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Measuring and predicting soil nitrogen with point-of-use sensors and 

machine learning 

Firat Gunder

Department of Bioengineering at Imperial College London

Soil is a complex, living organism which is constantly evolving, physically, chemically and 

biologically. Overfertilization with nitrogen fertilizers has damaged the environment and health of 

soil; yields are declining, while the population continues to rise. Standard laboratory testing of 

soil to determine the levels of nitrogen (mainly NH4
+ and NO3

-) is infrequent as it is expensive 

and slow and levels of nitrogen vary on short timescales. Current testing practices, therefore, 

are not useful to guide fertilization. We demonstrate that Point-of-Use (PoU) measurements of 

NH4
+, when combined with soil conductivity, pH, easily accessible weather and timing data (i.e. 

days passed since fertilization), allow instantaneous prediction of levels of NO3
- in soil with of 

R2=0.70 using a machine learning (ML) model (the use of higher-precision laboratory 

measurements instead of PoU measurements increase R2 to 0.87 for the same model). [1] We 

also show that a long short-term memory recurrent neural network model can be used to predict 

levels of NH4
+ and NO3

- up to 12 days into the future from a single measurement at day one, with 

R2
NH4+ = 0.64 and R2

NO3- = 0.70, for unseen weather conditions. Our machine learning-based 

approach eliminates the need of using dedicated, expensive sensing instruments to determine 

the levels of NO3
- in soil which is difficult to measure reliably with inexpensive technologies; 

furthermore, crucial nitrogenous soil nutrients can be determined and predicted with enough 

accuracy to forecast the impact of climate on fertilization planning, and tune timing for crop 

requirements, reducing overfertilization while improving crop yields.  

1. Grell, M., Barandun, G., Asfour, T. et al. “Point-of-use sensors and machine learning enable

low-cost determination of soil nitrogen” Nat. Food (2021). https://doi.org/10.1038/

s43016-021-00416-4

Short Bio 

Dr. Firat Güder is an associate professor in the Department of Bioengineering at Imperial 

College London. Firat and his team work in the interface of material science, electronics, 

chemistry and biology, focusing on the development of intelligent systems to connect complex 

chemical and biological systems with machines. Firat is passionate about solving problems 

concerning animal and human health, agriculture and food systems. In addition to his scholarly 

activities, he has also co-founded multiple startups to translate his research to address real 

world problems.  



Electrocatalytic remediation of contaminated water: will going nano be 
the technology 

enabler?  

Jelena Radjenovic1,2  

1 Catalan Institute for Water Research (ICRA), c/Emili Grahit, 101, 17003 Girona, Spain. 
2 Catalan Institution for Research and Advanced Studies (ICREA), Passeig Lluís Companys 23, 08010 

Barcelona, Spain. 

jradjenovic@icra.cat 

According to the joint report of UNICEF and World Health Organization (WHO), 2.2 billion people around the 
world do not have safely managed drinking water services, 4.2 billion people do not have safely managed 
sanitation services, and 3 billion lack basic handwashing facilities. Seawater desalination in coastal areas and 
wastewater recycling in coastal and inland regions are the most promising approaches to satisfying water 
demand in cities. However, these options are not economically and technically feasible in towns and smaller 
communities, and their water future is entirely relying on the development of new, small-scale water treatment 
technologies that will allow them to safely treat and reuse the available water (e.g., contaminated groundwater, 
generated wastewater, rainwater). Among the available technologies, electrochemical systems have the most 
potential to be used for small-scale and decentralized treatment of (waste)water, as they do not use chemical 
reagents, do not form a residual waste stream, operate at ambient temperature and pressure, are robust, 
versatile and have a small footprint. Yet, there are two key, long-standing challenges that need to be 
addressed: 1) high energy consumption and cost, and 2) formation of toxic halogenated byproducts in the 
presence of halides.

