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Abstract

Cement is an essential construction material but also represents a significant occupational health hazard
due to its highly alkaline nature and the presence of toxic trace metals such as hexavalent chromium,
nickel, and cobalt. Prolonged exposure through skin contact, inhalation, or accidental ingestion can result
in dermatological disorders including irritant and allergic contact dermatitis, chemical burns, and chronic
eczema, as well as systemic effects characterized by oxidative stress, inflammation, and liver and kidney
dysfunction. Recent evidence suggests that molecular regulators such as Sirtuin 1 (SIRT1) may play an
important role in mediating cement-induced cellular damage and inflammatory responses. Advances
in Artificial Intelligence (Al) offer new opportunities for occupational health monitoring through real-
time exposure assessment, machine learning-based disease prediction, computer vision-assisted
dermatological screening, and biomarker analysis. This review summarizes the chemical composition
of cement, its dermatological and biochemical effects, underlying toxicological mechanisms, and the
emerging role of Al in improving occupational health surveillance. The integration of Al with occupational
toxicology may facilitate early disease detection, personalized risk assessment, and enhanced worker
protection in construction environments.

Keywords: Cement dust; Occupational toxicity; Dermatitis; SIRT1 and Artificial intelligence

Abbreviations: SIRT1: Sirtuin 1; Al: Artificial Intelligence; AST: Aspartate Aminotransferase; ALT: Alanine
Aminotransferase; ALP: Alkaline Phosphatase; SOD: Superoxide Dismutase; CAT: Catalase; ROS: Reactive
Oxygen Species; ANN: Artificial Neural Network; CNNs: Convolutional Neural Networks

Highlights

1. Cement exposure causes dermatological, biochemical, and systemic health effects in construction
workers.

2. Hexavalent chromium and other heavy metals promote oxidative stress and inflammatory responses.
3. SIRT1 may serve as a potential biomarker of cement-induced cellular toxicity.
4. Artificial Intelligence supports exposure assessment, disease prediction, and health surveillance.

5. Al-integrated occupational health systems can improve worker safety and preventive interventions.

Introduction

Cementis an indispensable material in modern construction; however, its physicochemical
characteristics present considerable occupational health challenges for workers involved in
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its handling and application. The material consists primarily of
calcium, silicon, aluminum, iron, and magnesium oxides, together
with smaller quantities of sulfur compounds, alkali oxides, and
various trace metals [1]. During hydration, cement undergoes
chemical reactions that generate calcium hydroxide and create
a strongly alkaline environment capable of damaging biological
tissues upon direct contact [2]. Furthermore, the presence of trace
elements such as chromium, nickel, cobalt, selenium, thallium and
lead increases the potential for toxicological and immunological
effects among exposed individuals [3]. Repeated contact with
wet cement, particularly in the absence of appropriate personal
protective equipment, can result in a range of adverse health
outcomes including skin irritation, allergic reactions, chemical
burns, and chronic inflammatory conditions [4]. The combined
effects of alkalinity, abrasive particles, and toxic metal constituents
establish cement as an important occupational hazard requiring
effective risk management and preventive interventions within the
construction sector [5].

Among the various occupational health concerns associated
with cement, dermatological disorders remain one of the most
frequently reported consequences of exposure. Construction
workers routinely encounter cement during activities such as
mixing, transporting, pouring, and finishing concrete, resulting
in prolonged skin contact with both wet cement and cement
dust [6]. The highly alkaline nature of hydrated cement,
together with the abrasive action of particulate materials and
the presence of sensitizing metals, contributes significantly to
the development of skin damage and inflammatory responses
[7]. Occupational exposure has been associated with a broad
spectrum of dermatological manifestations, including dryness,
erythema, scaling, fissuring, irritant contact dermatitis, allergic
contact dermatitis, and chronic eczema [8]. Continuous exposure
may progressively compromise the epidermal barrier, facilitate
penetration of irritants and allergens while increase susceptibility
to secondary infections and persistent inflammatory conditions [9].
Consequently, cement-related skin diseases continue to represent a
major occupational health burden that can negatively affect worker
productivity, quality of life, and long-term well-being [10].

In addition to dermatological effects, growing evidence
indicates that cement exposure may induce significant biochemical
and cellular alterations throughout the body. Cement dust contains
respirable particulate matter and potentially hazardous elements
including chromium, cadmium, lead, nickel, and cobalt, which
may enter the body through inhalation, ingestion, or dermal
absorption pathways [11]. Following absorption, these substances
can accumulate in various tissues and interfere with normal
physiological and metabolic processes [12]. Numerous toxicological
investigations have demonstrated that chronic exposure to cement
dust promotes oxidative stress through excessive generation of
reactive oxygen species and disruption of endogenous antioxidant
defense mechanisms [13]. Such disturbances have been associated
with increased lipid peroxidation, inflammatory activation,
hepatic dysfunction, renal impairment, and cellular injury [14].
Moreover, certain heavy metals present in cement possess

immunotoxic, genotoxic, and potentially carcinogenic properties
that may contribute to long-term adverse health outcomes among
exposed workers [15]. These findings emphasize the systemic
nature of cement-related toxicity and highlight the importance of
comprehensive occupational health monitoring strategies [16].

The widespread use of cement worldwide and the substantial
number of workers involved in construction activities make cement
exposure an important public health concern. Epidemiological
studies have consistently reported elevated rates of occupational
skin disorders and exposure-related health complications among
construction workers, particularly in
preventive measures are inadequate [17]. Although personal
protective equipment, workplace hygiene practices, engineering
controls, and routine medical surveillance have demonstrated
effectiveness in reducing occupational risks, implementation and
compliance remain inconsistent across many regions and industries
[18]. Conventional occupational health surveillance programs
frequently depend on periodic assessments that may not detect

environments where

early physiological or molecular alterations associated with chronic
exposure [19]. As aresult, there is increasing interest in developing
innovative approaches capable of providing continuous monitoring
and early identification of exposure-related health effects [20].
Recent advances in Artificial Intelligence (AI) have
introduced new opportunities for transforming occupational
health surveillance and risk management. Technologies such as
machine learning, computer vision, wearable sensing systems,
and biomarker-based analytics enable the collection, integration,
and interpretation of large volumes of environmental, clinical, and
molecular data [21]. These intelligent systems can support real-
time exposure assessment, automated dermatological screening,
predictive disease modeling, and personalized health risk evaluation
among workers exposed to occupational hazards [22]. Al-driven
approaches have also shown considerable potential for identifying
subtle biological changes before the onset of clinically detectable
disease, thereby facilitating timely preventive interventions and
improving workplace safety outcomes [23]. Furthermore, the
integration of Al with molecular toxicology research has generated
interest in biomarkers such as Sirtuin 1 (SIRT1), which may provide
mechanistic insights into oxidative stress, inflammation, and
cellular aging associated with cement exposure [24]. Therefore,
the convergence of occupational toxicology, biomarker science, and
artificial intelligence offers a promising framework for advancing
precision occupational health and improving the protection of
construction workers exposed to cement-related hazards [25,26].

