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Increasing environmental pollution is one of today’s problems, 

posing a major threat to ecological balance. Increasing human 

activities such as urbanization, industrialization, technological 

development, and agricultural methods have significantly 

contributed to this imbalance. Hence, the development of 

suitable sustainable treatment methods is one of the global 

concerns for the eradication of pollutants from polluted 

environments. One of the proposed methods for this purpose is 

the use of fungi. So, this review will discuss the role of fungi in 

the bioremediation of some pollutants. Keywords such as 

“bioremediation”, fungi”, “plastic degradation”, "mineral 

degradation", "pesticides", "pharmaceutical active compounds", 

"heavy metal", and "wastewater" were searched. Articles 

published in databases, such as Google Scholar, PubMed/ 

MEDLINE, and other scientific databases, were used. The 

results of this study showed that fungi can play a role in the 

bioremediation of plastic, mineral, pesticides, pharmaceutical 

active compounds, heavy metals, and wastewater.  
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Introduction 

Bioremediation is an effective cleaning 

process in which harmful pollutants are 

removed from the environment using various 

microorganisms or their enzymes. 

Environmental pollution is one of the most 

important problems in the world due to the 

uncontrolled discharge of sewage and 

untreated pollutants into the environment, and 

population growth, industrialization, 

exploration, urbanization and mining are the 

main actors of environmental pollution. In 

addition, multiple pollutants, which refer to the 

simultaneous occurrence of more than one 

type of pollutant in any ecosystem, are one of 

the most serious concerns [1]. Water quality 

has deteriorated as a result of human activities, 

such as mining and the final disposal of toxic 

metal effluents from steel mills, battery 

companies, and electricity generation, which 

pose major environmental concerns. Wastes 

such as oil, polyethylene and rare metals harm 

the environment. Heavy metals can exist in 

nature in the earth's crust and are difficult to 

decompose [2]. The repeated interaction of 

some persistent organic pollutants leads to the 

possibility of infection persistence, especially 

in unique habitats such as northern latitudes, 

seabed areas, dunes, and marshes that  

have insufficient ability to cope with these 

pollutants. Different types of plants  

and microorganisms are able to remove  

some of these dangerous pollutants [3]. 

Microorganisms are important in 

decomposition, detoxification, and even 

accumulation of harmful organic and inorganic 

compounds [4]. There are reports on the 

cleanup/detoxification of various types of 

pollutants, including the use of 

microorganisms such as bacteria and fungi in 

environmental samples, such as soil and water. 

Fungi are among the microorganisms whose 

role in bioremediation has been mentioned [5]. 

This review provides an overview of pollutants 

and the role of fungi in bioremediation and 

important geological processes. 

An overview of fungi 

The fungal kingdom is incredibly diverse, 

comprising more than two hundred orders and 

dozens of phyla, with new ones being 

described constantly [6-8]. These 12 phyla are 

divided into six main groups: the suborders 

Dikarya (including the phyla Ascomycota, 

Basidiomycota, and Entorrhizomycota) and 

Chytridiomyceta (including the phyla 

Chytridiomycota, Monoblepharidomycota, and 

Neocallimastigomycota), the phyla Mucoromycota, 

Zoopagomycota, and Blastocladiomycota, and 

the main group Opisthosporidia (including  

the phyla Aphelidiomycota, Cryptomycota/ 

Rozellomycota, and Microsporidia, and is 

possibly paraphyletic) [6, 7]. Fungi exhibit a 

wide range of feeding lifestyles, morphologies, 

growth patterns, and ecologies that play a vital 

role in terrestrial and aquatic ecosystems 

[7,9,10]. Some fungi exist as natural flora in 

the human body and some exist in the 

surrounding environment in air, water, soil, 

sewage, plants, wood, etc [11-20]. It is 

estimated that approximately 25% of Earth's 

biomass is made up of fungi [17]. Som fungi 
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can play a role in bioremediation [21], wich 

we will discuss further. 

