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Abstract

The ecosystem and human health are being put at greater risk by the fungal pollution of water 
sources. In this study, the inactivation of the most common fungal isolate in water sources using ozone 
was reported. Six fungal isolates were isolated from Al-Azhar tap water, Al-Azhar wastewater, El-Menia 
canal water, and the El-Menia water treatment plant, where Aspergillus parasiticus (A. parasiticus) 
was the most common fungal isolate in all tested water samples. The fungi were morphologically 
identified, and A. parasiticus identification was confirmed using molecular identification. The variation 
of the dry weight of the isolated fungal species was reported upon exposure to different doses of ozone 
ranging from 10 µg/cc to 60 µg/cc, where the dry weight of A. parasiticus was the first fungal isolate 
that was significantly (P≤0.05) reduced upon using 10 µg/cc. The impact of using various doses of 
ozone for 5 minutes in metals levels on both Al-Azhar wastewater and El-Menia water treatment plant  
was compared versus using (50, 100, and 200 ppm) of chlorine, reflecting that using 10 µg/cc of ozone 
for 5 minutes could be applied as an effective dose in decreasing levels of metals. Furthermore, secretion 
of aflatoxins by A. parasiticus was dramatically decreased (P≤0.05) upon exposing the fungus to  
10 mg/cc ozone for 5 minutes relative to untreated fungus. The present results revealed the possibility 
of using a low dose of ozone to decrease the growth of fungal pathogens in water and their possible 
secreted toxins.  
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Introduction

It is essential to prevent the spread of infections from 
contaminated objects and surfaces through disinfection 
using various agents, including ozone, which offers 
significant environmental and financial advantages that 
guarantee the reuse of various resources through waste 
management and expenditure reduction [1]. Ozone is 
an inorganic molecule that has strong antimicrobial 
capabilities because of its third oxygen atom, which is 
loosely bound and easily oxidizes other compounds. 
Numerous studies have shown that it negatively affects 
the cell membrane, unsaturated fatty acids, essential 
proteins, DNA, and enzymes inside the cells of microbes 
[2-5]. Ozone is one of the few disinfectant substances 
that may be used for disinfection in both gaseous and 
aqueous forms, which is one of the reasons for its broad 
application when compared to other commonly used 
sanitizing chemicals. Furthermore, ozone is unstable 
and eventually breaks down into oxygen on its own 
[6-8]. Some information on various configurations 
used to utilize aqueous ozone for commercial cleaning 
applications [9, 10].

A comprehensive evaluation of treatment options 
using ozone is inadequate in the literature, despite the 
fact that multiple studies have independently assessed 
the impact of ozone’s antimicrobial characteristics in 
both air and water employing a range of microorganisms 
[11-13]. The Centers for Disease Control (CDC) states 
that further studies are necessary to determine the 
efficacy of ozone mists in reducing pollutants in the 
environment [14, 15]. Depending on the exposure 
period and O3 concentration, fungi may exhibit varying 
degrees of sensitivity and tolerance [16]. The substrate, 
spore shape, and moisture content all have an impact 
on sensitivity/tolerance. When exposed to gaseous O3, 
spore inactivation and mycelial growth suppression have 
varied in their efficacy. For instance, Vijayanandraj et 
al. [17] showed that O3 treatment did not influence spore 
germination but did lower Aspergillus niger mycelial 
growth.

The effectiveness of gaseous O3 treatment as  
a fungicidal or fungistatic agent has been disputed [18]. 
According to Mylona et al., Fusarium verticillioides 
conidia exposure to 200-300 ppm O3 exposure for one 
hour was initially successful, but over the course of 
the next 10 days, spore viability recovered and did in 
fact lead to the synthesis of fumonisins under various 
circumstances. Although the effect of gaseous O3 on 
spore viability has been studied, it is likely necessary 
to pay greater attention to the capacity for physiological 
repair [19]. The purpose of this study was to investigate 
the ability of various gaseous O3 levels to decrease or 
suppress populations of fungi isolated from various 
water sources, particularly Aspergillus parasiticus, 
a fungus that was frequently isolated. Following 
treatment, the mycotoxins contamination was identified 
utilizing sub-lethal ozone levels.

