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A B S T R A C T   

The wide spread of nanotechnology applications currently carries with it the possibility of 
polluting the environment with the residues of these nanomaterials, especially those in the 
metallic form. Therefore, it is necessary to study the possibility of treating and removing various 
nanoscale metal pollutants in environmentally friendly ways. The present study focused on the 
isolation of multi-metal tolerant fungi to be applied in the bioremoval of Zn, Fe, Se, and Ag 
nanoparticles as potential nanoscale metal pollutants. Aspergillus sp. has been isolated as multi- 
metal tolerant fingus and investigated in the bioremoval of targeted nanometals from their 
aquoues solutions. The effect of biomass age, pH, and contact time was studied to determine the 
optimal biosorption conditions for fungal pellets towards metal NPs. The results showed a high 
percentage of fungal biosorption on the of two-day-old cells, which amounted to 39.3, 52.2, 91.7, 
and 76.8% of zinc, iron, selenium, and silver, respectively. The pH 7 was recorded the highest 
percentage of NPs removal for the four studied metals i.e. 38.8, 68.1, 80.4, and 82.0% of Zn-, Fe-, 
Se- and Ag-NPs, respectively. The contact time required between Aspergillus sp. and the metal 
nanoparticles to obtain the best adsorption was only 10 min in the case of Zn and Ag, but it was 
40 min for both Fe and Se NPs. The efficiency of living fungal pellets in removing the four metallic 
NPs exceeded that of dead biomass by 1.8, 5.7, 2.5, and 2.5 folds for Zn, Fe, Se and Ag, 
respectively. However, utilization of dead fungal biomass for metallic NPs removal could be 
considered more applicable to the actual environmental applications.   

1. Introduction 

The extensive of nanotechnology across industrial, agricultural and medical applications leads to increase their emissions into the 
environment, especially water [1–5]. Engineered nanoparticles can discharge into wastewater during their use and disposal. NPs will 
reach drinking water sources and natural aquatic ecosystems if water and wastewater treatment plants are ineffective or unable to 
remove them from the water. This will lead to increased exposure of plants, microbes, animals and humans to dangerous heavy metals, 
which threatens bad health and environmental effects [6]. However, it is still unclear how NPs move through the environment and 
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what their fate is [7]. In contrast to the analogous bulk materials, NPs’ huge surface area to volume ratio creates novel materials with 
altered properties [8]. However, these altered properties, together with NPs’ extremely small size, may also increase the material’s 
bioavailability and toxicity [6]. The toxicity may be absorbed by the skin, lungs, or gastrointestinal tract and may result in secondary 
toxicity by way of oxidative stress, inflammation, DNA damage, apoptosis, or translocation inside organs and tissues [9]. Therefore, it 
is important to create a quick and efficient way to eliminate NPs before releasing them into the environment [10]. 

According to reports, coagulation, flocculation, filtering, biotransformation, and aggregation are all effective methods for removing 
metallic NPs from aqueous solutions. In contrast to conventional chemical and physical methods, biological removal approaches of 
heavy metals using plants, microbes, or their metabolites are more efficient and environmentally friendly. Metal absorption uptake can 
take place either passive or active processes. The “passive uptake” referred to the surface entrapment and non-metabolic sorption of 
metallic ions onto the binding sites of the biosorbent. These passive processes could occur in case of either living or dead cells. Whereas 
“active absorption” processes involves the metabolic passage of heavy metals into the living cell through the cell membrane [11–13]. 

For the elimination of heavy metal ions, both live and dead fungi have been identified as a potential class of excellent and low-cost 
adsorbents for heavy metals. Numerous commercial fermentation processes employ fungi, which could provide a cost-effective and 
reliable source of biomass for the elimination of metal ions. Fungi can also be readily produced in large quantities using basic 
fermentation methods and low-cost growing substrates. Fungi can eliminate heavy metals and other contaminants by complexing, 
exchanging ions, or physically adsorbing the metal cations with functional fungal cell wall groups [9,14]. It should be noted that 
various fermentation industries produce large amounts of fungal biomass as waste, which can be used as heavy metal biological 
adsorbents. Fungi can also be readily produced in large quantities using basic fermentation methods and affordable growing media 
[15,16]. 

