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Determination of trace cadmium in rice by atomic fluorescence spectrometry
with hydrochloric acid oscillating extraction
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ABSTRACT: Objective To establish a method for the determination of trace cadmium in rice by atomic
fluorescence spectrometry with hydrochloric acid oscillating extraction. Methods The rice was quickly extracted by
1:1 hydrochloric acid, and cadmium in rice was determined by atomic fluorescence spectrometry with water as carrier
current. The memory effect after optimizing injection mode, acidity of hydrochloric acid, concentration of potassium
borohydride, dosage of cadmium sensitizer and influence of coexisting ions were studied in detail. Results The
interference of Cu®* and Pb>" on the determination of cadmium was more serious. Cu?* above 100 pg/L and Pb**
above 50 pg/L had negative interference on the determination of cadmium. The injection mode with water as carrier
current had no memory effect and saved the amount of acid reagent. The limit of detection cadmium was 0.75 pg/kg,
the relative standard deviation (RSD) was less than 2%, and the recoveries were 91.6%—-100.6%. Conclusion The
method is simple, rapid and sensitive, and suitable for the determination of trace cadmium in rice samples.
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KARKEFEWREEDZ —, FUA R BER
TSR I, SR T AR Y s BB, e
RN RBSE R 2R, mEAERNMER. GB
2762—2017 (&2 4 AR e 5k pis ey bR )
B T BN PR T R R MH <02 mgke, [ GB
5009.15—2014 (&% 2 EF bR &5 P ) @
B T 450 38 (A SR R T IO G A 7

B0 Z R LRI 2 R A SR R IR OB
EET B A S B TR TRAS Y Sk kAR
T E VA A 5 3 p R A R A B A T
P02 B R TR Y X
B AR A R A . ARAE I GE FOKFE B, A& 5E T i 7
WA BB, AUALBERT RS, IF ELIS YIREE, XTI
BRH G R RORFE S i & B, B % ab B e
KL TG Y REN, MR 2h SR i R

ARHFFE R HARE S HTA FRAGHRAE, SRR SRRV T Pk
PR R R BORK A 18, 7212 BOR I A S8 G0 AR,
HIERBZESG, PUKHER, RTINS e
TR DI FOREE S PR BRI 2 2 5%

1 MR5ERZE

1.1 E5RF

CAF-1800 RUHE i F 5 GG (F IR R Al F}
PR IRFERATRR A ) SRl 2s O BARKT 83K 2 F3R
PEOLAEIZT R RIS ); BSA224S M T RKE-(TH[FEFE £
FIHTZA FD); 50 mL BUAK 5 DU G ARV AR A (VLM ELIE AT
IRMLERT o

RV Gt 25 VS T (B KA €6 4 ) S H A R 43 B 3
iy,

KK B bR e SR [GBW(E) 100352, Bk 5T
RABEAHTIEIE ], ISR (PR 2, g A A
ERHABRAF), SRR, K ERHE B LR
AR H]); BRSO Frat, [ 24 F AR50 A B2 |l ;
TS HON R SO A IR D), EhIR (LR AL, JH 5 XL
TA R,

SER FHACH B A K (B BE AR T 18.0 MQ.cm), L5 AT
FH 4% LY 75 A4 B2 (20:80, V:V)i2id 24 h 5 (i FHAB 4l 7K rhisk
T, BRI

1.2 U T1ERH
R E R 240 V., JTHFH 30 mA | JRFILEs SR

O mm. MFFEZEFE N 100 r/min. 2SR N 450 mL/min.,
BERCR RN 1200 mL/min, BURERSIE]R 5s. {55 R4ERT
[a]>k 10 s,

1.3 KWHE

1.3.1 R BELH

PRI VR bR A & VAR (10.0 mg/L)FHERR
(4:96, V- BRI 5.0 pg/L AR o 20 590 R I
0.00. 1.00, 2.00, 3.00, 4.00. 5.00 mL f# 5.0 png/L s@HrE
BT 1~6 5 50 mL A, A RifF A 5.0 mL
50 g/L ik, 1.5 mL 50 g/L fAHGHGN, F(4:96, V-)EHZE
ZI5E, IRET . AR RSN TR E R 0.00, 0.10, 0.20,
0.30. 0.40. 0.50 pg/L.

AL - AL AR BV (25~8 g/L): FRHEL 0.8 ¢
ALK A )G, TIFRIL 2.5 g AL, B/ E
100 mL(f# FHRETELEL) o

BRI (50 g/L): BRI 5.0 g BRT/KIBMIE, £
% 100 mL.

FRRAEER(50 g/L): FREL 5.0 g MRISGHEGH /KSR,
EARZE 100 mL.

