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Our view of the present state of research 

Emerging contaminants (ECs) comprise a chemically diverse group of unregulated 
contaminants detected in water, soil, air, food, and even in humans. They originate from 
industrial and agricultural processes, as well as from everyday human activities, and 
include pesticides, per- and polyfluoroalkyl substances (PFAS), microplastics, metal ions, 
pharmaceuticals, and personal care products (PCPPs), among others. Although normally 
these species are present in trace/safe concentrations in water bodies, the simultaneous 
occurrence of multiple ECs, together with their bioaccumulative and persistent nature, 
poses potential long-term harm to both ecosystems and human health. Conventional 
wastewater treatment plants (WWTPs) are not prepared to remove these contaminants, as 
they are found in the water effluents, mainly due to their low concentrations, chemical 
complexity and the lack of suitable detection and removal technologies, highlighting the 
need for alternative solutions [1].  
Among the technologies investigated for the removal of ECs, adsorption, membrane 
filtration, biological treatments and advanced oxidation processes (AOPs) are the most 
widely used [2]. More recently, metal-organic frameworks (MOFs) have emerged as 
versatile multifunctional materials for water remediation. Their fundamentally higher 
level of complexity-arising from the combination of inorganic nodes and organic linkers, 
together with their crystalline “a la carte” design, exceptional sorption capacities, and 
tunable cavities, makes them particularly attractive candidates. MOFs are able to 
integrate various functions (e.g., adsorption, catalysis, disinfection, sustained and 
synergistic release) [3] in a single MOF structure or within more complex systems (e.g., 
enzyme-, polymer-, metal-, metal oxide-, carbonaceous materials-MOF) [4,5], and can 
also be processed as practical devices (e.g., membranes, packed columns) [6] for water 
treatment. Such versatility offers a promising pathway to overcome the limitations of 
conventional methods, an opportunity that our research is actively exploring. 
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Our recent research contributions in water remediation: from multifunctional 
complexity to practical simplicity 

