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Endocrine disruptors (EDs) are contaminants that may mimic or interfere with the body’s hormones, hampering the normal
functions of the endocrine system in humans and animals. These substances, either natural or man-made, are involved in
development, breeding, and immunity, causing a wide range of diseases and disorders. The traditional detection methods
such as enzyme linked immunosorbent assay (ELISA) and chromatography are still the golden techniques for EDs
detection due to their high sensitivity, robustness, and accuracy. Nevertheless, they have the disadvantage of being
expensive and time-consuming, requiring bulky equipment or skilled personnel. On the other hand, early stage detection
of EDs on-the-field requires portable devices fulfilling the Affordable, Sensitive, Specific, User-friendly, Rapid and Robust,
Equipment free, Deliverable to end users (ASSURED) norms. Electrochemical impedance spectroscopy (EIS)-based
sensors can be easily implemented in fully automated, sample-to-answer devices by integrating electrodes in microfluidic
chips.
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Endocrine disruptors (EDs) are environmental contaminants that disrupt the normal functioning of the endocrine system in
mollusk, crustacea, fish, reptiles, birds, and mammals. For humans, these compounds may cause cancerous tumors L2
B and infertility . Natural EDs originate in living organisms and can be either hormones (testosterone, estrogen, or
progesterone) or mycotoxins such as zearalenone. Synthetic EDs can be found in plastic additives, industrial reagents,
and waste. Some of the most common synthetic EDs are precursors in the production of rubber, pesticides and plastic
additives such as atrazine, alkylphenols, bisphenol A (BPA) B parabens, perfluoroalkyl acids [, phthalates and
polychlorinated biphenyls (PCBs) . A list of relevant EDs is given in Table 1.

A variety of analytical methods have been used for the detection of EDs, including liquid chromatography coupled with
mass spectrometry (LC-MS) [, gas chromatography coupled with mass spectrometry (GS-MS) &, high-performance
liquid chromatography (HPLC) coupled with fluorescence detection 19 or with mass spectrometry 111121, These methods
usually require laborious and time-consuming steps for sample pre-concentration, and high amounts of reagents. By
comparison, electrochemical sensors and biosensors offer advantages such as low cost, portability, and do not require
complex pretreatment steps. Moreover, biosensors can be used for selective, fast, and direct detection of analytes in real

samples.
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Electrochemical impedance spectroscopy (EIS) is a sensitive technique which can be used to monitor biomolecular

events occurring at the electrode surface. These events include affinity interactions involving peptides, receptors, nucleic

acids, whole cells, and antibodies.



| 1. EIS Biosensors for the Detection of EDs
1.1. Immunosensors

Immunoassays are based on the specific interaction between an antigen and the corresponding antibody (Ab), which can
be transduced into a measurable physical signal 22, Immunosensors can be prepared using monoclonal, polyclonal or
recombinant Abs. Immunosensors have been used for the detection of EDs, such as DES, estradiol, phthalates and
bisphenol A 4,

1.2. Aptamer-Based Biosensors

Aptamers are oligonucleotides that bind to a specific target. Because of their in vitro selection and production, the
relatively new technology of aptamers has emerged as an alternative to antibodies, as they are obtained through chemical
synthesis, with high reproducibility, and their production is not dependent on living organisms. They can be easily
regenerated, have a much longer shelf life, and can be stored at ambient temperature.

1.3. Estrogen Receptor-Based Biosensors

Human-estrogen receptor alpha (ER-a) is a protein that belongs to the nuclear receptor group and can bind
xenoestrogens such as 17B-estradiol. Due to its specificity and ability to be engineered, ER-a was used as bio-recognition
element for the development of ED detection methods [Bl. Estrogen receptor-based biosensors are not often
encountered.

1.4. Enzyme-Based Biosensors

Other biorecognition elements, such as enzymes, were used to develop the ED biosensors. In the case of phenolic
compounds, these biosensors are often based on the enzymatic oxidation by enzymes such as tyrosinase 22 or laccase
(33 Metal composites have been used to modify the working electrodes and to provide a large surface area for enzyme
immobilization and improved surface charge transfer.

1.5. Peptide-Based Biosensors

Peptides are oligomers and polymers that can be customized with highly controlled preparation methods, due to the
variety of natural and synthetic amino acids available for synthesis. Peptides have been employed in biosensing due to
their specificity, better chemical and conformational stability compared to antibodies 4, low cost and facile synthesis and
modification protocols that allow customization for a wide variety of applications 33,

1.6. Microbial Biosensors

Microbial biosensors use microorganisms as a sensitive biological element. Their main advantage is the fact that, unlike
molecule-based biosensors, they provide information on toxicity or bioavailability 28]. The microbes are usually genetically
engineered by modifying their structure to serve as bio-receptors for the target molecule 4.
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