The role of fungi in plastic degradation 

Plastic pollution has become a distinctive 

element of the global world, and the expansion 

and use of plastic in the consumer and 

commercial sectors has given this material a 

permanent place in human life, which has 

contributed to increasing environmental 

pollution with negative effects on our 

ecosystems and some ecological functions of 

natural habitats. Fungi degrade plastic 

polymers through attachment, cloning and 

further degradation. It has been shown that the 

morphology of the polymer surface can be 

strongly affected by fungal activity and may 

be associated with crack formation [21]. Fungi 

seem to degrade polymer by using it as their 

sole carbon source [22]. In fungal binding, 

laccases play an important role as polycopper 

oxidases that oxidize a wide variety of 

substrates including polymers, lignin, and 

polyvinyl chloride [23]. It is reported that two 

laccase genes named AFLA_006190 and 

AFLA_053930 showed high expression during 

degradation process of high-density 

polyethylene [24]. It has been shown that 

various enzymes including: cutinases, 

xylanases, pectinases, amylases, glucanases, 

and lipases are used during the degradation 

process [21, 25]. It has recently been shown 

that enzymes are not used alone, but 

synergistically to enhance efficiency [25]. 

Among the fungi, basidiomycetes and 

ascomycetes have shown good performance in 

the biodegradation of plastic in laboratory 

conditions [21]. Some fungal species with the 

ability to degrade polymers are listed in the 

Table 1. 

The role of fungi in mineral degradation 

Silicate minerals are the most common 

minerals that make up 90% of minerals, 

including: phosphates, sulfides, and carbonate 

oxides, as well as the vast majority of mineral 

metals. They can also be dissolved by 

weathering processes. Some of these metals 

are essential for life, while others, such as 

industrial agents and agricultural fields, are 

toxic to organisms and humans, leading to 

pollution of the hydrosphere, lithosphere, and 

Earth [26]. Remediation processes, via 

physical and chemical techniques, can be 

expensive and economically inappropriate, and 

their performance may be difficult to assess, so 

scientists focus on using organisms to remove 

pollutants from the environment through 

different mechanisms depending on the type of 

organism and the pollutants [26, 27]. The 

interaction between microbes and minerals 

plays a significant role in bioremediation, 

which is the most effective strategy for 

removing pollutants from soil, water, and even 

the atmosphere. For this purpose, the use of 

organisms, especially various fungal and 

bacterial species, has been investigated due to 

their ability to survive in different 

environments contaminated with toxic metals, 

radioactive materials, and other industrial 

waste materials [26]. Fungi play an important 

role in bioremediation processes due to their 

surveillance and diverse mechanisms in 

interacting with various surfaces under 

different conditions [26, 28, 29]. Fungal cell 

walls contain various ligands, such as 
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hydroxyl, carboxyl, and amino groups in the 

chitin layer, which are responsible for fungal 

interactions with the environment and for the 

absorption and accumulation of pollutants [26, 

30, 31]. By interacting with minerals, fungi 

play a key role in the formation of 

nanoparticles and metal oxide species to 

increase the surface area of the element in 

order to become more active in cleaning a 

pollutant [26]. 

The role of fungi in pesticides degradation 

The increase in global food demand and the 

need to prevent crop losses from pests have led 

to the widespread use of about 2 million tons 

of pesticides worldwide each year [32-34]. It is 

assumed that almost 90% of agricultural 

pesticides are dispersed in the environment 

[32]. In fact, pesticides have been detected in 

the oceans, groundwater, atmosphere and soil 

as a result of modern agricultural practices [32, 

35]. Exposure to pesticides can cause various 

diseases, such as cancers, teratogenic and 

genotoxic effects, and dysfunction of 

endocrine glands and nerves [36, 37]. It has 

been reported that fungi play a role in the 

degradation of a wide range of pesticides, 

including carbamates, organochlorines, 

organophosphorus, and pyrethroids [38-41]. 

