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Abstract

Air pollution is an environmental factor involved in neuroinflammation, which leads to the progressive neuronal dam-
age that appears in various neurodegenerative diseases. This article reviews the impact on Amyotrophic Lateral Sclerosis
(ALS), the most common degenerative motor neuron disease, of exposure to BTEX (benzene, toluene, ethylbenzene, and
xylene), aromatic hydrocarbons capable of crossing the blood-brain barrier, with documented neurotoxic effects. Results
show that occupational exposure to BTEX has been linked to the incidence of ALS, while the relationship with the expo-
sure in residential environments with high levels of these toxins in outdoor air is not conclusive; sources of BTEX emis-
sions often lead to mixed toxic exposure, making it challenging to assess the specific impact of this group of pollutants.
Under the commonly accepted hypothesis that ALS is a disease triggered by the accumulation of multiple steps, BTEX
could be the step causing toxic insult, or alternatively, BTEX might play a role in the disease’s progression. However new
studies are necessary to determine its involvement in the disease.

Keywords Air pollution - Neurodegenerative diseases - Amyotrophic lateral sclerosis - BTEX - Volatile organic
compounds

Introduction

The role of environmental factors in the neuroinflammation
that leads to many Central Nervous System (CNS) diseases
has been previously described in the literature, among these,
exposure to air pollution is considered the primary culprit
for the inflammation and oxidative stress (Block and Calde-
roén-Garcidueiias 2009; Costa et al. 2020).

When exposed to air pollution, the microglia (a type of
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cells of the central nervous system that function as elements
of the immune system, protecting the organism from exter-
nal and internal aggressions) activate and release cytokines
and Reactive Oxygen Species (ROS) that are involved in
the progressive neuronal damage that appears in vari-
ous neurodegenerative diseases. Specifically, the MACI1-
NOX2 pathway has been identified as a mechanism through
which microglia respond to different forms of air pollution
(Jayaraj et al. 2017). Regarding the functioning of this path-
way, phagocytic NADPH oxidase (PHOX) is involved in
chronic neurodegeneration mediated by oxidative stress.
PHOX is generally inactive in microglia, but upon cer-
tain stimuli (such as some atmospheric pollutants), it can
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become activated and act on the microglial MAC1 receptor.
MACI can recognize damage-associated molecular patterns
(DAMPs) (released from damaged or dead neurons) and
activate downstream NADPH oxidase (NOX2) to produce
superoxide anions and associated ROS, such as hydrogen
peroxide, a compound which play a critical role in reactive
microgliosis and drive chronic neurodegeneration (Chen et
al. 2016; Gao et al. 2012).

Along with these, different studies have linked high lev-
els of air pollution to a wide variety of degenerative neu-
rological diseases such as Alzheimer’s disease, Parkinson’s
disease, as well as other non-degenerative diseases such as
strokes (Costa et al. 2020; Murata et al. 2022; Royé et al.,
2019).

In the specific case of Amyotrophic Lateral Sclerosis
(ALS), results from different studies published so far are
conflicting. Some authors have described a relationship
between long-term exposure to poor air quality and the inci-
dence of ALS (Malek et al., 2023; Saucier et al. 2023; Seelen
et al. 2017), but these results have not been reproduced in
other areas (Filippini et al. 2021; Parks et al. 2022). Addi-
tionally, exposure to increased levels of air pollution (from
particulate matter, carbon monoxide and sulfur dioxide)
has been found to be associated with increased emergency
department visits (Myung et al. 2019) and to have a positive
correlation with the clinical deterioration of patients with
neurodegenerative diseases (Nunez et al. 2021).