Three-dimensional (3D) reactor design is characterized by the high electrode surface area to reactor volume 
ratio and significantly improved reactor efficiency, with a larger effective surface area available for electrolytic 
degradation of contaminants and reduced mass transfer limitations. Nanotechnology can provide solutions to 
enhance the current efficiency of electrochemical water treatment systems, as carbon- and metal-based 
nanostructures offer unique electronic and mechanical properties that make them very attractive as electrode 
materials. They can be tailored to obtain a large specific surface area, flexible structure, excellent mobility of 
charge carriers and good electrical and thermal conductivities. In the scope of our ERC Starting Grant project 
ELECTRON4WATER, we have developed tailored graphene sponge electrode for one-pass electrochemical 
filter capable of eliminating persistent organic and microbial contaminants from water, without forming 
halogenated byproducts. In addition, other nanostructured materials comprising from earth-abundant elements 
such as manganese were explored for selective separation of inorganic contaminants from wastewater. As 
nanotechnology continues to generate better materials and improve their functions, its fusion with 
electrocatalysis will undoubtedly accelerate the development of high-performing, reliable, cost-effective, and 
environmentally friendly water treatment technologies. 

mailto:jradjenovic@icra.cat


Sustainable approaches for environmental challenges 
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Nowadays, the development of innovative solutions that help to reverse environmental damage 
efficiently is a pressing concern. In the Nanostructured Functional Materials Group at the ICN2, we 
are facing three of the main key challenges in environmental remediation: i) removal of microplastics, 
ii) capture and inactivation of pathogens (viruses and bacteria) and iii) entrapment of particles, 
chemical contaminants and other pollutants (e.g., CO2). For this, we have developed two different 
sustainable technologies.  

The first one consists of the formation of capsules through coacervation processes and biodegradable 
polyelectrolytes that entrap almost any kind of micro/nanomaterials (Figure 1a).[1] The weight of the 
resulting composite induces its sedimentation, thus facilitating their efficient separation. As a proof-
of-concept, this technology has been validated by entrapping NPs of different I) type (organic, 
inorganic, solid or oil nanodroplets, II) dimension (10-600 nm) and III) surface charge (positive or 
negative), both in simulated and real laboratory waste environments.  

The second technology develops mussel-inspired polymeric coatings for water and air filters to 
enhance their remediation capacities, such as wettability (hydrophobic/hydrophilic), oil absorption, 
roughness, and the ability to entrap 
different types of particles and 
pathogens (Figure 1b).[2] The 
composition and thickness of the 
designed coatings, which are 
effective over a broad range of 
surfaces (metals, fabrics, polymers, 
paper and filters), can be fine-tuned 
and subsequently functionalized 
with other (bio)molecules of interest 
(e.g., biocide moieties).  

 
Keywords 
bioinspired polymers, coacervation, water remediation, encapsulation 
 
Reference(s)  
  
[1] P. González-Monje, A. Ayala-García, D. Ruiz-Molina, C. Roscini, Encapsulation and sedimentation of 
nanomaterials through complex coacervation, J. Colloid Interface Sci. 589, 500-510 (2021). 
 
[2] a) B. García, J. Saiz-Poseu, R. Gras-Charles, J. Hernando, R. Alibés, F. Novio, J. Sedó, F. Busqué, D. Ruiz-
Molina, Mussel-inspired hydrophobic coatings for water-repellent textiles and oil removal, ACS Appl. Mater. 
Interfaces 6, 17616-17625, 2014. b) J. Bolaños, S. Suárez-García; V. Yuste, D. Ruiz-Molina, Bioinspired 
coatings as universal platform for water and air remediation, Under preparation.  

Figure 1. Technologies for environment remediation: a) complex 
coacervation and b) formation of bioinspired universal coatings. 
 



LightNET: An Artificial Photosynthesis for Roads that Sucks CO2 
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The most recent Intergovernmental Panel on Climate Change (IPCC) assessment has shown an 

important role for negative emissions technologies (NETs) in limiting global warming to 2 oC cost-

effectively. According to scenario data, annual NETs deployment in the order of up to 20 

GtCO2yr−1—and in extreme case around or even beyond 40 GtCO2yr−1—have been considered at 

the end of the 21st century, a figure that approximately doubles today’s natural global land 

emissions-sink. 

Our overall goal is to implement smart city urban surfaces that can capture and sequestrate CO2. 