Chemical Constituents of Cement and Their
Dermatological Implications

Cement is a heterogeneous inorganic material extensively
utilized in construction activities and is composed of a diverse
mixture of mineral oxides and trace constituents that may
adversely affect human health following occupational exposure
[23]. The major chemical components of cement include calcium
oxide, silicon dioxide, aluminum oxide, ferric oxide, and magnesium
oxide, which are essential for the development of its hydraulic
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and binding characteristics (Table 1) [24]. During construction
operations, the addition of water initiates a series of hydration
reactions that transform these mineral phases into hydration
products responsible for strength development and setting
behavior [25]. One of the principal by-products of these reactions
is calcium hydroxide, which creates a highly alkaline environment
with the potential to damage biological tissues upon direct contact
[26]. Exposure of the skin to wet cement can disrupt the integrity
of the epidermal lipid barrier, resulting in excessive moisture loss,
irritation, and progressive skin dryness [27]. Besides the major
oxides, cement contains varying concentrations of trace metals and
impurities, including chromium, nickel, cobalt, selenium, thallium,
and lead [28]. These elements originate from natural raw materials
such as limestone, clay, and shale or may be introduced during
clinker production and manufacturing processes [29].

The presence of these potentially toxic substances increases
the likelihood of adverse interactions with biological systems and
contributes to the hazardous nature of cement exposure [30].
Construction workers are routinely exposed to these chemical
constituents during activities such as concrete mixing, placement,
finishing, and handling of cement-based materials, creating
multiple opportunities for direct dermal contact [31]. The risk
of exposure is particularly elevated when appropriate personal
protective equipment, including gloves and protective clothing,
is not consistently used [32]. Repeated and prolonged contact

with cement can progressively compromise epidermal integrity,
facilitating deeper penetration of harmful substances through
the skin barrier [33]. Consequently, the complex chemical profile
of cement constitutes an important occupational health concern
and is associated with a range of acute and chronic dermatological
effects among construction workers [34,35].

The dermatological of cement exposure
arise from a combination of chemical, (Table 1) physical, and

consequences

immunological mechanisms that affect the structure and function
of the skin [36]. Owing to its strongly alkaline nature, wet
cement can induce irritant contact dermatitis when exposure is
prolonged, particularly when cement remains trapped beneath
clothing, gloves, footwear, or other protective materials for
extended periods [37]. In addition to chemical irritation, the
abrasive characteristics of sand and particulate matter present
in cement mixtures can mechanically damage the epidermis,
thereby increase skin permeability and enhance the penetration of
reactive compounds into deeper tissue layers [38]. Among the trace
constituents, hexavalent chromium is regarded as one of the most
significant sensitizing agents and has been strongly implicated
in the development of allergic contact dermatitis among exposed
workers [39]. Recurrent exposure to chromium-containing cement
may induce immunological sensitization, resulting in chronic
inflammatory reactions characterized by itching, erythema, edema,
and scaling of affected skin regions [40].

Table 1: Typical chemical constituents and compositional range of Portland cement with their functional significance

in construction materials [24,35].

Classification Constituent Chemical Formula Usual Content (%) Primary Functional Contribution
Primary oxide Calcium oxide Ca0 60-65 Govern§ mechanical st.rength de.\/elop.rrllent through
hydration and formation of calcium silicate phases
Primary oxide Silicon dioxide $i0, 17-25 Major con.trlbut(.)r to (.il.lrablllty and structural strength
via calcium silicate hydrate formation
Secondary oxide Aluminium oxide ALO, 3.0-7.5 Controls setting characteristics ar.ld supports early-stage
strength gain
Secondary oxide Ferric oxide Fe,0, 05-6 Imparts color .and par.t1c1pa}tes in ferrite n.:ompound
formation during clinker production
Stabilizing oxide Magnesium oxide MgO 0.1-4 Influences volume stablllty and may affect long-term
soundness if present in excess
Regulating Sulfur trioxide S0, 13-3 Controls setting t.lme through 1ntferact10n with gypsum
compound in cement chemistry
Alkali compounds Sodium anq potassium Na,0, K,0 04-13 Affect chemical reactivity and may contribute to alkali-
oxides aggregate reactions

Other metallic elements, including cobalt and nickel, have
likewise been associated with hypersensitivity reactions and the
development of persistent eczematous conditions in susceptible
individuals [41]. Workers who handle cement on a regular basis
without adequate skin protection commonly report symptoms such
as dryness, pruritus, fissuring, erythema, and irritation, particularly
affecting the hands, wrists, and forearms [42]. Under severe
exposure conditions, the corrosive action of highly alkaline cement
may cause chemical burns capable of penetrating deep tissue layers
and producing ulceration, tissue necrosis, or permanent scarring

[43]. Furthermore, the retention and accumulation of heavy metals
within skin tissues may contribute to long-term dermatological
abnormalities and may also trigger systemic inflammatory
responses [44]. Continued exposure to these harmful constituents
can impair normal skin repair processes, compromise regenerative
capacity, and increase vulnerability to opportunistic bacterial or
fungal infections [45]. As a result, cement-related skin disorders
remain among the most significant occupational health concerns
affecting workers in the construction industry (Table 2).
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Table 2: Reported evidence on dermatological outcomes associated with occupational cement exposure.
Study Setting / Context Study Populz}tlon / Principal Observations Reported Dermatological Reference
Sample Size Effect
146 cases (*3%) exhibited chromate
N o) 3 . P .
Dermatology clinic patch- 4,846 individuals hyperse.n51t1v1ty, 3.1.5 % diagnosed V\.m.ih Chromate 1nclu.c_ed _allerglc
test analvsis undergoine patch testin occupational allergic contact dermatitis, contact dermatitis linked to [27]
y somg p 5 with 59% directly associated with cement cement exposure
exposure
. Elevated urinary chromium levels were . . .
Industrial exposure . s . Impaired skin barrier
T 108 cement-exposed associated with increased transepidermal . .
monitoring in cement S . - function and increased [49]
workers water loss, indicating comprised epidermal e
workforce Lo . dermatitis risk
barrier integrity
o . . . Cement-associated
. 1,138 workers screened; | 332 individuals diagnosed with occupational . L
Tunnel construction - o . occupational dermatitis
. . 466 cement grouting dermatitis; chromate allergy detected in 65% S [53]
occupational surveillance with high chromate
personnel of tested grout workers AT
sensitization
Clinical dermat(.)logy Construction workers Nearly 88.9% of chromate-sensitive Sever_e chronic hand
assessment in . eczema linked to chromate [31]
. exposed to wet cement individuals developed hand eczema e
construction laborers sensitivity
Industrial cement plant Cement manufacturing Occupational de.rmat051s prevalen.ce Chronic dermatitis and
recorded at 3.7%, with most cases attributed . R [58]
health survey workers persistent skin irritation
to cement contact exposure
. . . . 7.89 1 irri itis, . - .
Field-based occupational | Construction site workers 8% Qeve oped 1rf1t'ant contac't dermatitis Mixed irritant and allergic
. while 4.3% exhibited allergic contact . i [43]
health survey handling cement dermatitis cement-induced dermatitis

Dermatological Manifestations Associated with
Cement Exposure

Skin-related disorders are among the most commonly
documented occupational illnesses in individuals working within
the construction and cement-handling sectors [46]. Continuous
occupational contact with cement, particularly in its wet state,
exposes workers to strongly alkaline substances, abrasive
particulates, and allergenic metal compounds that collectively
compromise skin integrity and initiate inflammatory processes
[47]. Routine construction activities such as mixing, transporting,
pouring, and finishing concrete often involve unavoidable direct
skin exposure, especially in environments where personal

protective equipment is inconsistently used or unavailable [48].

