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Organic liquids immiscible with water, such as volatile organic compounds
(VOCs) and plasticizers are widespread harmful environmental pollutants,
which have long been considered a risk factor for chronic diseases in
humans. VOCs or plasticizers in the outdoor environment largely originate
from industrial manufacturing, combustion and leakage of transportation
fuels, and biological metabolism. Consequently, in order to protect the
environment and human health, there is an urgent need for point-of-need
sensors for VOCs as well as plasticizer detection. Fluorimetric sensors are
emerging attractive tool for monitoring concentration changes of these
analytes in environmental samples, that can reduce need for advanced,
instrumental methodologies. Various fluorescence-based strategies have
already been demonstrated, with turn-on fluorescence approaches being
particularly promising. These strategies are based on the interaction of
fluorometric dyes or conjugated polymers embedded in polymeric matrices
with the target analytes. The proposed approaches show great potential for
real-time monitoring of hazardous pollutants in environmental applications,
offering cost-efficient, simple, and portable alternatives to conventional
analytical techniques. However, it is worth emphasizing that despite the great
variety of research topics, the current state of knowledge does not exhaust this
field, and many challenges still remain to be overcome.

fluorimetric sensors, plasticizers, volatile organic compounds, polymeric nanoparticles,
electrospun nanofibers

1 Introduction

Environmental contamination, especially water pollution, is a significant global
concern, and the shortage of fresh water is one of the greatest challenges of modern
civilization (Grzegorzek et al., 2023). Nowadays, the environment is increasingly polluted by
industrial effluents, agricultural leaching, and the growing amounts of domestic pollutants
resulting from population growth (Ejiohuo et al., 2025) (Figure 1). Considering the growing
public awareness of the threats posed by the presence of toxic substances in the
environment, it is particularly important to search for alternative methods of their
detection. Among these pollutants, some of the most hazardous are (VOCs) (Baskaran
etal,, 2024) and plasticizers (Flora et al., 2025) (Figure 1). VOCs and plasticizers - especially
those immiscible with water - exhibit low chemical reactivity, which makes their selective
detection challenging.
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FIGURE 1
Schematic representation of the idea of this work.

The golden standard method for VOC detection is gas
chromatography (GC), often preceded by a microextraction
step. This technique has long been considered the reference
method for analyzing the presence and distribution of VOCs in
environmental samples (Chary and Fernandez-Alba, 2012; Mar¢
et al., 2012; Sol6rzano-Garcia et al., 2025). Porous materials such as
metal-organic frameworks (MOFs) or semiconductor materials
have also been proven effective as sensors for detecting VOCs in
the gas phase, using measurements of electrical resistance or other
electrical parameters as the detection mode (Chen et al., 2025;
Khatib and Haick, 2022). Compared to traditional instrumental
analytical methods, chemical gas sensors are relatively inexpensive
and allow real - time monitoring (Wang et al., 2018). However, the
main drawback of these devices is their high operating temperature -
often exceeding 200 °C - which limits their applicability under field
conditions. For economic and thus practical reasons, electronic nose
(e-nose) technology appears to be a promising approach for VOC
detection (Li et al., 2024). Such devices consist of an array of multiple
low-cost sensors, providing a certain level of selectivity. These
e-noses are portable, easily scalable, and suitable for detecting
VOCs in gas samples. Among other applications, they have been
used in the analysis of exhaled breath based on electrochemical
detection (Vadera and Dhanekar, 2025).

In the case of plasticizer determination, chromatographic
chromatography (GC) or liquid
chromatography (LC) are predominantly employed (Miranda

techniques such as gas
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et al., 2025). An alternative approach is capillary electrophoresis
(CE), including capillary zone electrophoresis (CZE), which
separates and quantifies analytes based on molecular size,
charge-to - mass ratio, and isoelectric point (Bernard et al,
2014). Unfortunately, these methods require highly qualified
personnel and expensive laboratory equipment and, moreover,
are not suitable for field applications.

Taking this into account, it seems important to search for
relatively simple, non-instrumental methods that can be used for
at least a preliminary assessment of potential threats, especially
in situations where access to highly specialized laboratories is
limited. A highlighting the
continuous monitoring of environmental samples is the train
accident in the Czech Republic (February 2025), which resulted
in the release of toxic benzene (a VOC) into the environment and

recent example necessity of

the subsequent contamination of a nearby lake. Such incidents
clearly underscore the urgent need to develop alternative
detection methods that are portable, easy to operate and suitable
for use outside laboratory settings. This presents a particular
challenge, and reliable detection requires innovative approaches
(BBC News, 2025).

