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Bismuth is replacing mercury in modern sensor science
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Abstract: Bismuth electrode is presented and characterized as an attractive non-toxic re-
placement for the commonly used mercury electrode in advanced electrochemical de-
tection of trace heavy metals and some selected organic compounds. Bismuth electrodes
were prepared as conventional size electrodes and as micro-electrodes, the latter impart-
ing great possibilities for application in micro-volumes and at micro-locations. In par-
ticular, for trace heavy metal detection, bismuth electrodes compare favorably with those
of mercury or in certain cases even surpass them. In connection with stripping
voltammetry and stripping potentiometry, bismuth electrodes allow multi-element de-
tection down to low pg/L levels of heavy metals.
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INTRODUCTION

Mercury has attracted immense attention
since it was recognized as an element with
many adverse effects upon the biosystem.
One of the fields where mercury has been
commonly present is certainly that of the
electroanalysis of trace heavy metals and
some organic compounds. Its first applica-
tion as an electrode in polarography was re-
ported in 1922 by Prof. Jaroslav Heyrovsky,
who was later awarded a Nobel prize. Since
then, because of several electrochemical ad-
vantages such as high overpotential for hy-
drogen reduction, mercury electrodes have
found widespread application, in particular
for trace heavy metal detection in connec-
tion with stripping voltammetry and strip-
ping potentiometry. Both techniques are
based on mercury’s inherent ability to elec-
trochemically preconcentrate heavy metals,
usually as amalgams, intermetallic com-
pounds or as adsorbed metal complexes, thus

allowing measurements down to pg/L con-
centration levels. However, due to the well
known toxicity of mercury and inconve-
nience in its handling, the popularity of mer-
cury electrodes has considerably declined in
the past, particularly in the last decade. There
have been many attempts to replace mercury
with other electrode materials and coatings,
such as gold, platinum, iridium, different
carbon modifications, etc., but the overall
performance has not approached that of mer-
cury. Thus, there remains a growing interest
in finding new electrode materials and coat-
ings to replace mercury.

Very recently, the “environmentally friendly”
bismuth electrode!!! was presented as an at-
tractive alternative for the detection of some
trace heavy metals and selected organic com-
pounds. It possesses better mechanical sta-
bility together with an electroanalytical per-
formance that compares favorably with its
mercury counterparts>”!. Preliminary stud-
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ies have revealed that the non-toxic bismuth
electrode holds great promise, particularly
in meeting growing demands for environ-
mental and industrial monitoring, decentral-
ized clinical testing and remote sensing,
where the presence of mercury is undesir-
able or even restricted.

RESULTS AND DISCUSSION

With the aim of assessing the electrochemi-
cal performance of the bismuth electrode, a
critical comparison with the mercury elec-
trode was performed. Figure 1 displays strip-
ping voltammetric signals for 50 ug/L of zinc,
cadmium and lead obtained at mercury (a) and
at bismuth (b) micro-electrodes. The stripping
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Figure 1. Stripping voltammograms for 50 mg/L of
zinc(Il), cadmium(Il) and lead(Il) at mercury (a) and
bismuth (b) micro-electrode in 0.1 M acetate buffer
solution (pH, 4.5) in the presence of dissolved oxy-
gen. Deposition for 120 s at -1.4 V. Square-wave
voltammetric stripping scan with a frequency of
20 Hz, potential step of 5 mV, and amplitude of 25 mV.
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voltammograms exhibit undistorted and well-
defined signals for all three heavy metals,
together with excellent resolution. The peak
potentials for zinc and lead are nearly the
same, whereas the signal for cadmium appears
at a more negative potential (at -0.79 V) in
the case of the bismuth electrode. This char-
acteristic presents the possibility for simulta-
neous detection of thallium in the presence
of cadmium and lead, which is a common
problem at the mercury electrode due to sig-
nal overlapping (not shown). In addition, it is
evident that the bismuth electrode does not
compromise the signal to background ratio
in the presence of dissolved oxygen.

The use of bismuth electrode revealed an
excellent reproducibility for all three metals
investigated with a calculated limit of detec-
tion of, e.g., 0.3 pg/L for lead, in combina-
tion with a 10 minute preconcentration pe-
riod. Similarly, several other heavy metals
can be measured, such as indium, thallium,
copper, cobalt, and nickel. Research efforts
to expand the scope of applications of the
bismuth electrode for the detection of some
other heavy metals are in progress.

CONCLUSIONS

Bismuth electrode imparts great possibility
for tailoring different kinds of electrochemi-
cal sensors for trace heavy metals and some
organic compounds. It enables the introduc-
tion of electrochemical detection to those
areas, where the use of mercury electrodes
is not convenient or not possible, e.g., in vivo
measurements, flow analytical techniques,
on-field environmental measurements, etc.
In addition, bismuth electrode obviates the
need for special handling, which is required
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for mercury and addresses the problems con-
nected to mercury disposal. Therefore, the
successful replacement of mercury with non-
toxic bismuth raises expectations for a re-
naissance in stripping electrochemical detec-
tion in modern analytical chemistry.

REFERENCES

TWaNG, J., Lu, J., HOCEVAR, S. B., Farias, P. A. M.,
OGoreve, B. (2000): Bismuth-coated carbon
electrodes for anodic stripping voltammetry;
Analytical Chemistry 72, pp. 3218-3222.

21 Hutton, E. A., Ocorevc, B., HoCEvAR, S. B.,
WELDON, F., SMyTH, M. R., WaANG, J. (2001): An
introduction to bismuth film electrode for use
in cathodic electrochemical detection; Electro-
chemistry Communications 3, pp. 707-711.

BI'HocEvAR, S. B., WaNgG, J., Deo, R. P., OGorevc, B.
(2002): Potentiometric stripping analysis at bis-
muth-film electrode; Electroanalysis 14, pp.
112-115.

4 HoCEVAR, S. B., OGorREvC, B., WANG, J., PIHLAR, B.
(2002): A study on operational parameters for
advanced use of bismuth film electrode in an-
odic stripping voltammetry; Electroanalysis 14,
pp. 1707-1712.

Acknowledgements

This project was supported by the Ministry
of Education, Science and Sport of Repub-
lic of Slovenia.

BI'Wang, J., Lu, J., Kircoz, U. A., HOCEVAR, S. B.,
OGOREVC, B. (2001): Insights into the anodic strip-
ping voltammetric behavior of bismuth film elec-
trodes; Analytica Chimica Acta 434, pp. 29-34.

0 Vytias, K., Svancara, L., METELKA, R. (2002): A
novelty in potentiometric stripping analysis:
Total replacement of mercury by bismuth; Elec-
troanalysis 14, pp. 1359-1364.

] PAULIUKAITE, R., METELKA, R., Svancara, 1.,
Kroricka, A., BoBrowskl, A.,. VyTRAS, K.,
Norkus, E., KaLcHER, K. (2002): Carbon paste
electrodes modified with Bi2O3 sensors for the
determination of Cd and Pb; Analytical and
Bioanalytical Chemistry 374, pp. 1155-1158.

RMZ-M&G 2004, 51