Materials and Methods

Ozone Source

Ozone was produced using an ozonizer (Ozo 
mammoth T936, Egypt) from oxygen gas. Ozone 
generator with changeable pure oxygen flow meter rates 
of 1/2, 1/4, 1/8, 1/16, and 1/32 LPM intended to create 
precise variable concentrations. The test samples were 
placed in a collecting flask that was submerged in a cold 
bath to maximize ozone solubility. A Teflon tube was 
used to transport the ozone created by the generator into 
the specimens.

Specimens

Four water samples were used as the source for 
the fungal isolates, including tap water from Al-
Azhar University (30.0580°N, 31.3126°E), wastewater 
(30.0480°N, 31.4128°E) from Al-Azhar University, 
water from the El Menia Canal in Samallot City 
(28,11944°N,30.74444°E), and an outlet from the 
El Menia Water Treatment Plant in Samallot City 
(28.3140°N, 30.7101°E).

Isolation, Purification, and 
Identification of Fungal Isolates

One liter of each sample was filtered through a 
0.45 mm filter, which was transferred to sterile plates 
containing malt agar medium and gentamicin (250 
µg/L). The plates were cultured for 48 hours at 28°C 
for fungal isolates. Individual colonies on agar medium 
were picked up, streaked on another prepared agar 
plate for each colony to ensure gaining pure isolates 
and incubated for the same conditions. Through the 
use of Soft-Imaging GmbH software (ANALYSIS 
Pro ver. 3.0, Germany) on an image analysis system 
(Olympus BX 40), the fungal isolates were put through 
several morphological examinations. For the molecular 
identification: Using the Quick-DNA Fungal Microprep 
Kit (Zymo Research; D6007) and the assistance of 
Sigma Scientific Services Company (Egypt), DNA 
was extracted from agar cultures in accordance 
with the manufacturer’s instructions. Primer A, 
5′-CATGCTCCATCATGGTGACT-3; and Primer R, 
5′-CCGCCGCTTTGATCTAGG-3 were both used.  
A phylogenetic tree was created using ITOL software 
[20]. 

Determination of the Lowest Ozone 
Dosage Inhibits Fungal Growth 

A serial dilution of fungal isolates starting from 
(5X104 colony-forming-units [CFU] per mL) was 
prepared. Quantitative tests were carried out, each 
consisting of 100 mL drops of suspension, in duplicates, 
dried onto plastic trays (usually the underside of the 
lid of a micro well plate), under sterilized conditions, 
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stirring for homogenization. 50 ml of broth media for 
each of the malt agar media were inoculated with 1 mL 
of spore suspension. All microbial flasks were treated 
with six different doses (10-20-30-40-50-60 mg/cc), 
which were the lowest and highest doses of the ozone 
generator used in this study, for five minutes of exposure 
to 90-99.9% relative humidity at room temperature 
using the ozonizer. Three replications were reported 
and compared with the control. The incubation time was 
28ºC for 7 days. Fungal growth was measured by dry 
weight after mycelium filtration and drying at 40-60ºC 
[21]. 

Comparison Between the Lowest Dose of Ozone 
and Biocidal Disinfection Agent as Chlorine

Two sources of samples were used for the study of 
the action of ozone for water purification: Al Azhar 
wastewater and the El Menia water treatment plant were 
tested in this comparison between ozone and chlorine.  
A different dose (10-20-30-40-50-60 mg/cc) of ozone was 
applied in one liter of water sample from the two sources. 
Besides, solution (6%) ultra-germicidal bleach was made 
into three different sodium hypochlorite concentrations. 
To achieve a final concentration of 50, 100, or 200 ppm, 
sterile water was combined with sodium hypochlorite 
and applied to the two representative samples (during 
the course of 10 minutes). One ml of each treated sample 
was submitted to X-ray (JEOL, Japan) to determine the 
percentage of heavy metals [22].

Effect of Ozone on the Ultrastructures of 
the Most Sensitive Microorganisms

The most common fungal isolates were subjected to 
study their morphological and ultrastructure changes 
upon treatment with ozone.