In this summary we intend to present exemplary alternative,
sensors approaches potentially useful for determining organic
liquids—pollutants - present in water samples. However, we do
not aim to provide a comprehensive review of available sensors
for these class of analytes. Instead, we aim to highlight the benefits

frontiersin.org


https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2025.1710573

Kalisz et al.

and drawbacks of some of the approaches proposed. Despite the
progress achieved in the development of optical sensors for VOC
and plasticizer detection, several fundamental limitations still
remain. Most existing studies focus on improving sensitivity
under controlled laboratory conditions, often neglecting issues of
photostability, —and applicability.
Furthermore, little attention has been given to the long-term

selectivity, real-sample
performance of sensing materials under variable humidity,
temperature, and complex sample compositions typical of real
environments. As a result, many reported sensors demonstrate
impressive analytical parameters but fail to meet the practical
requirements of continuous or on-site monitoring. Our
perspective emphasizes that addressing these gaps requires a shift
from purely performance-oriented designs toward materials and
sensing strategies that ensure robustness, reproducibility, and
environmental safety. “Turn-on” fluorescence sensors offer a
feasible pathway toward achieving this goal. We believe that by
integrating functional materials with rational sensor design, it is
possible to fulfill the current gap between laboratory demonstrations
and real applications. We predict that among challenges, regarding
real-sample application, the following will be the most important: (i)
optimization material engineering of the receptor part, (ii) looking
for new fluorophores, (iii) improvement of sensitivity (iv) increasing
biocompatibility and (v) improving sensor performance in complex

matrices, not only in model samples.

2 Volatile organic compounds and
plasticizers

VOCs are carbon-based substances that exist in solid or liquid
form and can transfer into the gas phase through evaporation at a
pressure and temperature equal to or higher than 0.01 kPa and 20 °C,
respectively (Mangotra and Singh, 2024). VOCs are commonly used
in the production of pharmaceuticals, paints, solvents, and
refrigerants (Figure 1). Due to industrial growth, the average
annual emission of anthropogenic VOCs is expected to increase
significantly in the coming years (Zhou et al., 2023). VOCs are
classified into major groups: aromatic hydrocarbons, halogenated
organic compounds, organic sulfides and sulfinyl compounds,
ketones, and esters. Although they generally exhibit low chemical
reactivity and limited solubility in water, VOCs can have toxic effects
on human health and the environment (Baskaran et al., 2024; Shen
et al,, 2024; Yang et al., 2025).

Because of their relatively high volatility at room temperature,
VOCs often occur as vapors or liquids, which can trigger reactions in
the respiratory system and contribute to an increased risk of asthma
and other pulmonary diseases. Individuals with prolonged exposure
in poorly ventilated or enclosed spaces, such as factory or warehouse
workers, are particularly at risk (Irga et al., 2024). The global increase
in VOC production contributes to the release of these compounds
into the environment, leading to serious pollution issues, including
contamination of drinking water and disruption of microbial
ecosystems. For instance, the EPA has set New Source
Performance Standards (NSPS) and National Emission Standards
for Hazardous Air Pollutants (NESHAP) to reduce harmful air
pollutants and to limit the release of VOCs from refinery operations
(USEPA, 2016). Growing concerns have driven interest in simple,
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sensor-based systems that enable point-of-need VOC detection.
However, the detection and quantification of VOCs remain a major
challenge in chemical analysis, particularly in environmental
monitoring (Li et al., 2021).

Plasticizers, as low - volatility organic compounds, are also
widely used in industrial production, primarily in the
manufacturing of plastics (Qadeer et al., 2022). Their emission
can have a toxic impact on environmental wellbeing (Qadeer
et al,, 2024). The most commonly used are phthalate plasticizers.
Due to their low volatility and reactivity, they have a high potential
for bioaccumulation, and their carcinogenicity has been confirmed.
As a result, they have been classified as hazardous substances (Flora
et al,, 2025; Qadeer et al., 2022; Qadeer et al., 2024). Similarly to
many VOCs, most plasticizers exhibit low electrochemical activity
and lack of optical activity in the visible light range. Consequently,
their detection using simple or non-specialized methods remains

challenging (Hasan et al., 2025).

3 Turn-on fluorescence sensors

Several fluorescence-based strategies have been proven to be
highly efficient in both qualitative and quantitative analysis of VOCs
and plasticizers in environmental samples. Since the field of
fluorometric sensors for determining plasticizers or VOCs is very
broad, we highlight here only turn-on fluorescence-based detection
strategies. In such methods, the analytical signal increases with rising
analyte concentration. Sensors using turn-on fluorescence emission
have many advantages over other optical sensors (Bui et al., 2022).
They minimize interference from other ions or molecules in real
environmental samples, leading to more accurate measurements, and
reduce the risk of false signals. Furthermore, the turn-on mechanism
provides an easily visualized signal, making it particularly suitable for
quantitative analysis. These sensors also simplify the detection
process, often requiring fewer steps compared to other methods.

