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Abstract
Background: The printing industry remains an important occupational sector worldwide, employing millions of workers who are routinely

exposed to a wide range of hazardous agents throughout pre-press, press, and post-press operations. Printing press workers encounter multiple
occupational exposures, including volatile organic compounds, heavy metals, particulate matter, paper dust, adhesives, ultraviolet-curable
compounds, excessive noise, heat, and ergonomic stressors. Although technological advances have modified several printing processes, many
traditional hazards persist, particularly in small- and medium-scale enterprises where occupational health measures may be inadequate.
Growing evidence suggests that chronic exposure to these workplace hazards may adversely affect both the nervous and respiratory systems,
resulting in significant morbidity and impaired quality of life among exposed workers.

This review aims to provide a comprehensive overview of the occupational neurobehavioral and respiratory health effects associated with
employment in the printing industry. It summarizes the major printing technologies and associated workplace exposures, explores the
mechanisms through which solvents and heavy metals contribute to neurotoxicity, and examines the burden of respiratory disorders linked to
inhalation of volatile chemicals and airborne particulates. Particular emphasis is placed on neurobehavioral manifestations such as cognitive
impairment, memory deficits, attention disturbances, mood alterations, fatigue, and peripheral neuropathy, as well as respiratory outcomes
including upper airway irritation, occupational asthma, chronic bronchitis, impaired pulmonary function, and chronic obstructive pulmonary
disease. The review also highlights current approaches for health surveillance and early detection, including biological monitoring,
neurobehavioral assessment tools, and spirometric evaluation.

Available evidence indicates that printing press workers represent a vulnerable occupational group requiring targeted preventive strategies.
Implementation of engineering controls, substitution of hazardous substances, appropriate use of personal protective equipment, periodic
medical examinations, and worker education programs are essential components of risk reduction. Strengthening occupational health services
and conducting high-quality longitudinal studies are necessary to improve understanding of exposure—response relationships and to guide
evidence-based interventions aimed at protecting the health and well-being of printing industry workers.
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Introduction
The printing industry has undergone remarkable technological evolution, expanding from traditional
letterpress methods to modern offset, flexographic, gravure, screen, and digital printing technologies.
Despite these advancements, workers in printing facilities continue to encounter a wide range of
occupational hazards associated with various stages of the printing process. These hazards include
exposure to solvents, inks, pigments, cleaning agents, particulate matter, excessive noise, and ergonomic
stressors, particularly in workplaces where occupational safety measures are insufficient or
inconsistently implemented. [1-3]
Among these hazards, chemical exposures remain a major concern. Printing press workers may be
exposed to volatile organic compounds such as benzene, toluene, xylene, and n-hexane, in addition to
heavy metals present in certain pigments and dyes. Owing to their neurotoxic properties, these
substances have been associated with adverse effects on the central and peripheral nervous systems,
leading to neurobehavioral manifestations including impaired attention, memory deficits, mood
disturbances, fatigue, and reduced psychomotor performance. [4,5]
Respiratory disorders also represent an important occupational health issue in the printing industry.
Airborne contaminants generated during printing activities, including volatile organic compounds, toner
emissions, fine particulate matter, and paper dust, may contribute to upper and lower respiratory tract
irritation, occupational asthma, chronic bronchitis, and deterioration in pulmonary function. The
coexistence of multiple workplace exposures may further increase the burden of respiratory morbidity
among printing workers. [3,6]
Although previous studies have investigated individual occupational exposures or specific health
outcomes among printing workers, evidence integrating both neurobehavioral and respiratory
consequences within a comprehensive occupational health perspective remains limited. Therefore, this
review aims to summarize the current evidence regarding occupational neurobehavioral and respiratory
health effects among printing press workers, discuss potential mechanisms underlying these outcomes,
and highlight approaches for surveillance and prevention to support the protection of this vulnerable
workforce.
