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1. INTRODUCTION
In order to respond to the objective of
the RIS3Mur Strategy focused on
"Promoting entrepreneurship and the
creation of companies by valuing
knowledge", the Programme of
actions
for
the
promotion
of
disruptive
companies
through
entrepreneurial
discovery
(PIDDE
Programme) was created.
Through the aid granted by the
Directorate General for Trade and
Business Innovation within the
framework of the PIDDE Programme,
the
Energy
and
Environment
Technology Centre (CETENMA) has
carried out the project for the
Promotion of Disruptive Companies
with High Added Value. The main
objective of this work is to promote
the creation of companies through
entrepreneurial discovery, understood
as the

identification of new technological and
market
opportunities,
through
collaboration with companies and
entrepreneurs operating mainly in the
fields of energy, water, waste and
biotechnology.
This document includes the main
conclusions of the main study carried
out on one of the technological trends
of interest in the field of water: the
implementation of Big Data and
information technology tools in the
integral water cycle.
Sensorisation applications in the water
sector make up the first physical layer of
the Big Data structures of smart
management and, therefore, their
further technological development can
be extrapolated in the subsequent
diversification of the models.

Figure 1. Integrated water cycle management through IoT.
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2. STATE OF THE ART
The urban water cycle is a
fundamental enabler of our society: it
ensures food, health and welfare
services. Despite the importance of
this resource, due to increasing
demand in product manufacturing,
agriculture and domestic use, global
water use is forecast to increase by
55% by 2050. At European level,
water demand over the next 30 years
is expected to reach 350 km3/year,
which will increase water stress,
putting further pressure on currently
available freshwater sources. In
addition, climate change-induced
weather

events are becoming more intense and
pose certain challenges that will lead to
a tightening of the estimates.
In addition, the current COVID-19 crisis
shows the importance of resilience that
all sectors of society must have.
Through smart water management,
European systems are contributing to
the overall stability and resilience of this
exceptional situation we are facing, as
none of the systems involved in the
urban
water
cycle
(abstraction,
distribution, treatment and reuse) have
been affected at any time.

6

3. CURRENT AND FUTURE TECHNOLOGIES
OF MAJOR DEVELOPMENT
During the last few years, all
technological advances in water
contaminant analysis have focused on
improving laboratory equipment,
lowering
detection
limits
and
improving
the
robustness
of
techniques and increasing simplicity
(Figure 1).

The monitoring of compounds of
emerging concern (pharmaceuticals,
pesticides, personal care compounds)
for the environment through this type
of classical analysis involves enormous
technical and economic efforts.

Figure 2. Evolution of detection techniques available in water application (image based on Zulkii et al. (2018)).

This type of analysis, based on
sampling at different locations and
with

a specific time sequence
following disadvantages:

Samples are taken from a small number of sites, which limits the
ability to assess the situation over a large area under real conditions.
Discontinuous analysis means delays and time constraints in
obtaining results, together with possible errors during sampling. This
is particularly negative if changes in the sampling area occur rapidly
both spatially and temporally, as may occur during adverse weather
events or at river mouths.
High costs involved in the analytical process due to the associated
experimental phase.
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has

the

Taking
into
account
the
aforementioned disadvantages, all
public-private agents involved in the
sector
are
committed
to
the
development
of
sensorisation
applications
for
water
quality
monitoring with the aim of achieving
a higher degree of development in
data integration.

The development of such a physical
sensorisation layer is based on: i)
detection of a wide range of pollutants,
ii) reliability of the data obtained, and
iii) capacity for instantaneous readings.
The
main
developments
and
technologies
available
for
commercialisation are summarised in
the table below:

Table 1. Description of water quality parameters monitored with current sensor technologies.

Parameter

Sensor type

Basic monitoring

pH, DO concentration, EC,
temperature, oxidation-reduction
potencial, and turbidity

In situ electrodes, colourimetry,
conductivity, membrane electrode,
optical sensor, potentiometric and
nephelometric sensor

Organic matter
monitoring

COD

In-situ electrochemical sensor

Nitrates

Optical sensor where the nitrate
concentration is deternmined from the
relationship between ultraviolet light,
absorbance and nitrate concentration in
a water sample.