The detection strategies rely on the interaction of fluorometric
dyes, embedded in polymeric matrices (in the form of nanoparticles
or nanofibers), with target analytes. Such mechanisms often involve
dye/polymer disaggregation under specific conditions and are
characterized by high sensitivity within low concentration ranges
(ppm level). The proposed approaches show potential for real-time
monitoring of hazardous organic pollutants in environmental and
biomedical applications, offering cost-efficient, simple, and portable
alternatives to conventional laboratory techniques. Most classical
fluorophores exhibit strong fluorescence properties when well
dispersed in solution, whereas their fluorescence intensity
decreases in the solid or aggregated state (Figure 1) (Meher et al.,
2022). This phenomenon, known as aggregation-caused quenching
(ACQ), has been documented since Forster’s discovery of the
concentration quenching effect in 1954 (Forster and Kasper,
1954; Mei et al.,, 2015). It arises from interactions of the aromatic
rings of luminophores due to strong intermolecular n-m stacking.
When a fluorophore is dissolved in a good solvent (e.g., one of the
VOCs or plasticizers), its dilute solution shows strong luminescence.
However, with a gradual increase in the fraction of a poor solvent,
fluorescence becomes weaker.

Another research direction is based on an alternative detection
mechanism. In 2001, Tang et al. introduced the concept of
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aggregation-induced emission (AIE), the opposite of the ACQ effect.
AIE fluorophores are weakly luminescent in solution but become
strongly emissive in their aggregated state (Hong et al., 2009; Mei
etal, 2015). The advantages of AIE lie in high emission efficiency in
the aggregated state, excellent photostability, and extremely low
background noise. Therefore, changes in the degree of aggregation
of selected dyes, according to either the ACQ or AIE mechanism,
lead to fluorescence changes upon contact with various VOCs or
plasticizers, opening up possibilities for tracking their concentration
in samples.

An innovative approach to VOC detection via the ACQ
mechanism relies on variations in the fluorescence spectrum of
the conducting polymer poly (3-hexylthiophene-2,5-diyl) (PeHT)
(Kaluza et al., 2022). PeHT in a good solvent (e.g., THF) shows an
intense emission spectrum with a maximum around 570 nm. Upon
introducing the THF-dissolved polymer into an aqueous phase
considered a poor solvent, PeHT undergoes aggregation, forming
polymer nanoparticles. As a result, strong fluorescence quenching is
observed, along with the appearance of two new emission maxima
around 650 and 720 nm. Upon the addition of styrene (VOC) to the
aqueous suspension of PeHT nanoparticles, the compound, due to its
high lipophilicity, preferentially localizes within the polymer
particles. This leads to the formation of solvent nanodroplets
inside the PeHT structure and disaggregation of polymer chains,
resulting in an increase in fluorescence intensity. For these
nanoparticles, a linear relationship between emission intensity and
styrene concentration in the range of 10-200 ppm was recorded
(Figure 2A). Importantly, the sensor demonstrated high selectivity
toward styrene over other VOCs such as toluene, chloroform,
m-xylene, benzene, and ethanol. The high sensitivity of PeHT
nanoparticles to styrene in solution also enabled monitoring of its
concentration in the gas phase, owing to partitioning between the gas
and liquid phases. The proposed sensor allowed detection of styrene
in the gas phase within the concentration range of 50-2,100 ppm.

Another approach involved the detection of small amounts of
plasticizers in water (Kisiel et al., 2020a). This method relies on the
spontaneous diffusion of analytes such as dioctyl sebacate (DOS) or 2-
nitrophenyl octyl ether (o-NPOE) from an aqueous solution into
fluorescent polymeric nanoparticles. The interaction of the lipophilic
plasticizer with nanoparticles made of poly (maleic anhydride-alt-1-
octene) (PMAO), combined with Nile red (NR) dye, leads to an
increase in the emission intensity of the solvatochromic dye embedded
in the nanostructure. This effect results from changes in local polarity
and molecular mobility within the nanostructure (Greenspan and
Fowler, 1985; Stelmach et al., 2024; Solorzano-Garcia et al., 2025).
Transmission electron microscopy (TEM) revealed aggregation/
deaggregation of NR on nanoparticle surfaces before and after
exposure to plasticizers (Figure 2B). Moreover, results indicate that
the type of plasticizer affects both the degree of nanoparticle swelling
and the nature of the dye response, due to differences in polarity,
solubility, and interaction with the polymer matrix.

