Introduction to wastewater based epidemiology: novelty and advancements of the approach
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The chemical analysis of urban wastewater for the excreted biomarkers of endogenous human metabolism is a potent approach for monitoring habits and lifestyle of an entire community. Mass spectrometry is the strong base of this novel approach since this technique is sensitive and specific enough to detect analytes at trace levels even in a complex matrix such as raw urban wastewater. The general concept was proposed as a New Non-Intrusive Tool to evaluate the use of illicit and misused drugs in a community (Daughton 2001). In 2005 it was implemented in Italy, where cocaine use was estimated in several cities through measuring its urinary metabolite, benzoylecgonine, in wastewater (Zuccato 2005). Later, the approach was rapidly extended to include other illicit drugs such as heroin, cannabis, and amphetamine-like stimulants and has since been applied worldwide in many countries (Van nuijs 2011; Castiglioni 2014). Subsequently a rapidly developing scientific discipline was born with the exciting potential for monitoring spatial and temporal patterns of use of illicit drugs on local and national scale, track changes of drug use over time, and identifying new drug use patterns and with the unique ability to provide objective and updated estimates. 
In 2010, a Europe-wide network (Sewage analysis CORE group - SCORE) was initiated to standardize the wastewater-based epidemiology (WBE) approach and to coordinate international studies through the establishment of a common protocol of action. SCORE group assessed the overall uncertainty related to the WBE estimates critically and established a best practice protocol to quantify and reduce the uncertainty and to improve the reliability of estimates (Castiglioni 2013). Successive studies were conducted in the following years (2011-2014) involving up to 50 European cities in 16 different countries (Thomas 2012; Ort 2014). The profiles of use varied greatly with a higher use of cocaine in Western and Central Europe and of amphetamines in Northern and Eastern Europe. The potential of WBE to complement and extend the existing epidemiologically based approaches was recognized and explored by the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). They supported multidisciplinary conferences and exploratory international studies. Current research aims to bring together wastewater analysis and drug epidemiology by sharing knowledge from different disciplines.
Recently, the same approach was successfully employed to evaluate the use of new psychoactive substances, counterfeit medicines, alcohol and tobacco and biomarkers of human health related not only to lifestyle of the population, but also to health status and exposure to environmental or food contaminants. Some oxidative stress and pesticides biomarkers have been already tested as well as novel DNA biosensors. Future perspectives of WBE are therefore very promising and novel field of investigation could be succesfully explored.
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