The multifactorial chemical composition of cement, including
calcium oxide, silica-based compounds, aluminum derivatives,
and trace metals such as chromium and cobalt, plays a key role
in triggering diverse skin reactions [49]. These dermatological
responses may vary in severity, ranging from mild irritation and
xerosis to severe inflammatory dermatitis and chemically induced
burns [50]. Anatomical regions such as the hands, forearms,
and lower extremities are most frequently affected due to their
direct and repeated exposure during manual labor tasks [51].
Consequently, individuals employed in cement production facilities,
transportation systems, and construction sites face an elevated risk
of developing occupational skin diseases linked to cement exposure
[52].

The intensity and frequency of cement-induced dermatological
conditions are influenced by multiple determinants, including
exposure duration, concentration of irritant and sensitizing agents,
environmental conditions such as humidity and temperature, and

individual biological susceptibility [53]. Sustained contact with
wet cement progressively weakens the epidermal barrier, thereby
increasing skin permeability and enhancing susceptibility to
both irritant and allergic reactions [54]. Moreover, the presence
of coarse particulate matter within cement mixtures can cause
repeated micro-injuries to the skin surface, which facilitates deeper
penetration of harmful chemical constituents [55].

Evidence from occupational health investigations indicates
that irritant contact dermatitis, allergic contact dermatitis, and
chemical burns represent the most prevalent dermatological
conditions among exposed workers [56]. With ongoing exposure,
individuals may also develop chronic dermatological complications
such as skin fissuring, hyperkeratosis, and secondary microbial
infections [57]. Collectively, empirical findings from occupational
studies highlight that cement-related skin disorders are not only
widespread but also have significant implications for worker
productivity, occupational efficiency, and overall quality of life [58].
A summary of selected epidemiological and surveillance studies
reporting dermatological outcomes in cement-exposed populations
is presented in Table 2 [59].

Irritant Contact Dermatitis Induced by Cement
Exposure

Irritant contact dermatitis is among the most frequently
encountered occupational skin conditions in workers exposed to
cement in construction-related environments [60]. This condition
is primarily driven by the strongly alkaline nature of wet cement,
which may reach pH values close to 12 during hydration processes
[61]. Such extreme alkalinity disrupts the epidermal lipid layer,
leading to direct chemical injury of the outer skin surface [62].
Workers are commonly exposed during activities such as mixing,
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transporting, and applying cement-based materials, where repeated
or prolonged contact allows alkaline substances to penetrate
the skin barrier [63]. This penetration initiates an inflammatory
response characterized by erythema, dryness, pruritus, and
burning sensations [64]. The presence of abrasive sand and
particulate matter within cement further exacerbates skin damage
by causing micro-abrasions that increase permeability to chemical
irritants [65]. In occupational settings where protective measures
are inadequate, irritant dermatitis typically develops progressively
following repeated exposure to cement [66]. Environmental factors
such as humidity, perspiration, and extended working hours further
intensify the severity of skin irritation [67].

The clinical progression of irritant contact dermatitis often
begins with mild cutaneous symptoms but may advance to more
severe pathological changes with continued exposure [68]. Early
manifestations generally include dryness and erythema, which
may progress to scaling, fissuring, and heightened skin sensitivity
in affected areas [69]. Persistent exposure to alkaline cement
compounds gradually impairs epidermal integrity and increases
transepidermal water loss, reflecting compromised barrier
function [70]. Occupational studies have reported that cement-
exposed workers frequently exhibit reduced skin barrier resilience,
predisposing them to recurrent irritation and inflammatory
episodes [71]. The hands represent the most commonly affected
anatomical site due to their direct involvement in cement handling
activities [72]. Beyond physical discomfort, chronic irritant
dermatitis can significantly impair manual dexterity and reduce
the ability to perform routine occupational tasks efficiently [73].
Secondary microbial infections may occur when skin fissures
provide entry points for pathogens into deeper tissues [74]. In the
absence of adequate preventive measures and timely treatment,
irritant contact dermatitis may progress into chronic and persistent
dermatological conditions [75]. These findings highlight the critical
importance of implementing preventive strategies, including
appropriate protective gloves, improved occupational hygiene
practices, and worker education regarding cement-related skin
hazards [76].

Allergic Contact Dermatitis Triggered by Cement
Exposure

Allergic contact dermatitis related to cement exposure is
primarily attributed to sensitization caused by hexavalent chromium
compounds present within cement materials [77]. Chromium
is recognized as one of the most potent occupational allergens,
capable of inducing strong immune-mediated hypersensitivity
reactions following repeated skin exposure [78]. In contrast to
irritant dermatitis, which arises from direct chemical damage to
the skin, allergic contact dermatitis develops when chromium ions
penetrate the epidermal barrier and trigger a delayed immune
response in sensitized individuals [79]. Once sensitization has
been established, even minimal exposure to chromium-containing
cement can provoke pronounced inflammatory reactions [80].
Workers who handle cement without adequate protective gloves
or clothing are at particularly high risk, as wet cement facilitates

the solubilization and dermal penetration of chromium compounds
[81]. Clinical manifestations typically include pruritus, erythema,
edema, and eczema-like lesions, most commonly affecting exposed
areas such as the hands and forearms [82]. Occupational health
studies indicate that chromate sensitivity constitutes a significant
proportion of cement-related allergic skin disorders among
construction workers [83].

The long-term impact of allergic contact dermatitis is often
considerable, as sensitization to chromium tends to persist even
after exposure has been minimized or eliminated [84]. Once
immunological sensitization occurs, affected individuals may
experience recurrent eczematous flare-ups upon re-exposure to
chromium-containing materials [85]. This chronic hypersensitivity
is characterized by persistent itching, inflammation, and scaling,
which may significantly impair skin health and function over time
[86]. In severe cases, individuals may be compelled to change
occupational roles or completely avoid tasks involving cement
exposure due to the intensity of symptoms [87]. Nevertheless,
clinical symptoms may continue to occur because of residual
sensitization or inadvertent exposure to chromium present in
other environmental or industrial sources [88]. Such persistent
allergic reactions can substantially reduce quality of life, leading
to discomfort, sleep disturbances, and decreased occupational
productivity [89]. Furthermore, co-sensitization to other metals
such as cobalt has been documented among cement-exposed
workers, thereby increasing the complexity of clinical management
[46]. Preventive approaches, including the reduction of hexavalent
chromium content in cement through chemical modification
techniques, have been introduced in certain regions to reduce the
incidence of sensitization and improve occupational safety [47].

Cement-Induced Chemical Burns and Cutaneous
Ulceration

Cement burns represent severe occupational skin injuries that
arise when wet cement remains in prolonged contact with the
skin, leading to progressive chemical damage driven by its highly
alkaline composition [48]. During the hydration process, cement
generates calcium hydroxide, which establishes a strongly alkaline
environment capable of chemically corroding skin tissues upon
sustained exposure [49]. Workers engaged in activities such as
kneeling in fresh concrete, handling cement mixtures, or wearing
cement-soaked clothing are particularly vulnerable to these
injuries due to prolonged dermal contact [50]. Unlike thermal
burns, cement-induced burns often develop insidiously and may
not produce immediate pain, resulting in delayed recognition and
continued exposure [51]. Early clinical manifestations typically
include mild erythema, irritation, and a delayed burning sensation
that may emerge several hours after contact [52].