EWER(1:1, V1) 8E 100 mL /KT 250 mL BéAr, 15
HEL 100 mL AR KRG, BHEHST.

R (4:96, V:-V): FEEL 192 mL KT 250 mL B,
PRI 8 mL WkELIR S5KIR A, BiFEA).

132 HRara

HEBIFRE 0.2 gORS A 22 0.1 mg) JOKKE i T R IR Z
R, IMAERRR(1:1, V4.0 mL, TERD s IR A
3 min JEEUCF, MIA 5.0 mL 50 g/L #iflK, 1.5 mL 50 g/L 4%3%
oA, EFE S0 mL, HEBBRE, LUK REGR -HLIE,
[RIEFH 4 2 MAFIZS A
1.3.3 4/ TAE &4

it G ] YRR E ROV, TIEARE AR, R
F RIS — R IR RANE R, — Rk
PSS AN, IR RS S, ERERE A 2T
AR, IR R B B RE I E o AR b VA VR 104 I R R
p(ug/L) IR ARAR, DGR T AMARER, Zilbrditi .

2 S#RESH
21 #HEFRMEKL

SR F 9 G TE IR S5 s J5, K 2 MREREE —
FIBAIK T, DK . AR AR B Rl (10 s 42
A)ASEEES . WA ACh B R =, XA
TR A A T o 7 B P R AR A P s o B L
K A 2k kAR 5 R RSS2 RO, BE R 0.00 pg/L A
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0.40 pg/L MISBFREEE, RSN E Ik, Fasidinas
FI 2R ARk, 253 1,

A3 1A, P5E 0.40 pg/L B FR M IR S 7 20 & i
Mas [, B as AP aR R AR T ARk, B LUK R 2
W HERE 2 TCTC R s, SR F R Ry =TT
170, BRAERI BT TR 0 2.

2.2 FREIL{EHhZRET

DU ARV W BT R p(ug/L) WAL, 2R
BT R AR, BEIMmARERII LN TR R
I=14774.3p+40.9, SA7ESCI0 MR U Bl , ik B 5 98k
R SRR, RMEASE RN 0.9997.

2.3 FEEREREE HUIEEE

ANTR] PR FE X T R 9O AT BRI . S
ETARRIRIR 1%, 2%, 2.5%. 3%. 3.5%. 4%, 4.5%. 5%,
5.5%. 6% 7% 8%. 9%. 10%(V:V)BREE T¢I,
TE SR A EER R IR . T 0.40 pg/L SRR IERS I
TE 1%~10%EEFRIRE T MR e, 45 1,

M 1 AT, BEE IR IR A K, B eam T R
TEILT-2HLRIBAR, 3BT HaTEh MR IR B 19 2R U BBl 478,
3.5%~4.5% R B LR, AR S5 4% 0 Eh BRI B iF
(TR
24 WSHEHKERNSE

B S0 Ab B0 1 S ), VR B T 22 /0 B R A

AALP I ARG . IR, S RN A A,
FOIO R BE AR, VR R AR R A AR T A
W, REOOGRERRAL, I AR E R M A
% ME THICETE 0~35 o/L WA AL #0028 e g, I
Kl 2,

2 SEER g R, 7E 0~35 /L BRI, oKyt
SR 3 I D A I A, (R I S o K
F 25 gL Ja, DSeomBER A, [Fn 5 B EE S R
SEERAEAE, ASBFFEHE 25 /L RTINS AL Bk Bl 5206
WL
25 WiRAERNEE

BRHRAE Co™ FEAE T Xt AT B 85V . T 0.40 pg/L
PR A T VS R S 3 25 R B IR FH oo 43S 0L 0.5,
0.75. 1.0, 1.5, 2.0 mL 50 g/L BYBiARIE W, 4558 B
AGRNRIG, 588563 BEAT 3% 245 A7 A3 I o 76 5256 FH
0.5~2.0 mL YL, F2EERER AR, 58
i, ABFFREFEE 10 mLIFER A 1.0 mL 50 g/L /)
Tt IR W
2.6 $RIGEGN A EMIERATE

FEM S B A SRR, T B R A A )
0, AR v 0 e ) R RE FRSE T o FH 0.40 pg/L AYEAR
WEVE TR SE 50, 25 5%l P AS I v B A 38 ORI i 2 e B, O
AU S IE 7 WK, BRI ST, 4
L 2,

