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Abstract

Keywords

Background and aims: Volatile organic compounds have adverse effects on the
nervous system and cognitive function of individuals exposed to them. This Volatile Organic Compounds
study aimed to investigate the effects of exposure to these compounds on the

. R Cognitive Performance
selective attention of exposed workers.

. . . . Selective Attention

Methods: In this cross-sectional study, 103 people working in a paint factory

were selected as the case group, and 95 people working in a textile factory were Stroop Test
selected as the control group. Data were collected using a researcher-made

demographic questionnaire, and sampling of volatile organic compounds was

performed using the NIOSH 1501 method. To measure selective attention, the

complex Stroop software test was used, and the emotional intelligence of the

individuals was calculated using the Raven test. Data analysis was performed

using SPSS version 25 software.

Results: The level of toluene in the grinding and packaging section of the paint
factory was higher than the permissible limit (ppm < 20), and the cumulative

occupational exposure index of mixed solvents in the grinding, packaging, and Received: 2024/11/20
laboratory sections of this place was higher than the permissible limit. The i
results of the complex Stroop test showed that there was a significant difference Accepted : 2025/10/29

in the mean reaction time of the case and control groups in the performance
of the consonant words, while there was no significant difference between the
two groups in terms of the mean reaction time of the incongruent words. A
significant difference was also obtained between the two groups in the subscales
of correct, incorrect, no response, and interference score in the complex Stroop
test.

Discussion: The results showed that occupational exposure to volatile organic
compounds disrupts the selective attention of workers. This effect was observed
in the form of increased reaction time and decreased response accuracy in the
Stroop test, and it is consistent with the findings of similar studies.

Conclusion: Volatile organic compounds, in long-term exposure, can affect the
selective attention of exposed individuals.

Conflicts of interest: None

Funding: None


https://orcid.org/0000-0003-2140-0508
http://ioh.iums.ac.ir
http://dx.doi.org/10.66224/ioh.23.1.1
https://ioh.iums.ac.ir/article-1-3658-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-08-12 ]

[ DOI: 10.66224/i0h.23.1.1 ]

EXTENDED ABSTRACT

INTRODUCTION

Volatile Organic Compounds (VOCs) constitute a
broad and heterogeneous class of chemicals that readily
evaporate at room temperature and are widely used
across numerous industrial sectors, including paint
manufacturing, printing, petrochemical processing,
and rubber production. Common compounds such
as benzene, toluene, ethylbenzene, and xylenes are
among the most prevalent VOCs encountered in
occupational settings. Because of their high vapor
pressures, these substances readily disperse into the
ambient air, making inhalation the principal route
of exposure for workers operating in inadequately
controlled environments. The lipophilic nature of
VOC:s facilitates their dissolution in adipose tissues
and membranes, resulting in bioaccumulation in
lipid-rich organs, notably the central nervous system
(CNS), liver, and skeletal muscles. This propensity for
accumulation contributes to both acute and chronic
toxic effects and underpins the long-term health risks
associated with repeated or sustained occupational
exposure.

A substantial body of evidence links chronic
exposure to VOCs with hematological disorders
and malignancies, including leukemia and lung
cancer, underscoring the systemic toxicity of some
members of this chemical class. Beyond systemic
impacts, the neurotoxic potential of VOCs has drawn
increasing attention. Benzene has been implicated
in bone marrow toxicity, whereas chronic exposure
to toluene is associated with deleterious effects on
the CNS. Mechanistically, the accumulation of these
solvents in neural tissue has been associated with
axonal injury, neurodegeneration, and disturbances in
synaptic transmission and neural network efficiency,
leading to measurable decrements in cognition,
sensory processing, and psychological functioning.
Neurobehavioral outcomes described in the literature
include chronic toxic encephalopathy, depressive
symptoms, memory impairment, changes in
personality, and slowing of reaction time, highlighting
a profile of cognitive and affective vulnerability
in exposed populations. For example, Seo (2018)
and Judrez-Pérez (2020) reported associations
between long-term solvent exposure and chronic
encephalopathy, with deficits in attention and
memory. Importantly, there is emerging evidence
that neurocognitive changes can manifest even when
exposures occur below regulatory occupational limits,
suggesting that susceptible individuals or cumulative
low-level exposure may still confer risk.