A similar detection method was wused for m-xylene
determination. This approach requires crosslinked polymeric
nanoparticles (PMAO) containing aggregates of polythiophene
(Kisiel et al., 2020b). Contact of nanostructures with aqueous
dispersions of organic solvents results in a significant change in
polymeric nanostructure size. PMAO(POT) spheres dispersed in
solution under DLS conditions are characterized by a diameter of
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about 250 nm. The observed increase in diameter is related to the
partitioning of xylene (VOC) into the bulk of nanospheres and the
spontaneous formation of PMAO(POT) nanoparticles behaving like
sponges that absorb VOCs. The selectivity of this nanosponge
from the affinity of VOC analytes to
polythiophene and the nanoparticle material. An increase in the

approach results

emission signal was observed for xylene concentrations of 60 or
120 ppm, depending on the amount of dye introduced into the
nanostructure (Figure 2C).

A significant improvement in fluorimetric analysis can be
achieved by changing the sample format through the application
of nanofiber mats produced by electrospinning. A key advantage of
nanofiber mats is their high surface-to-volume ratio, which
significantly enhances interaction with analytes despite their
macroscopic form. The nanofiber mats were prepared from poly
(vinyl chloride) (PVC) containing dispersed NR dye (Kaczmarczyk
et al., 2022) (Figure 2D). The detection mechanism is based on
partial dissolution or deaggregation of the polymer/dye upon
contact with organic solvents, which is monitored using optical
methods. PVC was selected as the polymer matrix due to its low
solubility in many organic solvents, while still allowing swelling or
permeation of certain vapors (Lin et al., 2022). Due to the sensor’s
highly developed active surface, the amount of NR dye located on or
near the fiber surfaces is substantial, enabling effective interaction
with analytes without significantly disturbing the nanofiber
structure. The proposed sensor for VOCs present in the aqueous
phase exhibited a linear response for analyte concentrations ranging
from 200 ppm (m-xylene) and 300 ppm (styrene) up to
approximately 1,500 ppm.

4 Summary and perspectives

This work presents innovative strategies for the detection of
VOCs and plasticizers based on fluorescence turn-on signals
generated by the interaction of analytes with functional

nanostructures. The proposed sensors represent promising
alternatives for rapid, on-site detection of harmful compounds,
especially in situations where access to a laboratory is limited.
Although notable achieved,

limitations still need to be addressed (Figure 1).

results have been significant

i. We predict that in near future, progress in the field of “turn-
on” fluorescence sensors for VOC and plasticizer detection
will largely depend on advances in molecular design and
material engineering. One of the directions of development
may be expanding the functionality of nanofibers. Electrospun

various structural, chemical, and

that them
detecting organic pollutants (Agarwal et al., 2025; Behroozi

nanofibers possess

mechanical properties make suitable for
etal,, 2023; Oleiwi et al., 2025). Functionalizing their surface is
a promising approach to enhancing selectivity, which is often
insufficient in currently available sensors. Moreover, mats can
be prepared from materials with different wettability, allowing
controlled interaction with analytes based on polarity. Porous
electrospun nanofibers are one of the most important
achievements in nanomaterials research due to their unique

structure and function. The use of porous nanostructures can
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image of PeHT nanoparticles (reproduced with permission from Katuza et al.,, 2022). (B) Calibration curves recorded for different concentration of the
plasticizer: (l) DOS or (M) NPOE and confocal microscopy images of PMAO(NR) nanoparticles before and after contact with plasticizer (reproduced with
permission from Kisiel et al,, 2020a). (C) Selectivity of PMAO(POT) nanosponge system for model solvents tested (m) xylene, (A) toluene, (V)
chloroform, (@) methylene chloride and confocal images of nanosponge sample in the absence and in the presence of xylene. (reproduced with
permission from Kisiel et al., 2020b). (D) Calibration curves recorded for various analytes: (@) styrene, (&) m-xylene, (m) toluene, (4) chloroform and SEM
images of nanofiber mat before and after contact with VOCs. (reproduced with permission from Kaczmarczyk et al.,, 2022).

further increase selectivity by enabling interaction only with
specific analytes. The another promising direction involves
the rational design of functional polymer matrices capable of
both capturing analytes and modulating fluorescence in a
controllable way.

