
An Adverse Event Reporting and Learning System
for Water Sector Based on an Extension of the Eindhoven
Classification Model

Henrique Vicente1 & Fábio Borralho2
& Catarina Couto2 &

Guida Gomes3 & Victor Alves3 & José Neves3

Received: 22 May 2014 /Accepted: 28 July 2015 /
Published online: 1 September 2015
# Springer Science+Business Media Dordrecht 2015

Abstract The International Water Association and the World Health Organization has pro-
moted, worldwide, the implementation of Water Safety Plans (WSPs) to ensure, consistently
and systematically the water quality for human consumption. In order to complement and
potentiate the WSPs, this work presents an adverse event reporting and learning system that
may help to prevent hazards and risks. The proposed framework will allow for automatic
knowledge extraction and report generation, in order to identify the most relevant causes of
error. It will cater for the delineation of advance strategies to problem accomplishment,
concluding about the impact, place of occurrence, form or type of event recorded with respect
to the entities that operate in the water sector. To respond to this challenge the Eindhoven
Classification Model was extended and adapted to the water industry, and used to classify the
root causes of adverse events. Logic programming was used as a knowledge representation
and reasoning mechanism, allowing one to model the universe of discourse in terms of
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defective data, information and knowledge, and its embedded quality, that enables a direct
study of the event’s root causes. Other approaches to address specific issues of water industry,
presented in literature, do not consider the problem from a perspective of having to deal with
incomplete, unknown, contradictory or even forbidden data, information or knowledge, and
their conclusions are not object of a formal proof. Here it is not only presented a solution to the
problem, but also a proof that the solution(s) is (are) the only one(s).
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1 Introduction

Water is essential to sustain life and ensuring its quality for human consumption is a major goal
in contemporary societies; indeed one has to take into account the importance to health and the
need to safeguard and promote its sustainable use. The International Water Association (IWA)
and the World Health Organization (WHO) has endorsed, worldwide, the implementation of
Water Safety Plans (WSPs). The purpose of WSPs is to guarantee the safety and the quality of
water for human consumption. Thus, it should ensure the risk assessment at all phases of the
water supply schemes (Bartram et al. 2009). A key component of a comprehensive WSP is that
water suppliers and health authorities must have plans to respond in the case of water
contamination and/or outbreaks. These plans must include clear guidance on when to issue
warnings to consumers, and how these warnings are to be communicated (Byleveld et al. 2008).

The evaluation and risk management in companies that operate in the water sector has gained
great prominence nowadays. Portugal is not an exception and supporting documents to encourage
industry to adopt integrated assessment problem solving methodologies and efficient risk man-
agement, i.e., WSPs have been adapted to the Portuguese reality (Coelho et al. 2011). The
implementation of WSPs is voluntary and there is no legislation to enforce it, i.e., each company
must choose the most appropriate practices to their profile. Indeed, the main goal is to allow each
company to develop their own skills in the assessment andmanagement of risk, in order to be able
to respond effectively to adverse events that may jeopardize the safety of water consumption.

Water industry is a complex and multifaceted business, involving a large number of stages,
people, processes, devices, equipment and structures, where varied types of adverse events
may occur, which may denote the failure of a planned action to be completed, or the use of a
wrong plan to achieve a given aim, which may involve the study of practical problems,
relationships, procedures, products and organisms. The most effective way to prevent adverse
events is to identify directly their causes, i.e., avoiding the causes improves significantly the
final quality of the drinking water.

It is widely recognized that people may learn further from their own errors than from their
successes. According to the World Alliance for Patient Safety (2005), too often healthcare
providers do not advise others when a mishap occurs, or they do not share what they have
knowledgeable. As a consequence, the same mistakes may occur, and patients may be harmed
by preventable errors. That is why reporting has been suggested as one of the solutions of this
problem, a picture that can be extended to the water industry. Undeniably, a reporting system
should complement and leverage the WSPs.

The key idea behind reporting is anchored on the process of learning from experience.
However, it is essential to note that only the registration of errors is not sufficient to guarantee
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