Within the spectrum of cognitive domains,
selective attention occupies a central role. It reflects
the capacity to prioritize relevant stimuli while
suppressing irrelevant or competing inputs, thereby
enabling efficient information processing and adaptive

behavior. Selective attention is closely tied to executive
control functions mediated by prefrontal and cingulo-
opercular networks, and it is particularly sensitive to
disruptions in neural integrity and neurochemical
balance. Laboratory tasks such as the Stroop test
probe interference control and response selection,
producing sensitive metrics—reaction times for
congruent and incongruent stimuli, accuracy indices,
and interference scores—that can reveal subtle deficits
even in otherwise healthy workers. Considering
the plausible mechanisms by which VOCs might
disrupt attention—through membrane perturbation,
white-matter microstructural effects, or altered
neurotransmission—the present study was designed
to evaluate the association between occupational
exposure to VOCs and selective attention performance
among industrial workers.

Accordingly, we conducted a cross-sectional
investigation comparing workers in a paint
manufacturing facility (exposed group) with workers
in a textile factory (non-exposed control group). We
quantified ambient exposure to key VOCs using a
validated industrial hygiene method and evaluated
selective attention via a computerized complex Stroop
task. Becauseglobalintelligence can confound cognitive
test performance, Raven’s Progressive Matrices (RPM)
was administered strictly to confirm comparability
between groups in general intellectual ability rather
than to infer exposure effects. Our hypothesis was that
the exposed group would exhibit slower reaction times
and reduced accuracy on the Stroop test relative to
controls, reflecting compromised selective attention,
while no between-group differences would emerge in
general intelligence scores.

METHODOLOGY
Study design and participants

This descriptive-analytical cross-sectional study
enrolled 198 workers. The exposed group comprised
103 workers from a paint factory in Saveh with
occupational exposure to VOCs, and the control
group comprised 95 workers from a textile factory
in Qom with no exposure to neurotoxic solvents.
Inclusion criteria were: (1) at least five years of work
experience in the current job; and (2) a minimum
education level equivalent to completion of middle
school. To minimize confounding by comorbidity,
individuals with known cardiovascular, respiratory, or
psychiatric disorders, as well as those with a history of
head trauma or substance abuse, were excluded.

Demographic and background data

A researcher-developed questionnaire was used
to collect demographic and lifestyle information,
including age, sex, education level, marital status,
smoking status, years of work experience, shift
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schedule, and level of physical activity. These variables
were evaluated to ensure baseline comparability
between groups and to contextualize any observed
cognitive differences.

Exposure assessment

Occupational exposure to VOCs—specifically
benzene, toluene, ethylbenzene, and xylenes—was
assessed using NIOSH Method 1501, applying personal
air sampling with individual sampling pumps and
subsequent analysis by gas chromatography with flame
ionization detection (GC-FID). This method provided
time-weighted average (TWA) concentrations for
comparison with threshold limit values (TLV-TWA).
To capture the cumulative burden of mixed-solvent
exposure, a Hazard Index (HI) was calculated as
the sum of the ratios of each measured solvent
concentration to its respective TLV-TWA, following
established practice for combined exposures. As part
of routine industrial hygiene practice, measurements
were stratified by major work areas or tasks within the
paint facility (e.g., milling, packaging, quality control
laboratory) to identify exposure heterogeneity. By
contrast, monitoring in the textile factory revealed no
detectable levels of the targeted solvents, consistent
with its non-solvent-using processes.

Cognitive assessment

General intelligence: Raven’s Progressive Matrices
(RPM) was administered to both groups solely to
verify group equivalence in general intellectual ability.
Scores were categorized using standard interpretive
ranges. Importantly, RPM results were not used to
infer solvent effects; rather, they served as a matching/
confirmation tool to support valid between-group
comparisons on the primary cognitive outcomes.

