.00 9.00

1.00 0.1933 0.3214 0.5043 0.4163 0.2893
3.00 0.2071 0.3395 0.5102 0.4371 0.3195
5.00 0.2094 0.3638 0.5345 0.4628 0.3244
7.00 0.1904 0.3198 0.5206 0.4245 0.3208
9.00 0.1791 0.3067 0.5093 0.3956 0.2719

22 EXRAWER
22.1 REMERNF @

WRIER 4 BHEAKTVREE S, BEIKMIEEA)
AR FALIREE(B) 2 B R X R R e A5 HA 22 BAE
P o 2o S8 Ak R s A T S WO B, 2SR DL
Bl 1o G55 AT I, SRR 2 2000 °CAT 2300 °CH, W
B S Bt A I BE T T T, FR DR AR
2300 °CHY, TR (E = % BB & T 2000 °CHY, B
IRAR TR 05— A R T W B (B 5% A 58 B, A
1R T AE AS B0 AR BG 25 AR I, 35 25 RO AR T B i
PRI Z A 22 BAEH .

05

—e—B,: 2000 °C

04+ —a—B:2300°C

03}

WoEHE

0.2+

0.0

200 250 300 350 400
AR EE/°C

P AR R fh R B 1 22 ELAE
Fig.1 Interaction of ashing temperature and atomization
temperature

222 EXKBELZR
LeQ@NIEASIRIR LS BT W3 4. Ml K. Ky 1514
25 R, HIMZE R R/NATHAE 25 IR XS Pb WO RE 52 1 1K
WGk A>AxB>B>C, BT HAEM AxB L Z B Xl
SERSLUTE R, MOEEZE A, B BB Lr i 2 B %
B (IR, ORI ZAETE 6 5, ABy X RO Bk K
I, ¥ ABy, %N ABCy, BT CHZENRERZE, W
I, JRATEE A\B.Cyo RALAABRTE: #r % A\B.C ER IR
5K, GPRWER T, 5 WEERSFBIEN 0.5956, F5RE/NT |
WRIEASIRIG G RE I KA 0.6257, X ARERZE R 3.9%.
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Table 4 Results analysis of Lg(27) orthogonal test (n=3)
s A B AxB C =R LSS
1 1 1 1 1 1 1 0.5304
2 1 1 1 2 2 2 2 0.5709
3 1 2 2 1 1 2 2 0.6096
4 1 2 2 2 2 1 1 0.6257
5 2 1 2 1 2 1 2 0.5219
6 2 1 2 2 1 2 1 0.5032
7 2 2 1 1 2 2 1 0.3484
8 2 2 1 2 1 1 2 0.3494
K, 2.3366 2.1264 1.7991 2.0103 1.9926 2.0274 2.0077
K, 1.7229 1.9331 2.2604 2.0492 2.0669 2.0321 2.0518
W2 R 0.6137 0.1933 0.4613 0.0389 0.0743 0.0047 0.0441
&5 EFRAMBKFHEE W 11 W2 AW, P57 724 H BR (method  detection
Table 5 Level collocation table forfactor A and B limit, MDL):t(n_Lovgg).S[zH, /H:':P S j{lﬂzﬁf{mﬂfﬁ_ﬂ"ﬁ/ﬁ{ﬁﬁeﬁ, n
ks al . R TS IIRE AR, Y 000 R0 BAFEE R 99% 11 EHE
B, (Y1+Y2)/2=0.5507 (YstY4)/2=0.5126 n-1 Eﬂ‘E’J t{ﬁ, ifﬁf@ﬁ{fﬁtﬂﬁﬁj} 0.10 ug/L, Uﬂ,]ﬁg*[:[;ﬁjq
B, (Y3+Y4)/2=0.6177 (Y7+Y5)/2=0.3489 0.5 mg/kg, /N ER R P BREE 2.0 mg/kg, 2 H #