Here, we have developed LightNET; a CO2 photo-capturing technology that may be applied to road 

surfaces (e.g. asphalt or cement concrete) as a way to mitigate their climatic impacts. Combining 

photosynthesis and chemical binding, it may be regarded as a new NET. Our innovative approach 

focuses on nanotechnologies and non-toxic/earth abundant Ca-based oxides which are used in large 

quantities in the building industry (concrete is the most used resource in the planet only after 

water). LightNET will provide eco-smart roads with the requested characteristics of traffic security, 

comfort and cost yet delivering new ecological aspects helping to address the climate change issue. 

Just as plants do during photosynthesis, 

LightNET nanostructured perovskite 

surfaces trap CO2 from air using light 

and convert it into carbonate products. 

Innovative negative emission 

technology that uses light to enhance 

direct air capture of CO2 and 

mineralize it onto solid surfaces. 

A smart coating that can add CO2 

capturing features to any urban 

surface, including asphalt, 

concrete, train tracks, façades, etc 

Keywords: Negative Emission Technologies, CO2 photo-capture, Calcium oxides, asphalt. 

Funding: This work has been co-funding by the Programa "Centros de Excelencia Severo Ochoa", 

Ayuda SEV-2017-0706, financiada por MCIN/AEI/10.13039/501100011033. 
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STRATEGIES TO ACTIVATE PHOTOCATLYSTS UNDER SOLAR LIGHT 

FOR POLLUTANT REMOVAL IN WASTEWATER 
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Many semiconductors have been studied as photocatalysts for wastewater purification, however, 

titanium dioxide (TiO2) has shown the best results in photodegradation processes due to its 

chemical stability, harmlessness, adequate position of energy levels, and low cost. All these reasons 

make TiO2 a reference for photocatalytic wastewater treatments. However, TiO2 absorbs only UV 

light, showing low efficiency when using solar irradiation, and thus forcing the use of high intensity 

UV lamps and/or expensive reactants (ozone or hydrogen peroxide) for optimal performance. This 

increases operation costs and creates safety concerns. Moreover, from a practical point of view, it is 

interesting to easily separate the photocatalytic material from water after treatment. For this reason, 

it is necessary to develop methods to deposit and immobilize TiO2 on substrates. 

In this context, we have worked on the development of hybrid materials combining TiO2 with lower 

band gap nanocrystalline semiconductors (TiO2/NCs). These hybrids are able to absorb in the 

visible up to the near infrared (Figure 1a) and have been tested as photocatalysts in the degradation 

of several water pollutants under solar light (Figure 1b). Moreover, we have developed a protocol to 

immobilize TiO2 as thin films on glass substrates, and have prepared analogous TiO2/NCs hybrids 

(Figure 1c), that have been tested as photocatalysts as well. 

In this presentation we will briefly show the immobilization process on a substrate, the preparation 

of hybrid photocatalysts, their characterization, and their performance in wastewater pollutant 

degradation under solar light. 

Figure 1. a) Absorption spectra of TiO2 and TiO2/NCs hybrids. b) Experimental setup equipped with a solar 

simulator for photocatalyst testing. c) Pictures of TiO2 and TiO2/NCs hybrids. 

Keywords 
Pollutant removal, solar-driven photocatalysis, immobilized photocatalysts.  
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Ferromagnetic nanoreactors for controlled ROS generation in wastewater 
treatment

Gubakhanim Shahnazarova, Maria Jose Esplandiu, Borja Sepulveda, Josep Nogues 

ICN2

This study focus on to develop galvanic and photocatalytic nanoreactors that can generate 
and modulate reactive oxygen species (ROS) for environmental remediation and also for novel 
therapeutic strategies in cancer treatment. The electrochemical nanoreactors are based on 
anisotropic Fe/Au deposited in a semi-shell fashion on porous silicon oxide nanoparticles. The 
bimetallic coatings enable the in-situ production of H2O2 and Fe2+ in presence of 
oxygen/water due to the different metal electrochemical potentials, triggering the Fenton 
chemical path for ROS production. Moreover, the nanoreactors allow magnetic guidance, 
magnetic stirring and optical heating.  
The degradation tests were carried out in the presence of methylene blue dye. Additionally, 
the effect of pH on the dye degradation was monitored by spectrophotometry at pH4 and 
7 and correlated with Total Organic Carbon (TOC) analysis. However, and in contrast 
to expectations, it was found that the performance degradation of SiO2/Fe structures 
was slightly superior than the bimetallic ones.  
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In a world where 1.2 billion people have no access to clean water, emerging pollutants (care 