Selective attention: The primary cognitive
endpoint was performance on a computerized
complex Stroop test. The task yielded (1) reaction
times for congruent and incongruent color-word
stimuli, (2) counts of correct responses, errors, and
omissions, and (3) an interference score capturing the
cost of conflicting stimulus dimensions. These metrics
offer complementary views of attentional control,
processing speed, and response accuracy.

Statistical analysis

All analyses were performed using SPSS version
25. Group differences in continuous variables (e.g.,
reaction times) were evaluated using independent-
samples t-tests, while categorical variables (e.g.,
demographic distributions) were compared using
chi-square tests. Statistical significance was defined
as p < 0.05. The analysis focused on between-group
differences in Stroop performance, with results for
RPM reported strictly for comparability.

RESULTS
Participant characteristics

The exposed and control groups were comparable
at baseline with respect to age, body mass index, work
experience, education, smoking status, and physical
activity (all p > 0.05). This homogeneity reduces the
likelihood that differences in Stroop outcomes arose
from demographic or lifestyle imbalances rather than
from exposure per se.

Air monitoring and exposure indices

Air sampling within the paint factory identified
elevated toluene concentrations exceeding the TLV
of 20 ppm in the milling and packaging units. The
Hazard Index (HI), reflecting mixed-solvent exposure,
exceeded unity in multiple areas, with values of 4.98
in milling, 4.01 in packaging, and 1.27 in the quality
control laboratory, indicating combined exposures
above acceptable limits. In contrast, the textile facility
showed non-detectable VOC levels, consistent with
the classification of its workers as an unexposed
control cohort.

General intelligence (RPM)

Most participants in both groups scored within
the average IQ range (90-110). The proportions were
77.7% for the exposed group and 86.3% for the control
group, and the between-group difference in Raven
scores was not significant (p = 0.11). These findings
support the use of the two cohorts as intellectually
comparable for interpreting Stroop performance.

Selective attention (Stroop test)
Clear group differences emerged on the Stroop task.

o Reaction time for congruent stimuli was
significantly longer in the exposed group (825.7 +
133 ms) compared with controls (789.7 + 62.6 ms; p
=0.01), indicating slower processing speed even when
stimulus dimensions align.

o Reaction time for incongruent stimuli did not
differ significantly between groups (838.6 + 160.5
ms vs. 832.8 + 72.6 ms; p = 0.74), suggesting that the
specific conflict-processing component may not have
been differentially impacted at the measured exposure
levels.

o Accuracy-related indices showed robust between-
group differences: counts of correct responses, errors,
and omissions all differed significantly (p < 0.001),
signifying broader impacts on response selection and
sustained attention.

o The interference score—a composite measure
of conflict cost—was substantially higher among
exposed workers (63.8) than controls (18.9; p < 0.001),
consistent with greater susceptibility to distraction
and weaker inhibitory control under conflicting
stimulus demands.
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Collectively, these results indicate that occupational
VOC exposure is associated with slowed responses
under congruent conditions and poorer accuracy,
alongside heightened interference costs, which
together point to compromised selective attention and
executive control.

DISCUSSION

This study contributes evidence that occupational
exposure to VOCs is linked with measurable
decrements in selective attention among industrial
workers. The pattern—slower congruent reaction
times, reduced accuracy, and elevated interference—
implies disruptions in basic processing speed and
response monitoring, with a particular vulnerability
to tasks that require rapid, consistent selection of
relevant stimulus features. Importantly, these changes
were observed despite comparable general intelligence
across groups, as confirmed by RPM, underscoring
that the observed effects are unlikely to be artifacts of
global cognitive ability.

Our findings are broadly consistent with
prior  research  documenting  solvent-related
neurobehavioral impairment. Aminian et al. reported
prolonged reaction times and weaker psychomotor
performance in solvent-exposed workers, while
Golbabaei et al. observed decrements in concentration
and memory coupled with slowed reaction time
among exposed cohorts. Additional work, including
Oliveira and Sogitlii, has described attentional and
cognitive deficits associated with chronic VOC
exposure. Although some studies (e.g., Jiménez
Barbosa, 2015) did not detect significant differences in
reaction time, such discrepancies may be attributable
to methodological variability, differences in exposure
intensity, solvent mixture composition, study power,
or task parameters used to operationalize attention.

