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Using a Bismuth—film Glassy Carbon Electrode Based on Anodic Stripping
Voltammetry to Determine Cadmium and Lead in a Standard Rice Flour

H J. Kim D W ,Son C.Y Mo J W Han G.,Y, Kim S W, Park A S, Om

Excessive presence of heavy metals in environment may contaminate plants and fruits grown in that area. Rapid on-site

monitoring of heavy metals can provide useful information to efficiently characterize heavy metal-contaminated sites and
minimize the exposure of the contaminated food crops to humans. This study reports on the evaluation of a bismuth-coated
glassy carbon electrode for simultaneous determination of cadmium (Cd) and lead (Pb) in a NIST-SRM 1568a rice flour by
anodic stripping voltammetry (ASV). The use of a supporting electrolyte 0.1 M HNOs at a dilution ratio (sample pretreated
with acid digestion in a microwave oven: supporting electrolyte) of 1:1 provided well-defined, sharp and separate peaks
for Cd and Pb ions, thereby resulting in strongly linear relationships between Cd and Pb concentrations and peak currents
measured with the electrode (R* = 0.97, 0.99 for Cd and Pb, respectively). The validation test results for spiked standard
solutions with different concentrations of Cd and Pb gave acceptable predictability for both spiked Cd and Pb ions with
mean prediction errors of 6 to 30%. However, the applicability of the electrode to the real rice flour sample was limited
by the fact that Cd concentrations spiked in the rice flour sample were overly estimated with relatively high variations even
though Pb ion could be quantitatively measured with the electrode.

Keywords : Cadmium, Lead, Anodic Stripping Voltammetry (ASV), Bismuth, Glassy carbon electrode, Supporting electrolyte,
NIST-SRM 1568a, Rice flour
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Fig. 1 RDE cell stand consisting of three electrodes (left) and
voltammetric analyzer system (right, reproduced from ref. Kim et
al. (2008)).
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Table 1 Certified mass fractions of standard rice flour (SRM 1568a)

Trace metals mass fractions (in mg/kg)
Cadmium 0.022+0.002

Lead <0.010

Copper 2.440.3
Mercury 0.0058+0.0005
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Fig. 2 Square-wave stripping voltammograms at the bismuth-film glassy carbon electrode for increasing concentrations of Cd and Pb from
14.6 to 67.5 ug/L in the SRM 1568a rice solution digested with concentrated nitric acid (left) and effect of supporting electrolytes with

different concentrations on cadmium and lead responses (right).
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Fig. 3 Square-wave stripping voltammograms at the bismuth-film glassy carbon electrode for increasing concentrations of Cd and Pb in a
mixture of acid digestion rice solution and 0.2M HNOs solution with a dilution ratio of 1:1 (left) and relationships between concentrations

of Cd and Pb and peak currents measured with the electrode (right).
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Table 2 Comparison of spiked and found concentrations for five
validation samples (0.1 M HNO; solution)

ppb ppb %
Spiked concentration | Found concentration Error*
Cd 12.5 13.3+5.3 6.0+42.4
25 26.2+8.0 4.8+32.2
375 31.1+£104 -17.1£27.6
50 39.7+15.1 -25.0£17.0
100 111.2+19.8 11.2+19.8
Pb 12.5 16.2+2.7 29.5421.3
25 28.3+54 13.2+21.6
375 45.7+£5.8 21.8+154
50 63.1+6.9 12.9+£15.0
100 89.2+6.9 10.8+6.9
*Error : (Found-spiked value)/spiked valuex100

380

FFEEY ol 12.5~50 ppb Fegolow s B
A AEARNAME we A de ix}g -8.0~19.9%—é
THEA T FEr el A °1x]E1
TFEFS] A5 2AHgol 280~9OO%—E- urE}LHDM 713
© 12.5~50 ppb thojmch vlg- 2 ks olF3hs wAIV)

wpgeloih. oleld AMENE HATAATE ARAIR

of FHE B AR 2L T 5 QAW ASEE Ahse
A ke 710 Lhebgtth oli= S Yofzl s AlE
4] Qlojl = Aol AR o] %3he Bl

B ST 44 A A T AN
PiE} TR 20w A oleld e 9
A o) s 55 e o A Anel Re
H % (H <<)& & 5 Slth AlRo] pHE FAhERS
ohslol pHE 15 240 A At Ao
WRg ek SRSl WAl s ARgte] A

r\l

Table 3 Comparison of spiked and found concentrations of cadmium
and lead ions for six rice samples

ppb ppb %
Spiked concentration | Found concentration Error*
Cd 12.5 OE** OE*
20 OE OE
25 OE OE
27.5 OE OE
45 OE OE
50 OE OE
Pb 12.5 15.043.1 19.9424.6
20 19.0+0.5 5.1£2.7
25 29.0+4.5 16.0+17.8
27.5 29.8+6.0 8.2+£21.7
45 41.4+2.4 -8.0+£5.4
50 45.9+5.4 -8.2£10.8
*Error : (Found-spiked value)/spiked value %100

**QOE : Overly Estimated with high variations
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