For Scanning Electron Microscopy (SEM): Blocks 
of the investigated fungal isolate were prepared and 
examined for SEM at the National Research Centre, 
Dokki, Cairo, Egypt. Six to eight millimeter squares 
of agar containing fungal growth were cut from the 
cultures for fixation and dehydration treatments using 
the programmed (LEICA EM TP, Germany) tissue 
processor model (A-1170). The squares were then fixed 
by submerging them in 2% (w/v) aqueous osmium 
tetroxide (OsO4) for 12 hours at 4°C. In order to 
eliminate excess OsO4, the fixed material was allowed 
to reach room temperature before being rinsed three 
times in distilled water for ten minutes each. Materials 
that had been fixed and cleaned were immersed and 
dried using a succession of ethanol concentrations 
that ranged from 10% to 90% and then 100% ethanol. 
Using pressure, critical point drying was performed on 
dehydrated specimens. Then, using a carbon adhesive, 
the critical point-dried specimens were fastened on 
0.9 mm diameter copper stubs. The samples were 
coated in gold by Polar Instruments Inc., Doylestown, 
Pennsylvania (almost 50 nm thickness) and then 

inspected with a (JEOL JSM-35LV Scanning Electron 
Microscope, Japan) in high-vacuum mode [23].

For transmission electron microscopy (TEM): 
One mm3 block of the tested isolate was embedded in 
2% agar and dehydrated using a graduated series of 
ethanol before being fixed with 3% glutaraldehyde, 1% 
paraformaldehyde, and 1% osmium tetroxide at 4ºC over 
the course of an overnight period. Living cells were put 
between two copper discs for fast freezing and freeze-
substitution, which involved swiftly freezing the cells by 
submerging them in propane slush in liquid nitrogen and 
freeze-substituting them for two days in acetone with 
2% osmium tetroxide at -80ºC. For freeze substitution 
after glutaraldehyde fixation, cells were fixed in  
a mixture of 3% glutaraldehyde and 1% paraformaldehyde 
in 0.1 M phosphate buffer (pH 7.4) at room temperature 
for 30-60 min. or at 4ºC overnight. They were collected 
by centrifugation, rapidly frozen by propane slush, and 
freeze substituted in acetone containing 2% osmium 
tetroxide at 80ºC for 2 days. They were then implanted 
in epoxy resin and polymerized at 6oC for 24 hours 
using these variously fixed and dehydrated samples. On 
an ultra-microtome (Leica ultracut, Germany), ultra-
thin sections were cut to a thickness of 70 to 90 nm and 
put on copper grids. At the National Research Centre, 
Dokki, Cairo, Egypt, they are dyed with uranyl acetate 
and lead citrate, coated with plasma-polymerized 
naphthalene support film, and studied at 80kv in a JEM 
12000EX TEM (JEOL, Japan) [24].

Application of Ozone in Reduction  
of Aflatoxin Produced by A. Parasiticus.

Extraction of Aflatoxins 

Inoculation of one ml of spore suspension (104 cells/
ml) of A. parasiticus in 250 ml Erlenmeyer flasks each 
containing 100 ml of sterile yeast extract agar (YES) 
broth medium treated with ozone at 10 mg/cc for five 
minutes. Three replicates for each concentration were 
prepared and incubated at 25.0±2.0ºC for 21 days.  
The broth filtrates were mixed with an equal volume 
of chloroform in a separating funnel. The residue was  
re-extracted twice for complete extraction. The 
chloroform extract was defatted with hexane for 
a separate lipid layer and concentrated in a rotary 
evaporator. The residues were reconstituted in one ml of 
methanol for further chromatographic analysis [25]. 