Generically, analysis of air pollution takes a dual
approach, depending on whether it is indoor pollution or
outdoor environmental pollution. The studies mentioned
above use air quality measurements in outdoor environ-
ments. However, in a recent study Kotzias (2022) concluded
that, when exposure to poor air quality is being addressed,
indoor environments are critical due to simultaneously the
amount of time individuals spend indoors (between home,
workplaces, visits to public spaces, school, etc., Kotzias esti-
mated to be more than 85% of the day) and the concentra-
tion accumulate of air pollutants. The WHO estimates that
4.3 million people die annually from exposure to air pollut-
ants in the home (WHO, 2014). Furthermore, in enclosed
environments, it is more common for toxins to concentrate,
and it is easier to quantify individual human exposure than
in outdoor environments where meteorological factors play
a significant role in their dispersion (Di Bernardino et al.
2021). For these reasons, there are increasingly more stud-
ies are aimed at assessing the impact of indoor air quality
(IAC) on many diseases (Kumar et al. 2023).

In indoor environments, Volatile Organic Compounds
(VOCs), hydrocarbons that are present in a gaseous state
at normal ambient temperature or are very volatile at that
temperature, come from both internal and external sources
and have a natural (biogenic VOCs) and anthropogenic (due
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to evaporation of organic solvents, burning of fuels, trans-
portation, etc.) origin. Although there are many VOC:s, the
study of BTEX (benzene, toluene, ethylbenzene and the
three isomers of xylene [o-xylene and (m, p)-xylene]) has
gained special prominence due to their extreme toxicity
(Dehghani et al. 2018; Shrubsole et al. 2019), role in tropo-
spheric chemistry (specifically in the formation of ozone),
and their abundance in the air in urban environments.

In this article we will carry a narrative literature review
of the effects on ALS of air quality, focusing specifically
on exposure to BTEX volatile organic compounds (VOCs).

Amyotrophic lateral sclerosis (ALS)

ALS is the most common degenerative disease of the motor
neurons (MNs), with an annual incidence rate ranging from
one to three cases per 100,000 inhabitants (Masrori et al.,
2020; Riancho et al. 2016). This disease is characterized by
progressive degeneration of the MNs, which translates into
a progressive amyotrophy that leads to the patient’s death
in an average time of about two to three years from time of
diagnosis.

From a clinical point of view, ALS is a very heteroge-
neous disease that can debut in different ways. The two most
frequent forms of presentation are the spinal onset in which
the patient starts with weakness, fasciculations and mus-
cle atrophy affecting the arm or the leg that subsequently
spreads to the rest of the limbs, and the bulbar onset form in
which patients have a progressive bulbar involvement typi-
cally characterized by swallowing difficulties (dysphagia),
language articulation impairment and ventilatory disorders
(Feldman et al. 2022).

ALS lacks a specific diagnostic test. Over time, different
diagnostic criteria have appeared based on clinical and neu-
rophysiological aspects that should prove involvement of
both the upper motor neuron (neuron connecting the motor
cortex with the motor nuclei of the brainstem or the anterior
horn of the spinal cord) and the lower motor neuron (neu-
ron that connects the motor nuclei of the brainstem or the
anterior horn of the spinal cord with the muscles) (Shefner
et al. 2020). In addition, other diseases that may mimic ALS
should be rule out. In this sense patients are commonly per-
formed several ancillary tests including (blood analysis and
neuroimaging studies) (Yedavalli et al. 2018).

A small percentage of ALS cases have a genetic origin
(familial ALS, fALS) and are due to mutations in specific
genes. By contrast, the vast majority of cases are presumed
to have a sporadic origin (SALS) and the role of environ-
mental factors could be key in these cases (Al Chalabi et
al., 2014; Riancho et al. 2021). Although the pathogen-
esis of ALS has not been fully clarified, in recent decades
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degeneration of the MNs has been associated with differ-
ent mechanisms, among which are found alterations in gene
processing, increased levels of oxidative stress, disorders
in protein metabolism, mitochondrial and cellular bioener-
getic dysfunction, alterations in axonal transport or glial cell
dysfunction (Lopez-Pingarrdn et al. 2023; Motataianu et al.
2022).