Overview of the Printing Industry and Printing Processes
The printing industry remains an essential component of the global economy, serving diverse sectors
including publishing, packaging, advertising, education, and commercial communications. Advances in
technology have transformed traditional printing methods into highly specialized processes capable of
producing high-quality outputs on a wide variety of substrates. Despite this evolution, many printing
operations continue to involve manual handling of chemicals and prolonged worker interaction with
printing equipment, creating opportunities for occupational exposures. Understanding the different
printing processes is fundamental for identifying potential workplace hazards and implementing
appropriate preventive measures. [7,8]
Printing operations are generally categorized into three main stages: pre-press, press, and post-press. The
pre-press stage involves activities such as graphic design, image processing, plate preparation, and
proofing. Historically, these processes required extensive use of photographic chemicals and developing
solutions; however, newer technologies such as computer-to-plate systems have reduced the reliance on
some hazardous substances. The press stage represents the actual transfer of images onto substrates and is
often associated with exposure to inks, fountain solutions, solvents, and noise generated by printing
machinery. The post-press stage includes cutting, folding, binding, laminating, and packaging operations,
during which workers may encounter adhesives, dust, and mechanical hazards. [2,9]
Offset lithography remains one of the most widely used printing methods worldwide. This technique is
based on the principle that oil and water repel each other, allowing the image area to selectively attract ink
while non-image areas retain water. Offset printing commonly utilizes fountain solutions containing
isopropyl alcohol and requires regular cleaning of rollers and blankets using organic solvents.
Consequently, workers involved in offset printing may experience significant exposure to volatile organic
compounds, particularly in facilities lacking adequate ventilation systems. [3,10]
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Other important printing techniques include flexography, gravure, screen printing, and digital printing.
Flexographic printing is extensively used in packaging industries and frequently employs fast-drying inks
containing alcohols and other solvents. Gravure printing involves recessed image cells and traditionally
relied on chemical etching processes during cylinder preparation. Screen printing utilizes mesh stencils
and may involve ultraviolet-curable inks and photosensitive materials. In contrast, digital printing
technologies, including laser and inkjet printing, offer improved efficiency and reduced setup requirements
but can generate ultrafine particles and gaseous emissions during operation. Because each printing method
has unique exposure profiles, occupational health risk assessments should consider the specific
technologies employed within individual workplaces. [11-13]
Occupational Hazards in the Printing Industry
Chemical Hazards
Chemical exposures represent the most important occupational health concern in the printing industry
because workers may encounter numerous hazardous substances simultaneously during different stages of
production. These exposures occur during plate preparation, ink formulation, printing operations, machine
maintenance, and post-press activities. The major chemical agents include organic solvents, printing inks,
fountain solutions, cleaning agents, adhesives, ultraviolet-curable compounds, and heavy metals contained
in pigments and dyes. Exposure occurs predominantly through inhalation of vapors and aerosols, although
dermal absorption is also an important route, especially among workers handling solvents and inks without
adequate personal protective equipment. The magnitude of exposure depends on several factors, including
the type of printing technology employed, workplace ventilation, duration of exposure, and adherence to
occupational safety practices. [14,15]
Organic solvents constitute one of the most extensively studied hazards among printing workers. Benzene,
toluene, xylene, ethyl acetate, glycol ethers, and n-hexane are frequently encountered in solvent-based
inks, thinning agents, and cleaning products used to remove ink residues from rollers and blankets. These
compounds are highly volatile and readily evaporate into workplace air, resulting in substantial
inhalational exposure. Acute exposure may produce mucosal irritation, headache, dizziness, nausea, and
impaired concentration, whereas chronic exposure has been associated with neurobehavioral dysfunction,
hepatotoxicity, nephrotoxicity, hematological abnormalities, and respiratory impairment. Several studies
have demonstrated measurable concentrations of volatile organic compounds in printing environments,
emphasizing the need for effective engineering controls and exposure monitoring programs. [16-18]
Printing inks themselves are complex mixtures composed of pigments, binders, solvents, oils, waxes, and
various performance-enhancing additives. Although advances in printing technology have reduced the use
of certain hazardous constituents, some pigments still contain heavy metals such as lead, cadmium,
chromium, and mercury. Long-term occupational exposure to these metals may result in bioaccumulation
and subsequent adverse health outcomes affecting the nervous, renal, hematopoietic, and respiratory
systems. Heavy metal exposure among printing workers has therefore emerged as an area of increasing
concern, particularly in settings where environmental monitoring and industrial hygiene measures remain
inadequate. [19,20]
Cleaning solvents used during routine maintenance procedures are another important source of
occupational exposure. Frequent cleaning of printing machinery is necessary to maintain print quality and
prevent the accumulation of dried inks and paper debris. However, manual cleaning practices often involve
the use of open containers and solvent-soaked cloths, facilitating the release of volatile compounds into
the workplace atmosphere. Workers performing these tasks repeatedly throughout the workday may
therefore experience cumulative exposure levels that contribute substantially to their overall toxic burden.