With ongoing exposure, alkaline substances progressively
penetrate deeper layers of the skin, leading to escalating tissue
destruction and structural damage [53]. The abrasive nature of
cement mixtures, which often contain sand and other particulate
matter, further exacerbates injury by disrupting the skin surface
and facilitating deeper chemical penetration [54]. Consequently, the
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condition may advance from superficial irritation to more severe
tissue breakdown and ulcer formation [55]. Cement burns therefore
constitute a significant occupational hazard for construction
workers who are routinely exposed to wet concrete during daily
work activities [56]. The severity of injury increases when exposure
is not promptly identified or when decontamination is delayed,
allowing continued chemical action on the skin [57]. Within a few
hours of exposure, affected areas may develop blistering, swelling,
and intense pain as tissue injury progresses [58]. In more advanced
cases, chemical corrosion may extend into deeper dermal and
subdermal layers, resulting in partial-thickness or full-thickness
burns [59]. Such injuries frequently require medical intervention
and may lead to long-term consequences including permanent
scarring, functional impairment, or loss of normal skin integrity
[60].

Chronic Dermatological Disorders in Cement-
Exposed Construction Workers

Long-term occupational exposure to cement and associated
construction materials is strongly linked with the development
of chronic dermatological disorders among construction workers
[61]. Continuous interaction with cement dust and wet cement
progressively compromises the integrity of the skin barrier, thereby
reducing its natural protective and regenerative capacity [62].
Consequently, affected workers commonly present with persistent
dryness, scaling, and progressive thickening of the skin following
repeated exposure [63]. These manifestations are most frequently
observed on the hands and fingers, as these anatomical sites are
directly involved in manual construction activities [64]. Ongoing
irritation of the skin may induce excessive keratin formation,
leading to hyperkeratosis characterized by hardened, thickened,
and less flexible skin surfaces [65]. Although this adaptive response
may initially serve a protective function, it often results in painful
fissuring and cracking that can hinder routine occupational tasks
[66]. In addition, repeated exposure to cement dust contributes
to the removal of natural lipids from the skin surface, resulting in
dryness, rough texture, and reduced skin elasticity [67].

With continued exposure over time, these dermatological
alterations may evolve into persistent and long-standing skin
conditions that persist even after acute inflammatory episodes
have resolved [68]. Evidence from occupational health studies,
as summarized in Table 2, indicates that workers in construction
environments frequently experience chronic skin complaints
affecting primarily the upperlimbs [69]. These findings highlight the
cumulative and progressive nature of cement-related skin damage
in occupational settings [70]. Chronic dermatological conditions
can significantly impair both physical well-being and occupational
efficiency among affected workers [71]. Persistent skin dryness
and fissuring create entry points for microbial pathogens, thereby
increasing the risk of secondary bacterial and fungal infections
[72]. Such infections may further aggravate inflammation and delay
the healing process of damaged skin [73]. In some cases, ongoing
irritation and sensitization may lead to chronic eczema and other
persistent inflammatory skin diseases [74].

Inadequate workplace hygiene practices and inconsistent
use of protective equipment further intensify the severity and
frequency of these conditions [75]. Workers employed in cement
production facilities, transportation systems, and construction
sites remain continuously exposed to these risks throughout their
working life [76]. The cumulative burden of exposure often results
in worsening symptoms with increasing duration of employment
in the construction sector [77]. These chronic skin disorders can
also impair manual dexterity, reduce productivity, and contribute
to increased absenteeism from work [78]. Therefore, strengthening
occupational health strategies, improving protective measures, and
enhancing worker awareness are essential to reduce the burden of
chronic cement-related skin diseases in the construction industry
[79]. Ultimately, chronic dermatological conditions associated with
cement exposure represent a major and persistent occupational
health challenge [80].

Biochemical and Cellular Impacts of Cement
Exposure

Cement dust exposure is increasingly recognized as a major
occupational health concern due to its chemically heterogeneous
nature and its ability to induce widespread biochemical disruptions
(Figure 1) [63]. The particulate matter of cement contains
numerous toxic constituents, including silicon oxide, aluminum
oxide, iron oxide, chromium, lead, cadmium, nickel, cobalt, arsenic,
sodium, potassium, sulfur, and magnesium compounds [60].
These components behave as environmental xenobiotics that may
interact with biological systems following inhalation, ingestion, or
dermal absorption [68]. After inhalation, fine particles can become
lodged in the respiratory tract and subsequently transported
via mucociliary clearance to the gastrointestinal system, where
systemic absorption may occur [61]. Once internalized, these toxic
elements can accumulate in vital organs such as the liver, kidneys,
lungs, and gastrointestinal tissues [80]. Such bioaccumulation
disrupts normal cellular processes and contributes to structural
and functional impairment across multiple organ systems [66].
Toxicological evidence links these processes to oxidative damage,
cellular dysfunction, and inflammatory reactions that collectively
contribute to respiratory, hepatic, and gastrointestinal diseases
[72].

Experimental and epidemiological investigations have
consistently demonstrated that cement dust exposure induces
a wide range of biochemical alterations (Table 3) [64]. Elevated
serum levels of liver enzymes, including aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP), have been reported, indicating hepatic injury [81].
Similarly, increased concentrations of creatinine and urea suggest
compromised renal function in exposed individuals [71]. These
biochemical disturbances are frequently accompanied by enhanced
lipid peroxidation and reduced activity of antioxidant enzymes
such as superoxide dismutase (SOD) and catalase (CAT), reflecting
oxidative imbalance at the cellular level [62]. Additionally, raised
levels of inflammatory mediators such as C-reactive protein and

nitric oxide indicate activation of systemic inflammatory pathways
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[82]. Collectively, these findings confirm that prolonged exposure
to cement dust disrupts cellular homeostasis and contributes to

progressive biochemical and molecular dysfunction [74].

At the Cement
Mill: Grinding,
Crushing, Mixing,

Storage &
Transportation
of Raw Materials

Raw MatériaI; for Cement:
Limestone, Clay, etc.

Kiln at
1500-1600
Degree
Celsius

Combined
with Gypsum

Cement Cooled,
Stored,
Bagged and
Shipped

3 .

Figure 1: Dust generation throughout the different phases of cement manufacturing [57].

Table 3: Selected case investigations on biochemical and cellular alterations associated with cement dust exposure.