Although several studies have demonstrated the efficacy of various fungi in removing heavy metals, few have dealt with the 
removal of nanoparticles from aqueous solutions. Hence, this study was conducted to isolate metal-tolerant fungi to be used for the bio- 
removal of metallic nanoparticles from their aqueous solutions. Some factors that influence the bioremoval of the targeted metallic 
nanoparticles also have been investigated. 

2. Materials and methods 

2.1. Isolation of heavy metals tolerant fungi 

Forty-eight rhizosphere soil samples were collected from some garden trees in the cities of Shebeen El-Kom (Monofia governorate; 
30.558033◦N, 31.015295◦E) and El-Qanatir El-Khairia (Qalyubia governorate; 30.188652◦N, 31.135415◦E). In addition, six samples 
of spoilage household food samples were collected from El-Qanater El Khayreya city. All samples were collected in sterilized bags then 
brought to laboratory under aseptic conditions and kept in refrigerator at 4 ◦C for further processing. 

Isolation of heavy metals-tolerant fungi was performed using “consecutive enrichment culturing technique” [1]. In brief, 10 g of 
soil/spoilage household food sample was (in triples) enriched in 250-mL conical flasks containing 100-mL potato dextrose broth 
medium (PDB) amended with a mixture of Zn, Fe, Se, and Ag metals (as common heavy metals). The concentrations of applied metals 
were 1000 ppm of Zn2+ and Fe2+ (from ZnSO4.7H2O, and FeSO4.7H2O, respectively), 500 ppm of Se2+ (from Na2SeO4) and 100 ppm of 
Ag2+ (from AgNO3). The lower concentrations of selenium and silver were used due to the highly toxicity of both elements. Flasks were 
incubated under orbital shaking conditions (125 rpm) at room temperature for 72 h. The enrichment cultures were successively 
repeated three times by transferring 10 mL of the previous culture to fresh enrichment medium and incubated under the same con-
ditions [17]. One-milliliter aliquot from each flask was then transferred to a 1%-saline water tube for progressive dilution to 10− 5. 
Then, a 100-μL portion of the suspension was spread on the surface of potato dextrose agar (PDA) plates supplemented with 50 μg/mL 
ampicillin and multi metal mixture for isolation. The concentrations of multi heavy metal in the isolation PDA plates were 100 ppm for 
Zn2+ and Fe2+, 50 ppm for Se2+ and 10 ppm for Ag2+. Isolation plates were incubated at 28 ◦C for 7 days, and then representatives of 
fungal colonies with different morphological features were selected, and subcultured on agar plates of the same isolation medium for 
purification. Selected fungal isolates were maintained on slants of the same isolation medium for further investigations [1]. 

2.2. Screening for heavy metals tolerance 

Fungal isolates were screened for their tolerance to different concentrations of Zn2+, Fe2+, Se2+ and Ag2+ individually. The tested 
concentrations were 500, 1000 and 1500 ppm each for Zn2+ or Fe2+. The concentrations of Se2+ were 500, 750 and 1000 ppm; while 
the concentrations of Ag2+ were 100, 300 and 500 ppm. The screening was performed following the agar well diffusion method with 
minor modifications [1]. In brief, fungal isolates were activated on PDA-heavy metals plates and incubated for 4 days at 28 ◦C until 
sporulation. The spores were collected, suspended in sterile water, and diluted to give a number of spores 106 spores/ml (depending on 
haemocytometer slide counting). Wells (6 mm diameter) on the middle of PDA-heavy metal plates were made using sterile cork borer. 
A volume of 60 μL of fungal spore suspension was placed into the wells and the plates were incubated at 28 ◦C for 72 h. The growth 
diameter of fungal isolates on PDA-Heavy metals was measured as indication for heavy metals tolerance with comparing to the growth 
on normal PDA medium as control. 

2.3. Morphological characterization of the selected fungi 

The most potent fungal isolate that tolerate high heavy metal concentrations was identified up to genus level using macroscopic and 

M.A. Shalaby et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e16125

3

microscopic characterizations. The macroscopic observation was determined through the growth on different media (Czapek-Dox, 
Sabouraud’s dextrose, Yeast Extract–Peptone–Glycerol (YPG) and PDA). Colony shape, color and measurement the colony diameters 
were noted [18,19]. Microscopic observation through the stages of mycelial growth at different incubation periods on PDA medium 
was determined by light microscope (Priorlux Ac 240V with magnification of 40x). 