Harnessing this potential, our research has focused on the design and application of 
MOF-based systems for environmental remediation, with a particular focus on emerging 
organic contaminants (EOCs). We approach this challenge from two complementary 
angles: i) the removal of EOCs already present in waters; and ii) the mitigation of their 
release into de environment. 
First, we focused on the removal of PPCPs, which are among the most persistent and 
widespread contaminants detected in water sources. Since the pioneer reports on PPCPs 
adsorption [7] and degradation [8] using MOFs, our research has significantly advanced 
the field towards more realistic conditions by addressing critical yet often-overlooked 
aspects such as material stability, regeneration, recyclability, and long-term operation in 
complex matrices (e.g., tap water) under continuous flow. In this context, the use of more 
complex MOF architectures has been particularly impactful: defect-engineered 
frameworks have shown enhanced adsorption capacities and prolonged operation [9], 
while Ag@MOF composites enabled the first demonstration of continuous-flow 
photodegradation of contaminants [10] and even exhibit complementary intrinsic 
disinfection properties [11]. Further advances include the simultaneous degradation of 
multiple pollutants [12], and the integration of adsorption and photodegradation within a 
single MOF, leading to more efficient and versatile water treatment [13]. Building upon 
these developments, we have also validated MOF performance under complex realistic 
conditions. Using wastewater from urban WWTPs, in collaboration with Inge’s group, 
we demonstrated the high efficiency of a Zr-ellagate MOF, which removed 9 out of 17 
detected pharmaceuticals under batch conditions [14]. More recently, a Bi-ellagate MOF 
was tested at pilot scale, achieving the elimination of 8 out of 14 monitored contaminants 
over 80 consecutive cycles, thereby demonstrating both efficiency and robustness under 
operationally relevant conditions [15].  
Beyond pharmaceutical contaminants, we have pioneered the degradation of 
microplastics at room temperature using MOFs. For this purpose, we developed a 
composite based on the enzyme Candida rugosa immobilized on the outer surface of a Zr-
MOF. Remarkably, the biocomposite was able not only to degrade polyethylene 
terephthalate (PET) derived from a common plastic bottle, but also to further break down 
its primary degradation product (i.e., bis(2-hydroxyethyl) terephthalate, BHET) into the 
final terephthalate product (i.e., >37% degradation in 24 h). It is important to note that it 
maintained good stability and recyclability with minimal enzyme leaching, being also 
able to adsorb the toxic plastic degradation by-products, as well as other contaminants 
[16]. 
Beyond PPCPs and plastics, attention must also be given to potentially toxic by-products 
formed during water disinfection process. For instance, the use of chlorine dioxide 
generates chlorites and chlorates, which may be harmful at high concentrations. We 
demonstrated that a biocompatible, flexible iron MOF efficiently removed these 
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oxyanions, operating continuously for 3 days and, after simple NaCl regeneration, 
reaching a total lifetime of 6.4 days under drinking water treatment plant (DWTP) 
conditions [17,18]. Altogether, these advances illustrate how tailored, multifunctional 
materials can translate into simple, practical solutions for water treatment under real-
world conditions. (i.e., 100% ClO2- in only 1 min and 30% ClO3- in 5 min). 
At this point, we believe that our research group, along with others [3,5,19], has 
demonstrated the potential of MOFs in water treatment. Seeking to go further, we 
explored their role in contaminant prevention, originally proposing a second strategy: the 
use of ECs as linkers in MOF construction. Particularly, we developed AgroMOFs, built 
from agrochemicals as constitutive linkers and active metal cations, and studied them as 
controlled release agents. AgroMOFs ensure high active loadings, avoid multi-step post-
synthetic procedures, are economically attractive, and enable slow, degradation-driven 
release, minimizing harmful agrochemical peaks in the environment. The first reported 
AgroMOF, based on the herbicide glufosinate and Cu2+ [20], demonstrated a superior 
activity and selective herbicidal effect while remianing safe for crops. This highlights the 
potential of combining herbicide and antibacterial/antifungal units within AgroMOFs to 
generate multifunctional agrochemicals. Building on this approach, we developed a Mg-
fosfomycin (antibacterial) MOF with a prolonged two-step Mg2+ release and enhanced 
fertilizer effect compared to the typically used Mg(SO4)2 [21]. In addition, porous MOFs, 
intrinsically active or not, can also act as hosts as carriers or coatings for active 
compounds (e.g., the fertilizer hydroxyapatite) [22], enabling sustained and localized 
release. 

 
Figure 1. Scheme of application of MOFs in water decontamination 
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Outlook for future developments  

Although multifunctional MOFs have demonstrated remarkable potential for water 
remediation, several challenges need to be addressed before their large-scale 
implementation is viable. Emphasis needs to be placed on real-world applicability, 
moving beyond idealized laboratory conditions to explore material stability, recyclability, 
continuous-flow operation, and performance in real wastewaters.  
Key limitations include: i) the scalability and cost of synthesis, particularly for 
frameworks incorporating complex or expensive linkers, ii) the long-term environmental 
stability under harsh and fluctuating conditions (pH, salinity, organic matter), and iii) the 
risk of metal or ligand leaching, which demands thorough toxicological evaluation. 
Integration into existing WWTPs remains particularly complex, requiring operational 
robustness and regulatory approval. However, implementation could be more 
straightforward in smaller-scale systems (e.g., water filter carafes) or in specific 
contaminated settings (e.g., hospitals, industry), thus opening more tangible opportunities 
in these areas 
Given these limitations, future efforts should focus on developing more environmentally 
friendly and scalable synthetic routes using abundant, low-cost precursors, considering 
life-cycle and techno-economic assessments. In addition, research into hybrid systems 
combining MOFs with membranes, enzymes, or other adsorbents/catalysts, among 
others, could enhance selectivity and resilience. However, this complexity must remain 
balanced with simplicity and scalability to ensure practical applicability in water 
treatment. Finally, the rational design of AgroMOFs offers a promising strategy to unify 
environmental protection and sustainable agriculture.   
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