Frontiers in Chemistry
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ii. Particular attention should be directed toward the development
of new fluorophores with high photostability, low toxicity, and
tunable emission wavelengths. The use fluorophores and hybrid
materials combining organic and inorganic components may
offer an effective route to enhance sensitivity and selectivity in
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complex environmental matrices. Moreover, combining
fluorescence-based detection with other signal transduction
mechanisms—such as electrochemical—could yield hybrid
systems with superior analytical performance.

iii. In the case of environmental samples, such as those collected
after environmental disasters, concentrations may
significantly exceed applicable standards, and currently
available sensors may be ineffective in detecting pollutants.
To achieve tunable sensitivity, sensors can be designed in
various nanostructured forms. Depending on whether they
are capsules or core - shell spheres, it is possible to fine-tune
the sensor’s response according to the needs (Bakker et al.,
1997; Woznica et al., 2014; Woznica et al., 2017). Tailoring the
response of fluorimetric sensors by influencing analyte
transport into the probe, or by confining the reaction zone
to the sensor surface, can result in a broad linear range of
responses, which is crucial in the case of samples with
unknown concentrations. On the other hand, in some cases
the concentrations of plasticizers or VOCs may be very low, in
the ppb range. To overcome this challenge, multifunctional
electrospun mats can be used for preconcentration of analytes
(Hakova et al., 2019; Yahaya et al, 2022). Such
preconcentration steps are essential to achieve the required
low detection limits for ppb-level analysis.

iv. At the same time, the application of green, biodegradable, or

polymers will be

environmental safety and long-term sensor stability. Future

biocompatible essential to ensure
research should focus on the development of low - cost,

miniaturized, and user-friendly sensors, as well as
environmentally friendly platforms for real - time monitoring
of toxic organic compounds in environmental samples. Another
important aspect may be the integration of sensors with artificial
intelligence, enabling comparison of results with available
databases. Such systems could also provide information
about sensor saturation and predict sensor lifetime,
contributing to more reliable and long-term applications.

v. From the device engineering perspective, future sensors should
be lightweight, flexible, and suitable for integration with
microfluidic systems. Coupling fluorescence sensing with
miniaturized optical components (LEDs, photodiodes, or
optical fibers) may facilitate the creation of portable
analytical devices capable of real-time monitoring. Finally, a
major challenge lies in the integration of data-driven
approaches. Advanced algorithms based on machine

learning can compensate for environmental interferences,

and support predictive The

connection of smart materials, sustainable design, and digital

maintenance of sensors.

analytics may ultimately lead to the development of platforms
for the continuous monitoring of hazardous organic pollutants.

References

Agarwal, P., Pradhan, S., and Tripathy, D. B. (2025). Electrospun nanofibers for water
remediation: functionalization, structural innovations, and mechanistic insights.
Desalination 613, 119086. doi:10.1016/j.desal.2025.119086

Bakker, E., Bithlmann, P., and Pretsch, E. (1997). Carrier-based ion-selective
electrodes and bulk optodes. 1. General characteristics. Chem. Rev. 97, 3083-3132.
doi:10.1021/cr940394a

Frontiers in Chemistry

10.3389/fchem.2025.1710573

Data availability statement
The original contributions presented in the study are included in

the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

JK:  Methodology, draft. KM:
Writing - review and editing. AM: Writing - review and editing.

Writing - original

ES: Conceptualization, Writing - review and editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. Publication published as
part of a project implemented under the “Excellence
Initiative-Research University” programme at the University

of Warsaw.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Baskaran, D., Dhamodharan, D., Behera, U. S, and Byun, H.-S. (2024). A
comprehensive review and perspective research in technology integration for the
treatment of gaseous volatile organic compounds. Environ. Res. 251, 118472. doi:10.
1016/j.envres.2024.118472

BBC news (2025). Czech firefighters tackle large toxic train fire. Available online at:
https://www.bbc.com/news/articles/ce982zpz1k3o (Accessed February 28, 2025).

frontiersin.org


https://doi.org/10.1016/j.desal.2025.119086
https://doi.org/10.1021/cr940394a
https://doi.org/10.1016/j.envres.2024.118472
https://doi.org/10.1016/j.envres.2024.118472
https://www.bbc.com/news/articles/ce982zpz1k3o
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2025.1710573

Kalisz et al.

Behroozi, A. H., Al-Shaeli, M. and Vatanpour, V. (2023). Fabrication and
modification of nanofiltration membranes by solution electrospinning technique: a
review of influential factors and applications in water treatment. Desalination 558,
116638. doi:10.1016/j.desal.2023.116638

Bernard, L., Décaudin, B., Lecoeur, M., Richard, D., Bourdeaux, D., Cueff, R,, et al.
(2014). Analytical methods for the determination of DEHP plasticizer alternatives present
in medical devices: a review. Talanta 129, 39-54. doi:10.1016/j.talanta.2014.04.069

Bui, T. H., Thangadurai, D. T., Sharipov, M., Ngoc Nghia, N., Van Cuong, N, and Le,
Y.-I. (2022). Recent advances in turn Off-On fluorescence sensing strategies for sensitive
biochemical analysis - a mechanistic approach. Microchem. J. 179, 107511. doi:10.1016/j.
microc.2022.107511

