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—, PRIREEAEN AT T REPE 4 2002-2018 4E T & 4
P Cd i5 Ykt , 45 BOR Cd B E N
0.022 mg/kg, FFR R A 1.39% ., G e 45008 5 R
BRI M ) U Cd BEAT RN, Cd RN
0.007~0.091 mg/kg, 15 3 3 AU & Cd HbR, i
He s ZEsh T 2018-2020 4E L 5T B 83 iy Mgk
FEa Y Cd & i FEIME R 0.647 mg/kg, BEA K
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RERG IS B A7 d i Cd A F A 2 A 0 %
A B LA (CPE) BRI 4 1] 53, 38 S5 A IR LA
W 3R THT 75 Sy B A AR oSSV B A B4 0 i A
i, 40 Ogunlesi ZEULL 3% Ak HL 2 (GCE) b TAEH
B, R F 2 1 451 4 BA A AR 22 3 (LSASV) K il
FRMRNK I Cd, FEAL 2 65%11 HNO; Al
70% ) HC1O, JEfb A3 | & i R 0.00~5.74 mg/
kg, W50 RE A DR R A ROl 2H 2 e BRAE (2
mgrkg) . MK, K 4 8 M OH AR AR IR 2 T AR
W RS 75 et vy T 52 B DG I I HH T FL AR AB At 17-181 ﬂ[l
Ashrafi S5 U75R H 86 98 K R0/ 22 BE B 40 K 45 & 1
1) CPE Xt/NZ fyrh Cd #EAT AT, A6 0 BR > 0.
65 pe/l,

FE RO E it B LUK AR S i B2 2%, AR
3 A PR T AR S e SR A I, A e Ak R
4R 5 BRI Silva ZFH 7 mol/L i 2 7% 1 A1
AR U R T H ) Cd L Pb AT Cua, SR 7 I8 BH
W AR 22 1 (SWASV) — i 72 e fise 4 A 38 flk L
M, A B %2 Cd  Pb A1 Cu A9 A B 35 #1] 0.089,
0.059,0.018 pg/g, Wang PUR FH R iR 25 L, ASV-
GCE PR 28 5 2 /N e dFp Cd, 6 H BR A 0.005
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mg/kg, BECERE AN, BT E 48 Ak
S WA FEPIAR 2 Ton SFRUEENN 2 46 0 S8
Pb (DPV %) W, E4EHELFUIE, A 0.01
mol/L B IR £k 22 v il J 1 )it felf = i 2 Ak )
T A7 58 40 K R S0 18 1 HL A (CO-NH,—xGnP/GCE),
FERL BT T 4 DU A2 Ph,
ABIFFEHERE 3 R R UL B K R 5 R
BN P L0AG /N SR B b kL, 25 Silva 51
I Ton SRR AL 2R T3 2 FF 85 SRR A1 S 0.1
mol/L fi§ B2 BT 7 42 L, R F 40 K S AL AR R
1L 5L 35 Z 46 1 1 B ) L AR (CPE) | 8 7 18k FH AR
H AR 221 (SWASV) K FL b i) Cd o HLERAN [R]85
FEFOXT Cd H AR A 0 A 35 S5 R R, B o 3 R A
WS TRR R, AR R T RS R EL R

PR AG I A T AR I R A HE S B Sh A I i
wF A PR

1 #RIEFE

1.1 REHE5IRF

LT i Cd FRifER I (1 000 mg/L, FrifED
J57) s EALIE B (SnCly) K BUULHR (Ky[Fe (CN)o]) (i
e GEER Rl A Ak (ROKEGL) , A1
(f2al) s EA R AR (90K .

112 s s Rk s H ey G e 24 A R i
Yy, HoA s I B0 5% 0.43 ms/em, pH {H
9 6.32; P LLAN 5 9 HL 4 % Ok 2.73 ms/em, pH
fHh 4.31;/NASRETT B %4 1.39 ms/em, pH
Hl 6.48,

1 BEPETEEBTESE (mgkg)

Table 1 Contents of main elements in the three vegetables(mg/kg)

T FE K Ca Fe Al Zn

N 2.78x10° 357.2 - 21.9 114
Vg 41 A 3.7x10° 762.9 32 6.3 354
203 105.7x10° 14.1x10° 314.4 1.7 96.9

1.2 KIG 1L E.

Hi {2 T /E 3 (CHIS30D ) , | i JR AE AL 2% 2>
], S L R R H SR R AR, X LR R A LR, T
Hitl R CPE LA 5 HEL 3 52X (DDSJ-308A ) , F 1A
AL A BR2S E pH 31 (PHS=3C) , bR 25 (U 2%
A R 7] ICP-MS (NexlON  1000) , 35 [ 3 4 ¥ /R
BRI A BRA A
1.3 BUAZEKRNF*

T TN A 0.1 mol/L 1 52 — I 12 1 2%
W, SnCl, B A I . 1EH SWASV ¥, TAE
ML —1.4 V £FZE 120 s, S8 5 it 00 1F 10 J5 P 1 4
BT P IRIE 25 mV A2 HE 5 mV Ty SR
25 Hz, 1.4V HI#EE 0V, s b v e (1)
XF Cd ¥R HEAT E JE AT .