Nitrates, ammonium, phosphates

Wet chemistry sensor, where the
concentration of nutrients is measured
from a colorimetric reaction

Levels

In-situ acoustic sensor where the
distance from the water surface to the
bottom is measured with echoes of the
acoustic waves

Speed

Speed (ADV)/Radar sensors

Nutrient
monitoring

Physical water
monitoring
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SPECTROSCOPIC SENSORS
Spectroscopic techniques use the
effects produced by the interaction of
electromagnetic radiation with matter
as a measure. Thus, absorbed, emitted,
transmitted, scattered or reflected
radiation can be measured according
to the different methods available
(Gonzalez de Buitrago, 2010). The
importance of this type of techniques
to know the quality of water lies
mainly in their high analytical
sensitivity, being able to reach
detection limits down to µg or ng for
certain compounds such as pesticides
or heavy metals (Brader, 2020).
In order to reduce the analytical time
by eliminating the manual filtration
process, it can be manual filtration
process, algorithmic models can be
used.

The aim is to adjust the UV-vis spectra
on filtered and unfiltered water
samples to remove interferences
caused by suspended particles in the
matrix, which is called particle
compensation. Suspended particles
affect the absorption of light and
consequently influence the whole UVvis
spectrum,
leading
to
the
attenuation of light. UV-vis spectrum
leading to attenuation of the
transmitted
light
intensity.
Mathematical compensation systems
can be implemented in some
photometric equipment to obtain insitu
data
on
organic
matter
concentration (Shi et al., 2020).

Figure 3. Schematic of the available methodology for the analysis of microplastics in wastewater (Raju et al., 2020).
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There are two types of particle
compensation
in
UV-vis:
compensation/subtraction techniques
and empirical modelling techniques.
The compensation methodology is
defined as the direct subtraction of the
absorbance of the single wavelength
characterised by particles in water.
Empirical models analyse the impact of
chemical composition on wastewater
samples
and
morphological
characteristics are extracted from their
absorption spectra to remove the
measurement bias (Hu et al., 2016).
On the other hand, with respect to
infrared (IR) spectroscopy, the main
advantage of IR spectroscopy over other
spectroscopic
techniques
is
that
virtually all compounds

show absorption/emission and can
therefore
be
analysed
both
quantitatively and qualitatively. In
addition, IR spectroscopy is nondestructive
and
allows
the
measurement of almost any sample,
regardless of physical state and
without elaborate preparations in
most cases (Hussain & Keçili, 2020).
Such techniques are positioning
themselves as a key tool for the
analysis of microplastics in both
surface and waste water samples.
However,
the
methodology
is
laborious in terms of analytical work
due to the necessary pre-treatment,
as shown in Figure 3 (Raju et al.,
2020).

ELECTROCHEMICAL SENSORS
In
general,
conventional
electrochemical methods involve a
three-terminal system containing a
reference electrode, a working electrode
and a counter electrode, whereby an
electrical signal is produced by the
interaction between the analyte surface
and the working electrode. The
detection
methods
on
which
electrochemical sensors are based are
classified
as
amperometric,
voltammetric and potentiometric, with
the latter method standing out for the
determination of one of the most
important parameters in wastewater,
namely pH. These types of sensors have

a high degree of commercial
development, including online data
collection
systems
already
incorporated in WWTPs (Jaywant &
Arif, 2019). However, for the detection
of other compounds of interest in
wastewater, the level of development
of electrochemical sensors is still
under investigation.
An example of such research that
would present greater operational
relevance in treatment systems is that
carried out by Silva et al. (2019). The
electrochemical sensor developed is
based on voltammetric detection
methods, using
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carbon paste electrodes (CPE) prepared
on hexagonal mesoporous silica with
functional amines (HMS-NH2). Given the
morphological characteristics of this
type of materials (high specific surface
area and large volume of almost
spherical pores), a strong adsorption
activity is achieved.