Study Confext / Research Design Sample Size Key Biomarkers Assessed Principal Outcomes
Population
Exposure to cement dust resulted in increased
. . ) Controlled 30 rats (control, 14- AST, ALT, ALP, urea, organ weights, accumulation of heavy metals,
Experimental inhalation C - . o R
study in Wistar rats laboratory day exposure, 28-day creatinine, nitric oxide, elevated oxidative stress, and significant
y experiment exposure groups) SOD, CAT, MDA alterations in hepatic and renal enzyme

profiles [66]

Exposed workers exhibited significantly
higher oxidative stress (notably MDA) and
elevated liver enzymes, alongside reduced

antioxidant defenses [81]

40 exposed workers
and 40 unexposed
controls

MDA, SOD, CAT, total
antioxidant capacity (TAC),
ALP, AST

Cross-sectional
comparative study

Occupational cement
plant workforce study

Significant hepatic and renal dysfunction

Biochemical assessment
of cement handlers
(Nigeria)

Occupational cohort
study

120 exposed workers
and 60 controls

Creatinine, urea, AST, ALT,
ALP, MDA, CRP, cystatin-C,
eGFR, albumin, total
protein

observed in exposed individuals, along with
elevated inflammatory and oxidative stress
markers and reduced kidney filtration indices
[97]

Case-control evaluation
of metabolic and
oxidative effects

Analytical case-
control study

41 exposed workers
and 41 controls

Triglycerides, ALT, ALP,
oxidative stress indicators

Exposed group demonstrated elevated
triglycerides, increased liver enzyme activity,
and marked oxidative stress compared to
controls [75]

Occupational
hematological survey in
cement workers

Cross-sectional field
study

Industrial worker
population
(unspecified sample)

WBC, RBC, hemoglobin
levels

Findings indicated elevated white blood
cell counts and reduced hemoglobin levels,
suggesting systemic inflammation and
possible anemia in exposed workers [83]

Compromise of Skin Barrier Integrity strongly alkaline composition and abrasive particulate content
[69]. Wet cement typically exhibits a pH exceeding 12, which is

Cement exposure exerts a profound detrimental effect on the sufficient to disrupt the lipid matrix of the epidermis [83]. The

structural and functional integrity of the skin barrier due to its . . . .
stratum corneum, which serves as the primary protective barrier
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regulating water retention and preventing pathogen entry,
becomes compromised under such conditions [70]. Prolonged
exposure to cement results in dissolution of epidermal lipids and
denaturation of structural proteins, leading to barrier dysfunction
[84]. This increases skin permeability to irritants, allergens, and
toxic substances [60]. Mechanical abrasion caused by silica and
sand particles further intensifies epidermal damage by producing
micro-injuries that facilitate deeper chemical penetration [85].
Consequently, exposed workers frequently present with dryness,
erythema, itching, and desquamation [75].

Chronic exposure progressively deteriorates epidermal
integrity, leading to long-term dermatological complications
[86]. Increased transepidermal water loss results in persistent
dehydration and reduced elasticity of the skin [77]. In severe
cases, fissuring, ulceration, and inflammatory lesions may develop,
significantly impairing normal skin function [87]. Occupational
surveys consistently report a high incidence of dermatitis, eczema,
and skin irritation among cement workers and construction
laborers [79]. The presence of heavy metals such as chromium
further exacerbates these effects by promoting allergic sensitization
[88]. Sustained barrier disruption also increases vulnerability to
microbial invasion and secondary infections [80]. These findings
underscore the necessity of preventive interventions, including
protective clothing, gloves, and strict hygiene practices to minimize

dermal exposure in occupational environments [89].
Oxidative Stress and Inflammatory Mechanisms

Cement dust exposure has been strongly associated with
the induction of oxidative stress through excessive production of
reactive oxygen species (ROS) [81]. Fine particulate matter can
penetrate deep into the respiratory system and enter systemic
circulation, where it interacts with cellular structures [90].
Within biological tissues, toxic metals and particles stimulate the
generation of ROS, including superoxide radicals and hydrogen
peroxide [82]. These reactive species induce oxidative damage to
lipids, proteins, and nucleic acids [91]. Lipid peroxidation results
in the formation of malondialdehyde (MDA), a widely recognized
biomarker of oxidative injury [83]. Elevated MDA levels have been
consistently observed in occupationally exposed populations [92].
Concurrently, antioxidant defense systems such as superoxide
dismutase and catalase become depleted under sustained oxidative
pressure [84].

Oxidative imbalance triggers inflammatory signaling pathways
across multiple tissues [93]. ROS activate immune responses
that promote the release of inflammatory mediators, including
cytokines and nitric oxide [85]. Increased nitric oxide levels have
been documented in experimental exposure models, indicating
activation of inflammatory cascades in organs such as the liver
and kidneys [94]. These inflammatory processes contribute to
progressive tissue damage, fibrosis, and organ dysfunction [86].
Elevated systemic inflammatory markers such as C-reactive protein
have also been reported among exposed workers [95]. Persistent
oxidative stress and inflammation are therefore key drivers of
chronic multisystem diseases affecting the liver, lungs, kidneys,

and cardiovascular system [87]. These findings establish oxidative
stress as a central mechanism underlying cement dust toxicity [96-
100].

Toxicological Impact of Heavy Metals

Heavy metals present in cement dust significantly contribute to
its overall toxicological burden on human health [61]. Commonly
detected metals include chromium, cadmium, lead, cobalt, and
nickel, all of which can accumulate in biological tissues following
prolonged exposure [97]. Among these, hexavalent chromium is
particularly hazardous due to its strong oxidative potential and
ability to cross biological membranes [62]. Once internalized,
chromium compounds interact with proteins and nucleic acids,
disrupting cellular integrity and metabolic functions [98].
Toxicological evidence links chromium exposure to genetic
mutations, DNA damage,
increasing carcinogenic risk [63].

and chromosomal abnormalities,

Beyond its carcinogenic potential, chromium also exerts
immunotoxic effects [99]. Chronic exposure to heavy metals alters
immune cell activity, including that of neutrophils and lymphocytes,
thereby weakening host defense mechanisms [64]. Studies have
reported reduced phagocytic activity of neutrophils in individuals
exposed to metal-rich cement dust [100]. This immunosuppression
increases susceptibility to infections and inflammatory diseases
[65]. Additionally, accumulation of heavy metals in organs such as
the kidneys and liver contributes to long-term toxicity, including
hepatic injury and renal dysfunction [66]. These mechanisms
highlight the severe health risks associated with occupational
cement exposure and reinforce the need for strict workplace safety
regulations [68].

Artificial Intelligence Applications in Occupational
Health Monitoring

Artificial Intelligence (AI) has emerged as a transformative

technology in occupational health by enabling real-time
monitoring, predictive analytics, and intelligent decision-making
across industrial environments. The increasing availability of
large occupational datasets has facilitated the application of Al
algorithms for detecting workplace hazards and assessing worker
health status [24]. Machine learning techniques have demonstrated
substantial potential in identifying complex relationships between
environmental exposures and adverse health outcomes that may
not be detected through conventional statistical approaches
[31]. Recent advances in computational power have enabled
the development of sophisticated predictive models capable of
processing multidimensional occupational health datasets with
high accuracy [45]. Al-based systems have been increasingly
adopted in industries characterized by hazardous working
conditions, including mining, manufacturing, chemical processing,

and construction sectors [58].

Occupational health researchers have reported that intelligent
monitoring systems can improve hazard detection rates while
simultaneously reducing the burden of manual workplace
inspections [67]. The integration of Al with sensor technologies
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has enabled continuous collection and analysis of environmental
and physiological parameters in real-world occupational settings
[72]. Furthermore, digital health platforms have facilitated the
development of worker-centered surveillance systems capable
of generating personalized health risk assessments [83]. Al
technologies have also contributed to improved allocation of
occupational health resources by identifying workers at elevated
risk of disease development [94]. These technological developments
have accelerated the transition from reactive occupational
healthcare toward predictive and preventive occupational health
management strategies [101]. Consequently, Al is increasingly
recognized as a critical component of modern occupational health
frameworks designed to enhance worker safety and long-term
well-being.