products, pesticides, drugs, and their metabolites) found in drinking water have recently been of 

great concern. Up to now, over 200 pharmacs have been detected in freshwaters, the most 

commonly found are antibiotics followed by painkillers, analgesics and antidepressants, which can 

affect plants and animal’s life including human beings. These compounds are usually excreted non-

metabolised by humans and livestock, directly to wastewater in the first case and also in sludge later 

used as fertiliser in the latter case. The existence of pharmaceuticals in drinking water is a potential 

threat for life of unknown outcome. Although the reported environmental concentrations of 

nonsteroidal anti-inflammatory drugs (NSAIDs) are lower than those that may threaten ecosystems, 

they tend to increase due to their wide usage and irresponsible disposal and still can impact aquatic 

ecosystems causing chronic harm, evidence showing mixtures of these agents to allow individual 

pollutants to be more harmful at lower concentrations. Among them, Ibuprofen (IBP) and 

Diclofenac (DCF) are considered Class I pharmaceuticals which must be dealt with in urgency 

while estimated to be consumed in several kilotons per year globally. 

 

In this work a graphene-based magnetic hybrid material decorated with Fe3O4 nanocrystals 

(NCs) is designed for effective removal of emerging pollutants when they are present at low 

concentrations. A green preparation of this hybrid, a study of its application and performance and a 

simple, direct method of detection and quantification by UV-Vis are presented in the following 

pages. Several variations of the Fe3O4/Graphene hybrid were fabricated such as Fe3O4/Graphene 

oxide and a multimodal Fe3O4-TiO2/Graphene hybrid which explored the photocatalytical 

degradation of the captured drugs. 
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Remediation, pharmaceuticals, graphene, hybrids 
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Two-dimensional materials, such as transition metal dichalcogenides (TMDs), are attractive 

candidates for sensing applications due to their high surface-to-volume ratio, chemically active 

edges and good electrical properties. However, their electrical response to humidity is still under 

debate and experimental reports remain inconclusive. For instance, in different studies the 

impedance of MoS2-based sensors has been found to either decrease or increases with increasing 

humidity, compromising the use of MoS2 for humidity sensing. In this work we focus on 

understanding the interaction between water and TMDs [1]. We fabricated and studied humidity 

sensors based on MoS2 and WS2 coated with copper chloride and silver nitrate. The devices 

exhibited high chemical stability and excellent humidity sensing performance in relative humidity 

between 4 and 80%, with response and recovery times of 2 and 40 seconds, respectively. We have 

systematically investigated the humidity response of the materials as a function of the type and 

amount of induced metal salt and observed the reverse action of sensing mechanisms. This 

phenomenon is explained based on a detailed structural analysis of the samples considering the 

Grotthuss mechanism in the presence of charge trapping, which was represented by an appropriate 

lumped-element model. Our findings open up a possibility to tune the electrical response in a facile 

manner and without compromising the high performance of the sensor. They offer an insight on the 

time-dependent performance and aging of the TMDs-based sensing devices.  

Keywords 

humidity sensors, humidity sensing mechanisms, MoS2, WS2, transition metal salts 
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Microbiological pollution is one of the important threats for good water quality worldwide. 

Escherichia coli (E. coli) is a good indicator for monitoring water microbiological pollution due to 

two main reasons: first, E. coli is the most abundant bacteria in mammal digestive systems; and 

second, E. coli can be also more easily grown and detected than other water-borne pathogens (i.e. 

other bacteria and viruses)1.  