Even though the precise factors that trigger the disease
have not been clarified, it is assumed that the vast major-
ity of ALS cases are the result of the interaction between
environmental risk factors/exposures, genetic factors, and
aging. Under this theory, the disease would occur in peo-
ple in whom the sum of these three components reached
a certain threshold (regardless of the particular magnitude
of each one of them), from which mechanisms would be
activated that perpetuate the disease. Along this line of
thought, certain authors have published that ALS could be
a “step-by-step” disease, with a series of successive events
being needed before it develops (Al Chalabi et al., 2014).
In this context, exposure to different environmental factors
would condition different “steps” of the equation. In recent
decades, various studies have pointed to a striking increase
in the incidence of ALS (Fang et al. 2009; GBD 2016 Motor
Neuron Disease Collaborators, 2018; Mata et al. 2023).
In the conception of ALS described above, this increase
in cases does not seem to be due to changes in the genetic
structure of the population (which occur slowly over many
generations) but rather to progressive aging of the popula-
tion and changes in the environmental factors to which the
population has been exposed (Riancho et al. 2016).

Benzene, toluene, ethylbenzene, and
xylenes (BTEX)

BTEX belong to the aromatic hydrocarbon family, are lipo-
philic, so they can cross the blood-brain barrier. Acute expo-
sure to high doses has been shown to be neurotoxic, and
chronic exposure has been associated with encephalopathy
and cognitive deficit (Dickerson et al. 2020; Sainio 2015;
Stominska et al., 2014).

All the compounds that make up the BTEX group have
effects on the neurological system separately. Nevertheless,
in environments where people are exposed to these com-
pounds they are usually found together and the impact of
mixed exposure is more severe on health (ATSDR, 2004).

The main entryway of BTEX into the organism is through
inhalation and this is determined by the concentration of
these compounds in indoor and outdoor spaces (Kamani et
al. 2023).

BTEX are found naturally in crude oil and seawater
where gas and oil deposits are extracted. In addition, BTEX

are commonly used at the industrial level because of their
high solvent power, and they are present in tobacco smoke
and in various products used in the home (paints, solvents,
insecticides, air fresheners, detergents, etc.). In outdoor
environments, the main sources of emission are motor vehi-
cles and gas stations. In indoor spaces, exposure is found in
occupational locations as well as in housing (Bakhtiari et al.
2018; Latif et al. 2019).

BTEX and ALS

The studies examining the correlation between exposure
to VOCs, particularly BTEX, and ALS are extremely lim-
ited. Currently, there is no published research analyzing this
association based on direct measurements conducted inside
homes. Below, we present the findings related to BTEX
exposure, whether measured in outdoor residential environ-
ments or workplaces. Table 1 provides a summary of the
results from these referenced studies.

Outdoor environment

Only two published studies have examined the relation-
ship between exposure to “aromatic solvents” (including
2,4-dinitrotoluene, benzene, ethylbenzene, styrene, toluene,
and mixed isomers of xylenes) in outdoor environments and
ALS. These two studies, employing similar methodologies,
yield different results. The first study, conducted by Malek
et al. in 2015, involved a sample of 51 patients diagnosed
with ALS and 51 controls. They found that residential expo-
sure to aromatic solvents significantly increased the risk of
ALS among cases compared to controls in 2002 (OR=5.03,
95% CI: 1.29, 19.53) and 1999 (OR=4.27, 95% CI: 1.09,
16.79) after adjusting for education, smoking, and other
exposure groups. Moreover, they didn’t find an association
with metals, pesticides, and other HAPs (Malek et al. 2015).

The second study, recently published by Wu et al., exam-
ined a sample of 267 ALS patients and 267 controls. Expo-
sure assessment for 34 ambient air toxicants was conducted,
but no association with aromatic solvents was found (Wu et
al. 2024).

