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ABSTRACT

Introduction: Fungal contaminants in workplace environments pose significant biological hazards to
employee health across various industries. This narrative review aims to explore the types of contaminating
fungi, their health impacts, and strategies for prevention and control in occupational settings.

Material and Methods: This study was designed as a narrative review, with scientific literature sourced
from databases including PubMed, Scopus, Web of Science, and local databases like Magiran and SID,
covering the period from 2000 to March 2025. Keywords such as “fungal contaminants,” “occupational
health,” and “mycotoxins” were used. Data were qualitatively analyzed and organized into thematic
categories.

Results: Fungi such as Aspergillus, Penicillium, Cladosporium, and Stachybotrys are prevalent in
environments with high humidity, poor ventilation, and abundant organic material, causing respiratory
diseases, allergies, fungal infections, and chronic toxic effects. Identification methods include air
sampling, molecular analysis, and mycotoxin assessment. Effective control measures encompass humidity
management, enhanced ventilation, and personal protective equipment.

Conclusion: Effective management of fungal contaminants requires integrated approaches, including
accurate identification, environmental control, and employee training. These measures can enhance
worker health and reduce economic and social costs.
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1. INTRODUCTION

Fungal contamination in work environments
is an important issue for occupational health. Fun-
gi, such as yeasts, molds, and filamentous fungi,
are microorganisms that play an important role
in both natural and artificial ecosystems including
decomposition of organic matter and nutrient cy-
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cling. Certain fungi contribute to pollution in their
environments, particularly in the workplace. Fungi
generate airborne spores, mycotoxins, and other
metabolites that pose a health threat to workers and
contribute to the challenge of occupational hygien-
ists. Occupational health (a sub-discipline of public
health) deals with the identification, evaluation and
control of occupational health hazards that threat-
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en the physical and mental health of workers. This
literature review describes the various types of fun-
gal workplace contaminants, their defined health
effects in the workplace across multiple industries,
and ways to implement effective prevention and
control measures to reduce their impact. The pres-
ent review is designed to collate the available ev-
idence in order to expand knowledge about their
potential effects, to suggest practical measures to
reduce adverse health responses to occupational
fungal exposure and to inform occupational health
procedures and methods.

Fungi thrive in humidity, poor air exchange,
appropriate temperatures, and organic materials
- environments common in agriculture, food, con-
struction, waste, and healthcare industries. Fungi
are associated with adverse health effects, including
respiratory diseases (occupational asthma), allergic
responses, infections, and chronic effects associ-
ated with mycotoxins. In addition to health ef-
fects, fungal contamination incurs economic costs
through lost productivity, increased medical costs,
and possible legal expenses. This extended abstract
summarizes the findings of a systematic review of
fungi in the workplace. It provides background,
discusses the biological characteristics of fungi in
the workplace, their health and socioeconomic
consequences, and summarizes evidence-based
measures to reduce risk.

2. MATERIAL AND METHODS

This narrative review examined fungal con-
taminants in workplaces, their health effects, and
control strategies. We searched PubMed, Scopus,
Web of Science, and Persian databases (Magiran,
SID) for publications from 2000-2025 using key-
words like “occupational fungi” and “mycotoxins”
Selected studies addressed fungal species, worker
health impacts, or control methods in occupational
settings. Data on fungal types, high-risk industries,
health consequences, and prevention approaches
were extracted and analyzed thematically. While
emphasizing mycotoxin-related diseases, we incor-
porated diverse workplace contexts and geograph-
ical variations. The non-systematic approach pri-
oritized key studies while acknowledging potential
limitations from unpublished research or selection
bias. Findings were organized to highlight practical
solutions for fungal management in work environ-
ments.

3. RESULTS AND DISCUSSION

[ DOW!