Al-Based Exposure Assessment

Accurate exposure assessment remains a fundamental
requirement for effective occupational health surveillance and
risk management. Traditional exposure assessment methods often
rely on periodic measurements and retrospective evaluations that
may not adequately capture fluctuations in workplace hazards
[36]. Al-driven exposure assessment systems have been developed
to analyze data streams generated from environmental sensors,
wearable devices, and workplace monitoring networks [49].
These systems can continuously evaluate airborne particulate
concentrations, toxic gas levels, temperature variations, and worker
movement patterns within industrial environments [54]. Machine
learning algorithms have demonstrated considerable capability in
identifying exposure hotspots and predicting high-risk activities
associated with occupational hazards [61]. Advanced predictive
models can integrate historical exposure records with real-time
environmental measurements to estimate cumulative exposure
burdens among workers [73].

Recent studies have reported that Al-assisted exposure
assessment approaches outperform conventional monitoring
techniques in terms of sensitivity, temporal resolution, and
predictive accuracy [81]. Furthermore, intelligent monitoring
systems can generate individualized exposure profiles that account
for task-specific activities and worker behavior patterns [88].
The incorporation of geospatial analytics and Internet of Things
technologies has further enhanced the precision of exposure
mapping across complex occupational environments [97]. Al-
based exposure assessment has therefore become an increasingly
valuable tool for improving workplace safety and supporting
evidence-based occupational health interventions [102].

Several occupational case studies have demonstrated the
practical utility of Al-assisted exposure monitoring systems in
industrial settings (Table 4). A large-scale occupational monitoring
program conducted in manufacturing facilities employed machine
learning algorithms to analyze airborne particulate data and
successfully identified previously unrecognized exposure clusters
[63]. Another case study involving construction workers utilized
wearable sensors integrated with artificial neural networks
to monitor worker proximity to dust-generating activities in

real time [74]. The implementation of this system resulted in
improved identification of hazardous work zones and facilitated
timely intervention by occupational safety personnel [85]. Similar
approaches have been applied in mining operations where
predictive algorithms were used to estimate worker exposure
to respirable particulate matter based on environmental and
operational variables [93].

Researchers have also reported successful application of Al-
based monitoring platforms for evaluating chemical exposure
patterns among workers employed in heavy industrial processes
[110]. In another investigation, deep learning models processed
large datasets obtained from multiple environmental monitoring
stations and accurately predicted future exposure trends under
varying workplace conditions [111]. These findings collectively
indicate that Al technologies can substantially improve the
effectiveness of occupational exposure assessment programs [105].
Such advancements may be particularly beneficial for construction
workers who experience frequent exposure to cement dust, heavy
metals, and highly alkaline materials.

Machine Learning for Disease Risk Prediction

Machine learning has become one of the most extensively
utilized Al methodologies for predicting occupational diseases and
identifying vulnerable worker populations. The ability of machine
learning algorithms to process large volumes of heterogeneous data
has enabled the development of highly accurate disease prediction
models [28]. Occupational health researchers have increasingly
employed Random Forest, Support Vector Machine, Gradient
Boosting, and Deep Neural Network algorithms to investigate
disease susceptibility among exposed workers [43]. These models
can simultaneously evaluate demographic variables, occupational
histories, environmental exposures, lifestyle characteristics, and
biological markers [57].

Machine learning approaches have demonstrated superior
predictive performance compared with traditional regression-
based methods in several occupational health applications
[69]. The capability of these algorithms to identify nonlinear
interactions among risk factors has contributed significantly to
improved disease forecasting accuracy [77]. Recent investigations
have highlighted the value of predictive analytics for detecting
early signs of occupational illness before clinical symptoms become
apparent [89]. Such approaches facilitate targeted preventive
interventions and support the implementation of personalized
occupational health programs [95]. Furthermore, risk prediction
models can assist employers and healthcare providers in
prioritizing surveillance activities for high-risk worker populations
[112]. Consequently, machine learning is increasingly viewed
as a cornerstone technology for precision occupational health
management [107].

Case studies from diverse occupational environments have
demonstrated the effectiveness of machine learning-based disease
prediction systems (Table 4). A cohort study involving industrial
workers developed predictive models for respiratory dysfunction
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using occupational exposure histories and pulmonary function
parameters [41]. The resulting algorithm achieved substantially
greater predictive accuracy than conventional epidemiological
approaches [52]. Another investigation utilized machine learning

techniques to identify workers at increased risk of chronic
inflammatory disorders based on biomarker profiles and workplace
exposure records [66].

Table 4: Representative case studies of Artificial Intelligence Applications in occupational health monitoring.

. Population
Study Domain Al Approach l;e R / Key Outcomes Relevance to Cement Exposure Reference
s o Enhanced accuracy in . . .
Industrial airborne Artificial Neural . . yimn Supports improved estimation of
- Manufacturing predicting dust concentration .
particulate Network (ANN) . s cement dust exposure levels in [103]
. : workforce compared with traditional . .
surveillance modeling construction environments
exposure models
Construction loT-integrated On-site Real-time identification .
. . . . . . . . Enables smart monitoring of
safety intelligence machine learning construction and mapping of high-risk [104]
hazardous cement exposure areas
systems framework personnel exposure zones
Predictive . S . .
. Early detection of individuals Applicable for forecasting
modeling of Random Forest . . . . .
. . Industrial workers | at elevated risk of respiratory | cement dust-induced respiratory [105]
occupational algorithm . . o
. . impairment complications
respiratory risk
Automated Convolutional Workers with High-accuracy automated .
. . . o L Useful for early detection of
dermatological Neural Networks occupational skin classification of dermatitis . S [106]
o cement-induced skin disorders
assessment (CNNs) conditions and eczema cases
Biomarker-based Supervised Occupationally Accurate classification . . -
. b . . Supports biochemical monitoring
occupational machine learning exposed of exposure status using .. [107]
. . A . of cement toxicity effects
health analytics models populations oxidative stress biomarkers
Toxi nomi Molecular an D ion of ex re-rel
oxicogenomic Deep learning oleculara d etection o exposure-re ated Relevant for investigating SIRT1-
pathway toxicological gene expression changes and ) . [108]
. e models . : associated molecular mechanisms
identification datasets biological pathways
Wearable . . .
. . Industrial Continuous real-time . .
occupational Al-driven sensor o Applicable for smart surveillance of
o . workforce monitoring of exposure and [109]
health monitoring analytics . . . o cement-exposed workers
systems environments physiological stress indicators

Researchers reported that predictive models successfully
classified high-risk individuals several years before clinical
diagnosis [79]. In an occupational dermatology study, machine
learning algorithms were applied to identify workers susceptible
to allergic contact dermatitis resulting from exposure to sensitizing
chemicals [87]. Similar predictive frameworks have been proposed
for construction workers exposed to cement dust and chromium-
containing materials [98]. Deep learning models have also been
employed to estimate disease progression trajectories among
workers suffering from chronic occupational illnesses [113]. These
findings illustrate the growing importance of predictive analytics
in reducing occupational disease burden and improving worker
health outcomes [114]. Such technologies have considerable
potential for supporting proactive health management within the
construction industry.