Workplace environment

When analyzing the link between exposure to BTEX and
ALS, most authors have concentrated on occupational expo-
sure. For example, Dickerson et al. (2020) reviewed cases
of ALS in Denmark from 1982 to 2013, and estimated the
cumulative exposure to solvents through the work history
through a comparison with controls. They included 1,639
ALS cases and 151,974 controls and found that suffering
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Table 1 Summary of studies (from oldest to newest) that examined impact of VOCs, specially BTEX, on ALS

Air pollution data

Main findings

Study  Exposure  Country Design Measured air pollutants
Pam- Workplace Australia ~ Case-  No specifics are provided
phlett control in the methodology.
and study  Possible contaminants
Rikard- according to job type
Bell are proposed in the
(2013) discussion
Malek  Outdoor U.S.A. Case— (1) metals, (2) aromatic
et al. control solvents*, (3) organic/
(2015) study  chlorinated solvents,
(4) other HAPs, and (5)
pesticides
Ratner Workplace U.S.A. Case VOCs, including toluene,
et al. report  ethylbenzene, and xylene
(2018)
Dick-  Workplace Denmark  Acase Solvents**
erson control
et al. study
(2020)
Gout- Workplace U.S.A. Case PM, VOCs, pesticides,
man control metals, biologicals,
et al. study  combustion/diesel
(2022) exhaust, electromagnetic
radiation, radiation, and
corrosives
Wu Outdoor U.S.A. Case (1) metals, (2) aromatic
etal. control solvents*, (3) organic/
(2024) study  chlorinated solvents,

(4) other HAPs, and (5)
pesticides

A theoretical estimation
was made based on occu-
pational exposure.

National-Scale Air Toxics
Assessment (NATA) data
from the U.S. Environ-
mental Protection Agency
(EPA)

A theoretical estimation
was made based on the
total quantities of each
chemical mixture used in
a work project.

A theoretical estimation
was made based on occu-
pational exposures.

A theoretical estimation
was made based on occu-
pational exposures.

National-Scale Air Toxics
Assessment (NATA) data
from the U.S. Environ-
mental Protection Agency
(EPA)

Among all occupations, those exposed to
diesel exhaust during work hours (notably
truck drivers), consistently showed an
increased risk of ALS.

Residential exposure to aromatic solvents
was associated with an increased risk of
ALS.

One man developed overt symptoms of a
neuromuscular disorder (an unusual case
of early-onset ALS type) in close temporal
association with his unwitting occupa-
tional exposure to VOCs such as toluene.
A combination of all measured solvents
was associated with an increased risk of
ALS in men, with a large portion of the
association being contributed by methy-
lene chloride and perchloroethylene.
Self-reported exposures to PM, VOCs,
metals and combustion/diesel exhaust in
the workplace are identified as risk fac-
tors for ALS. Among these, self-reported
occupational metals exposure and produc-
tion occupations show the highest risk.
Residential exposure to 2,4-dinitro-
toluene, vinyl chloride, cyanide, and the
organic/chlorinated solvents class was
associated with an increased risk of ALS.
No association was found with aromatic
solvents class.

*Aromatic solvents: 2,4-dinitrotoluene, benzene, ethyl benzene, styrene, toluene, and xylenes [Mixed isomers]) ** solvents: benzene, methy-
lene chloride, toluene, trichloroethylene, perchloroethylene, and 1,1,1-trichloroethane

from ALS is more likely among men exposed to benzene
(aOR [adjusted odds of ALS]=1.20; 95% CI 1.02-1.41,
p=0.03) and methylene chloride (aOR=1.23; 95% CI
1.07-1.42, p=0.003).

Ratner et al. (2018) published a case report study design
on where a patient was diagnosed with ALS after being
exposed in his workplace by a job in which different VOCs
were used, emphasizing the high levels of toluene and
xylene.