Aspergillus, Ganoderma, Pleurotus, Fusarium, 

Rhizopus, Cladosporium, Phlebia, Mortiella 

and Penicillium genera can be mentioned 

among pesticides-destroying fungi [32]. Some 

of these fungi have enzymes such: versatile 

peroxidase, lignin peroxidase, manganese 

peroxidase and laccase that may play a role in 

bioremediation [42]. Additionally, it has also 

been shown that combinations of various fungi 

can degrade some pesticides more effectively 

than single strains [32, 43]. There is also a 

report of improved bioremediation using a 

combination of fungus and bacteria [44]. It is 

stated that Phanerochaete chrysosporium in 

combination with silicate minerals, increases 

pesticides bioremediation [45].  

The role of fungi in the degradation of 

pharmaceutical active compounds 

Pharmaceutical active compounds are a very 

important class of emerging pollutants, 

including diuretics, antibiotics, analgesics, 

sedatives, antitoxins, hormones, monoclonal 

antibodies, interleukins, psychiatric drugs, 

vaccines, etc. [46]. Pharmaceutical active 

compounds are released into the environment 

due to their stability and lack of complete 

metabolization in humans and animals. More 

than 50% of the administered pharmaceutical 

active compounds may not be metabolized in 

the user and are excreted into the environment, 

either in their original form or as active 

metabolites, through urine or feces. Other 

routes of these compounds into the 

environment include the disposal of expired 

drugs, agricultural activities, landfill 

leachatesn and urban runoff [47]. The removal 

of these released pharmaceutical active 

compounds from the environment, especially 

from wastewater, has been described by 

various authors as a very challenging task due 

to their high solubility, polarity, and resistance 

to biological degradation under environmental 

conditions [46-49]. The presence of 

pharmaceutical active compounds in the 

environment may cause antibiotic resistance, 

harm to aquatic animals, hormonal disorders 
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and decrease the quality of drinking water [48, 

50, 51]. Different research efforts have been 

made to remove pharmaceutical active 

compounds from the environment using 

biological methods [47, 52]. Different research 

has shown that different fungi and their 

enzymes are able to remove pharmaceutical 

compounds in different water systems (Table 

2) [53, 54]. Fungal species have a significant 

advantage over bacteria in bioremediation due 

to their chemoheterotrophic nature, eco-

friendliness, and sustainability, as well as their 

phylogenetic diversity and symbiotic 

interactions [47,55]. In the bioremediation 

process, fungal hyphae absorb compounds 

from the environment and provide the 

necessary enzyme systems [56]. In addition, 

fungi also play a role in bioremediation by 

producing extracellular enzymes such as 

laccases and peroxidases [47]. The cytochrome 

P450 of fungi is also involved in the processes 

of dehalogenation, deamination, and 

dealkinalization, hydroxylation, and changing 

the structure of pollutants [57]. Fungi play a 

role in bioremediation of pharmaceutical 

active compounds via reducing surface tension 

and improving molecular interactions by 

biosurfactants that are made up of various 

types of lipids, polysaccharides and protein 

[58]. Some fungal species with the ability to 

pharmaceutical active compounds are listed in 

Table 2. 

The role of fungi in the bioremediation of 

heavy metals from the environment 

Heavy metals are identified by three different 

criteria, including their density, atomic number 

and chemical properties [4]. Heavy metal 

pollution is an important environmental 

problem that occurs due to excessive use of 

agricultural inputs such as fertilizers, 

pesticides, and mulch, which leads to soil 

pollution, reduced crop production, and food 

quality [59]. Accumulation of high levels of 

metals such as zinc, copper and nickel or their 

ingestion in amounts greater than the 

necessary concentration can cause serious 

problems for humans, plants and animals [4]. 

Heavy metal toxicity is caused by various 

mechanisms such as: breaking fatal enzymatic 

functions, reacting as catalysts in the 

production of reactive oxygen species, 

disrupting ion regulation, and directly 

affecting DNA and protein formation [60]. 