Types of Fungal Contaminants and Their Character-
istics

Fungal contaminants in the workplace can con-
sist of a variety of molds, yeasts, and filamentous
fungi; examples include Aspergillus, Penicillium,
Cladosporium, and Alternaria, among other gen-
era observed. Molds thrive in environments with
at least 60% relative humidity and temperatures
ranging from 20 to 35 °C, as well as in or on organ-
ic substrates, including but not limited to, wood,
paper, or residues from food. Aspergillus spp, nota-
bly A. fumigatus and A. niger can be found in grain
storage, food processing facilities, and buildings
undergoing construction. The biological species of
Aspergillus produce heavy amounts of spores which
become airborne and are inhaled. This may result
in an infectious disease, such as aspergillosis in sus-
ceptible individuals, e.g., workers who are immu-
nocompromised. A. fumigatus is such a great health
risk because it can grow at very high temperatures
(up to 50 °C) and produce mycotoxins, specifically
gliotoxin.

Fungal species belonging to the genus Penicilli-
um, such as P. chrysogenum and P. citrinum, are of-
ten present in food establishment (e.g. cheese-mak-
ing and bakeries) and damp indoor environments.
The small size of their spores (2-5 micrometers)
makes them easy to inhale, resulting in allergic re-
actions or occupational asthma. Some species (e.g.
P citrinum) of Penicillium produce mycotoxins,
such as citrinin, which may have chronic toxicity
on the liver and kidney. Cladosporium species (e.g.
C. cladosporioides) can grow on wet surfaces, and
are therefore predominant in buildings (e.g. walls
and air conditioning units) and may contribute to
respiratory allergies particularly in humid envi-
ronments like offices and hospitals. Alternaria al-
ternata is an important source of allergic rhinitis
and asthma among farmers and is common in ag-
ricultural practices due to the potency of allergenic
response. Other fungi, such as Fusarium species
and Stachybotrys chartarum (commonly referred
to as toxic black mold) are associated with positive
mycotoxin activity in certain environments, partic-
ularly damp construction sites or grain processing.
The lightweight, resistant spores that allow these
species to reproduce make them long-distance dis-
persers and a source of potential exposure in un-
controlled occupational settings.

Health Impacts of Fungal Contaminants Across In-
dustries
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The health effects of fungal contaminants vary
depending on the fungal species, spore concentra-
tion, exposure duration, and individual susceptibil-
ity. Inhalation of spores and mycotoxins can lead
to a spectrum of conditions, ranging from mild ir-
ritation to severe systemic diseases. In agriculture,
workers handling crops or livestock are exposed
to fungi like Alternaria and Aspergillus flavus, in-
creasing the risk of hypersensitivity pneumonitis
(known as farmers lung) and mycotoxin-related
liver toxicity. For instance, aflatoxins produced
by A. flavus in stored grains are linked to chronic
health risks, including liver cancer.

In food processing industries, such as bakeries
and dairy plants, Penicillium and Aspergillus niger
are prevalent, contributing to occupational asthma
and contact dermatitis. Bakery workers, for exam-
ple, may develop “baker’s asthma” due to prolonged
exposure to fungal spores in flour. Construction
workers, particularly those involved in renovating
old or damp buildings, face risks from Stachybotrys
chartarum, which is associated with sick building
syndrome, characterized by headaches, fatigue,
and respiratory issues. In healthcare settings, im-
munocompromised patients and staff are vulnera-
ble to invasive aspergillosis caused by A. fumigatus
in contaminated ventilation systems. Waste man-
agement and composting facilities expose workers
to high levels of A. fumigatus, leading to allergic
bronchopulmonary aspergillosis (ABPA) and oth-
er respiratory conditions. These health impacts not
only reduce workers” quality of life but also impose
significant economic burdens through medical ex-
penses and absenteeism.