Fz 1 BIZHE

Table 1 Memory effect
5 1 2 3 4 5 6 7 8 9 10 11
FEBRUEVR E/(ug/L) 0.00 0.40 0.00 0.40 0.00 0.40 0.00 0.40 0.00 0.40 0.00
PR 994 5828 985 5795 978 5841 971 5765 963 5798 970
8000 8000 -
7000 | ——Cd 7000 |-
6000 | 6000 |
i 5000 1 5000 |
E 4000 |- E 4000 +
= 3000 | = 3000
2000 F 2000 |
1000 | 1000 |-
0 : : ‘ ‘ : 0 . : ‘ : : !
0 2 4 6 8 10 12 0 5 10 15 20 25 30 35 40

HRRIR Y%
BT ERERER R X5 BE (1 R

Fig.l Effects of hydrochloric acid acidity on fluorescence intensity

KBH, & /(g/L)

P 2 B A B e TR X I 5t B ) 2T

Fig.2 Effects of concentration of KBH,4 on fluorescence intensity
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FH 2 2 AT, ARBESOGR A AR = T AR A e R U,
0. 1501 SO VA T 1) 2 3 3 5 A Iin 8 S8R Ay s T
T2 3.7 M5 NERE R, ARG EON RSDY% KT 5%,
RGN 00 o FH 7R 8 R R R B (RIS o T B AR e . R
B HETE 0.15%~0.175%N 960 R K, % B
B 5 R B0, AT EE 0.15%450 88 Mo T

TE 0.40 pg/L AIERFRERS I 0.15% 4R B0,
R LSRR A E IR G R o 5 BUR, A BRSO 5
£ 1~25 min PY[RIBGET NI G, @GR A B 5 ey,
BV e R ) P A ) ), I A SR i BV R
27 HEBETF Cu¥'. PV

HE T SORRE R A E T oL PO RN E 5
i o PRl 0~500 pg/L ARG B BE 9 Cu® . P> TRA bR
RINEWL, L Z@EBE LT IEN . SLgmai Rk
B, Cu® ., P> XA T34 ™, 100 pg/L LA _E# Cu®*,
50 pg/L LA A9 P X4 AR T .

o PR R A 4 B AR T IR I T T B LA ROK
HoCcu®t, PR IR ECA R, AR BRSOk e

W Cu® & 10~20 pg/L, Po> &R 0.3~1.5 ug/L,
HART Cu™ . P> XM TR, i LAFEI 2 KK P4
AT LA % JE Cu'. PO* HSLI .
28 FHAEKTERSHEEE

P MSrm Jy gk st 11 W ER A s e, RIE
DL=3xs/K T1EHI0 R MR H R, AR 6 B o 48 B
B, X EZAREY BT GBW(E)100352 4% & & ik
TMRE, SFATIE 7R, THEEAX AR 2 . 450 R
3. % 4, GB 5009.15-2014 { &5 d e B F AR ME &5
HRER BN SE YT B R BR R 1.0 pe/kg, AHFSE B A
B IS
2.9 HmNE

IR e TS S ) R A RO S BRRE
FEHEATIOAR [ SE 56, (RIS A B8 40 S U6 i vk 201 7
T, SR S, RhEdE DR, ABFITIE 1 SRR
AR E R R 91.6%~100.6% = ), Wi £ GB/T
27404-2008 { S286 5 ST il ALE £ A FRAL ARSI ) e (]
W R BER, 2 A ORI A I E o

*2 HEHFIRAE

Table 2 Dosage of sensitizer

TV P RS ORI T /% 0 0.05 0.075 0.1 0.125 0.15 0.175 0.20 0.25
e BE - 1305 3282 3698 4407 4582 4847 4852 4783 4613
ARXS AR HEAR 22 (n=7)/% 5.12 1.73 1.96 1.25 1.38 2.15 2.24 2.14 6.86
#*3 HMHRIEHERNO=11)
Table 3 Results of tests for detection limit(n=11)
A2 R PrRUElw 2% s DL/(ug/L) J7 ek R/ (ng/kg)
773, 753, 764, 779, 786, 770, 793, 795, 788, 795, 791 14.0 0.003 0.75
FT4 BEEIBERN=7)
Table 4 Results of tests for precision(n=7)
B 5T 44 Bk JLE FRAEIE o/(ng/kg) M2 o/(ng/ke) AHXHR /% RSD/%
GBW(E)100352 cd 870 859 -1.26 1.01
x5 HROMER
Table 5 Sample analysis results
FE 24 FR M EE o/(ng/kg) JnFra o/(ug/kg) MR B w/(ug/kg) JndR [EDCER /% [E AR 0 1 o/(ng/kg)
K 1# 5.00 5.00 9.92 98.4 5.11
Kok 2# 3.70 5.00 8.28 91.6 3.85
KoK 3# 9.00 5.00 13.9 98.0 9.22
FK a# 3.80 5.00 8.41 92.2 3.92
KK 5# 2.40 5.00 7.43 100.6 2.38
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