This
allows
obtaining
specific
differential pulses in voltammograms
for emerging pollutants in wastewater
such as: pindolol, acebutolol and
metoprolol
(beta-blocker
drugs),
achieving low detection limits down to
0.1, 0.046 and 0.23 µ mol/l, respectively.

BIOSENSORS
Biosensors are functional devices
capable
of
analysing
specific
quantitative
or
semi-quantitative
information
with
a
biological
recognition
element
(bioreceptor)
combined

with the functionality of a transducer,
which transforms the signal produced
by the interaction of the specific
bioanalyte into another quantifiable
signal (Saleem, 2013) (Figure 4).

Figure 4. Classification and signalling stages of biosensors (Infographic: Sinha & Kaur (2019)).
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Based on the transducer element,
biosensors can be divided into optical,
piezoelectric, thermal, bioluminescence
and electrochemical biosensors. In the
case of thermal biosensors, the signal is
produced as a function of the heat
generated due to enzymatic binding. In
a piezoelectric biosensor (quartz crystal
in most cases), the surface is coated
with a biologically active substance to
enable real-time signalling and reduce
the cost compared to conventional
piezoelectric sensors. Bioluminescence
biosensors operate on the principle that
certain enzymes can radiate photons as
a by-product of downstream reactions.
Finally, electrochemical biosensors are
based on the use of biological
electrodes with enzyme recognition
(Sinha & Kaur, 2019).
Based on the biorecognition element,
biosensors can be classified into:
immunosensors,
aptasensors,
genosensors and enzymatic biosensors,

the molecules responsible for such
biorecognition
being:
antibodies,
nucleic acids and enzymes, respectively.
Of all this typology, immunosensors and
enzymes are the most widely used for
environmental purposes; however, the
development
of
aptasensors
is
increasing as a result of the ease of
genetic modification of single chains
and thermal stability (Nguyen et al.,
2017).
Based on the classification described
above, biosensors represent a tool with
potential development potential for the
quantification or detection of multiple
compounds, given the wide range of
elements that can be used. For this
reason, in order to inventory current
research in this field, the studies are
structured according to the analytes
quantified: organic compounds, heavy
metals and microorganisms.

BIOSENSORS FOR DETECTION OF ORGANIC COMPOUNDS
The presented detection limits show the
adaptability of these devices for the
detection
of
pesticides
and
pharmaceuticals
in
wastewater,
however, for the detection of a large set
of compounds a possible attenuated
response has to be taken into account.
While this problem can be solved with
conventional pretreatment methods,

the addition of a preparation step
affects the simplicity and speed of
monitoring,
which
would
be
a
significant disadvantage. Therefore, the
application of these systems should
focus on specific compounds and not
on a group of functional compounds.
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The determination of heavy metals in
biosensors depends on the biochemical
reactions they trigger, intrinsically
related to their essential (Co, Cu, Fe, Mn,
Mo, Ni, Se and Zn) or non-essential (Pb,
Cr, Cd, Hg, As and Sb) nature.
Spectroscopic and chromatographic
methods for heavy metals provide a very
high level of sensitivity and selectivity in
wastewater, however, they require long
sample pre-treatment times.
The main problem with the biosensing
of heavy metals in wastewater is the
presentation of these analytes, as they
are characterised by the formation of

stable
complexes
with
organic
materials, which makes their detection
difficult. Therefore, in the cases
presented in Table 4, only the
quantification of free ions, which are
rarely found in waste matrices, is
specified. In addition, such samples
contain other organic materials that
interfere with signalling. Therefore,
biosensors developed for heavy metals
require the incorporation of a pretreatment based on filtration to retain
organic complexes in case of samples
with a turbidity above 1 NTU (Ejeian et
al., 2018).