The implementation of enclosed cleaning systems, substitution with less hazardous alternatives, and
reinforcement of safe handling practices are critical preventive strategies. [15,18]
Physical Hazards
In addition to chemical exposures, printing press workers encounter numerous physical hazards that may
adversely affect health and safety. Noise is among the most prevalent occupational hazards in printing
facilities, generated by printing presses, compressors, folding machines, cutting devices, and ventilation
Cuest.fisioter.2024.53(3):7721-7735 7723



Sahar Abou El Magd etal.  Occupational Neurobehavioral and Respiratory Health Effects among
Printing Press Workers: A Comprehensive Review Ki

systems. Continuous exposure to elevated noise levels may result in noise-induced hearing loss, tinnitus,
impaired communication, and reduced work performance. Importantly, recent evidence suggests that co-
exposure to organic solvents and occupational noise may exert synergistic ototoxic effects, thereby
increasing the risk of auditory dysfunction beyond that attributable to either exposure alone. [21,22]
Mechanical hazards also contribute substantially to occupational injuries in the printing industry. Workers
frequently operate machinery containing rapidly moving rollers, rotating cylinders, gears, cutting blades,
and binding equipment. Inadequate machine guarding, improper maintenance, and unsafe work practices
may lead to traumatic injuries including lacerations, crush injuries, fractures, and amputations. The
implementation of machine safety protocols, lockout-tagout procedures, and comprehensive worker
training programs is therefore essential to reduce injury risks within printing facilities. [23]
Heat exposure constitutes another relevant concern, particularly in workplaces utilizing drying ovens,
ultraviolet-curing systems, or heat-generating printing equipment. Prolonged exposure to elevated
temperatures may lead to dehydration, fatigue, reduced concentration, and heat-related illnesses.
Moreover, excessive heat may indirectly increase occupational accident risk by impairing cognitive
performance and decision-making capacity. Adequate environmental controls, proper hydration practices,
and scheduled rest periods should therefore be integrated into workplace health programs. [24]
Biological Hazards
Although biological hazards receive less attention than chemical and physical risks, they remain important
considerations in certain printing environments. Paper storage areas characterized by poor ventilation and
elevated humidity may support the growth of moulds and fungi. Workers exposed to airborne fungal spores
may develop allergic reactions, rhinitis, conjunctival irritation, and respiratory symptoms, particularly
among susceptible individuals with underlying atopic conditions. In addition, some fungal species are
capable of producing mycotoxins that may exert immunological and systemic effects following prolonged
exposure. [25,26]
The risk of microbial contamination is heightened in facilities with inadequate housekeeping practices,
water leakage, or insufficient environmental control measures. Consequently, maintaining appropriate
humidity levels, ensuring adequate ventilation, and implementing regular cleaning protocols are important
preventive measures aimed at minimizing biological hazards in printing workplaces. [26]
Psychosocial Hazards
Psychosocial factors are increasingly recognized as important determinants of occupational health within
industrial settings, including the printing industry. Production deadlines, high workload demands,
repetitive tasks, prolonged working hours, and shift schedules may contribute to psychological stress and
occupational fatigue. These factors not only affect workers' mental well-being but may also impair
concentration, increase the likelihood of human error, and elevate the risk of workplace accidents. [27]
Rotating shift work, commonly encountered in large-scale printing operations functioning around the
clock, may disrupt circadian rhythms and adversely affect sleep quality. Sleep disturbances have been
associated with impaired cognitive performance, mood changes, reduced productivity, and increased
susceptibility to chronic diseases. Therefore, comprehensive occupational health programs should extend
beyond traditional hazard control measures to incorporate strategies addressing psychosocial well-being,
work organization, and employee support systems. Recognition of psychosocial hazards as integral
components of workplace risk assessment may ultimately contribute to healthier and safer printing
environments. [27]
Neurobehavioral Health Effects among Printing Press Workers
Neurobehavioral disorders represent one of the most important yet frequently underrecognized
occupational health consequences among printing press workers. During routine printing activities,
workers may experience repeated exposure to neurotoxic agents, particularly organic solvents and heavy
metals, through inhalation and dermal absorption. Owing to their lipophilic nature, many organic solvents
readily cross the blood—brain barrier and accumulate within lipid-rich neural tissues, thereby interfering
with normal neuronal function. Similarly, certain heavy metals used in pigments and printing materials
possess the ability to bioaccumulate and exert long-lasting toxic effects on both the central and peripheral
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nervous systems. Consequently, prolonged occupational exposure in printing environments has
increasingly been associated with adverse neurobehavioral outcomes affecting cognition, mood, sensory
function, and motor performance. [28-30]
Organic solvents remain among the most extensively investigated neurotoxic agents in the printing
industry. Benzene, toluene, xylene, and n-hexane are commonly encountered in solvent-based inks,
cleaning agents, and thinners used throughout printing operations. Acute exposure to these compounds
may manifest as headache, dizziness, fatigue, nausea, impaired concentration, and transient alterations in
psychomotor performance. However, chronic exposure appears to pose a greater threat because repeated
low-level exposure may lead to cumulative neurotoxic effects that evolve gradually and remain clinically
unrecognized during the early stages of disease development. [31-33]
Among aromatic hydrocarbons, toluene has been particularly implicated in occupational neurotoxicity.