For their part, Goutman et al. (2022), performed a case-
control study in Michigan; they included 381 ALS and 272
control participants and found that occupational exposure to
VOCs was a risk factor for ALS (OR=1.22, 95% CI 1.02—
1.45, p=0.029); however, in a second phase of the work
they create a multivariable model and exposure to VOCs
no longer had a significant relationship; only occupational
exposure to metals remained significant risk (OR=1.56,
95% CI 1.11-2.20, p=0.011).

It is worth noting that in many work environments the
pollution is mixed and its effects may result from joint
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exposure to different pollutants (Re et al. 2022). Addition-
ally, in the studies mentioned above, specific measurements
of the levels of pollutants in the workplace were not made,
but rather these have been estimated based on the character-
istics of the environment and taking into account the known
primary sources of exposure.

In relation to mixed exposure, the case of road traffic is
noteworthy. A study published by Pamphlett and Rikard-
Bell (2013), whose objective was to analyze whether occu-
pational exposure to toxins played a role in the pathogenesis
of ALS, assessed the work context of 611 patients diagnosed
with sporadic ALS and 775 healthy controls. Of all occupa-
tions, only truck drivers, where exposure to diesel exhaust
is common, maintained a higher risk for sporadic ALS. It
should be taken into account that truck drivers are exposed
to numerous polluting substances, among them BTEX
(Amaral et al. 2016).
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Pathophysiology

Even though it is not possible to identify in the studies pub-
lished a compound in isolation as a risk factor for Motataianu
et al. (2022) have tried to explain through the pathophysiol-
ogy of the disease why exposure to BTEX, and especially
toluene and xylene, could be considered a risk factor for
ALS. In their study they explain that toluene and xylene are
frequently involved in deterioration of how the CNS per-
forms because of the production of oxidative stress due to
glutathione (GSH) depletion, and GSH levels decrease as
ALS progresses. This would support the hypothesis that
exposure to VOCs could contribute to inducing latent ALS.
These compounds also deplete mitochondrial ATP, which
leads to abnormal functioning of ATP-dependent cellular
processes and, eventually, apoptosis. Moreover, constant
exposure to VOCs is associated with increased neuronal
excitation. Given the involvement of motor neuron hyper-
excitability in the pathogenesis of neuronal damage, this
latter mechanism would support the potential role of VOCs
in the progression of ALS. In addition, exposure to toluene
has been shown to interfere with axonal transport by lower-
ing the levels of microtubule-associated protein 2 (MAP2),
which contributes to the loss of neurons from the anterior
horn in patients.

BTEX in biological samples

Given the importance of quantifying toxins in biological
samples to directly assess individual exposure (Viegas et al.
2020), a generic analysis of studies quantifying BTEX is
presented below, with a deeper dive into the measurements
conducted in individuals with neurological diseases and the
only case where its analysis has been published in relation
to ALS in Sect. 3.4.1.

The methodology to analyze BTEX in biological samples
has gradually improved (Kohn et al., 2022; Blount et al.,
2006) and some studies have evaluated the concentration
levels of these toxins in biological samples (mainly in urine)
in relation to occupational exposure; for example, Morid-
zadeh et al. (2020) quantified BTEX in urine in order to do
biomonitoring on workers in a gas field in Iran, concluding
that it was a reliable biomarker for exposure. Along these
lines, Hoseini et al. (2023) carried out a review to evaluate
BTEX concentrations in biological samples from different
professionals and found higher urinary concentrations of
BTEX in people whose work involved exposure to toxins
(mainly among painters and police officers).

It was previously explained that these toxins have very
diverse emission sources. However, Chambers et al. (2018)
posited that the blood levels of the different compounds
could make it easier to know the origin of the exposure.

Considering the toxicokinetics of the compounds, during
the first phase, absorption, the toxins enter the bloodstream
(later they are excreted, deposited, biotransformed, or act
directly on the target organs). For this reason, blood samples
provide information about the most recent exposure and
allow tracing the nearest sources with which the individual
has come into contact (Gehring and Merwe 2014).