BIOSENSORS FOR DETECTION OF MICRO-ORGANISMS
Wastewater provides an ideal growth
condition for various micro-organisms
such as bacteria, viruses, protozoa, algae
and
fungi.
Among
these
microorganisms, Escherichia coli, total
coliforms and RNA bacteriophages,
which
are
commonly
found
in
wastewater, can be highlighted as nonpathogenic faecal indicators and are
therefore used as control parameters in
wastewater treatment (Ejeian et al.,
2018). Conventional methods for the
detection of microbial pathogens
require the use of artificial growth
media
or
microscopy
methods,
accompanied by several

limitations such as low sensitivity, the
influence of the results depending on
the technical staff performing the
analysis and the complexity of sample
processing. Due to these drawbacks, the
development of new microbiological
detection techniques has received
attention, allowing the development of
new molecular techniques such as
polymerase chain reaction (PCR),
enzyme-linked immunosorbent assay
(ELISA) and fluorescence in situ
hybridisation (FISH). Table 5 lists the
advantages/disadvantages of each of
these types of techniques.
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Table 2. Detection techniques on microbiological indicators.

Methods

Features and benefits

Disavadntages

Immunological
techniques

Specific for target organisms

Not avalilable foe the
distinction between live or dead
micro-organisms

Hybridisation of
nucleic acids

Specific differentiation between
virulent and non-virulent species

Requires cell culture methods

Polymerase chain
reaction (PCR)

Rapid and especific cuantitative
detection

Not avalible for the distinction
between live or dead microorganisms

DNA chips

Rapid and sensitive detection

Requieres pre-treatment of
samples

Rapid on-site detection

Influence of environmental
parameters such as pH or
temperature

Biosensors

In relation to the current global
pandemic of COVID-19, the Ministry for
Ecological
Transition
and
the
Demographic Challenge, together with
the collaboration of the Ministry of
Health, has promoted a new network
for monitoring wastewater as an
epidemiological early warning indicator
of the spread of COVID-19. The network
of measurement points is currently
being finalised in a series of cities
selected by the regional authorities,
which will also provide the impetus for
a working network between technicians
from the administrations and scientists
that will serve to detect possible
resurgences of COVID-19 in advance.
Faced with the situation generated by
the pandemic and its impact on public
In view of the situation generated by the
pandemic and its impact on public
health, several studies have emerged,
both at national and international level,

linking the presence of genetic material
of the SARS-CoV-2 virus (the cause of
COVID-19) in wastewater with proven
cases of infection by the coronavirus.
Studies in this area conclude that the
detection of such genetic material may
be a tool for early detection of the
spread of the disease and could
therefore be used as a useful early
warning epidemiological indicator for
future incidences of the disease.
One such work is being carried out in
the Region of Murcia since March 2020,
where water samples were analysed for
the presence of such genetic material,
even before positive cases were
obtained in the Murcia Health System.
In addition, the Murcia City Council has
been monitoring the presence of this
type of genetic material in different
points of the city's sewage network on a
weekly basis since October 2020.
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SOFT SENSORS
Although, as seen in previous sections,
much progress has been made in the
development of new measurement
systems for water quality control, a
major problem in water treatment
plants is the continuing difficulty faced
by on-line measurement. In fact, for
several reasons, such as the high cost of
some sensors, their number, the time in
the measuring and processing stages
and the time spent in checking the
sensors, cleaning operation, calibration
routines and sensor replacement, make
it difficult to operate them properly to
ensure accurate water quality control.
In the case of water treatment and
distribution
plants,
many
easily
measured on-line process variables are
routinely acquired, such as pressure,
temperature, flow and level, as well as
conductivity, turbidity, pH and dissolved
oxygen.
The data set generated by these sensors
can provide the basis for further analysis
and development, leading to the

extraction of new information from the
available measurements. With the
advancement in measurement system
development and computing power in
recent years, the concept of the "soft
sensor" or virtual sensor has emerged to
address these problems in an effective
and economical way.
Soft sensor is the common name used
for software where several input
measurements
of
different
characteristics and dynamics are
processed, allowing the modelling and
calculation of other variables that are a
priori difficult to measure, from the
combination and analysis of these
(Kadlec
et
l.,
2009).
Possible
applications of these soft sensors
include the prediction of unknown
variables, e.g., water quality variables
that cannot be measured continuously
or variables that would require
expensive and/or resource-intensive
equipment.
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4. RESEARCH LINES PROMOTED BY THE EU
The vision of sustainable water
resources
management
by
the
European Commission's Water Europe
Technology Platform focuses on four
pillars: i) integrated water valuation
through the circular economy, ii)
development of new digital and water
technologies, iii) investment in

hybrid infrastructure, and iv) enabling
inclusive multi-stakeholder governance.
In particular, the development of new
technologies according to the European
Commission's concept of Water Smart
Cities is based on elements such as:

Advanced technologies for the availability of alternative water
sources.
Innovative digital technologies (e.g., sensors, data analytics and
supporting tools) to enable real-time measurement and
monitoring.
New digital technologies for better planning of water infrastructure
and allocation with the aim of resilience in changing
circumstances.
New solutions for source control measures to prevent water cycle
pollution (or to prevent pollution between water cycles) and to
prevent pollution from water discharge.
Advanced irrigation technologies that drastically reduce water use
in agriculture.
Advanced and economically cost-effective solutions for the
valorisation of resources, from energy to nutrients, pollutants of
emerging concern, chemicals, minerals and metals.

In this regard, the ICT4Water cluster was
created in 2018 to create a cooperation
network between EU-funded research
and innovation projects developing
digital solutions for the water sector.
Most of the European

projects
developed
or
under
implementation are based on modelsimulations (26 %), Smart sensor
technology (22 %) and IoT platforms (19
%).
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Figure 5. Themes of research projects on the development of digital water technologies (Source:
Own adaptation, WATER4ALL - Water Security for the Planet).
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5. IDENTIFIED OPPORTUNITIES
Based on the technology watch analysis carried out, the following opportunities have
been identified:

1) SPECTROSCOPIC SENSORS
Ultraviolet-visible techniques developed
to date for the determination of
compounds
of
emerging
concern
require
the
incorporation
of
mathematical models that are difficult
for users to access due to their
complexity and the time needed to
analyse the data. The correlations
evaluated suggest that measurements of
UVA280 and its complementary at 254
nm can be study parameters to
determine the presence of these
analytes. With regard to infrared
spectroscopy, there are currently no online systems available for the analysis

of microplastics and heavy metals in
sewage and wastewater treatment
networks.
In
this
respect,
the
application of specific sensors for the
on-line quantification of emerging
compounds and microplastics has been
identified as a potential niche market
for new technologies. There is currently
no EU legislation restricting the
presence of these compounds in water
bodies. However, their study is of high
priority because they affect biological
purification processes and the quality of
receiving bodies.

2) ELECTROCHEMICAL SENSORS
At present, only on-line electrochemical
sensors
are
available
for
the
determination
of
conventional
analytical controls such as pH. On the
other hand, all research for the online
monitoring of other pollutants is still in
the experimental phase at laboratory
scale.

The niche market is also identified as
the development of sensors, in this case
for the online determination of different
types of pollutants.
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3) BIOSENSORS
Despite considerable attention on the
development of biosystems for the
determination of emerging organic
pollutants, the application of these
devices is still in the research phase.
Therefore, it has not yet been possible to
incorporate them for on-line detection.
Given the current global health crisis we
are facing in 2020, the technological
development of biosensors for the

quantification
of
SARS-CoV-2
in
wastewater is of vital importance.
Currently, no research has been able to
effectively determine the presence of
the genetic material in real time. This is
because the robustness of molecular
biology analytical techniques makes
extrapolation to simpler methodologies
impossible.

4) SOFT SENSOR SYSTEMS
It is considered that there is currently a
niche market for the introduction of
these technologies in smart water
management systems. In particular,
solutions that integrate both quality
monitoring and infrastructure status
monitoring.

This type of system offers major
advantages
such
as
real-time
monitoring of the state of the
catchment and distribution system and
the quality of the water that makes up
the urban cycle. These advantages will
reduce water resource management
costs and improve the sustainability of
the ecosystem associated with the
urban cycle.
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