The traditional gold standard methods to detect E. coli (filtration membrane and direct bacteria 

cultivation) are time-consuming (>24 h), expensive, well-equipped and complicated, which hinder 

in-situ detection and in-the-field analysis2. Lateral flow assay offers several advantages over the 

aforementioned technologies, such as rapidity, simplicity, low-cost, easy interpretation, easy usage 

and mass screening on site3. In this work, we firstly utilized the bioluminescent bacteria (Allivibrio 

fischeri) to analogously characterize the fluidity of E.coli on different size of nitrocellulose 

membrane and rapidly choose the optimal membrane, and optimized the size of gold nanoparticles, 

the concentration of antibody conjugated on nanoparticles 

and concentration of capture antibody sprayed on membrane 

and then developed a polyclonal antibody-based lateral flow 

biosensor (LFB) with an easily-interpretable colorimetric 

output to detect “general” E. coli. Finally, under the optimal 

conditions, a sensitivity of 104 CFU/mL in river water 

samples was achieved by combining the LFB with a filtration 

system within a total time of 30 minutes with a good 

reproducibility (RSD: intra-assay< 10%, inter-assay< 15%)4.                             

Figure 1 E.coli lateral flow biosensor for water monitoring                                      

Keywords: Lateral flow, Escherichia coli, water quality monitoring 
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Paper based biosensors have emerged as an alternative to expensive laboratory tests that usually 

require long turnaround times, qualified personnel, and heavy and expensive laboratory equipment. 

Paper allows the production of faster, biocompatible, and deliverable tests to the population for the 

assessment of a plethora of targets, ranging from Covid-19 or pregnancy to environmental hazards. 

Because paper is a simple, cheap, abundant, and easy to manipulate material, it enables the production 

of portable, point-of-care and user-friendly tests. Examples of these paper-based tests are lateral flow 

assays, 3D origami paper, or dipstick assays. In cases such as Covid-19 testing or urine analysis (e.g., 

diabetes, urinary infection), paper-based assays have simplified the life of many users, and this can be 

translated to the environmental testing within the foreseeable future. There exist non-marketed 

examples such as lateral flow assays for the detection of microorganisms in water bodies, heavy metals, 

toxins, or pesticides. Paper based tests can be intended for different purposes, such as identification of 

pollutants, identification of the source of these pollutants, or verify and monitor environmental quality 

standards. 

 

Besides, and although there is still room for improvement, different companies around the world are 

starting to lead waste management of used paper tests, as well as analytical paper manufacturing 

companies are dealing with the responsibility of creating a minimal impact in environment. 

 

Keywords: Paper, biosensors, sustainability, point-of-care. 
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Molecularly Imprinted Polymers are gaining attention among the scientific community thanks to 

their excellent capabilities to create tailored made cavities towards specific analytes so-called 

templates. These polymers can act as artificial receptors to improve sensing performance and 

response, overcoming the inherent limitations in (bio)sensing field. They can be used similarly as 

antibodies and aptamers are used but in a broader range out of the strict physiological conditions. 

 

There is a plethora of possibilities to obtain different materials with this binding affinity, depending 

on the method or type of polymerisation [1]. This is why, they are becoming more popular and used 

in different applications and fields such as clinical, medical, forensic, and environmental.  

 

If focusing on the environmental field, one of the most interesting properties that these polymers 

can offer is the enrichment features. This can be used to lower the limits of detection of hazardous 

species and their analogue structures. As illustration of these ideas, in this communication we 

present the development of a voltammetric sensor to identify, detect and quantify 2,4,6-

trinitrotoluene (TNT) using a dummy template to facilitate imprinting process. The developed 

sensors demonstrate its ability to discriminate this hazardous species in the environment, together 

with several other nitro aromatic compounds that may be derived products of its biodegradation [2]. 

 
Figure 1. Schematic procedure of polymer imprinting synthesis process employing the 2,4,6-trinitrotoluene (TNT) 

analogue, 2,4-dinitrophenol (DNP), and its application towards TNT dummy imprinting sensing. 

Keywords: Molecularly Imprinted Polymers, Acrylate Based Synthesis, Voltammetric sensor, 

2,4,6-Trinitrotoluene, Nitro Compounds.  
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Bacteria contaminations are a global threat, causing problems in relation to food safety, 

environmental pollution, and human healthcare1. This, calls for cheap and user-friendly methods to 

monitor the level of bacteria in various circumstances. Current standard methods for bacteria 

detection are based on PCR, ELISA, culturing and counting, but these strategies are expensive, time-

consuming and require trained personnel.  

 

Electrochemical biosensors can guarantee a rapid and inexpensive detection with high sensitivity and 

reproducibility2. Printing techniques3 allow accurate deposition and patterning of functional materials 

and even biological molecules, proving to be valid tools for fast, mass-scale production of biosensors. 