In the framework of occupational medicine, biomonitor-
ing of toxins is usually done on blood and urine samples,
allowing information on recent exposure to be deduced
(Angerer et al. 2007), and hair analysis provides informa-
tion on chronic or older exposures (Kintz 2018). Although
the presence of BTEX in the air and in certain products can
lead to it being deposited in hair from outside, which must
be taken into account as it would contaminate the sample
(Kaikiti et al. 2022), the technique for its biomonitoring in
hair has been fine-tuned (Es’haghi et al. 2011); nevertheless,
no studies have been found that make use of this biological
sample to assess exposure.

Analyzing BTEX in biological samples in neurological
patients

Regarding biomonitoring and neurological effects, Werder
et al. (2019) analyzed the presence of BTEX in blood sam-
ples from 690 U.S. Gulf coast residents and evaluated the
relationship with their self-reported feelings of the CNS or
peripheral nervous system (PNS) being affected. In their
analysis they detected a higher prevalence of CNS symp-
toms among those with higher blood benzene concentration,
and symptoms related to the PNS being affected increased
when toluene was concomitantly detected.

Some authors have suggested that the measurement of
VOC:s in biological samples could be a biomarker for ALS
(Jiang et al. 2015). A biomarker is a biological observa-
tion that serves as a substitute for, and ideally predicts, a
clinically relevant endpoint or intermediate outcome that is
more difficult to observe (Aronson and Ferner 2017). How-
ever, for a measurement of toxins in biological samples to
be considered a biomarker, it must guarantee its specific
involvement in the disease; in relation with BTEX, only
one published study, a clinical case, in which the presence
of BTEX in biological samples was analyzed, has been
found in the literature reviewed. In the work, the presence
of toluene (and other toxic compounds) was examined in
biological samples of a patient diagnosed with ALS who
had worked professionally as a furniture maker and had
worked with paints, some diluted in organic solvents, for 30
years. The patient was also regularly exposed to insecticides
because the workshop was fumigated monthly. To varnish
the furniture, he used preparations containing, among other
substances, toluene and xylene. Although the patient had

@ Springer



2904

Air Quality, Atmosphere & Health (2024) 17:2899-2908

never shown clinical signs of acute poisoning, organochlo-
rines (DDT) and organophosphates (OP) were detected in
his hair samples and n-hexane and toluene were detected in
his blood (Kanavouras et al. 2011).

Discussion and conclusions

ALS is a complex disease with a very short life expectancy
from the moment it is diagnosed. Although a large num-
ber of alterations/cellular pathways have been involved in
degeneration of the motor neurons, the pathogenesis has not
been fully clarified. Within the pathogenesis of the disease,
one of the main disorders is increased levels of oxidative
stress, which through different mechanisms translate into
progressive damage both at the neuronal and non-neuronal
levels by means of the oxidation of different components,
among which are nucleic acids, proteins and lipids (Sienes
Bailo et al. 2022).

As discussed above, although the pathogenesis of ALS
has not been fully elucidated, in recent years numerous cel-
lular pathways have been implicated in motor neuron degen-
eration (Riancho et al. 2019). Among these, it is widely
documented that ALS patients have abnormal oxidative
stress responses (Zufiria et al., 2016). It is possible that these
increased levels of oxidative stress appear as a result of a
primary disorder but also as a secondary event as the dis-
ease progresses (Scarian et al. 2024). In relation to primary
damage, mutations in the SOD1 gene are the second most
frequent cause of genetic ALS (Vazquez-Costa et al. 2022).
The SOD1 gene encodes for the superoxide dismutase 1, an
enzyme involved in the protection against oxidative stress
through the elimination of free radicals (Ruiz-Soto et al.,
2020). In a complementary manner, different authors have
documented increased levels of oxidative stress and in a

context of global degeneration, with mitochondrial dysfunc-
tion and a cellular stress response (Scarian et al. 2024).