Potential mechanisms for the observed deficits
are consistent with current neurotoxicological
understanding. The lipophilicity of common VOCs
facilitates their accumulation in neural tissue,
with white-matter microstructural changes and
neuroinflammatory responses proposed as plausible
mediators of slowed processing and impaired
interference control. Disruption of prefrontal
network dynamics involved in top-down control
could degrade the efficiency with which irrelevant
stimulus dimensions are suppressed, manifesting as
higher interference and lower accuracy on Stroop
measures. While our cross-sectional design cannot
establish causality, the dose-context (elevated HI in
specific units) and task-specific deficits align with
a biologically coherent profile of solvent-related
attentional dysfunction. Notably, we observed no
significant group difference in the incongruent

reaction time measure; this may reflect several
possibilities: (1) insufficient power for that endpoint
given its higher variance; (2) a ceiling effect, where
both groups adopt a cautious response strategy under
conflict; or (3) a primary effect of exposure on baseline
processing speed and response reliability (congruent
RT and accuracy) rather than on conflict-specific
latency per se.

Methodological considerations bear emphasis.
First, the use of RPM strictly as a matching tool
minimizes confounding by global intelligence; we
intentionally did not interpret RPM scores as outcomes
of exposure. Second, the application of NIOSH 1501
combined with HI quantification (ratio-summing
across TLVs) provides a pragmatic way to capture the
combined risk from mixed-solvent atmospheres, an
exposure reality in paint manufacturing. Third, the
task selection—a complex computerized Stroop—
favors sensitivity to attentional control while
producing multiple complementary indices (speed,
accuracy, interference). Finally, the control site (textile
factory) offered a setting with no detectable VOCs,
strengthening the exposure contrast.

Practical implications emerge for occupational
health management. Given that toluene exceeded the
TLV in specific units and HI values were >1 in several
areas, engineering controls (e.g., improved local
exhaust ventilation, process enclosure, or substitution
where feasible) and administrative measures (e.g.,
work rotation to reduce cumulative burden) are
warranted. Consistent and correct use of personal
protective equipment should be reinforced, alongside
routine exposure monitoring to verify control
effectiveness. From a surveillance perspective, periodic
cognitive screening using brief, validated tasks (e.g.,
Stroop-type measures) may help flag early functional
changes before they evolve into pronounced deficits
that affect safety-critical performance. Integration
of biological monitoring (e.g., urinary metabolites
for selected solvents) in future work could enrich
exposure assessment and clarify exposure-response
relationships.

Limitations include the inherent constraints
of cross-sectional inference, the reliance on area-/
task-specific air sampling snapshots rather than
full longitudinal personal monitoring for every
participant, and the absence of multivariate modeling
to parse residual confounding beyond group matching
(e.g., sleep quality, unmeasured co-exposures).
Nevertheless, the convergent pattern of findings—
exposure contrast verified by industrial hygiene
data, group equivalence on general intelligence, and
coherent Stroop deficits—supports the interpretation
that mixed VOC exposure is adversely associated with
selective attention in this workforce.
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CONCLUSION

In this cross-sectional study of industrial workers,
occupational exposure to VOCs—characterized
by TLV-exceeding toluene levels and elevated
Hazard Index values in key production units—was
associated with measurable impairment in selective
attention. Exposed workers demonstrated slower
reaction times under congruent conditions, poorer
accuracy, and greater interference costs on a complex
Stroop task compared with unexposed controls,
while general intelligence (RPM) was comparable
between groups. These findings, consistent with prior
literature, suggest that attention-related functions—
notably processing speed, response selection,
and interference control—are early and sensitive
indicators of solvent-related neurobehavioral effects,
even in otherwise healthy workers.

From a prevention standpoint, our results underscore
the importance of continuous exposure monitoring,
engineering and administrative controls, and reinforced
PPE use in solvent-using industries. Incorporating brief
cognitive screening into occupational health surveillance
may facilitate early detection and targeted intervention.
Future research using longitudinal designs and biological
monitoring is recommended to delineate causal
pathways and characterize exposure-response gradients
more precisely.
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