Following inhalation, toluene is rapidly distributed to highly perfused and lipid-rich tissues, including the
brain. Experimental and epidemiological evidence suggests that toluene exposure disrupts neuronal
membrane integrity, induces oxidative stress, and interferes with neurotransmitter systems involved in
attention, learning, and emotional regulation. Workers chronically exposed to toluene have reported
symptoms such as unusual fatigue, irritability, memory difficulties, sleep disturbances, and reduced
concentration, while prolonged exposure has been linked to measurable impairments in
neuropsychological performance. [34-36]
Similarly, xylene exposure has been associated with disturbances in cognitive and behavioral functioning.
The proposed mechanisms include oxidative stress, neuroinflammation, and alterations in dopaminergic
and serotonergic neurotransmission. Clinical manifestations reported among exposed individuals include
headache, dizziness, impaired memory, emotional instability, and difficulties in maintaining attention.
Although some effects may improve following removal from exposure, prolonged occupational contact
may contribute to persistent neurological dysfunction and reduced quality of life. [37,38]
N-hexane deserves particular attention because of its established association with peripheral neuropathy.
Hepatic metabolism of n-hexane generates the neurotoxic metabolite 2,5-hexanedione, which induces
axonal degeneration through interactions with neurofilament proteins. Workers with prolonged exposure
may develop numbness, paresthesia, muscle weakness, reduced reflexes, and impaired coordination. In
severe cases, progressive sensorimotor neuropathy may interfere substantially with occupational
performance and activities of daily living. The occurrence of these manifestations underscores the
importance of early recognition and exposure prevention in workplaces utilizing n-hexane-containing
products. [39,40]
Heavy metals encountered in printing environments may also contribute to neurobehavioral impairment.
Lead, cadmium, mercury, and manganese have all been implicated in neurological toxicity through
mechanisms involving oxidative stress, mitochondrial dysfunction, disruption of calcium homeostasis, and
interference with neurotransmitter synthesis and release. Lead exposure, for example, has been associated
with deficits in attention, executive functioning, reaction time, and mood regulation. Mercury toxicity may
manifest as tremors, irritability, insomnia, and emotional instability, whereas manganese accumulation has
been linked to parkinsonian features characterized by bradykinesia, rigidity, and impaired motor
coordination. [30,41]
The neurobehavioral manifestations observed among exposed workers encompass a broad spectrum of
clinical symptoms and functional impairments. Frequently reported complaints include chronic fatigue,
headache, forgetfulness, reduced attention span, irritability, anxiety, depressed mood, sleep disturbances,
and difficulties performing complex cognitive tasks. Motor impairments involving reduced manual
dexterity, slower reaction times, and diminished psychomotor speed have also been documented. Because
these manifestations often develop insidiously and may overlap with symptoms arising from psychosocial
stressors or aging, they are frequently overlooked in routine occupational health practice. [29,42]
Several epidemiological investigations have demonstrated an association between occupational solvent
exposure and objective deficits in neurobehavioral performance. Neuropsychological assessments have
identified impairments in domains including memory, attention, perceptual speed, motor coordination, and
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executive functioning among exposed workers compared with unexposed populations. Importantly, some
studies have reported adverse effects even at exposure levels below currently accepted occupational
exposure limits, suggesting that existing standards may not fully protect susceptible individuals from
subtle neurotoxic effects. These findings highlight the necessity of integrating neurobehavioral
surveillance into occupational health programs serving printing industry workers. [33,43]
Given the potentially irreversible nature of chronic neurotoxicity, prevention and early detection remain
critical components of worker protection. Comprehensive strategies should include substitution of
hazardous chemicals whenever feasible, optimization of local exhaust ventilation systems, routine
exposure monitoring, worker education, and appropriate use of personal protective equipment. Periodic
health assessments incorporating symptom questionnaires and standardized neurobehavioral testing may
facilitate the identification of affected workers before the development of advanced neurological
impairment. Such interventions are essential for minimizing the long-term neurobehavioral burden
associated with employment in the printing industry. [15,44]
Respiratory Health Effects among Printing Press Workers
Respiratory disorders constitute a major occupational health concern among printing press workers
because of their frequent exposure to airborne contaminants generated during printing operations. The
printing environment contains a complex mixture of volatile organic compounds (VOCs), particulate
matter, toner emissions, paper dust, isocyanates, ozone, and various chemical aerosols released during ink
preparation, printing, equipment cleaning, and finishing processes. The nature and magnitude of
respiratory exposure vary according to the printing technology used, the degree of automation,
environmental conditions within the workplace, and the effectiveness of existing control measures.