 

In this work, we will present an electrochemical biosensor for E. coli assessment based on stamp-

transferred laser-scribed reduced graphene oxide (rGO) working and counter electrodes4 and an 

inkjet-printed Ag/AgCl pseudo-reference electrode.  Laser-scribing and inkjet printing techniques 

enable fast and cheap fabrication of the electrodes, and the smartphone-based platform allows point-

of-care detection. We believe this will give some hints for the development of biosensors for the 

monitoring of bacterial contamination. 
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Safe and sustainable innovation requires a good understanding of the potential health and 

environmental risks along the life cycle of a product, involving all the concerned stakeholders. 

Understanding what the exposed entity is from a product may be determined by the initial emission 

step of particles/materials/chemicals from different conditions along the life cycle of the product. 

The conditions of emission and consequent release from a product use will vary with the matrix, 

nanomaterial, the forces that cause release, and the medium into which release occurs. 

Consequently, the scope of the problem for developing policies and methods for risk management 

of nanotechnology products and their uses is huge, and therefore an approach to reduce scope is 

needed so that safe innovation can proceed.  

This talk will provide an overview of the necessary steps to be taken for managing the potential 

risks associated to nanotechnology-based products. Additionally, the challenges and progress 

towards the implementation of the safe and sustainable by design concept for the sustainable 

development of safer nano-enabled products, will be highlighted. 
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Nowadays, there has been an increasing global concerns about the impact of micro/nano sized 

plastics (NMPs) by reason of the cumulative and the fragmentation into smaller particles, 

suggesting a plausible yet unclear hazard for the human health. The possibility of observe NMPs in 

laboratory experiments is of paramount importance for understanding the fate of these materials. 

One of the major issues, is whether microplastics (MPs) may translocate across membranes and 

accumulate inside the body. It is well known that, they can hardly be identified once brought into 

biological systems. At present, their identification consists in microscopy characterization followed 

by a spectroscopy characterization using infrared (ATR-FTIR), Raman and gas-chromatography–

mass (Pyro-GC-MS). However, for study the microplastics these techniques rely on complex pre-

treatment process, clean-up steps and time-consuming analysis. To address this matter, our 

approach, comprise the developed of a multilayer composite particle, dual-labelled and easily 

traceable as reference material that works as a multifunctional probe to evaluate the health risk of 

NMPs. Hence, we describe a flexible synthetic protocol based on the radical emulsion 

polymerization for the production of core-shell labelled Polystyrene (PS) nanoparticles. Our method 

used chemically and fluorescently -tagged NCs as a core for further growth a controlled PS shell. 

The tagged-NCs were chosen on the basis of their properties; gold (Au) nanoparticles were used 

due to their unique chemical traceability and optical properties and the fluorescently-labelled Silica 

(SiO2) due to their well-known use as biological probe. The fine adjustment of the conditions 

allowed us to control the size of the NPs by the proper balance of both nucleation and growth 

processes. Our promising results, revealed that it is very feasible to follow our hybrid NPs once 

exposed to HEK293 cells and injected intravenously in a mice model by a confocal microscopy and 

ICP-MS, demonstrating that are very suitable for biodistribution studies.  

 
 

Figure 1. Characterization of the dual-

labell core-shell PS nanoparticles with 

plasmon-enhance properties 

Au@SiO2-FITC@PS, A) electron 

microscopy image with size 

distribution of 536.5 ± 22.8 nm, B) 
UV-Vis spectra of colloidal the 

solution, C) fluorescence spectra of the 

NPs and D) spectral confocal 

microscopy of the NPs by reflexion 

and fluorescence. 
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Determination of heavy metal ions would support assessment of sources and pathways of water 

pollution. However, traditional spatial assessment by manual sampling and off-site detection in 

laboratory is expensive, time consuming and requires trained personnel. The present on-site platforms 

still suffer from the low portability and automation, requiring human on deck to complete the 

measurements. Aiming to fill this gap, we developed an autonomous sensing boat for on-site heavy 

metal detection using square-wave anodic stripping voltammetry. A fluidic sensing system was 

developed to integrate in the boat as the critical sensing component, and was able to detect up to 1 

