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A B S T R A C T

Access to safe drinking water is a human right, crucial to combat inequalities, reduce poverty and allow sus-
tainable development. In many areas of the world, however, this right is not guaranteed, in part because of the
lack of easily deployable diagnostic tools. Low-cost and simple methods to test water supplies onsite can protect
vulnerable communities from the impact of contaminants in drinking water. Ideally such devices would also be
easy to dispose of so as to leave no trace, or have a detrimental effect on the environment. To this aim, we here
report the first paper microbial fuel cell (pMFC) fabricated by screen-printing biodegradable carbon-based
electrodes onto a single sheet of paper, and demonstrate its use as a shock sensor for bioactive compounds (e.g.
formaldehyde) in water. We also show a simple route to enhance the sensor performance by folding back-to-back
two pMFCs electrically connected in parallel. This promising proof of concept work can lead to a revolutionizing
way of testing water at point of use, which is not only green, easy-to-operate and rapid, but is also affordable to
all.

1. Introduction

The provision of clean water is essential to allow economic growth
and environmental sustainability (WWAP (United Nations World Water
Assessment Programme), 2015). Nonetheless, in many poor areas of the
world, access to safe water is still a luxury (Ongley, 2001). In countries
that lack suitable infrastructure, the assessment of water quality is a
real challenge (Sarpong Adu-manu et al., 2017). Along with effective
sanitation and wastewater treatment programs, it is extremely im-
portant to establish methods for water quality analysis that do not re-
quire expensive laboratory equipment and/or skilled personnel yet
provide rapid response and have onsite functionality (Palaniappan
et al., 2010).

In recent years, microbial fuel cell (MFC) technology has demon-
strated promising potential as a tool for water quality monitoring
(Chouler and Di Lorenzo, 2015). MFCs are devices that directly convert
the chemical energy contained in organic matter into electricity via the
metabolic processes of microorganisms (Allen and Bennetto, 1993;
Potter, 1911). On the anode surface of these devices, a biofilm develops,

which contains electroactive bacteria capable of extracellularly trans-
ferring the electrons they generate from the oxidation of organic
compounds to the electrode. The current generated by MFCs can,
therefore, be directly related to the metabolic activity of these anodic
bacteria (Di Lorenzo et al., 2014). Any disturbances to their metabolic
pathways, caused by environmental changes, such as organic load, or
the sudden presence of a bioactive and toxic compound, are translated
into a change in the electricity generated (Di Lorenzo et al., 2009; Stein
et al., 2010). This is the principle behind the use of MFCs as a tool to
detect the presence of toxicants in water (Jiang et al., 2015). The major
advantage of MFC-based sensors for water quality monitoring over
other devices suggested in the literature is their simplicity. In MFCs, the
anodic biofilm functions as the recognition component (Chouler and Di
Lorenzo, 2015). Its response to the presence of a toxicant causes a
change in the rate of flow of electrons to the anode (the transducer),
thus generating a measurable change in the output current. As such,
there is no need for expensive external equipment that acts as a
transducer, as is required in many other types of sensors proposed
(Mulchandani et al., 1998; Vaiopoulou et al., 2005).
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