Prolonged inhalation of these agents may result in both acute respiratory symptoms and chronic pulmonary
diseases that adversely affect workers' quality of life and productivity. [45-47]
Volatile organic compounds represent one of the most important categories of respiratory hazards in the
printing industry. Solvents such as toluene, xylene, benzene, and other hydrocarbon mixtures readily
evaporate into the workplace atmosphere, particularly during cleaning procedures and the use of solvent-
based inks. Acute exposure to elevated concentrations of these compounds may produce irritation of the
eyes, nose, and throat, accompanied by coughing, chest discomfort, and shortness of breath. Repeated
exposure contributes to persistent airway inflammation and may exacerbate pre-existing respiratory
conditions. The risk is particularly pronounced in workplaces characterized by inadequate ventilation and
limited implementation of industrial hygiene practices. [46,48]
Particulate matter generated during printing activities has also emerged as an important contributor to
respiratory morbidity. Airborne particles may originate from toner powders, pigments, paper dust, and
emissions from digital printing equipment. Fine particles (PM..s) and ultrafine particles possess the
capacity to penetrate deeply into the lower respiratory tract, reaching the bronchioles and alveolar spaces.
Following deposition, these particles stimulate inflammatory pathways, oxidative stress responses, and
macrophage activation, potentially leading to chronic respiratory symptoms and progressive deterioration
of lung function. Because smaller particles remain suspended in the air for prolonged periods, workers
may experience substantial cumulative exposure during routine occupational activities. [49,50]
Paper dust exposure represents another significant hazard, particularly among workers involved in paper
handling, cutting, folding, and finishing operations. Chronic inhalation of paper dust has been associated
with increased prevalence of cough, wheezing, breathlessness, and upper airway irritation. The biological
mechanisms underlying these effects involve mechanical irritation of respiratory mucosa and induction of
inflammatory responses within the airways. Although paper dust is sometimes perceived as relatively
harmless compared with chemical exposures, accumulating evidence indicates that sustained exposure
may contribute meaningfully to respiratory morbidity among industrial workers. [51]
Occupational asthma is among the most important work-related respiratory disorders encountered in
printing environments. Sensitizing agents such as isocyanates and acrylates used in ultraviolet-curable inks
and adhesives have been implicated in the development of occupational asthma through immunologically
mediated mechanisms. In sensitized individuals, even low levels of exposure may provoke
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bronchoconstriction, wheezing, chest tightness, and dyspnea. In contrast, certain irritant chemicals
encountered in printing settings may induce non-immunologic asthma through direct injury to the airway
epithelium. Early recognition of occupational asthma is crucial because continued exposure following
symptom onset is associated with poorer clinical outcomes and irreversible airway remodeling. [52,53]
Chronic respiratory diseases may also develop following prolonged occupational exposure. Persistent
inhalation of chemical vapors and airborne particulates contributes to chronic inflammation, mucus
hypersecretion, and structural alterations within the respiratory tract. Over time, these pathological
processes may manifest clinically as chronic bronchitis and progressive airflow limitation characteristic
of chronic obstructive pulmonary disease (COPD). Epidemiological investigations have demonstrated an
increased prevalence of respiratory symptoms and reduced pulmonary function among workers exposed
to printing-related emissions, emphasizing the need for long-term respiratory surveillance in this
occupational group. [50,54]
Respiratory manifestations reported among printing workers include chronic cough, sputum production,
wheezing, nasal congestion, sore throat, chest tightness, exertional dyspnea, and recurrent upper
respiratory tract infections. Although these symptoms are frequently dismissed as nonspecific or attributed
to smoking and environmental pollution, their occurrence in occupational settings warrants careful
evaluation. Failure to recognize work-related respiratory disease may delay diagnosis, prolong harmful
exposures, and diminish opportunities for effective intervention. Occupational history-taking therefore
remains an indispensable component of respiratory assessment among individuals employed in the
printing industry. [47,55]
Preventive measures play a pivotal role in reducing respiratory risks among printing workers. Effective
interventions include substitution of hazardous substances with safer alternatives, installation of local
exhaust ventilation systems, regular maintenance of printing equipment, optimization of workplace
housekeeping practices, and implementation of comprehensive respiratory protection programs when
engineering controls are insufficient. Worker education regarding exposure risks and early symptom
recognition should complement environmental control measures. In addition, periodic medical
surveillance incorporating respiratory questionnaires and pulmonary function testing may facilitate early
identification of disease and improve long-term health outcomes. [15,56]
Investigations and Health Surveillance for Neurobehavioral and Respiratory Disorders among
Printing Press Workers
Early identification of work-related neurobehavioral and respiratory disorders is a cornerstone of
occupational health practice because many adverse health effects associated with printing industry
exposures are initially subtle, nonspecific, and potentially reversible if recognized promptly.