2.4. Chemical synthesis of metals nanostructures 

In this study, chemical reduction (bottom-up method) was used to convert metal ions into their nanoforms according to the 
established methods in the literatures (Fig. 1 (A - D) [20,21]. In brief, zinc nanoparticles was synthesized by dropping 1% of sodium 
hydroxide (as reducing agent) into 2% zinc sulfate with stirring until the white precipitates was observed. Iron nanoparticles were 
synthesized by using ammonium hydroxide as reducing agent for FeCl3 and FeSO4 (2:1 w/w) in a final ratio of 1:5 (v/v) and mixing 
until the black sediment formed. Synthesis of selenium nanoparticles were performed by reducing selenium dioxide (1%) using 
ascorbic acid (0.1g to 30 mL) that dropped with stirring until observation of red sediment. Silver nanoparticles was prepared by wise 
dropping tri-sodium citrate solution (0.1g in 10 mL) in to AgNO3 solution (0.1g in 100 mL) with stirring at 60 ◦C, then NaOH (3%) was 
gradually dropped until the color changed to dark brown (precipitation). 

The precipitates of Zn-, Fe-, Se-, Ag-NPs were collected by centrifugation (10,000×g for 15 min) and washed with distilled water 
several times until the pH became neutral. Then the precipitated particles were washed with absolute alcohol to remove any impurities 
and prevent the components from re-oxygenized, centrifuged at 10,000×g for 15 min and dried at 60 ◦C to a constant weight. 

2.5. Characterization of metal nanoparticles 

The average particle size, size distribution and morphology of the prepared metal nanostructures were studied using high reso-
lution transmission electron microscope (JEOL, JEM-2100 HRTEM). In order to load the sample into the TEM, a drop of well-dispersed 
nanoparticle dispersion was applied on an amorphous carbon-coated 200 mesh carbon grid and dried at ambient temperature [22]. 

2.6. Fungal-removal of metal nanoparticles 

The most successful isolate of the chosen fungi tolerant to heavy metals was chosen for bio-removal studies of metal nanoparticles 
from synthetic wastewater. Biosorption experiments were carried out using fungal pellets to evaluate their ability to biologically 
remove metal nanoparticles and the effect of the age of the cultured biomass, contact time, and pH on its efficiency. All bioremoval 
experiments were performed as batch experiments in 250-mL Erlenmeyer flasks individually containing 300 ppm of Zn, Fe, Se, or Ag in 
their nanoforms plus 5 g of fungus pellets (as a bioremoval agent). Preparation of fungal pellets was performed by inoculating fungal 
spores into 250-mL Erlenmeyer flask containing 50 mL of PDB-Heavy metals and incubation at 28 ◦C on a rotary shaker for eight days 
[1]. 

The pellets were harvested by filtration on filter paper (whatman No.4) at 2, 4, 6 and 8 days to study the influence of fungal age on 
the biosorption of metal nanoparticles. After washing pellets by sterilized DW, it were placed in conical flasks contains 50 mL of 
synthetic wastewater containing individual nanometals as contaminant. The pH values of wastewater/nanoparticals solutions were 

Fig. 1. Flowchart for preparation of metal nanostructures, zinc (A), Iron (B), selenium (C) and silver (D).  
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adjusted at different values i.e. 2, 5, 7, 9 and 11 to study the effect of pH on metal removal by the fungus. Contact time between fungal 
pellets and metallic nanoparticles was investigated by incubating the mixtures under shaking at 120 rpm for 10, 20, 30 and 40 min at 
ambient temperature. 

The efficiency of metallic nanoparticle removal was estimated by measuring the concentration of the targeted metal(s) in the 
mycelial filtrate (after removing pellets by nylon sieve of 1 mm mesh). Metallic-NPs were measured by Agilent 5100 Inductively 
Coupled Plasma–Optical Emission Spectrometer (ICP-OES) according to the procedures of the manufacture. 

