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Abstract: The availability and quality of water have become major concerns worldwide due to
the impact of climate change and pollution. To ensure safe water consumption, a monitoring and
filtration system comprising a Miniwell Filter 360 passive filter, a multisensorial system with an
electrochemical sensor and spectrophotometer, was designed. Water samples were collected in
two locations on the north coast of Rome, and analyses were conducted before and after filtration.
Multivariate statistical analyses were performed to assess the instruments’ ability. The results indicate
that the implemented system can increase the availability of safe water.
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1. Introduction

Water is essential for life and its availability is crucial for the sustenance of all living
beings. With the increasing impact of climate change and the growing issue of pollution,
the availability and quality of water have become a critical point worldwide. This challenge
is one of the 17 goals of the United Nations Sustainable Development Goals [1]. The need
for clean and safe water has never been more urgent, and governments around the world
have implemented various measures to mitigate and monitor the quality of water. The
Italian Legislative Decree 31/2001 sets limits on the concentrations of microorganisms,
organic and inorganic pollutants present in water [2] based on scientific evidence of the
potentially harmful effects on human health. This study presents a monitoring and filtration
system designed to ensure that water is safe for consumption before it is accessed. By
implementing this system, the quantity of safe water that can be reached could significantly
increase, because a compact system able to automatically filter-analyze could be used
in-line, enabling the utilization of more water sources.

2. Materials and Methods

The system is composed of a passive filter stage (Miniwell Filter 360) [3], a multi-
sensorial system comprising an electrochemical sensor [4], and a spectrophotometer, an
automatic optical reading incubator, and the MBS-HACCP&ACQUE test to verify the
number of bacteria present in the filtered and unfiltered solution [5]. Water samples were
collected in two locations on the north coast of Rome. The analysis was performed before
and after the water filtration. Bacteria concentration in unfiltered samples ranged in the
order of magnitude from 102 to 104 CFU/cm3, reduced under 10 CFU/cm3, after filtration.
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Electrochemical analyses were performed on a diluted sample in distilled water with a
dilution factor of 1:5.

3. Results and Discussion

A multivariate statistical analysis, both unsupervised (PCA) and supervised (PLS),
tested instruments’ ability to assess water quality, meaning the need for filtration and
the effectiveness of the filter action. The model with the best performance in terms of %
error over the entire range of bacteria concentration was obtained via data fusion from
BIONOTE-L and spectrophotometer outputs, with an RMSECV of 25%. Figure 1 shows the
different sensor responses for water samples pre and post-filter.
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Figure 1. BIONOTE-L responses (upper panel) and the spectrophotometer responses (lower panel)
to a pre-filter (red) and post-filter (blue) water sample.

4. Conclusions and Future Development

It is evident that the chosen passive filtering system must be accompanied by sensors,
specifically optical and electrochemical sensors, which guarantee a measure of water
quality. It could seem an unsatisfactory result in terms of RMSECV, but the idea is to
use this compact device as a node of a network assessing the availability of alternative
water sources in a large area, give feedback, and receive a decision on the opportunity
to filter and pre-filtering on site, as a pipe-line check gate, sending water to a successive
filtration plant.
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