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Fig.2 (A) Cyclic voltammograms of BDD film electrode in solution containing 0. 1mol/L KCl+5 mmol/L

[Fe(CN),]*7*", (B) The linear dependence of anodic peak currents on the square root of scan rates
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B3 R ABLETFINA 150 pne/L 85 738 F LSV, DPV, SWV 1% PHH R AR 22 i 2k

BDD HLH (A3 AR 22 ith 2k Fig. 4  Anodic stripping voltammograms of 100 pg/L
Fig. 3  Stripping voltammograms of mixture of 100 pg/L Zn’*, Cd**, Pb** at three scanning mode: Linear sweep
Zn**, Cd**, Pb™ with and without addition of 150 wg/L Bi voltammetry ( LSV ), differential pulse voltammetry
Supporting electrolyte: 0. 1 mol/L acetate buffer (pH 4.79) with (DPV) , square wave voltammetry (SWV)

150 pg/L Bi; deposition potential: —1.5 V; deposition time: 60 s; Supporting electrolyte: 0. 1 mol/L acetate buffer (pH 4. 79)
frequency: 100 Hz; pulse height: 100 mV; step increment: 2 mV containing 150 pg/L Bi; deposition potential: —1. 5 V;

deposition’ time; 60 s; LSV/scan ‘rate; 50 mV/s; DPV: pulse
time 0. 1 s, pulse size 25 mV; SWV. frequency: 25 Hz; pulse
height: 25 mV; step increment:; 2 mV
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Fig. 5
carbon ratio, B/C) of BDD electrode on stripping peak
current of 100 wg/L Zn**, Cd**, Pb**. a, 1/1000; b,
5/1000; ¢, 10/1000; d, 2.5/1000. Supporting
electrolyte; 0. 1 mol/L acetate buffer ( pH 4. 79)

Influence of boron doped concentrations ( boron

containing 150 png/L Bi; deposition potential: —1.5 V;
deposition time: 60 s; frequency: 150 Hz; pulse height:

150 mV; step increment: 2 mV.
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Fig. 6

current of 100 wg/L Zn’*, Cd**, Pb™.
electrolyte; 0. 1 mol/L acetate buffer (pH 4.79) with
150 pg/L Bi addition; deposition potential; —1. 5 V;

Effect of electrolyte pH upon stripping peak
Supporting

deposition time:60 s; frequency: 150 Hz; pulse height.
150 mV; step increment; 2 mV
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Table 1  Characteristics of calibration plots for 10 —300 wg/L 7 L o | ) ‘
Zn”, Cd™, Pb* 918017 161514 1312 L1 -10
xr Y a Vi Kt PR Potential (V, vs Ag/AgCl
%E'f%¥ Cal'ija I*FFngE Correlation Deleéion limit tential ¢ B/ Al
nalyte ibration curves coefficient ( pe/L) = N . . -
Zn* y=0.0879x + 2.9443  0.9916 0.56 17 BUBRLALXS Zn™ | G, PL™ ¥ i (K /Y
G y=0.14124 +2.0203  0.9946 0.32 20
Ph** y=0.0680x + 1.6388 0.9862 0.75 Fig.7 Effect of deposition potential upon stripping peak
current of 100 pg/L Zn**, Cd**, Pb*. Supporting
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20 UK, RS Zn* |

Cd™ | Ph™" ¥ H W AEL FRL I A9 AR X
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electrolyte ;

0. 1 mol/L acetate buffer ( pH 4.

79);

deposition time: 60 s; frequency: 150 Hz; pulse height.

150 mV; step increment:2 mV
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Fig.8 (A) Stripping voltammograms for different concentrations (0, 10, 20, 30, 40,50, 80,100,

200, 250, 300 peg/L, from bottom to top) of Zn** ,Cd**,

. . 2
curves for simultaneous analysis of Zn™*

, Cd*, Pb*™.

150,

Pb**in 0. 1 mol/L acetate buffer, (B) The calibration

Supporting electrolyte ;

0. 1 mol/L acetate buffer

(pH 4.79) ; deposition time ;60 s; frequency; 150 Hz; pulse height; 150 mV; step increment:2 mV.
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Fig.9 , Cd*, stripping voltammograms of heavy metal ions at Bi/
BDD electrode (A) 50 wg/L Cd**, Pb**with concentrations varying in the range of 50-200 pg/L Zn**, (B)
50 wg/L Zn**b Ph* with concentrations of 50-200 pg/L Cd**, (C) 50 wg/L Zn**, Cd** with concentrations of
50-200 pg/L Pb** (D) 50 wg/L Zn**, Cd**, Pb**with concentrations of 50150 wg/L Cu®*
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T 4.79 , T 5 I AT RRARE T 40 BE R 150 e/ Lo S FHINAR ] e S 6 2% ¢ 4% o 1) S o 1o P 7 i

Interference on Zn** Ph** determination ,

B 2, B EKRKEEFR M A 5, 10 il 15 wg/L B H b5 & 7, 3 ﬁﬁg?ﬂ@lﬁ[dﬁz%ﬁ;
92.0% ~ 114.0% Z[], i I A S8l n] TS5 KRR RGN
K2 EBRKREHTER
Table 2 Recovery result for Zn>*, Cd**, Pb>*in pond water
- JMALE el {E AL - IMAE e EEVES
Hefﬁmﬁjion Added ;;und Recovery Hefﬁmﬁjion Added ﬁjund Recovery
yme (pe/l)  (pg/l) (%) e (peg/L)  (pe/l) (%)
0 8.1 - 0 ND -
5 12.9 96.0 5 4.6 92.0
Zn2+ Pb2+
10 18.6 105.0 10 9.3 93.0
15 24.3 108.0 15 15.4 102.7
0 ND
5 5.7 114.0
Cd2+
10 9.3 93.0
15 14.1 94.0