Comprehensive surveillance programs should therefore integrate exposure assessment, biological
monitoring, clinical evaluation, and functional testing to identify workers at increased risk before
irreversible damage occurs. Such programs not only facilitate early diagnosis and intervention but also
provide valuable information regarding the effectiveness of workplace control measures and the adequacy
of existing occupational health policies. [57,58]
Biological Monitoring of Occupational Exposures
Biological monitoring provides an objective approach for evaluating internal doses of hazardous
substances absorbed by workers through inhalation, dermal contact, or ingestion. In the printing industry,
where employees are frequently exposed to mixtures of organic solvents and heavy metals, biomonitoring
serves as an important complement to environmental measurements. Unlike air sampling, biological
monitoring reflects the total amount of a substance entering the body from all exposure routes and may
therefore provide a more accurate estimate of individual exposure burden. [59]
Urinary metabolites are among the most commonly used biomarkers for assessing exposure to organic
solvents. Hippuric acid has traditionally been used as an indicator of toluene exposure, whereas
methylhippuric acids serve as biomarkers of xylene exposure. Studies involving printing workers have
demonstrated higher urinary concentrations of these metabolites among exposed individuals compared
with non-exposed controls, confirming the occurrence of occupational absorption even in settings where
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environmental concentrations may comply with regulatory limits. Biomonitoring data can therefore
support risk assessment activities and guide interventions aimed at reducing workplace exposures. [60]
Heavy metals possess relatively long biological half-lives and tend to accumulate in tissues over time,
making biological surveillance particularly valuable in exposed populations. Blood, urine, and scalp hair
have all been utilized for the assessment of occupational heavy metal exposure. Urinary measurements
generally reflect more recent exposures, whereas hair analysis may provide information regarding
cumulative exposure over extended periods. Previous investigations among printing workers have
identified elevated concentrations of selected metals among employees directly involved in production
processes, highlighting the usefulness of these methods for identifying high-risk groups within industrial
settings. [61,62]
Neurobehavioral Assessment
Because neurotoxic effects often develop gradually and may initially present as subtle cognitive or
emotional disturbances, standardized neurobehavioral testing constitutes an essential component of
occupational health surveillance. Such assessments enable the detection of early functional changes before
the appearance of overt neurological disease and facilitate monitoring of trends over time among exposed
workers. The use of validated instruments is therefore recommended in occupational settings characterized
by potential exposure to neurotoxic substances. [63]
The World Health Organization Neurobehavioral Core Test Battery (WHO-NCTB) is one of the most
widely recognized tools for evaluating neurobehavioral performance in occupational studies. The battery
assesses several domains, including attention, memory, motor speed, manual dexterity, perceptual
function, and affective status. Its standardized format allows comparisons across different populations and
facilitates the identification of exposure-related impairments. The WHO-NCTB has been applied
extensively in studies investigating neurotoxicity associated with pesticides, heavy metals, and organic
solvents. [64]
Evidence from occupational studies indicates that workers exposed to organic solvents may exhibit deficits
in psychomotor speed, attention, and memory when compared with non-exposed populations.
Computerized neurobehavioral assessments have demonstrated reduced finger tapping performance,
slower reaction times, and impaired concentration among solvent-exposed workers. Additionally,
symptom-based screening instruments such as the Q16 questionnaire have proven useful in identifying
workers experiencing neuropsychological complaints warranting further clinical evaluation. Although
these tools are not diagnostic in isolation, they represent valuable components of comprehensive
surveillance strategies aimed at early detection of occupational neurotoxicity. [65-67]
Respiratory Assessment
Respiratory surveillance is equally important among printing press workers because occupational
respiratory diseases often progress insidiously before becoming clinically apparent. A comprehensive
respiratory evaluation should begin with detailed occupational and medical history-taking, focusing on
respiratory symptoms, smoking status, temporal relationships between symptoms and workplace
exposures, and previous respiratory diagnoses. Particular attention should be directed toward identifying
symptom improvement during weekends or holidays, which may suggest an occupational etiology. [68]
Spirometry remains the most widely used and validated method for evaluating pulmonary function in
occupational health practice. It provides objective measurements of lung function parameters, including
forced vital capacity (FVC), forced expiratory volume in one second (FEV1), and the FEV/FVC ratio.