2.7. Dry fungal biomass for biosorption of metal nanoparticles 

As it is more viable and safer in terms of biological contamination, the possibility of using dead dried fungal biomass was studied to 
remove the studied metal nanoparticles from their solutions. The dead fungal biomass used in this experiment was prepared by drying 
the fungal pellets of selected fungus at 70 ◦C for 24 h, and then gently grinding them in a home kitchen electrical grinder. Individually, 
50 mL of 300 ppm of Zn-, Fe-, SE-, or Ag-NPs suspensions (with pH 7) were mixed with 3 g of dead fungal biomass for 10 min. The 
amount of metallic NPs removed per dry biomass was estimated after subtracting the residual metal amount in the aqueous filtrate 
(after sieving with 1 mm mesh nylon sieve). For comparison, fresh fungal pellets were used to remove metallic NPs with similar 
conditions and measured by ICP-OESs. The amounts of NPs removed per gram dry biomass or its equivalent wet biomass were used as 
the base of comparison. 

Moreover, the dead fungal biomass was investigated as bioremoval agent for a mixture of the four mentioned metallic NPs in a 
synthetic wastewater. A mixture of 300 ppm from each Zn, Fe, Se and Ag NPs (at pH 7) was mixed with three g of dried fungal biomass 
at ambient temperature. After 10 min contacting time (with 125 rpm obituary shaking), the solution was filtrated with gauze fabric to 
allow passing only metallic NPs (MNPs). The residual metal concentration in filtrate was analyzed and a mixture without any treat-
ment was served as a control. 

2.8. Statistical analysis 

All experiments were performed in triplicates and results were presented as average ± standard error (SE). 

Fig. 2. Growth diameter of fungal isolates No. MR1, MR2, MR3, and MR4 on PDA plates containing different metal ions (Zn2+, Fe2+, Se2+ and Ag2+) 
with different concentrations. 
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3. Results and discussion 

3.1. Isolation of heavy metals tolerant fungi 

Isolation of heavy metals tolerant fungi was targeted in order to be investigated for the bioremoval of metallic nanoparticles from 
wastewater. Samples were successively three times enriched in the presence of Zn2+, Fe2+, Se2+ and Ag2+ salts, then plated on PDA- 
heavy metals for isolation. Four fungal isolates namely MR1, MR2, MR3 and MR4 with different morphological characteristics were 
obtained as heavy metals-tolerant fungi. The fungal isolates MR1 and MR3 were isolated from soil samples, while MR2 and MR4 were 
isolated from spoilage sample of bread and pomegranate fruit, respectively. The concentration of heavy metals in enrichment cultures 
were 1000 ppm of Zn2+ and Fe2+, 500 ppm of Se2+ and 100 ppm of Ag2+. The low numbers of fungal isolates may be returned to 
toxicity of heavy metals used in enrichment culture [23]. On the other hand, the ability to grow on such high concentrations of toxic 
metals indicates that the obtained fungal isolates are considered heavy metal tolerant fungi. 

3.2. Screening for highly heavy metals tolerance 

The obtained four heavy metals-tolerating fungal isolates were screened for their highly tolerance against different concentrations 
of individual Zn2+, Fe2+, Se2+ and Ag2+ salts. The diameter of fungal growth on the PDA plate was used as an indicator of the tolerance 
of the heavy metal present [15,24]. Data illustrated in figure (2 (a - d)) indicates that the four fungal isolates were able to grow in all 
investigated concentrations of Se ions i.e. 500, 750, and 1000 ppm. However, growth diameter of fungi decreased with the increase in 
metal concentration. Isolates MR1 and MR4 didn’t grow on all tested Fe concentrates i.e. 500, 1000, and 1500 ppm (Fig. 2 a, and d). 
Although isolate MR1 showed good growth on zinc in all concentrations used (i.e. 500, 100, and 1500 ppm), isolate MR3 outperformed 
it in growth on both selenium and silver (Fig. 2 a, and c). The concentration of and 500 ppm of Ag prevented the growth of all fungal 
isolates except MR3 isolate (Fig. 2 c). 

Based on tolerance and growth diameters on heavy metals containing agar plates, the isolate MR3 has been selected as the most 
tolerant isolate. 