Some fungi can play an important role in the 

bioremediation of heavy metals due to their 

bioabsorption, bioaccumulation, high metal 

concentration tolerance, and metal recovery 

capabilities. Some fungi can be used to 

recovery of many essential metals from 

different metal sources such as: solid mineral 

wastes and contaminated soils, mine tailings, 

electronic waste and spent catalysts [61]. It has 

been shown that Aspergillus niger is able to 

remove 100% of cadmium and lead from 

wastewater for six days. It is also reported that 

Rhizopus oligosporium is capable of removing 

65% of cadmium and lead from wastewater 

during this period [62]. Aspergillus species are 

known for their ability to tolerate various 

metals including:  aluminum, cadmium, lead, 

copper, chromium, iron, manganese, nickel 

and zinc [63, 64]. Penicillium rubens is 

capable of removing 98% of cadmium from 

polluted soil.  
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Table 1. List of some fungal species responsible for plastic degradation 

Plastic Type Fungal species 

High-density polyethylene Aspergillus flavus, Aspergillus tubingensis 

Low-density polyethylene  

Alternaria alternate, Aspergillus terreus, Aspergillus 

caespitosus, Eupenicillium hirayamae, Paecilomyces 

variotii, Phialophora alba 

Polyethylene  Aspergillus terreus, Aspergillus sydowii 

Polyethylene terephthalate  Zalerion maritimum 

polyhydroxybutyrate  Paecilomyces farinosus, Aspergillus fumigatus 

poly-3- hydroxyalkanoates Candida guillermondii, Debaryomyces hansenii 

Poly-3-hydroxybutyrate-co-3-hydroxyvalerate 
Fusarium oxysporium, Paecilomyces lilacinus, 

Paecilomyces farinosus 

 

Table 2. List of some fungal species responsible for pharmaceutical active compounds degradation 

Type of pharmaceutical active compounds Fungal species 

Carbamazepine Phanerochaete chrysosporium 

Diclofenac, Naproxen, Ciprofloxacin, 

Clarithromycin, Ketoprofen, Ibuprofen 
Trametes versicolor 

Tetracycline Trametes polyzona 

Acetylsalicylic acid, Acetaminophen, 

Diclofenac, Naproxen 
Penicillium oxalicum 

Naproxen Aspergillus niger 

Sulfamethoxazole, Norfloxacin, Ciprofloxacin Pycnoporus sanguineus 

 

Penicillium simplicissimum is capable of 

removing about 90% of aluminum and copper 

from waste electrical equipment. 

Cladosporium sp. are capable of removing 

74% of manganese from mine tailings [62]. 

The role of fungi in wastewater treatment 

Wastewater treatment requires significant 

energy, time, and cost. It is essential to use 

appropriate solutions to reduce energy 

consumption in wastewater treatment globally. 

Some microorganisms can be used to remove 

organic, biodegradable, soluble, and nutrient-

containing compounds and also colloids from 

wastewater. For this purpose, the wastewater is 

introduced into a bioreactor to be affected by 

bacteria, fungi, and algae. Fungi can be useful 

for wastewater treatment due to their diverse 

extracellular and intracellular enzymes, 

surfactant production, biosorption properties, 

and the ability to form symbioses. Long 

remediation time and slow growth of fungi 

may be limiting factors of this method [61]. 

Some fungal genera such as: Aspergillus, 

Fusarium, Penicillium, Verticillium have been 

investigated more than the others for 

bioremediation [65]. The genus Aspergillus 

has received special attention due to its rich 

species diversity and unique enzymes [61]. 

This genus can serve as excellent biosorbents 

for the removal of heavy metals, such as 

cadmium, copper, chromium, lead, and arsenic 

[61, 66-68]. Penicillium spp. are also very 

important for environmental remediation as a 

natural biosorbents for the reduction of heavy 
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metals [69]. Many strains of this fungus can 

absorb zinc [61].  

Discussion 

Although plastic products are useful tools for 

society by providing convenience and comfort 

at low cost in daily life, the increasing amount 

of plastic waste is becoming a global concern 

as it greatly increases the pollution of the 

environment [21, 70]. In this article, the role of 

fungi in plastic degradation was mentioned. 

