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Abstract 
 

 

The increasing exposure to pharmaceutical, biological, and phenolic compounds presents in 

medicines, food, and the environment represents a major risk to human health and ecosystems. These 

substances are implicated in serious diseases such as neurological disorders, cancers, and hormonal 

imbalances. Therefore, monitoring in the pharmaceutical, biomedical, environmental, and food sectors is 

essential to rapidly detect these contaminants, ensure product quality, and protect consumers from their 

toxicological effects. 

In this context, our work focused on the development of innovative electrochemical analytical tools 

that are specific, efficient, and accessible in laboratory settings for the early detection of eight target 

molecules: 

• Paracetamol, for pharmaceutical quality control and therapeutic monitoring. 

• Dopamine and its main metabolite, homovanillic acid, for improved diagnosis, monitoring, and 

understanding of neurological and endocrine disorders. 

• Catechol, hydroquinone, and bisphenol A, as priority environmental pollutants. 

• Gallic acid and caffeic acid, major phenolic compounds with antioxidant properties monitored in 

food and beverages. 

 To achieve this, eight electrochemical sensors were developed: 

• Carbon paste and sonogel electrodes modified respectively with montmorillonite and monocalcium 

phosphate for the detection of paracetamol. 

• Sensors modified with shrimp shell powder, and the amino acid L-leucine, for the simultaneous 

detection of dopamine/paracetamol and of homovanillic acid, through modification of the carbon 

paste and sonogel matrices, respectively. 

• Two sensors based on nickel nanoparticles and montmorillonite for the simultaneous detection of 

catechol, hydroquinone, and bisphenol A. 

• Finally, two carbon paste electrodes modified with rare-earth-based nanocomposites (lanthanum and 

neodymium) for the quantification of gallic acid and caffeic acid. 

These sensors were characterized using electrochemical and physicochemical methods to confirm 

surface modifications and were tested in real sample matrices (tablets, urine, synthetic cerebrospinal fluid, 

water, fruit juice, coffee) without prior treatment, except for simple dilution. The results demonstrated 

excellent sensitivity, selectivity, and stability, outperforming existing devices. 

Additionally, a theoretical study on paracetamol was conducted using DFT calculations and Monte Carlo 

simulations, confirming the experimental electrochemical results. 

This research paves the way for efficient, cost-effective, and sustainable analytical solutions, contributing 

to enhanced pharmaceutical, clinical, environmental, and food safety monitoring, and ultimately improving 

public health and product quality. 
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