3.3. Morphological identification of heavy metal-tolerant fungus 

The macroscopic and microscopic characteristics of MR3 isolate were used its identification. 
The macroscopic characterization of MR3 isolate colonies was examined through observing the fungal growth on potato dextrose 

and Czapek’s dox agar at 28 ◦C. The fungus was initially white, and quickly became black with conidial production. In the comparison 
with different medium such as yeast peptone glucose agar and sabouraud’s dextrose agar, the colonies produced black conidia at the 
center and white mycelia towards the edge as shown in Fig. (3 A). Colony diameter after 3 days of incubation at 28 ◦C was 50.3, 30.4, 
40.6, and 50.8 mm on PDA, Dox, YPG and sabouraud’s dextrose agar plates. 

Fig. 3. Morphological characteristics of fungal isolate MR3; (A) macroscopic using different media, YPG (a), DOX (b), PDA (c) and Sabouraud’s 
dextrose (d). (B) The microscopic observations at different incubation periods: (1, 2) after incubation for 24 h (conidia formed germ tube), (3, 4, 5, 
and 6) after 48h of incubation (germ tube grow into hyphal mycelium and forming aerial hyphae), (7) after 72 h (aerial hyphae forming co-
nidiophores forming the vesicle has sterigmata carrying conidia). 
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The microscopic observations were examined by light microscope (Priorlux Ac 240V with magnification of 40X) at different in-
cubation periods of fungal growth on PDA plates as shown in Fig. (3 B). After 24 h, conidia were germinated forming vegetative cells 
which formed germ tubes. After 48 h, germ tubes developed into hyphal mycelium which branches dichotomously forming aerial 
hyphae. Then grow to form conidiophores which swell at the apex forming the vesicle part of the conidiophore. After 72 h, the vesicles 
form the primary sterigmata known as the phialides. The sterigmata form the secondary sterigmata that start to produce the conidial 
spores [18]. 

From macroscopic and microscopic observations, the isolate MR3 was identified as Aspergillus sp. according to Silva et al. [18]. 

3.4. Preparation and characterization of metallic nanoparticles 

The main aim of this research is to establish an ecofriendly method for the bioremoval of metallic nanoparticles from wastewater. 
Hence, the study targeted some common metals that usually used in nanoforms either in industry or ever research. Zn-, Fe-, Se- and Ag- 
NPs were synthesized by chemical reduction as a common rout for their synthesis in the large scale application (and expected to be 
found in many wastewater resources). The size and shape of nanoparticles are critical features that influence their properties and also 
influence their interactions with surrounded flora and microflora [25]. Therefore, the prepared nanometals were subjected to char-
acterization using High Resolution Transmission Electron Microscopy (HRTEM). TEM analysis of the chemically synthesized Zn, Fe, Se 
and Ag particles confirms that they are nano-sized with spherical shape (as illustrated in Fig. 4 (a - d)). However, the size of prepared 
nanoparticles was varied from one to another. ZnNPs and SeNPs had a diameter of less than 10 nm, Fe-NPs varied from 3 to 15 nm, and 
AgNPs were between 10 and 35 nm. The average size and shape of the obtained nanoparticles were consistent with those reported in 
the relevant literature [1,20,26,27]. 

3.5. Application of heavy metal-tolerant Aspergillus sp. in NPs-bioremoval 

According to previous experiments, the isolate Aspergillus sp. (MR3) was selected as a highly heavy metal-tolerant fungus. There is a 
correlation between fungi’s capacity to absorb or adsorb heavy metals and their capacity to tolerate them [28,29]. Due to the ability to 
tolerate different heavy metals with relatively high concentrations, the fungus Aspergillus sp. (MR3) was investigated for the 
bio-removal of some metallic nanoparticles from synthetic wastewater. The investigation included the utilization of the pellets of 
Aspergillus sp. (MR3) to individually remove Zn-, Fe-, Se- and Ag-NPs from synthetic waste water containing metals. Many factors can 
affect the bio-removal capacity of heavy metals using the live pellets of a particular fungus [30]. Some of these factors were considered 
in this research, such as the effect of fungal age, contact time between fungal biomass and heavy metals, and the pH of metallic 

Fig. 4. HRTEM characterization of Zn (a), Fe (b), Se (c) and Ag (d) nanoparticles.  
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nanoparticle solution. 