Chary, N. S., and Fernandez-Alba, A. R. (2012). Determination of volatile organic
compounds in drinking and environmental waters. TrAC 32, 60-75. doi:10.1016/j.trac.
2011.08.011

Chen, J., Zhang, R., Guo, S., Pan, Y., Nezamzadeh-Ejhieh, A., and Lan, Q. (2025).
Metal-organic frameworks (MOFs): a review of volatile organic compounds (VOCs)
detection. Talanta 286, 127498. doi:10.1016/j.talanta.2024.127498

Ejiohuo, O., Onyeaka, H., Akinsemolu, A., Nwabor, O. F., Siyanbola, K. F., Tamasiga,
P., etal. (2025). Ensuring water purity: mitigating environmental risks and safeguarding
human health. Water Biol. Secur. 4, 100341. doi:10.1016/j.watbs.2024.100341

Flora, G., Stephy, G. M., and Veeramuthu, A. (2025). The rise of non-phthalate
plasticizers: serious risks to human life and environmental consequences - a
comprehensive review. J. Environ. Chem. Eng. 13 (3), 115976. doi:10.1016/j.jece.2025.115976

Forster, T., and Kasper, K. (1954). Ein Konzentrationsumschlag der Fluoreszenz. Z.
Phys. Chem. (Muenchen, Ger.) 1, 275. doi:10.1524/zpch.1954.1.5_6.275

Greenspan, P., and Fowler, S. D. (1985). Spectrofluorometric studies of the lipid probe,
nile red. J. Lipid Res. 26, 781-789. doi:10.1016/S0022-2275(20)34307-8

Grzegorzek, M., Wartalska, K., and Kazmierczak, B. (2023). Review of water treatment
methods with a focus on energy consumption. Int. Commun. Heat Mass Transf. 143,
106674. doi:10.1016/j.icheatmasstransfer.2023.106674

Hékova, M., Chocholougova Havlikova, L., Solich, P., Svec, F., and Satinsk}'l, D. (2019).
Electrospun nanofiber polymers as extraction phases in analytical chemistry - the
advances of the last decade. TrAC Trends Anal. Chem. 110, 81-96. doi:10.1016/j.trac.
2018.10.030

Hasan, M. M., Tama, R. T., Dona, H. A., Hoque, N. S., Rahaman, M. A., and Alam, M.
A. (2025). Comprehensive review of phthalate exposure: health implications, biomarker
detection and regulatory standards. J. Steroid Biochem. Mol. Biol. 247, 106671. doi:10.
1016/1.jsbmb.2024.106671

Hong, Y., Lama, J. W. Y., and Tang, B. Z. (2009). Aggregation-induced emission:
phenomenon, mechanism and applications. Chem. Commun., 4332-4353. doi:10.1039/
B904665H

Irga, P.J., Mullen, G., Fleck, R., Matheson, S., Wilkinson, S. J., and Torpy, F. R. (2024).
Volatile organic compounds emitted by humans indoors - a review on the
measurement, test conditions, and analysis techniques. Build. Environ. 255, 111442.
doi:10.1016/j.buildenv.2024.111442

Kaczmarczyk, B., Kalisz, J., Kijeniska-Gawronska, E., Maksymiuk, K., and Michalska,
A. (2022). Nanofibers as optical sensors for model VOCs dispersed in aqueous phase.
Electroanalysis 35, 202200496. doi:10.1002/elan.202200496

Kaluza, D., Magna, G., Kisiel, A., Di Natale, C., Maksymiuk, K., Paolesse, R., et al.

(2022). Polythiophene-based fluorimetric insight into minute styrene concentration in
solution and gas phase. Opt. Mater. 123, 111848. doi:10.1016/j.optmat.2021.111848

Khatib, M., and Haick, H. (2022). Sensors for volatile organic compounds. ACS Nano
16 (5), 7080-7115. doi:10.1021/acsnano.1¢10827

Kisiel, A., Katuza, D., Paterczyk, B., Maksymiuk, K., and Michalska, A. (2020a).
Quantifying plasticizer leakage from ion-selective membranes - a nanosponge
approach. Analyst 145, 2966-2974. doi:10.1039/c9an02621e

Kisiel, A., Baniak, B., Maksymiuk, K., and Michalska, A. (2020b). Turn-on
fluorimetric sensor for water dispersed volatile organic compounds- A nanosponge
approach. Sensors Actuators B. Chem. 311, 127904. doi:10.1016/j.snb.2020.127904

Li, A. J., Pal, V. K, and Kannan, L. (2021). A review of environmental occurrence,
toxicity, biotransformation and biomonitoring of volatile organic compounds.
J. Environ. Chem. Ecotoxicol. 3, 91-116. doi:10.1016/j.enceco.2021.01.001

