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Abstract: Chemical Oxygen Demand (COD) is a widely used parameter in analyzing and controlling
the degree of pollution in water. COD is defined as the amount of molecular oxygen (in milligrams of
O2) required to decompose all the organic compounds in 1 L of aqueous solution to carbon dioxide and
water. There are many methods reported for COD determination, such as the conventional dichromate
titration method. Electro-oxidizing the organic contaminants to completely transform them into CO2

and H2O using sensors is considered the best method for COD estimation. Increasing attention has
been paid to electrochemical methods because they are highly sensitive, time-saving, low-cost, and
easy to operate. In this sense, copper electrodes have been reported based on the fact that copper in
alkaline media acts as a powerful electrocatalyst for the oxidation of aminoacids and carbohydrates,
which are believed to be the major culprits for organic pollution. Cyclic voltammetry was the
technique used to obtain the voltammetric responses. It is common for different organic compounds
to show different cyclic voltammogram shapes and current intensities in different concentrations. In
this work, four kinds of electrodes modified with copper (Cu)/copper oxide (CuO)/nickel copper
alloy (Ni Cu alloy) nanoparticles were studied for COD analysis; this was done by employing the
cyclic voltammetry technique, which involved a Nafion film-covered electrodeposited CuO/Cu
nanoparticle electrode (E1), a Cu nanoparticle–graphite composite electrode (E2), a CuO nanoparticle–
graphite composite electrode (E3), and a Ni Cu alloy nanoparticle–graphite composite electrode (E4).
The COD values were determined via the plotted calibration of COD values vs. the current intensity.
Glucose, glycine, potassium hydrogen phthalate (KHP), and ethylene glycol—which show different
reducibilities—were chosen as the standard substances to play the role of organic contaminants with
different degradation difficulties. From the obtained cyclic voltammograms, we can see that glucose
is very easily oxidized by those four electrodes, with electrode E1 displaying the best performance,
with a linear range of 19.2~1120.8 mg/L and limit of detection of 27.5 mg/L (calculated based on
the formula 3σ/k). In contrast, it is very difficult for the compound KHP to be oxidized by these
four electrodes. Nevertheless, the obtained voltammetric profiles presented different shapes with the
tested organic compounds, suggesting these four electrodes can compose an electronic tongue array
for multivariate analysis. As a result, the main component of river samples—whose degradation
could be easy or difficult—can be evaluated via the PCA technique. This evaluation is very helpful for
the accuracy of COD detection. The resulting sensor-based method demonstrates great potential not
only for estimating the precise value of COD, but for predicting the difficulty of its degradation; this
represents a simple, fast, and clean methodology, which is perfectly suited to the present demands of
green techniques.
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Supplementary Materials: The poster presentation is available online at https://www.mdpi.com/
article/10.3390/CSAC2021-10442/s1.

Author Contributions: Conceptualization, Q.W. and M.d.V.; methodology, M.d.V.; writing—original
draft preparation, Q.W.; writing—review and editing, M.d.V.; supervision, M.d.V.; Funding acquisi-
tion, M.d.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Spanish Ministry of Science and Innovation, MCINN
(Madrid) through project PID2019-107102RB-C21C. Q.W. acknowledges the concession of a PhD
grant of the Chinese Scholarship Council (China). M.d.V. thanks the support from Generalitat de
Catalunya through the program ICREA Academia.

Institutional Review Board Statement: No applicable.

Informed Consent Statement: No applicable.

Data Availability Statement: The data presented in this study are available in this article and
supporting Information.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/CSAC2021-10442/s1
https://www.mdpi.com/article/10.3390/CSAC2021-10442/s1