ND, not detectable
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X, SRR 0.1 mol/L i iR 2% wh I, 15 WK pH {H 4 4. 79, BDD HLH% Bl 45 2% vk )&y 0l ok L
25/1000, B ERAI-1.5 V A FRIBFRDN Zn® | Cd* | Ph™ RBUREAF , Zn™ | Cd* | PO I MG HA R
W BS R PEARSEEG 21, BDD HA B A R AT 10 ~ 300 pe/L B Zn™ | Cd**, Ph> BEAT RN RGN , EL
A RFEHERR | HEEMBANR R, R 3 ML 8 A BN, Ca® X} 3 Fie 7
F14) ) F I A s e ) P D A7 B s i Fl A S2 3 T TR AR A5 1 R [RIBHAG Zn® | Cd* | Pb™ . AT
DR mREYEL | fIE PO AR Zn® | CdY P EE 4 JE B AR G I T A B SE PRIV
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Determination of Trace Zn(I), Cd(I) and Pb() Metal Ions Using
In-situ Bismuth-modified Boron Doped Diamond Electrode

GAO Cheng-Yao'?, TONG Jian-Hua ', BIAN Chao ', SUN Ji-Zhou ', LI Yang ', WANG Jin-Fen *
GONG Shun', HUI Yun', XU Yu-Hao', WANG Xiao-Qing' , XIE Hu-Cheng', XIA Shan-Hong *'
"( State Key Laboratory of Transducer Technology, Institute of Electronics ,Chinese Academy of Sciences, Beijing 100190, China)
*( Chinese People’s Armed Police Force Academy, Langfang 065000, China)

*( Chinese National Center for Nanoscience and Technology, Beijing 100190, China)

Abstract Bismuth modified boron doped diamond ( BDD) film electrode was employed for simultaneous
determination of trace Zn(Il), Cd(Il) and Pb(Il) by anodic stripping voltammetry. Bi(ll) was simultaneously in-situ
deposited on bismuth modified boron doped diamond electrode with Zn (I), Cd (I) and Pb (I) by pre-
concentration. In the presence of Bi(ll), the sensitivity for determination of Zn (), Cd(I) and Pb(I) was
remarkably enhanced. Influence factors such as bismuth concentration, boron doped concentrations of BDD
electrode, pH, preconcentration potential were investigated and optimized. Under the optimal conditions, the
stripping peak currents increased linearly with the increasing concentration of Zn(Il), Cd(I) and Pb(Il) in the
range of 10-300 pg/L. The limit of detection was 0. 56 pg/L for Zn(Il), 0.32 pg/L for Cd(I) and 0. 75 pg/L
for Pb(Il) (S/N=3), respectively. The interference experiments showed that common ions had little influence
on the determination except Cu(ll). In addition, the developed electrode displayed a good repeatability. The
method was successfully applied to determination of Zn(Il), Cd(Il) and Pb(Il) in real water samples with the
standard addition recoveries of 92.0% —114.0% .
Keywords Boron doped diamond thin film electrode; Anodic stripping voltammetry; Heavy metal ions;
Simultaneous detection; Electrochemical sensor
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RFFHEF DRXHAT , SRR AWM RIER R LR

[ D gRiE ZE M KRR ARAE T, 2018 421 H 23 H — IRFFEA AT B 5 Z /R SCIHANFLA F] ( Malvern Panalytical ) & 7 45
BAVE L T HEH RS Y TR R T, 8 b IR R S ROR & W 435 R 58 (Waters ACQUITY Advanced Poly-
mer Chromatography, APC) 5 /R SCIHZARLA) OMNISEC REVEAL RGAHEE &, WF & Bl AT HE 08 52 B0 55 R A80RE 46 I I
BRI 73 18 BRI | T 5 T A it AT RV AT S 4 T RS A i A5 R

W4 HARLVR G YR N ANTT AU AR O 8  , Z5 A0 R o A ASARTR] . R, 3R G W 3RAETF & S ik 14 43 Bt
T ESHARZIAE L, 3 Hr NG5 ZAS B QBT B S 4F s SR AR AN 1 gt ooy BE S 2 BORE . M AR AL (AL 5 SR R G2y
BIOPEMRAYIR AR I APC RGEANEE G ANMURENS 0 & 327100 B B (U HE X TR A T i RO AR W) ) |, 847 3 B e LU AR e B
BIEATE(GPC) T 223K 5 4%, AT S0 = pAF bl s AR AR A I & vk

it 2%, BTS2 BRI S5 BOR B 0 SR B, 330 43 B 8 R L 43 32 s 1) 43 B B AR L /D 5 S B R 25 4 SR i 1 A 2
Kol EFIEH . 2R, % APC I ORFAAE R 8 U AN Tl 53 A & 28 8, St A DU 25 (4 il 3 B A1 20 2 U TR iR
AR RETELERS APC (439 B 0 [R5 e e A ) s N AR 7 B o Sk SCIA AN ELHEY OMNISEC REVEAL 2246
LR i B X P PERE . APC 15 OMNISEC REVEAL 41 2R 58 al ATHE 2% 70 -8 ARV BE R A 8h Sy 2
o XEESHCT] H] T B RS MR/ 7 A BB AT AT DR B K DL S A T T AR SR S A I AL,
SRR AR A AR IO AR A S A A S I A AT B R P AR T AR
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