Methods for Identification and Assessment

Accurate identification and assessment of fun-
gal contaminants are crucial for managing work-
place risks. Common methods include air sam-
pling using biological impactors (e.g., Andersen
samplers) to collect spores, followed by culturing
on media like malt extract agar (MEA) to estimate
colony-forming units (CFU/m?). Surface sampling
via swabs or adhesive tapes helps detect fungi on
walls, equipment, or materials. Molecular tech-
niques, such as polymerase chain reaction (PCR)
and DNA sequencing, enable precise identification
of fungal species, including non-culturable strains.
Quantitative PCR (qPCR) is particularly useful for
measuring fungal DNA in environmental samples,
offering high sensitivity. Mycotoxin analysis, using
high-performance liquid chromatography (HPLC)
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or mass spectrometry, detects harmful compounds
like aflatoxins and ochratoxin A in workplaces
like food processing plants. Environmental assess-
ments, including humidity and temperature moni-
toring, complement these methods by identifying
conditions conducive to fungal growth. Despite ad-
vancements, challenges remain, such as the lack of
global standards for safe spore levels and variability
in fungal concentrations due to seasonal factors.

Prevention and Control Strategies

Effective prevention and control of fungal con-
taminants require a multifaceted approach tailored
to workplace conditions. Managing humidity is
paramount, as levels above 60% promote fungal
growth. Dehumidifiers, proper ventilation systems,
and prompt repair of water leaks can significantly
reduce risks. Regular cleaning to remove organic
debris, such as food residues or dust, prevents fun-
gal colonization. In industries like food process-
ing, non-toxic disinfectants are recommended for
surface sanitation. Personal protective equipment
(PPE), including HEPA-filtered respirators, gloves,
and protective clothing, is essential for workers in
high-risk settings like construction or waste man-
agement. For example, N95 masks are effective
against Stachybotrys spores during building reno-
vations.

Employee training programs are critical for rais-
ing awareness about fungal hazards, teaching work-
ers to recognize signs of contamination (e.g., musty
odors, mold spots) and use PPE correctly. Regular
environmental monitoring, using air sampling and
molecular methods, allows early detection of fungal
growth. Workplace design also plays a role; using
moisture-resistant materials like concrete instead
of cellulose-based products reduces fungal prolif-
eration. While these measures are effective, chal-
lenges such as high implementation costs and lack
of awareness in some industries hinder progress. A
combination of environmental management, PPE,
training, and monitoring remains the most robust
strategy for minimizing fungal risks.

Role of Emerging Technologies

Innovative technologies are transforming fun-
gal monitoring and control. Biosensors based on
nanotechnology detect spores and mycotoxins in
real-time, offering rapid results in sensitive en-
vironments like hospitals. Artificial intelligence
(AI) analyzes environmental data to predict fun-
gal growth, enabling proactive interventions. Ad-
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vanced molecular methods, such as next-gener-
ation sequencing (NGS), identify fungal strains
with unprecedented accuracy. Smart ventilation
systems with HEPA filters and UV sterilization
minimize spore dispersal. Despite their potential,
high costs and the need for specialized training
limit widespread adoption, particularly in devel-
oping regions.

Economic and Social Impacts

Fungal contamination extends beyond health,
causing substantial economic and social conse-
quences. Occupational illnesses like asthma or al-
lergies lead to absenteeism, reduced productivity,
and increased healthcare costs. For example, in
agriculture, fungal-related diseases among workers
can delay harvests, impacting supply chains. Legal
disputes over unsafe working conditions further
strain businesses. Socially, chronic exposure to
tungi may lower workers’ quality of life, causing
stress and job dissatisfaction. Conversely, invest-
ing in prevention—through ventilation upgrades
or training—yields long-term savings by reducing
medical expenses and improving efficiency. En-
hanced workplace safety also fosters trust between
employers and employees, strengthening organiza-
tional culture.

[ Dow!ed from journals.tums.ac.ir on 2026-07-04 ]

4. CONCLUSIONS

Fungal contaminants in workplaces, including
Aspergillus, Penicillium, and Cladosporium, pose sig-
nificant health risks, causing respiratory diseases, al-
lergies, and economic losses. Effective management
requires integrated strategies: identification through
sampling and molecular techniques, prevention via
humidity control and PPE, and policy support for
standardized guidelines. Emerging technologies and
case studies underscore the potential for innova-
tion and practical solutions. This review highlights
the urgency of addressing fungal hazards to ensure
healthier, more productive workplaces.
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