μg/L of Pb, 6 μg/L of Cu and 71 μg/L of Cd simultaneously in laboratory. Once its integration was 

completed, the autonomous sensing boat was tested in the field, demonstrating its ability to 

distinguish the highest concentration of Pb in an effluent of galena-enriched mine compared to other 

sites in the stream (Osor Stream, Girona, Spain).1 
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Metal-organic frameworks based composites for water purification 
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Water pollution is a principal cause of health disorders worldwide. Increasing industrial activity, 

especially in developing countries, often involves contamination of water with soluble toxic metal-ion 

pollutants that readily accumulate in humans and animals.  Exposure to heavy metals such as arsenic, 

cadmium, chromium, lead, and mercury, even at trace levels, is especially pernicious to human health. 

Consequently, major efforts have been devoted to the development of water-treatment methods. 

One promising approach for water treatment is adsorption, which has been lauded for its simplicity, 

versatility, cost efficiency, and effectiveness.  Common adsorbents such as activated carbon, zeolites, 

clay minerals, and natural fibers have been studied for the adsorptive removal of heavy metal ions. 

However, these materials suffer from drawbacks such as limited regeneration, slow sorption kinetics, 

relatively low thermal or chemical stability, and limited selectivity. Metal–organic frameworks (MOFs), 

which are porous ordered structures exhibiting large specific surface areas, have recently garnered 

much attention as adsorbent materials, given their high adsorption capacity and chemical/structural 

tunability. Another class of material that has been widely studied as adsorbents is inorganic 

nanoparticles (iNPs), which exhibit high activity and specificity toward heavy-metal ions. For example, 

cerium oxide (CeO2) NPs have exhibited excellent adsorption capacities for the following metal ions in 

water. One way to mitigate the iNP-aggregation problem is to incorporate iNPs into the porous 

matrices of other materials. Among porous materials, MOFs have surfaced as an attractive partner for 

iNPs, not only to prevent iNP aggregation and to facilitate their recovery after the adsorption process 

but also for their remediation capabilities. Herein, we report new composite microbeads for 

simultaneous removal of various metals from water, which we obtained by incorporating iNPs into 

MOFs via a one-step spray-drying process. As iNPs, we used CeO2, and as MOFs, we used the water-

stable Zr-MOFs UiO-66. We tested the resultant composite for the purification of synthetic river-water 

samples prepared as mimics of two polluted rivers and of a real field sample from another polluted 

river.  

 

 



“ELECTROCHEMICAL AND NANOMATERIAL PROCESSES IN THE TREATMENT 

OF INDUSTRIAL EFFLUENTS” 

(Miquel Blasi Roma, CEO and Scientific Director of e-WATTS TECHNOLOGIES S.L.) 

ABSTRACT: 

There is currently a growing problem with the reduction of industrial pollution caused by 

emerging pollutants as the discharge limits are very low and difficult to achieve with the usual 

technologies. Electrochemistry achieves this reduction with great efficiency and operating and 

investment costs. The upward trend in the prices of electrodes used in electrooxidation means 

that nanotechnology can provide new materials with a high active surface area, moderate cost 

and a high "service life". The relationship between technological companies and universities or 

technological centers is essential to achieve this goal. 

INDEX: 

1.-CURRENT PROBLEMS IN THE CONTAMINATION OF INDUSTRIAL EFFLUENTS. 

2.-APPLICATION OF ELECTROCHEMICAL TECHNIQUES IN THE TREATMENT OF INDUSTRIAL 

EFFLUENTS (EAOP’S) 

3.-OTHER TECHNOLOGIES APPLIED TO THE TREATMENT OF PERSISTENT ORGANIC POLLUTION 

(AOP’S). 

4.-ANODICAL MATERIALS USED IN EAOP’S. 

5.-NEW NANOMATERIALS AND IMPROVEMENT OF THE ANODES USED IN EAOP’S. 

6.-DEVELOPMENT OF THESE NEW MATERIALS AND COLLABORATION BETWEEN 

TECHNOLOGICAL COMPANIES AND TECHNOLOGICAL UNIVERSITIES OR CENTERS. 

7.-SOME EXAMPLES. 

8.-CONTACTS. 
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