1.4 CPE BB L&EIHRAEL

CPE Lt M ABA . A 250 5 W 1A A e (0 &t L
3t DIRA WS S R R 50, R AT LW . R
B2 5 G BB T3 A 10%~30%11&
il

PLSAAR R A S & 1 700 43 0 X CPE HE1 7

&4 , 2% Svancara PHIIEIE B 480 EL 51 42 1
TE 10%~30% , 18 33 Fe A%t Cd K60 mi 17 i, B 5 1
HBM, ELE A A/ A
B R A8 M 700 R D 22 S5, DA S X Cd A6 0 S5 £
(45 2B i L
1.5 HRLESHEN

B SN ST IR T R RE O TS B B A
DR HE AR 5 28 1% HNO, Fi e i, MR 4E 1.3
TR S5 AT 1.4 TR 2 B CPE A
C, Biff 7 B A DN 114 385 B T L RS DU A 2% 1
1.6 ERMESFHASH

454 XRF 2007, B a5 i & s & s ot
RIWE T, I K, Ca>, Mg>, Fe, Fe* Fll Zn>*%:%} Cd
CEAAR=23 i5aUIl o7 L R S B 7 e S
1.7 BAERN A ETRERIE

XFES I Cd 1Y 85 5 K it 23 91l ik SWASV 1%
5 1CP/MS K, He 5 2 B 07 ik R 25 51, o At
SWASV 245 0 Fry v 1

ICP/MS il (9 FE i , 275 Xu EPIRBE i b
B, SREEL M HNOs: HCLO,=4 1 1 {83 i
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2.1.1 M- LAEARE . A8 1B

H, 3EAAT S R B B (RIB N ) 10%,
20%F1 30% ., FHEMR CPE &1 10 we/L Cd, kb
B2 P B R Y 22 5 W02 B e S LR B N

5 R, BN 20% A AR, X Cd A I
W 5 K, 1, 20 2,311 wA s A He AR B CPE A5 11
LA T 62.98% ., FALEIE N LI 10%3 fin 2]
20% 1, (E3 N T 18.42%; i B 2093 fin £ 30%,
IO NEET 17.94%, B0 20% 58 Ak 5 B 4& i
HORAWAF T H B ], BEA LS N H B 20%42
B2 30%, 1, 27K,

GRS D w2 B S ) 3 7 o | PR E W)

Bt h 20%.
2.1.2 BIBmA 752,11 Wik IR 1, L
AL o EBImR, A8t 1% ,5%,

8% , WAB NI Ry 20% , #E4T E AL SR /AR AL B TR B 18
i, B1 S 20% %4650 20% A0 5 15% Ak SR/
5%FACEAEE R, A 10 pe/L Cd B AR %
K,

Ph 20% %Ak 5508 1 B AR R LA SR il 15% %
FRAR /5% B A B 15 1 FL AR X 10 /L Cd 4 I H 3
fHR 2.559 pA, fr FHEBML (2.227 #i1 2.249
RA) s Wi T B A A AR SRR BE s B Cd 1Y
T IR B RS SRR B0 R T 15% %
FRAR/5% E AL BRIR A 8 i LAl (ic & DMCPE)
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M4 8 S etk , figd K CPE 1y b %
(R S &= Pl i v ET 2 A
B e S (H AR 0 i, R Rk
B, o AT F R A AR F BH 23R RN S L A Y
Jonnizel AT 5 0 AR P S BOR I R R
R o AL BB M AR EL AU AR AR X Cd ARG I 1 g o7
25 B INEAL RS AT Sn B UTRR AL HE A
11138 32F Cd—Sn FEPCIEZ M Cd F I Hm R (LA
1), X5 Zheng PTG —2,

2.2 HEERX Cd KNS

221 WSRO BEL AP Cd
FL 27 R0 11 5 ), G5 2 R 325 30 pg/LL, 43 3
FE BRI (% 3R 80 v/min ) B XF Cd A&, LA
(G EIR SR Al L =y NN EA R AN S =
JO AR R B (PR 0 Y AR R/ S AR R ) DL 3% 2,