3.5.1. Impact of fungal biomass age 
The uptake of heavy metals and pollutants by fungi depends primarily on “the bio-sorption to cell wall” as well as the cellular 

uptakes of the “essential metals” into the cells via “specific transporters” [31]. The age of fungus is a main parameter that affects either 
cell wall composition (functional groups including amine, carbonyl, thiol, hydroxyl groups, phosphate and sulfate) as well as the 
ability of uptake metals from surrounding environments [32]. 

Thus, the impact of Aspergillus sp. age on the biosorption efficiency of MNPs via its pellets was investigated. After harvesting of 
Aspergillus sp. biomass at different incubation periods (different ages), the obtained pellets was mixed with Zn, Fe, Se and Ag NPs 
suspensions (at pH 7) for 3 h. The results indicated that the biomass of the two-day-old Aspergillus sp. fungus gave the best removal 
percentage of the four nanoparticles under study, as shown in Figure (6). It recorded 39.3, 52.2, 91.7 and 76.8% removal percentages 
for Zn, Fe, Se and Ag NPs, respectively. The percentage of metal NPs removed generally decreased as the fungal biomass aged (the 
lowest percentages of removal occurred by the eight-day-old pellet) (Fig. 5). In a similar study, Delgado et al. [33], studied the bio-
sorption of Cu+2, Cd+2 and Ni+2 ions by Fusarium flocciferum and reported that the older cultures showed a decrease in metal bio-
sorption capacity comparing with the fresh biomass. These findings, as well as those from Kapoor and Viraraghavan [34], indicate that 
cells in the early stages of development have a higher capacity to absorb metal ions than those in the later stages of life. 

3.5.2. Effect of pH 
pH is one of the most important environmental factors that affecting the absorption of minerals from their aqueous solutions. It 

could alter the biosorbent surface charge, degree of ionization and availability of the functional groups such as hydroxyl (R–OH), 
carboxyl (R–COOH), amino (–NH2) and sulfhydryl (–SH) groups [35]. A wide range of pH values (that is, 2, 5, 7, 9, and 11) were 
applied to examine their effect on the biosorption of Aspergillus sp. pellets towards Zn, Fe, Se and Ag Nps. 

Fig. 5. Efficiency capacity (%) of Aspergillus sp. biomass for removing of Zn, Fe, Se and Ag NPs at different biomass age.  

Fig. 6. Removal efficiency (%) of Zn, Fe, Se and Ag NPs by Aspergillus sp. biomass under various pH values.  
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The results (Fig. 6) showed that the biosorption of metallic NPs at neutral pH was noted as the best one toward all tested MNPs. The 
pellets of Aspergillus sp. were able to remove 38.8, 68.1, 80.4, and 82.0% of Zn, Fe, Se and Ag-NPs, respectively when the pH value was 
seven. The lowest removals of NPs were recorded at pH 2, in such an acidic environment H+ ions occupy the functional groups in the 
cell wall presenting a limitation for carrying metal ions in these groups [36]. While with the increase of pH, more functional groups 
such as carboxyl and phosphate with negative charges were produced and the ability of the biomass to absorb metal ions increases 
[37]. 

3.5.3. Effect of contact time 
Successful biosorption removal of pollutants from an environment depends on the length of time that biomass is in contact with 

contaminants [38]. Hence, the pellets of Aspergillus sp. were mixed with Zn, Fe, Se and Ag NPs for different periods to verify the optimal 
contact time for bioremoval of these nanometals. The experiment was conducted on a rotary shaker at 125 rpm, pH 7.0 and 28 ◦C ±2 
for 10, 20, 30 and 40 min as incubation time. The results in Figure (7) show that the best removal percentage of both Zn and Ag by 
Aspergillus sp. was within 10 min, which was 27.0 and 80.0% for Zn and Ag, respectively. While, 40 min was needed for Aspergillus sp. 
pellets to cause 64.0, 53.4% removal for both Fe- and Se-NPs, respectively. Notably, longer incubation with Zn and Ag-NPs was 
coupled with decreases of the binding of such NPs and the fungal biomass. This could be attributed to the saturation of “the free 
binding active sites in the outer surface” with time leading to the occurrence of the biosorption in “the outer surface instead of the inner 
surface” [39]. 