These indices facilitate the identification of obstructive and restrictive ventilatory abnormalities and enable
longitudinal monitoring of respiratory status among exposed workers. Standardization of testing
procedures and adherence to international guidelines are essential to ensure reliable interpretation of
spirometric findings. [69,70]
Serial pulmonary function testing may be particularly valuable in industries characterized by ongoing
respiratory exposures because repeated measurements permit the detection of accelerated declines in lung
function before severe impairment develops. Workers exhibiting persistent respiratory symptoms or
abnormal spirometric findings should undergo further evaluation to establish the nature and severity of the
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underlying condition. Such investigations may include bronchodilator responsiveness testing, specialist
referral, and additional diagnostic procedures when clinically indicated. [68]
Importance of Periodic Medical Surveillance
Periodic medical examinations constitute an integral component of occupational health programs for
printing press workers. Surveillance activities should be tailored to the specific hazards present within
individual workplaces and should incorporate both neurobehavioral and respiratory evaluations where
appropriate. The results of surveillance programs should inform workplace interventions, including
modification of work practices, enhancement of engineering controls, and reinforcement of personal
protective measures. Importantly, health surveillance should not be viewed merely as a regulatory
obligation but rather as a proactive strategy aimed at preserving worker health and preventing occupational
disease. [57,71]
Prevention and Control Strategies for Occupational Neurobehavioral and Respiratory Disorders
among Printing Press Workers
Prevention of occupational diseases in the printing industry requires a comprehensive approach that
addresses the diverse hazards encountered throughout printing operations. Given that workers are often
exposed simultaneously to multiple chemical, physical, and psychosocial stressors, isolated interventions
are unlikely to provide adequate protection. Instead, effective occupational health programs should adopt
the hierarchy of controls framework, prioritizing elimination and substitution of hazards, implementation
of engineering controls, administrative interventions, and appropriate use of personal protective
equipment. Integrating these strategies within routine workplace practices is essential for reducing
exposure levels and minimizing the burden of neurobehavioral and respiratory disorders among printing
press workers. [72]
Elimination and Substitution of Hazardous Agents
The most effective preventive strategy involves eliminating hazardous substances whenever feasible or
replacing them with safer alternatives. Technological advancements have facilitated the development of
water-based inks, low-VOC formulations, alcohol-free fountain solutions, and digital printing
technologies that substantially reduce worker exposure to toxic chemicals. Similarly, replacement of
cleaning agents containing highly volatile solvents with less hazardous products can significantly decrease
inhalational risks. Although economic and technical considerations may influence the feasibility of
substitution, continuous evaluation of available alternatives should constitute an integral component of
occupational risk management within the printing industry. [73,74]
Engineering Controls
Engineering controls represent the primary line of defense when hazardous exposures cannot be
completely eliminated. Local exhaust ventilation systems are particularly important in printing facilities
because they capture airborne contaminants at their source before dispersion into the general work
environment. Enclosed cleaning systems, automated ink dispensing technologies, and modifications to
production equipment can further reduce direct worker contact with hazardous substances. Regular
maintenance of ventilation systems and periodic evaluation of their effectiveness are essential to ensure
sustained protection. In addition, adequate general ventilation contributes to reducing background
concentrations of volatile organic compounds and airborne particulates within the workplace. [75,76]
Advances in industrial hygiene engineering have also emphasized the importance of considering worker
movement patterns and workstation design when evaluating ventilation performance. The effectiveness of
local exhaust systems may be compromised by inappropriate placement, inadequate airflow, or work
practices that disrupt contaminant capture. Consequently, engineering interventions should be designed
collaboratively by occupational hygienists, engineers, and workplace managers to maximize exposure
reduction under actual operating conditions. [76]
Administrative Controls
Administrative measures constitute important complementary strategies aimed at minimizing exposure
duration and promoting safer work practices. Such measures include implementation of standard operating
procedures, scheduling of high-exposure tasks during periods of reduced occupancy, restriction of access
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to hazardous areas, and establishment of preventive maintenance programs. Periodic environmental
monitoring and routine occupational risk assessments facilitate the identification of emerging hazards and
support timely corrective actions. [77]
Worker education and training are equally critical components of administrative control programs.