F2 BmEP CARMBHERELL

Table 2 Dilution ratio for Cd detection in vegetables

L F A 7 41 A4 ANCES

K F Cd I/pA He b Cd 1/uA A1 Cd I/uA

HE CK* 6.485 +0.142 CK 7.466 = 0.146 CK 6.625 +0.279
60 6.726 + 0.394 100 7.225 +0.429 300 5.990 = 0.493
30 6.061 +0.047 60 6.544 + 0.054 100 4489 +0.225
15 5.365+0.116 30 5.783 +0.021 60 4.462 +0.026

B CK 6.802 + 0.145 CK 7.355+0.227 CK 7.046 + 0.209
30 6.174 + 0.104 100 6.684 +0.272 100 6.355 + 0.256
15 5513 £0.151 60 6.625 = 0.501 60 5.671£0.115

I *CK LT,

E R AT, BETCHE B R R B 30,
VG ZL Al B S5 A AR HUC 100, /0N 11 35k S5 s A

BR300 B, A EE X R 25 F O In 36 5T ) 1) Cd %
U FL AL 43 S BREATG 6.55% ,3.23%,9.52% . 14
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TR I, Cd W L 3 (0 — 2P BRI

SR BV S 40 | 2 JTCR B A5 B0 75 B 30, Uk i
Cd WEHL AR 9.23% , PHLLAAR BEAT 4L 100 KR
60, Cd U HL I FEAIR 9.93% ., /N S B A% 0T o)
FH 100, Cd U5 L RRAR 7.68% , 2% B AIGHE E FE I FE
A ARG ) O R R, e R YR /N SRR A
FELURRAR T, A R T 52 e Ao o 1

oA 3 g S 2k ok Cd A Y P 5 i (
KEVN) /NAESTL SR, X 5 RA RS
FHy %%, RUERTE T (CHEEEHE
Fxt Cd KA 4k
222 FETHRE T R 1P ERELSE
LRI, FRETERE N K, Ca*, Mg, Fe*, Fe**
A Zn Bk T4, UM E SRR A TR & O
B, B B 60 £ (MU BUE ) J5 , LA DMCPE 43 #r
HXF 30 pe/L. Cd RGNS 455 & B 2 Zn
BT, 1.5 mg/L B Zo* (i Cd W 1, TR T
16.07%.,

TG b, APG LR S e R it
TR A BTt 32 W, Zn X Cd K THe k. LA
K& CPE Kl 100 g/l Cd B ,0.8 mg/L Y Zn**
i Cd B I, {5 FFE T 34.87%;8 mg/l. Mg*{fi Cd
I, fH FFET 20.03% ;1M K*, Ca* T4 52 Wi/

y=0.1774x+0.3646

U FL L
Peak current/pA

20 40 60 80

Concentration/pg- L™

T /NEET Mg & & A, LA Ll Mg
i Ry A R S (R RS 40 A%, 11 100 pg/L
Cd), &K DMCPE kil , Mg it Cd #9 1, {H
HEEME T 9.02%.,

IR AE R Gk R % B Zn Mg X Cd
AR A T3, R DMCPE W] PG ik 4t
T T,

Yukird ZF2500 5 JE 7K 7 CA (1) Fl Zhao 252
3T Cd(ID I, B & Zn (1D 2724 T3, M
FLE SR Cd,Zn &) TR W, o HIE AR
(5% 52 5 1 4R Zn, DRGSR P R AR 2 T 06 A T 5 5
H Cd I, B R W Zn TR B, X (A5
dE— GBS, R SCHRRGE 3B Mg 19 T 52
M
2.3 Cd#&iziE
231 KEARAERTZ DL 15%E AL /5% A Ak B
&M CPE A TAEH A, 7 PRI 25 mV ;20 i
5 mV; I P 25 Hey TAEHL E-1.4 V; TR
] 120 s, SnCl, JFi ¥ B0 3.5 mg/L, AR B 4, 2
57 Cd PRI bR o M 4R JLZRE T B R 0.2~70 e/
Lo ZetEml g5 # M AH O R EH . 1,=0.1774C+
0.3646 (I,:nA,C:pg/L) s R=0.9983, £ I FE >4 0.2
pe/Lo

U e 3
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]
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Fig.2 Standard curve and voltammogram of Cd

232 wmBloRs R 2.2.0 il g R 7E
BSERE S AN 0.1 mg/kg A1 1 mg/kg {9 Cd, % 1R
1.5 1 HEATRE AT AL 3 BN PE L0 /N SR
Fi B b 43 3L 30,60,100, 42 B8 2.3.1 5460 4544