Li, Y., Wang, Z., Zhao, T., Li, H,, Jiang, J., and Ye, J. (2024). Electronic nose for the
detection and discrimination of volatile organic compounds: application, challenges,
and perspectives. TrACI80 180, 117958. doi:10.1016/j.trac.2024.117958

Frontiers in Chemistry

07

10.3389/fchem.2025.1710573

Lin, Z., Liang, R, and Qin, W. (2022). Towards potentiometric detection in
nonaqueous media: evaluation of the impacts of organic solvents on polymeric
membrane ion-selective electrodes. Talanta 241, 123238. doi:10.1016/j.talanta.2022.
123238

Mangotra, A., and Singh, S. K. (2024). Volatile organic compounds: a threat to the
environment and health hazards to living organisms - a review. J. Biotechnol. 382,
51-69. doi:10.1016/j.jbiotec.2023.12.013

Mar¢, M., Zabiegala, B., and Namies$nik, J. (2012). Testing and sampling devices for
monitoring volatile and semi-volatile organic compounds in indoor air. TrAC 32, 76-86.
doi:10.1016/j.trac.2011.09.006

Meher, N., Barman, D., Paruia, R., and Iyer, P. K. (2022). Recent development of the
fluorescence-based detection of volatile organic compounds: a mechanistic overview.
J. Mater. Chem. C 10, 10224-10254. doi:10.1039/d2tc00265¢

Mei, J., Leung, N. L. C.,, Kwok, R. T. K,, Lam, J. W. Y., and Tang, B. Z. (2015).
Aggregation-Induced emission: together we shine, United we soar. Chem. Rev. 115,
11718-11940. doi:10.1021/acs.chemrev.5b00263

Miranda, C. V., Gama, M. R,, and Pizzolato, T. M. (2025). Analytical methodologies
for the determination of phthalates in environmental matrices. TrEAC 45, e00248.
doi:10.1016/j.teac.2024.600248

Oleiwi, A. H,, Jabur, A. R,, and Alsalhy, Q. F. (2025). Electrospinning technology in
water treatment applications: review article. Desalination Water Treat. 322, 101175.
doi:10.1016/j.dwt.2025.101175

Qadeer, A, Kirsten, K. L., Ajmal, Z,, Jiang, X., and Zhao, X. (2022). Alternative
plasticizers as emerging global environmental and health threat: another regrettable
substitution? Environ. Sci. Technol. 56, 1482-1488. doi:10.1021/acs.est.1c08365

Qadeer, A., Anis, M., Warner, G. R,, Potts, C., Giovanoulis, G., Nasr, S., et al. (2024).
Global environmental and toxicological data of emerging plasticizers: current
knowledge, regrettable substitution dilemma, green solution and future perspectives.
Green Chem. 26, 5635-5683. doi:10.1039/D3GC03428C

Shen, Q,, Liu, Y., Li, G., and An, T. (2024). A review of disrupted biological response
associated with volatile organic compound exposure: insight into identification of
biomarkers. Sci. Total Environ. 948, 174924. doi:10.1016/j.scitotenv.2024.174924

Solorzano-Garcfa, L. A., Hernandez-Paniagua, I. Y., Andraca-Ayala, G. L., and Ruiz-
Suarez, L. G. (2025). A simple and robust method for the comprehensive analysis of
VOCs in liquid household products. Atmos. Pollut. Res. 16, 102378. doi:10.1016/j.apr.
2024.102378

Stelmach, E., Wagner, B., Maksymiuk, K., and Michalska, A. (2024). Finding a perfect
match of ion-exchanger and plasticizer for ion-selective sensors. Talanta 269, 125408.
doi:10.1016/j.talanta.2023.125408

USEPA. Issuance of the Clean Air Act stationnary source compliance monitoring
strategy. (2016).

Vadera, N., and Dhanekar, S. (2025). Classification and prediction of VOCs using an
IoT-enabled electronic nose system-based lab prototype for breath sensing applications.
ACS Sens. 10, 439-447. doi:10.1021/acssensors.4c02731

Wang, X.-F., Song, X.-Z., Sun, K.-M., Cheng, L., and Ma, W. (2018). MOFs-derived
porous nanomaterials for gas sensing. Polyhedron 152, 155-163. doi:10.1016/j.poly.2018.
06.037

Woznica, E., Maksymiuk, K., and Michalska, A. (2014). Polyacrylate microspheres for
tunable fluorimetric zinc ions sensor. Anal. Chem. 86, 411-418. doi:10.1021/ac4033142