Computer Vision for Dermatological Screening

Computer vision has become an increasingly important
component of Al-driven healthcare systems due to its ability to
analyze medical images and identify pathological conditions with
high precision. Occupational dermatology represents a particularly
promising application area because many work-related skin
disorders exhibit visible clinical manifestations [33]. Construction
workers exposed to cement frequently develop dermatological
conditions such as irritant contact dermatitis, allergic contact

dermatitis, chemical burns, fissures, and chronic eczema [47].
Conventional diagnosis relies primarily on visual assessment
by healthcare professionals and may be influenced by observer
variability and limited access to specialist services [56].

Deep learning architectures, particularly Convolutional Neural
Networks, have demonstrated remarkable performance in image
classification and disease detection tasks [71]. These algorithms can
automatically extract relevant visual features from dermatological
images and distinguish between different skin disorders [82].
Recent technological developments have enabled deployment
of computer vision systems through smartphones, tablets, and
portable diagnostic devices [91]. Such innovations facilitate remote
screening and continuous monitoring of occupational skin diseases
in resource-limited environments [115]. Al-assisted dermatological
assessment therefore offers significant opportunities for improving
early diagnosis among exposed
workers [111]. Computer vision technologies are expected to
play an increasingly important role in future occupational health

and treatment outcomes

surveillance systems.

Several notable case studies have highlighted the effectiveness
of computer vision approaches in dermatological screening
applications. A large-scale dermatology project employed deep
neural networks trained on thousands of clinical images and
achieved diagnostic performance comparable to experienced
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dermatologists [39]. Another study developed a smartphone-based
screening application capable of identifying inflammatory skin
disorders from photographs obtained in non-clinical settings [53].
Researchers reported high classification accuracy for conditions
including eczema, dermatitis, and allergic skin reactions [65].

Occupational health investigators have also explored the use
of image analysis algorithms for monitoring skin abnormalities
among workers exposed to industrial chemicals and environmental
contaminants [76]. In one workplace surveillance program,
Al-assisted image processing enabled early detection of skin
lesions that had not yet been recognized through routine clinical
examinations [84]. Similar methodologies could be applied to
construction workers who regularly experience dermal exposure
to wet cement and abrasive construction materials [96]. The
integration of computer vision with occupational health databases
may further enhance disease tracking and intervention planning
[116]. These advances suggest that Al-powered dermatological
screening has substantial potential for reducing the prevalence

and severity of occupational skin diseases [113]. Such systems
may ultimately contribute to improved worker quality of life and
reduced healthcare expenditures.

Al-Assisted Biomarker and SIRT1 Analysis

The integration of Al technologies with biomarker research
has opened new avenues for understanding occupational disease
mechanisms and improving health surveillance strategies (Table
5). Occupational exposure to cement dust has been associated with
oxidative stress, inflammation, cellular injury, and biochemical
alterations affecting multiple organ systems [44]. Biomarkers such
as malondialdehyde, superoxide dismutase, catalase, C-reactive
protein, alanine aminotransferase, aspartate aminotransferase,
creatinine, and urea have been widely investigated as indicators
of toxicological responses [59]. Al algorithms can process large
biomarker datasets and identify complex molecular patterns
associated with occupational exposure and disease development
[68].

Table 5: Applications of Artificial Intelligence in occupational health and cement exposure research.

Al Technique

Primary Application

Input Data

Outcome

Relevance to Cement
Workers

Machine Learning

Exposure Assessment

Dust concentrations,
workplace measurements

Exposure prediction

Identification of high-risk
exposure conditions [77]

Random Forest

Disease Risk Prediction

Worker demographics and
exposure history

Risk stratification

Early identification of
vulnerable workers [52]

Support Vector Machine

Occupational Disease
Classification

Clinical and biomarker data

Disease prediction

Dermatitis and toxicity
assessment [81]

Deep Neural Networks

Toxicological Analysis

Multi-biomarker datasets

Health outcome prediction

Evaluation of systemic
effects [73]

Convolutional Neural
Networks

Dermatological Screening

Skin lesion images

Automated diagnosis

Detection of dermatitis and
cement burns [88]

Explainable Al

Occupational Decision
Support

Integrated worker datasets

Transparent risk
assessment

Improved workplace
interventions [21]

IoT + Al Systems

Real-Time Monitoring

Wearable sensors and
environmental data

Continuous surveillance

Smart construction site
management [118]

Al-Assisted Omics Analysis

Molecular Toxicology

Gene expression and
protein biomarkers

Mechanistic interpretation

SIRT1 and oxidative stress
analysis [79]

Digital Twin Technology

Safety Simulation

Environmental and
physiological variables

Hazard forecasting

Prevention of exposure-
related health risks [57]

Machine learning models have demonstrated significant
capability in predicting health outcomes based on multidimensional
biological data [78]. Recent studies have shown that biomarker-
based predictive systems can
occupational illnesses and facilitate personalized risk assessment

improve early detection of

[90]. The integration of molecular, clinical, and environmental
information within Al frameworks has enhanced understanding of
disease pathogenesis in exposed populations [117]. Furthermore,
advanced computational approaches have enabled identification
of previously unrecognized relationships between occupational
hazards and biological responses [118]. These developments
have strengthened the role of Al as a valuable tool for precision
toxicology and occupational medicine [116]. Al-assisted biomarker
analysis is therefore expected to become increasingly important in
future occupational health monitoring programs.

Particular attention has recently been directed toward Sirtuin
1 (SIRT1), a NAD'-dependent regulatory protein involved in
oxidative stress control, inflammation regulation, DNA repair, and
cellular longevity. Experimental investigations have suggested that
environmental toxicants and heavy metals may influence SIRT1
expression and activity through multiple molecular pathways
[101]. Occupational exposure to chromium, cadmium, nickel, and
other toxic elements present in cement dust has been associated
with oxidative stress responses that may contribute to SIRT1
dysregulation [115]. Researchers have proposed that reduced
SIRT1 activity may promote inflammatory signaling, mitochondrial
dysfunction, and accelerated cellular aging [117].

Al-assisted molecular analysis platforms have demonstrated
substantial capability in evaluating gene expression profiles and
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identifying biomarkers associated with occupational toxicity
[110]. Machine learning models have successfully differentiated
exposed and non-exposed populations based on integrated
biomarker signatures that include oxidative stress indicators and
regulatory proteins [119]. Several case studies have reported the
successful application of deep learning approaches for identifying
molecular pathways involved in chronic inflammatory diseases
and toxicological responses [117]. Similar methodologies could
be employed to investigate the mechanistic role of SIRT1 in
cement-induced dermatological and systemic health effects
[118]. The incorporation of SIRT1 within Al-enabled occupational
health frameworks may facilitate early disease detection, risk
stratification, and personalized intervention strategies [120].
Therefore, Al-assisted biomarker and SIRT1 analysis represent a
promising research direction for advancing occupational health
surveillance among construction workers exposed to cement and
related environmental hazards.

