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Summary:

A biosensor-based monitoring system for water monitoring is growing of interest especially to detect in
real-time typical pollutants such as nutrients (nitrates and phosphates), Estrogenic endocrine-disrupters,
PFAS (Perfluoroalkyl, and polyfluoroalkyl substances) and Microcystines.

The paper presents a biosensing network developed in the BIOSENSEI project along with the first la-
boratory results focus on the electronic system architecture. This will enable the first continuous, reliable
and robust real-time monitoring and detection of these pollutants in watercourses using cellular-based

biosensors.
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Background, Motivation and Objective

Water pollution, the leading environmental
cause of physical and mental illness, accounted
for 1.4 million premature deaths worldwide in
2022 (16% of total deaths) and 12.5% of deaths
each year in the EU. Together with the EU Drink-
ing Water Directive from January 2023 [1], there
is an urgent need to provide high-quality water,
prevent pollution and develop methods to im-
prove the protection of human health.

Better monitor, report and prevent water pollu-
tion by providing real-time digital tools directly to
users is thus a priority.

In the Horizon Europe project BioSensei (Bio-
sensor-based diagnostic platform enabling real-
time monitoring of existing and emerging pollu-
tants), we are addressing these challenges by
tackling pollutants of concern, such as PFAS,
endocrine disruptors (EDs) and microcystins
[2,3].

Based on previous work [4] [5] [6], novel mixed-
signal front-ends is developed for the combina-
torial sensing approach (electrochemical and flu-
orescence transducers) and sampling condi-
tions. These systems will transfer sensor data to
the project cloud to facilitate long-term autono-
mous sensing with Nb-loT communication.
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System Architecture

The BioSensei Node (Fig.1) is a subsystem com-
posed by (a) the BioSensei Sensor Head, (b) the
BioSensei electronic front-end and (c) the Bio-
Sensei loT.

(a) Cellular biosensors are encapsulated and
immobilized at bimodal transducers (nanoelec-
trochemical and optical) for detection of the tar-
get pollutants: Nitrate, Nitrite, Phosphate, Estro-
gens E1, E2, E3, E12 and PFAS.

(b) the electronic front-end is separated into
electrochemical and optical front-end subunits.

(c) the IoT controls the electronic front-end, to
which it will request to start a measurement and
from which it will collect the values measured by
the sensor. The loT will then store, process and
transmit these values to the BioSensei Cloud
platform. Up to 10 bio-sensors will be integrated
on the BioSensei platform associated to up to 10
sensor front-ends.
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Fig. 1. BioSensei simplified design
IoT node

The 10T node embeds a wireless communi-
cation module to link to the BioSensei Cloud plat-
form via the Internet by means of either a Gate-
way and a mid-range communication infrastruc-
ture like on Fig.2.

Nb-loT communication was chosen as the
most appropriate for the BioSensei use cases,
using LTE “Long Term Evolution” coverage net-
work.

BioSensei App
local control and
status
mr—J  assessment

Iy

-+
BigSensel

Ao

BioSensei cloud

. S
BioSenseinode

Communication
“ nfrastructure

Nb-loT

Fig. 2. BioSensei loT
Laboratory results

The IoT board was connected with the 6 termi-
nals optical sensors AFE (Analog Front-End),
the 2 terminals electrochemical AFE and the
edge-computing board like shown in Fig. 3.
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Fig. 3. Set-up for the communication loT test

Good communication between the different
boards were highlighted. The robustness of the
electronics and Nb-loT communication were
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demonstrated through successful laboratory
tests.

The next actions will be the integration of the
overall system with 10 cells in laboratory and
subsequent trials with different pollutants and fi-
nally the deployment in Ireland and Netherlands
tests site.

BioSensei will make a significantly contribution
to enhancing water understanding to improve
management practices.
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