Employees should receive regular instruction regarding the health risks associated with workplace
exposures, proper handling and storage of chemicals, recognition of early symptoms of occupational
iliness, and emergency response procedures. Educational interventions have been shown to improve
workers' knowledge and safety practices, thereby enhancing compliance with recommended protective
measures. Continuous reinforcement of safety culture within the organization remains essential for
sustaining these improvements over time. [78]
Personal Protective Equipment
Although personal protective equipment (PPE) occupies the lowest tier within the hierarchy of controls, it
continues to play an important role in situations where residual exposures cannot be adequately controlled
through other means. Appropriate respiratory protection should be provided to workers involved in
activities associated with elevated airborne contaminant concentrations, particularly during equipment
cleaning, maintenance procedures, and tasks generating dust or aerosols. Selection of respirators should
be based on hazard assessment findings and accompanied by fit testing, training, and maintenance
programs to ensure effectiveness. [72]
Chemical-resistant gloves, protective clothing, and eye protection should also be utilized when handling
solvents, inks, adhesives, and other hazardous substances capable of causing dermal or mucosal injury.
However, reliance on PPE alone is insufficient and may provide a false sense of security if higher-level
control measures are neglected. Therefore, PPE should be regarded as one component of a broader
occupational health strategy rather than the primary means of hazard control. [77]
Medical Surveillance and Health Promotion
Periodic medical surveillance programs provide valuable opportunities for early detection of work-related
disorders and evaluation of preventive interventions. Workers exposed to neurotoxic agents should
undergo regular assessments focusing on neurobehavioral symptoms and functional status, whereas
individuals at risk of respiratory disease may benefit from serial pulmonary evaluations. Surveillance
findings should be reviewed systematically to identify exposure trends, emerging health concerns, and
priorities for workplace intervention. [79]
Beyond disease surveillance, workplace health promotion initiatives may contribute to enhancing overall
worker well-being and resilience. Smoking cessation programs, encouragement of healthy lifestyles, stress
management interventions, and facilitation of access to occupational health services represent important
supportive strategies. Because smoking may exacerbate respiratory morbidity and confound interpretation
of occupational health findings, targeted smoking prevention initiatives should be incorporated into
comprehensive worker health programs whenever appropriate. [80]
Future Directions in Occupational Health Protection
The dynamic nature of printing technologies necessitates continuous adaptation of occupational health
practices. Emerging digital printing methods and novel chemical formulations may introduce previously
unrecognized hazards requiring further investigation. Future efforts should prioritize longitudinal studies
capable of clarifying exposure—response relationships and identifying susceptible populations. In addition,
greater integration of biological monitoring, exposure science, and occupational epidemiology may
facilitate the development of evidence-based preventive strategies tailored to the specific needs of the
printing workforce. Strengthening occupational health infrastructure, particularly in low- and middle-
income countries where regulatory oversight may be limited, remains an important global public health
priority. [74,81]
Ultimately, effective prevention of neurobehavioral and respiratory disorders among printing press
workers depends upon a proactive and multidisciplinary approach involving employers, workers,
occupational health professionals, industrial hygienists, and policymakers. Sustained commitment to
hazard reduction, worker education, and health surveillance is essential to safeguarding the health and
Cuest.fisioter.2024.53(3):7721-7735 7730



Sahar Abou El Magd etal.  Occupational Neurobehavioral and Respiratory Health Effects among
Printing Press Workers: A Comprehensive Review \’i

productivity of this vulnerable occupational population.

Conclusion

Printing press workers are exposed to a wide range of occupational hazards that may adversely affect both
neurobehavioral and respiratory health. Accumulating evidence indicates that chronic exposure to organic
solvents, heavy metals, particulate matter, and other workplace contaminants contributes to cognitive
impairment, mood disturbances, peripheral neuropathy, respiratory symptoms, occupational asthma, and
deterioration in pulmonary function. Given the often subtle onset and progressive nature of these disorders,
early recognition through appropriate health surveillance is essential. Implementing comprehensive
preventive strategies, including substitution of hazardous substances, engineering controls, worker
education, use of personal protective equipment, and periodic medical evaluations, is critical to reducing
occupational risks. Strengthening occupational health practices and promoting safer printing environments
will not only protect workers' health and well-being but also enhance productivity and sustainability within
the printing industry.
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