SIRT1-Associated Molecular Effects of Cement
Exposure

Sirtuin 1 (SIRT1), a NAD*-dependent deacetylase, plays a
critical role in regulating cellular aging, oxidative stress responses,
and metabolic stability, making it highly relevant in occupational
toxicology [101]. Cement dust contains a complex mixture of
xenobiotics, including alkaline compounds and trace heavy
metals such as hexavalent chromium, which may interfere with
intracellular signaling pathways and suppress SIRT1 activity
[115]. Reduced SIRT1 function is associated with increased
oxidative stress, impaired DNA repair capacity, and activation of
inflammatory signaling, ultimately accelerating cellular aging and
tissue degeneration [117]. In workers exposed to cement without
adequate protection, these molecular disruptions may intensify
both dermatological and systemic toxicity [103].

Moreover, the equilibrium between SIRT1 activation and
inhibition is increasingly recognized as a key determinant of cellular
resistance to environmental stressors [119]. A reduction in SIRT1
expression is linked to metabolic imbalance, hepatic dysfunction,
and chronic inflammation, conditions frequently observed in
cement-exposed populations [101]. Monitoring SIRT1 levels in
biological samples may therefore serve as an early biomarker of
cumulative occupational toxicity and disease progression [115].
Future research should focus on elucidating dose-response
relationships between cement-related xenobiotics and SIRT1
regulation, as well as developing interventions aimed at restoring
its protective cellular functions in high-risk workers [117].

Alin Occupational Health Monitoring: Implications
and Future Directions

Prolonged exposure to cement, particularly among construction
workers who handle materials without adequate protective gloves,
remains a significant occupational health challenge supported
by extensive epidemiological evidence [102]. Occupational skin
disordersrelated to cement exposure are among the most commonly
reported work-related conditions worldwide, with prevalence

estimates suggesting that approximately 5-15% of construction
workers develop dermatitis over the course of their careers,
especially among masons and concrete handlers [113]. Clinical
evaluations in hospital-based studies have reported that nearly
46% of examined construction workers suffer from occupational
skin conditions, including contact dermatitis and callosities, with
contact dermatitis accounting for roughly 20% of cases [112].

Continuous exposure to cement dust, which contains highly
alkaline compounds and trace metals such as hexavalent chromium,
can trigger a spectrum of dermatological conditions ranging from
irritant reactions and allergic dermatitis to eczema, chemical
burns, and ulcerative lesions in severe cases [116]. In addition to
visible skin damage, occupational exposure studies increasingly
demonstrate systemic biochemical alterations, including elevated
oxidative stress markers such as malondialdehyde and reduced
antioxidant defense capacity compared to unexposed populations,
indicating underlying cellular injury [118]. These combined
dermatological and systemic effects highlight cement dust as a
complex occupational hazard with both immediate and long-term
health consequences [111].

The integration of Artificial Intelligence (Al) into occupational
health monitoring offers a transformative approach to addressing
these risks by enabling early detection, predictive modeling, and
continuous surveillance of exposure-related health outcomes
[111]. Traditional preventive approaches rely heavily on periodic
assessments and self-reported symptoms; however, Al-driven
systems can analyze real-time data from wearable sensors,
environmental monitoring devices, and clinical records to identify
early signs of exposure-related pathology [117]. In particular,
machine learning algorithms can be trained to recognize patterns
associated with dermatological
biomarkers, and exposure intensity, thereby improving early
intervention strategies [114]. Furthermore, computer vision
systems can assist in automated skin lesion detection among
workers, enabling rapid screening for dermatitis, eczema, and
chemical burns in occupational environments [119]. These
technologies collectively enhance workplace safety frameworks by

irritation, oxidative stress

shifting occupational health management from reactive treatment
to proactive prevention.

Future research in this domain should focus on expanding
Al-integrated occupational health systems through large-scale
longitudinal and mechanistic studies that combine dermatological,
biochemical, and environmental datasets [108]. While existing
research has established correlations between cement exposure
and oxidative stress biomarkers, there remains a critical need
for Al-enabled models that can accurately predict dose-response
relationships, exposure timelines, and cumulative toxic effects in
real-world construction settings [113]. Advanced Al methodologies,
including deep learning and predictive analytics, may also support
the development of safer construction materials by evaluating
the toxicological profiles of innovative cement formulations and
chromium-reduced alternatives [105]. In addition, integrating
molecular data into Al systems may help identify key biological
pathways affected by heavy metals and irritants, thereby supporting
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targeted intervention strategies to reduce cellular damage [120].
Finally, future occupational health frameworks must incorporate
socio-economic and accessibility considerations, ensuring that
Al-based monitoring systems, protective equipment, and training
programs are equitably available across diverse construction
environments to maximize public health impact [114].

Conclusion

Cement remains a chemically complex and widely utilized
construction material that poses substantial occupational health
risks, particularly for workers who are not adequately protected
with gloves, clothing, and respiratory safeguards. Its highly alkaline
nature, abrasive particulate structure, and presence of sensitizing
heavy metals such as hexavalent chromium, cobalt, and nickel
collectively contribute to a broad spectrum of dermatological
disorders, including irritant and allergic contact dermatitis,
chemical burns, eczema, and hyperkeratosis. Epidemiological
evidence consistently shows that the hands, forearms, and lower
limbs are the most frequently affected body regions, underscoring
the occupational nature of exposure and the urgent need for
improved workplace protection strategies.

Beyond cutaneous manifestations, cement dust exposure also
produces significant biochemical and systemic effects. Inhalation,
dermal absorption, or accidental ingestion of fine cement
particles allows toxic constituents such as silicon oxide, aluminum
oxide, chromium, cadmium, lead, and other heavy metals to
accumulate in vital organs including the liver, kidneys, and lungs.
This accumulation disrupts cellular homeostasis and promotes
oxidative stress, characterized by increased lipid peroxidation,
depletion of antioxidant enzymes such as superoxide dismutase
(SOD) and catalase (CAT), and activation of inflammatory pathways.
These processes are reflected in elevated biochemical markers
such as liver enzymes, creatinine, urea, malondialdehyde, and
C-reactive protein, confirming multi-organ involvement in exposed
populations.

Traditional preventive strategies-including the use of personal
protective equipment, workplace ventilation, hygiene protocols,
and occupational health surveillance-remain essential for reducing
exposure-related risks. However, their effectiveness is often limited
by inconsistent implementation, particularly in low-resource and
informal construction sectors. Emerging integration of Artificial
Intelligence (AI) into occupational health monitoring offers a
promising advancement by enabling real-time exposure tracking,
predictive risk assessment, and early detection of dermatological
and systemic abnormalities. Al-driven tools, combined with
biomarker monitoring and digital health systems, have the
potential to significantly strengthen preventive frameworks and
shift occupational health management from reactive to predictive
models.

Future research should prioritize longitudinal, mechanistic,
and Al-integrated approaches to better understand the cumulative
effects of cement exposure across dermatological, biochemical,
and systemic levels. In particular, Al-based predictive modeling,

wearable sensor technologies, and advanced data analytics can
support early identification of high-risk exposure patterns and
improve occupational safety interventions. Additionally, the
development of safer cement formulations, including chromium-
reduced and bioengineered alternatives, represents an important
avenue for reducing inherent material toxicity. Socio-economic
considerations, such as equitable access to Al-enabled monitoring
systems, protective equipment, and occupational health services,
must also be addressed to ensure inclusive implementation.
Collectively, integrating technological innovation with regulatory
frameworks and preventive occupational strategies is essential to
safeguarding construction workers from the multi-systemic health
impacts of cement exposure.
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