Based on this, one of the main treatment strategies has
focused on identification of therapeutic agents capable of
inhibiting this oxidative stress and decreasing neuroinflam-
mation (Park and Yang 2021).

Atmospheric pollutants and specifically BTEX produce
oxidative stress, and some epidemiological studies link
exposure to these compounds with ALS.

In the multiple-step model needed to trigger ALS, pro-
posed by Al Chalabi et al. (2014), BTEX could be the step
that causes toxic aggression (although other toxic agents
could activate the same process). Alternatively, BTEX
could play a role in the progression of ALS, Fig. 1.

Measuring daily exposure of patients to BTEX is com-
plex, but especially in regard to deducing past exposure.
In this sense, most epidemiological studies are focused on
occupational exposure and do not carry out direct measure-
ments. Moreover, While the harmful effects of BTEX on
human health are widely known, further studies are still
needed to clarify the involvement of BTEX in ALS. From an
epidemiological perspective, the different sources of BTEX
and the simultaneous presence with other toxins make it dif-
ficult to assess their impact. The Scientific Committee on
Health and Environmental Risks (SCHER) of the European
Commission (2007) explained that some air pollutants can
interact with each other, and that several chemicals acting
together can cause more harmful effects than the sum of
the effects caused by each chemical separately. Addition-
ally, there is no accepted strategy for assessing health risks
arising from exposure to a mixture of pollutants because
the mechanisms of action of pollutants acting together to
estimate toxicity are not known (SCHER, 2007). In this
line, Fazakas et al. published a review in 2023 in which
the emphasized that there were few studies addressing the

HUMAN BLOOD BRAIN ®'I.MOTOR NEURON
EXPOSURE BARRIER DAMAGE
B 1 AL o
o~ ° ¢ & O
Tt EmE @
SOURCES 5(i55 SOURCES } v
BTEX BIOMONITORING : 2. PROGRESSION

o O

Benzene Toluene Ethylbenzene

O U O

xylene isomers

OF ALS

Fig. 1 Outline of the hypothesis on the possible involvement of BTEX in ALS.
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health effects of air pollutants as mixtures and there is a gap
in knowledge regarding the health effects associated with
these mixtures.

Measurement of BTEX in biological samples could be
a good indicator of regular exposure, and not only profes-
sional. But even though the techniques to quantify the lev-
els are highly developed, only one published work has been
found, regarding a clinical case, that analyzes toluene levels
in a patient’s urine samples. Specifically, hair analysis could
be a tool to deduce past exposure or exposure that has hap-
pened over time.

This review has two main limitations. First, there is a
limitation in terms of methodology, as a systematic review
would have been preferable but was not feasible due to
the limited available literature, the excessive diversity of
knowledge domains involved, and the multitude of terms
used to refer to pollutants. Second, since different authors
tend to arrive at different conclusions on this issue, and due
to the fact, the published data do not precisely measure indi-
vidual exposure, new studies are necessary in order to gain
valuable insights.

Finally, we believe that while this article has primar-
ily focused on analyzing the potential correlation between
BTEX compounds and the pathogenesis of ALS, these com-
pounds might also play a role in the pathogenesis of various
other neurodegenerative diseases. It is widely acknowledged
that prevalent diseases in our society, such as Alzheimer’s
disease or Parkinson’s disease, have an environmental com-
ponent that remains incompletely understood (Sakowski et
al. 2024). Should the relationship between BTEX exposure
and ALS be confirmed, whether as a triggering factor or
as a pathogenic element in its own right, it could signify
a groundbreaking milestone in establishing public health
interventions to manage this disease.

Moreover, considering the shared disease mechanisms
among the majority of neurodegenerative diseases (Klem-
mensen et al. 2024), their potential influence on other
conditions could pave the way for widespread prevention
strategies, both in occupational settings and households,
aiming to mitigate the incidence of this spectrum of diseases.
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