Woznica, E., Gasik, J., Klucinska, K., Kisiel, A., Maksymiuk, K., and Michalska, A.
(2017). Core-shell nanoparticles optical sensors - rational design of zinc ions fluorescent
nanoprobes of improved analytical performance. Opt. Mater. 72, 214-219. doi:10.1016/j.
optmat.2017.05.059

Yahaya, N, Ishak, S. M., Mohamed, A. H., Kamaruzaman, S., Mohamad Zain, N. N,
Waras, M. N.,, et al. (2022). Recent applications of electrospun nanofibres in
microextraction based-sample preparation techniques for determination of
environmental pollutants. Curr. Opin. Environ. Sci. and Health 26, 100323. doi:10.
1016/j.coesh.2021.100323

Yang, S., Shao, Z,, Jin, L. N,, Chen, L., Zhang, X., Fang, M., et al. (2025). Distinct
baseline toxicity of volatile organic compounds (VOCs) in gaseous and liquid phases:

mixture effects and potential molecular mechanisms. J. Hazard. Mater. 485, 136890.
doi:10.1016/j.jhazmat.2024.136890

Zhou, X., Zhou, X, Wang, C., and Zhou, H. (2023). Environmental and human health
impacts of volatile organic compounds: a perspective review. Chemosphere 313, 137489.
doi:10.1016/j.chemosphere.2022.137489

frontiersin.org


https://doi.org/10.1016/j.desal.2023.116638
https://doi.org/10.1016/j.talanta.2014.04.069
https://doi.org/10.1016/j.microc.2022.107511
https://doi.org/10.1016/j.microc.2022.107511
https://doi.org/10.1016/j.trac.2011.08.011
https://doi.org/10.1016/j.trac.2011.08.011
https://doi.org/10.1016/j.talanta.2024.127498
https://doi.org/10.1016/j.watbs.2024.100341
https://doi.org/10.1016/j.jece.2025.115976
https://doi.org/10.1524/zpch.1954.1.5_6.275
https://doi.org/10.1016/S0022-2275(20)34307-8
https://doi.org/10.1016/j.icheatmasstransfer.2023.106674
https://doi.org/10.1016/j.trac.2018.10.030
https://doi.org/10.1016/j.trac.2018.10.030
https://doi.org/10.1016/j.jsbmb.2024.106671
https://doi.org/10.1016/j.jsbmb.2024.106671
https://doi.org/10.1039/B904665H
https://doi.org/10.1039/B904665H
https://doi.org/10.1016/j.buildenv.2024.111442
https://doi.org/10.1002/elan.202200496
https://doi.org/10.1016/j.optmat.2021.111848
https://doi.org/10.1021/acsnano.1c10827
https://doi.org/10.1039/c9an02621e
https://doi.org/10.1016/j.snb.2020.127904
https://doi.org/10.1016/j.enceco.2021.01.001
https://doi.org/10.1016/j.trac.2024.117958
https://doi.org/10.1016/j.talanta.2022.123238
https://doi.org/10.1016/j.talanta.2022.123238
https://doi.org/10.1016/j.jbiotec.2023.12.013
https://doi.org/10.1016/j.trac.2011.09.006
https://doi.org/10.1039/d2tc00265e
https://doi.org/10.1021/acs.chemrev.5b00263
https://doi.org/10.1016/j.teac.2024.e00248
https://doi.org/10.1016/j.dwt.2025.101175
https://doi.org/10.1021/acs.est.1c08365
https://doi.org/10.1039/D3GC03428C
https://doi.org/10.1016/j.scitotenv.2024.174924
https://doi.org/10.1016/j.apr.2024.102378
https://doi.org/10.1016/j.apr.2024.102378
https://doi.org/10.1016/j.talanta.2023.125408
https://doi.org/10.1021/acssensors.4c02731
https://doi.org/10.1016/j.poly.2018.06.037
https://doi.org/10.1016/j.poly.2018.06.037
https://doi.org/10.1021/ac4033142
https://doi.org/10.1016/j.optmat.2017.05.059
https://doi.org/10.1016/j.optmat.2017.05.059
https://doi.org/10.1016/j.coesh.2021.100323
https://doi.org/10.1016/j.coesh.2021.100323
https://doi.org/10.1016/j.jhazmat.2024.136890
https://doi.org/10.1016/j.chemosphere.2022.137489
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2025.1710573

	“Turn on” fluorescence sensors sensitive to volatile organic solvents/plasticizers -perspective and challenges
	1 Introduction
	2 Volatile organic compounds and plasticizers
	3 Turn-on fluorescence sensors
	4 Summary and perspectives
	Data availability statement
	Author contributions
	Author contributionsJK: Methodology, Writing – original draft. KM: Writing – review and editing. AM: Writing – review and e ...
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