Several enzymes, such as cutinase, laccase, 

peroxidase, and esterase seem promising  

for bioremediation by fungi. However, 

biodegradation of plastic is a slow process that 

requires a long time. So, the action of these 

enzymes needs to be studied and improved 

with the approach of biotechnology. 

Identifying optimal degradation conditions and 

using multiple species of fungi may help 

develop bioremediation approaches for plastics 

[21]. In the current article, the role of fungi in 

mineral degradation was mentioned. Fungi are 

an important agent of bioremediation to 

remove various contaminants like mineral 

from the environment. By interacting with 

different surfaces and producing diverse 

metabolites, fungi carry out various processes 

in the biosphere, such as: biotransformation, 

bioweathering and biomineralization, which 

results in the degradation of minerals [26]. For 

example, on the hyphal surface of Penicillium 

hysogenum, phosphate and carboxyl groups 

are major adsorption sites for lead and zinc, 

respectively [71]. In this article, the role of 

fungi in pesticide degradation was mentioned. 

Pesticides are used to kill unwanted plants 

(weeds), rodents, insects and other organisms 

threatening the cultured crops. It is thought 

that approximately 90 percent of the pesticide 

is not absorbed by the invading organism, but 

is dispersed into the environment. Aspergillus, 

Fusarium, Ganoderma, Cladosporium, 

Rhizopus, Pleurotus, and Penicillium are fungi 

that play a role in pesticide degradation [32]. 

In the current article, the role of fungi in 

degradation of pharmaceutical active 

compounds was mentioned. Fungi are a 

promising tool for clearing pharmaceutical 

active compounds due to their versatile 

metabolic capabilities. However, there are a lot 

of gaps to be filled in order to realize the full 

potential of this approach. Studies are needed 

to identify new fungal species with high ability 

to degrade pharmaceutical active compounds 

to increase efficiency. The development of 

genetic tools may enhance the engineering of 

fungal species with enhanced bioremediation 

capabilities of pharmaceutical active 

compounds by producing recombinant 

enzymes, manipulating pathways, directed 

evolution of proteins and fungal mutation [47]. 

Heavy metals can exist in the form of: 

hydroxides, carbonates, oxides, sulfates, 

sulfides, silicates, phosphates, and organic 

compounds [72]. Toxic heavy metals cannot 

be biologically decomposed when their 

concentration is high, and their accumulation 

may cause serious diseases and disorders such 

as diabetes, cancer, cardiovascular diseases, 

inflammation, neurodegeneration, and allergic 

responses [73, 74]. Some fungi like 

Aspergillus niger and Trichoderma harzianum 

can be effective in the purification of heavy 
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metals via their ability to secrete organic acids. 

Aspergillus niger can produce citric acid and 

dissolve metals such as cadmium and lead, 

converting them into less toxic forms [75]. The 

use of wastewater in agriculture has increased 

due to its high content of major and 

micronutrients. However, wastewater, 

especially from industries, contains high 

concentrations of heavy metals that enter 

humans and animals via the food chain. So, it 

is better to remove these heavy metals from 

wastewater via low-cost technology before 

using them in agriculture. Aspergillus terreus, 

Trichoderma viride, and Trichoderma 

longibrachiatum have been shown to be able 

to remove some heavy metals from wastewater 

[76]. 

Conclusion 

This review summarized research on 

bioremediation using filamentous fungi. The 

main focus is on the issue of some progress in 

the remediation of pharmaceutical active 

compounds,  minerals, heavy metals,  plastic, 

and wastewater treatment. Filamentous fungi 

belonging to all groups Ascomycota, 

Basidiomycota, and Zygomycota have good 

remediation potential and can be used to 

remove various pollutants from contaminated 

environments. Biomineralization, biosorption, 

biosurfactant production, biofouling, as well as 

extracellular and intracellular enzymatic 

processes are among the mechanisms of fungi 

in bioremediation. 
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