L3RR BRI %N ABLCy, ti THUIRIMm R
1% — S TR A R IGHE R 5T0 R - R AR TR R
MR Z MRS EEAEZE AR, BEBHE 2 C Xl 25 S5 )
AHXTE /N, (HPLIR MR IR I H G A eE, ek, i
FH RS E B L, 1A R S AR e, R A,
RS bR B BRSE 58 . 25 B, GFAAS TlE £k
PRI RIS 10 o/L BREIR — SR 10 o/L A RS
5 L AERIR A SER SR, IRALTEE R 200 °C, Rkl
BE K 2000 °C.,
23 tRERZ RS LR

I AT 2% HNO; FifE 09 0.1 pg/mL () Pb brifE T AE
L AL 0.0, 10.0. 20.0, 30.0. 40.0. 50.0 pg/L Pb #rifE
RN, e HW e, DISEREE A ARFR(Y), Pb )
J M RS AR FR (e, pg/L), 13RI Y=0.0116¢+
0.0111, FHIEFREL r=0.9979, LML 0~50.0 pg/L, 4L

A A B A ARSI R W
2.4 INFREYRHRLE

FREL 3 7 0.0500 g 75 F FHERFE &L, FH 2% HNO; %5
F 100 mL $ebhh, &M 5E4)n, 3mA 5.00, 10.00 F
20.00 mL 0.1 pg/mL Pb ARUE LAEW, $25), Wl EREZ
B 1O FEATINGE S K. AR BIBCRTE 101.6%~106.5%
Z |8], AHXIHRUE N 22 (relative standard deviations, RSDs)7E
0.79%~2.30% 2 [0], FHUCAT WL, %77 vk MEA B FORE o 5 1
2.5 HEOH

LTS GFAAS 448 F I8 AR SR WO, ]
s SR (B e S 56, FRECEE SR 0.0500 g, Sl Pb A ufifdi
(0.1 pg/mL) 0.5 mL, SRJ5# R 1.3 R4 BWIEAT, 458
WL 6. FESINARECR K 93.7%~108.8%, RSDs H
3.9%~8.0%, M%7 T R AT .

F 6 THEIED PhIMELR. MEREYLE RSDs (n=3)

Table 6 Determination results, recoveries and RSDs of lead in 7 kinds of salt samples (n=3)

HE b B /(mg/kg) RSD/% JndR R/ (mg/kg) IMAE(E/ (mg/kg) TR TR /%
Wik 1 1.44 4.9 1.0 2.41 96.8
gk 2 1.90 8.0 1.0 2.92 101.6
R 3 1.85 4.6 1.0 291 105.7
WEh 4 1.96 3.9 1.0 2.90 93.7
WL S 1.94 7.0 1.0 2.92 97.9
k6 1.27 4.0 1.0 2.35 107.9
iR 1.29 5.7 1.0 2.38 108.8

TE: 1S5 AWIE R, 2 5~5 SRR 6 5~7 S AT R,
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HIZE 7 AL, A2 IR AR AL P P S BEAFTE2E 5, N
BRI : R >WIEE> T, R Pb % i ik
IR . FEIEE: H5k, 3 HEIAERIREAR,
o WIHERERER THLER, SR ERBTUR I D SR M T A [ A
ALK I K, 20 4w TS QR AR, K, 3
NN, R — R A H W 32, 7 ok B i
FEAFCTAELAE ;T80 £5 — B R PSR fi i A LUz
AR RS AR A B R R £ 2 ASER,
ANTR] A TR AN TR B R b T ks B, R JLARSK,
T DX AR T A B TR R, R T R
BN, SEGEEE D P Sk

3 & i

AR T IE S B RS GFAAS WIE il Pb 11
ARG 41, #0571 GFAAS I E & FHER 0 Po BT vk,
T LR & BUR F IR AB IR 200 °C, JEFALIEEE 2000 °C,
10 g/L BB — &4%-10 o/L VB A1 BR TR & SRRk 0 i B &
Ehrh NaCl X} Pb 2 5 5= T8, AT B SARE kL
R R R 710 B S BT ST 0 S R . B R A
BEPRE o FEIZ 5 TR I T R DL . AR
HE R4 7 P FELRE B b P B, IR 2 SRR R AR MR
ZH 3.9%~8.0%, FEAANFEEILZER 93.7%~108.8%, &
SERL R, S B R I E R P SRR
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