PEATREIN , A0 ISR AR S AR v i 22 WL 3. 53
HMIBCEE SEFE WS I 0.1 mgrkg (19 Cd, 3% 1R 76 R
FE N SWASV JE A [l i 42 B8 1.7 55 0 i b 31
28 1CP-MS il , 2 Ml I i5 45 21 LB L3
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Table 3 Recovery rate of Cd detection by SWASV and comparison with

ICP-MS

i & #JZ 0.1 mg/kg

JR#E % JZ 1 mglkg SWASV 43l /mg-kg™/

By
ERESA © K % /% [CP-MS # il /mg- kg
K 101.14(6.96%) 93.94(2.13) 0.105/0.097
7 41 A 92.62(4.98) 87.45(5.01) 0.094/0.088
NCE 90.81(7.33) 91.35(3.65) 0.089/0.102
VE AR AR (R 2%
XF 3 G SERE S PSR B A A, s s £ X W

KGR AE 87.45%~101.14% , B TE iR #F & 4b #
FURE DU 2% 14 F BB A3 AL AT 1% 3 A & KBk 28
Cd 1 L Ak

SWASV Xt Cd £ I 7] 35 3| ICP/MS A6 I 7
87.25%~108.25% ., S AKKFE , FIHA SCH 1Y
DMCPE-SWASV 2% i 3 H Cd 2E 47 46 ) 2 1 1
o I ZE SR

&t

1) AL A A s B CPE 348 & T Cd
ARG 00 g 17, R FH 159 48 Ak 45375 9% S8 Ak S48 i FL A
DMCPE X} Cd £ il 26 £ 45 5 hy 0.2~70 pg/L, 4Pk
AHIC R AL r=0.9983, 7 LA BR 4 0.2 pg/L,

2) BEREZ 513 —HNO, B Be— i 7 H2 By
HIAbBE, WL RAGRELL R 30, VULt RELL
60, /NAZEFRFEH A 100 B, 5% DMCPE-SWASV
AT Cd WA I 2 2h 87.45%~101.14%

3) 3 R RIS Cd K AR R . NE
SESVELLA> R, 5 0 i L S R HE P — 3, B R
W AR Zn Mg X Cd B LA A R A
o Zn2 % Ca> il T4 fe ok, ko2 Mg, R A
DMCPE ] Cd B}, 853 i T4/ TR oA &
Mfi CPE i},

4) SWASV #:5%F Cd Kz IUAE 7] 35 2] ICP/MS £
M 45 B ) 87.25% ~108.25% , K FH 7R 3C # 57 Y
DMCPE-SWASV 5% i & 7K g% 5% v Cd ifF 47 46
A S A R A U

M T Zn Mg f2& 5528 5 W i o0 3, R i
HIX S R Zn, X H 4 JE H Ak R AR Y
TV 58 i 7 Bt — T
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Abstract Objective: Aim of this study was to establish an electrochemical method for rapid detection of Cd in high wa-

ter vegetables. Methods: The modification of carbon paste electrode was optimized by adjusting the doping ratio of nano—

alumina/bismuth oxide. After analyzing the influence of each substrate on the detection, the dilution ratio of the sub-

strates and the detection conditions were determined. Based on the content of main metal elements in the matrix, the in-

fluence of major interfering ions was analyzed. Result: The doping ratio of alumina/bismuth oxide was 20%. Linear range

of Cd detection was 0.2-70 pg/L by using this doped modified carbon paste electrode (DMCPE) through square wave an-

odic stripping voltammetry (SWASV), and the linear equation was as follows: [,=0.1774C+0.3646 with correlation coeffi-

cient r=0.9983. The recoveries were 87.45%—101.14% in the detection of Cd when the dilution ratios of cucumber,

tomato and cabbage were 30, 60 and 100, respectively. The influence of matrix on Cd detection was as follows: cab-
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bage > tomato > cucumber. High content of Zn* and Mg* in vegetables interfered with the electrochemical detection of Cd,
among which, Zn* interfered the most. The test value by SWASV method reached 87.25%-108.25% of ICP/MS detection.
Conclusion: After homogenation—HNO; dilution—ultrasonic extraction, Cd in vegetable samples can be determined accu-
rately and quickly by this DMCPE-SWASV method. The results of this study provided a reference for development of
low—cost, stable and easy—to—operate rapid detection technology for heavy metals in agricultural products.

Keywords vegetable; cadmium; electrochemistry; rapid detection



