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Antibiotics are recognized as contaminants of
emerging concern (CECs) due to their substantial
impact on various environmental matrices, with far-
reaching consequences for both human and animal
health [1]. In alignment with the Third Watch List
recommendations, the detection of sulfonamide
residues in the environment provides a critical
opportunity to track the distribution of these key
antibiotic contaminants in aquatic systems [2].
Surface-enhanced Raman spectroscopy (SERS) is a
rapid and highly sensitive method for detecting trace
levels of antibiotic residues, including sulfonamides
[3]. However, as SERS increasingly relies on data-
driven approaches, conventional methods for
spectral data analysis face several limitations. Deep
learning (DL) algorithms have demonstrated
remarkable potential in extracting meaningful
information from spectral data, but their performance
heavily relies on large, labeled datasets for model
training [4]. This dependence creates a significant
challenge due to the limited available high-quality
spectra and data privacy concerns.

To address these challenges, our research focuses
on developing a deep-learning generative model
trained with available SERS spectra, to generate
high-quality synthetic data (Figure 1). This innovative
approach aims to enhance the detection of
sulfonamides in aquatic environments, enhancing
DL models trained with these augmented datasets.
Our findings show that the generated spectra are
informative and high-quality (Figure 2). Preliminary
results also suggest that the generated data could
also significantly improve the classification accuracy
of sulfonamides with SERS spectra in comparison to

traditional classifiers trained solely on original
spectra data, such as Convolutional Neural
Networks (CNNs) and Multilayer Perceptrons

(MLPs). These results highlight the potential of
generative models to overcome data limitations and
advance the application of SERS in environmental
monitoring.
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Figure 1. Representation of the Deep Generative

architecture.
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Figure 2. Average spectra for original data (orange) and
synthetic data (blue): a mixture; b sulfamethoxazole; ¢
sulfapyridine; d sulfathiazole.




