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                     Abstract
Today the registered chemical structures are about 28 millions, while experimental toxicity data are available for a few hundred thousands of them. Defining properties and effects for all the available chemicals is a huge task due to the cost of the experimentation and to legislative restrictions. Therefore, prediction is the only available solution, but it poses many challenges in terms of accuracy and interpretability. Predictive toxicology systems use statistics as well as methods based on machine learning (ML). While ML has been widely used in the pharmaceutical domain, its use in ecotoxicology is more limited. After reviewing the experiences in quantitative structure-activity relationships (QSARs) for modeling CMR (carcinogenic, mutagenic, reproductive) toxicity and PBT (persistent, bioaccumulative, and toxic) chemicals, we look at the advancements of technology in ML. Recently, the investigation of the neural basis for many cognitive functions has provided the tools to create new systems that can think, solve problems, find patterns, and recognize images and texts; these new methods are named deep learning (DL). We modified the most successful DL architecture, implemented Toxception as a tool to generate QSAR models, and tested it in a real case, on a dataset of about 20,000 molecules tested for mutagenicity with the Ames test. The results obtained challenge the current state of the art. In addition, Toxception does not use any chemistry knowledge besides the 2D structures derived from SMILES. We conclude examining advantages, open challenges, and drawbacks of building QSARs with DL.
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