3.5.4. Living vs dead fungal biomass 
To comparison between the activity of both living and dead biomass in removing of Zn, Fe, Se, and Ag NPs, MNPs solutions were 

inoculated with 3g of living or dead biomass individually. The amount of adsorbed MNPs per gram of the dry mass or its equivalent of 

Fig. 7. Biosorption capacity (%) of Aspergillus sp. towards (Zn, Fe, Se and Ag) nanoparticles at different contact time.  

Fig. 8. The amount of adsorbed Zn, Fe, Se and Ag-nanoparticles per gram of the dry mass or its equivalent of the wet mass of the fungus Asper-
gillus sp. 
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the wet mass of the fungus Aspergillus sp. was calculated and illustrated in Fig. (8). Illustrated data revealed that the activity of living 
fungal pellets in removing the four MNPs exceeded that of dead biomass by 1.8, 5.7, 2.5, and 2.5 folds for Zn, Fe, Se and Ag, 
respectively. However, for dry fungal biomass, the removal of Se and Ag was higher than that of Fe and Zn. While, in wet fungal 
biomass, the removal of Se and Fe was slightly higher than that of Ag and much more than that of Zn nanoparticles. 

The fact that the biosorption process increased when dealing with live biomass suggests that fungal biomass’s uptake of metal NPs 
was more reliant on cellular activity than just a passive adsorption process. Similar results have been reported by Saad et al. [16] who 
found that bio-uptake of Cu2+ by live mass of Aspergillus sp. was higher than dead biomass treated with either alkali or boiling. 

Notwithstanding, dead biomass has an application advantage over live biomass in heavy metal removal especially in industrial 
applications due to health concerns of live cells. Also, systems containing live cells are likely to be more sensitive to metal ion con-
centration (toxic effects) and adverse operating conditions (pH and temperature). Also, a continuous supply of nutrients is required for 
systems using live cells, and mineral recovery and regeneration of biosorbents are more complex for living cells. Furthermore, dead 
biomass can be obtained cheaply commercially as a waste product from industrial fermentation processes [40]. 

3.6. Application of dead Aspergillus sp. biomass for multi-metal removal from synthetic wastewater 

From the practical point of view, metallic nano-pollutants do not exist in a single form in the wastewater. Therefore, it is necessary 
to study the ability of the isolated multi-metal tolerant fungus Aspergillus sp. to remove multi-nanometals in wastewater. The dead 
biomass of Aspergillus sp. was used as the biosorpant instead of fungal pellets due to its applicability in industrial and environmental 
applications. Synthetic wastewater containing a mixture of Zn, Fe, Se and Ag NPs was prepared and the dried dead fungal biomass was 
applied. The biosorption efficiencies (shown in Fig. 9) were recorded for each metal in the nanometal mixture. From the results, it is 
clear that it is relatively less than the removal results for each nano-element individually present in the aqueous solution (as in Fig. 8). 
Such results could be attributed to the completion between different metals on the active sites on the outer surface of fungal biomass. 
However, despite the low efficiency of removing metal NPs via dead fungal biomass, it can be considered as a promising initial step for 
further investigation towards environmentally friendly bioremediation of toxic NPs present in aquatic environments. 

4. Conclusion 

Isolation and screening of heavy metal tolerant fungi is an important step to obtain isolates that are likely to be able to remove 
nanoparticles from their aqueous solutions. The multi-metal tolerant fungus Aspergillus sp. is a good candidate for Zn, Se, Fe, and Ag 
NPs removal either in single or mixture state. The adsorption capacity of heavy metals by wet fungal biomass was higher than the 
equivalent dry biomass, which can be attributed to the abundant charges on their surfaces as well as the active transport of metal ions. 
The biosorption process is affected by several factors including the pH of the NPs solution, contact time, fungal age, as well as the dry, 
dead and alive status of the fungal biomass. However, despite the low efficiency of removing metal NPs via dead fungal biomass, it can 
be considered as a promising initial step for further investigation towards environmentally friendly bioremediation of toxic NPs 
present in aquatic environments. 
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