Determination of Aflatoxins B1, B2, G1,  
and G2 by HPLC

To evaluate the detoxifying power of ozone gas, 
the concentrations of aflatoxins in control and treated 
samples were analyzed for the quantification of aflatoxins 
using immunoaffinity columns supplied by Rhône 
Diagnostics Technologies Ltd. (Spain) and quantified 
by high-performance liquid chromatography (HPLC). 
The solvent mixture was water: methanol (8:2) [26].  
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The sample extract was filtered, diluted, and applied 
in an immunoaffinity column containing antibodies 
specific to aflatoxins B1, B2, G1, and G2. Standard 
aflatoxins (AF) B1, B2, G1, and G2 were purchased 
from Sigma-Aldrich (Ref.A-6636, A-9887, A-0138, and 
A-0263, respectively) (Quimica S.A. Spain). 

Statistical Analysis 

Three replicates were recorded, data were 
represented as means, and a t-test was applied using 
Graphpad Prism Software V.5 (CA, USA) to calculate 
the difference.  

Results

Identification of Fungal Isolates 

Various water sources contained different fungal 
isolates, where Al-Azhar tap water contained the 
highest number of different fungal isolates (4), while 
the El-Menia water treatment plant contained the lowest 
number of fungi (1), as shown in (Table 1). 

The fungi were subjected to morphological 
examination for identification of the six different fungal 
isolates as follows:

Isolate no. (1): Radiate conidial heads; conidiophore 
contained stips smooth-walled hyaline or pigmented. 
Vesicles were subspherical, 55-99 µm diam. 
conidiogenous cells biserate, and the Metulae were 
twice as long as the phialides. Conidia were brown, 
ornamented with warts and ridges, sub-spherical,  
3.5-5.0 µm in diameter, which identified as Aspergillus 
niger as shown in (Fig. 1).

Isolate No. (2) contained conidial heads densely 
columnar. conidiophore stipes smooth–walled, hyaline. 
vesicles subspherical, 9-19 µm diam. conidiogenous 
cells bi-seriate. Metulae were as long as the phialides. 
Conidia were smooth-walled, striate, spherical to 
broadly ellipsoidal, 1.3-2.7 µm, hyaline, which was 
identified as Aspergillus terreus as shown in (Fig. 1).

Isolate no. (3) contained conidiophore stipes  
65-300 µm long, smooth-walled, hyaline, conspicuously 
encrusted, biverticillate. Metulae and phialides 10-14 

µm long. Phialides were acerose. conidia ellipsoidal, 
sometimes sub-spherical apiculate, irregularly 
roughened, 3.0-3.5×2.5-3.0 µm, which is identified as 
Penicillium purpurogenum as shown in (Fig. 1).

Isolate no. (4) Conidia were obclavate to ellipsoidal, 
with a short, cylindrical beak, with dimensions  
22-55 X 7-18 µm, medium brown, rugolose with 
muriform septation, with a single scar at the tip, arising 
in mostly unbranched chains of ten or more, which were 
identified as Alternaria alternate as shown in (Fig. 1).

Isolate no. (5) contained conidiophores erect, short, 
strongly branched, and strongly geniculate with conidia 
on the nodes. Conidial scars: hyaline. Single conidia in 
very short chains, obovoidal, without beaks, medium 
brown to oloivaceous verrucose with dimensions  
of 20-25 X 8-12 µm, with 1-3 transverse and 0-2 oblique 
or longitudinal septa, which are identified as Ulocladium 
botrytis as shown in (Fig. 1).

Isolate no. (6) contained conidial heads consistently 
and loosely radiating, up to 400-500 µm in diameter; 
conidiophores variable in length, from 200µ to rarely 
more than 1.0 mm, mostly 300-700 µ long, with walls 
colorless, smooth, or nearly so in some strains identified 
as Aspergillus parasiticus, as shown in (Fig. 1).

It was observed that isolate no. (6) was the most 
common isolate that could be isolated from all sources, 
as shown in (Table 2) and subjected to molecular 
identification, and the identified isolate was deposited 
in the gene bank with accession number OR511577.1, 
https://www.ncbi.nlm.nih.gov/nuccore/OR511577.1, and 
the phylogenetic tree showed the high similarity with 
related species as shown in (Fig. 2). 

Determination of Ozone Impact 
on Fungal Inhibition

It could be noticed that there was a gradual decrease 
in dry weight of isolated fungi, where A. parasiticus 
was the most affected fungal isolate after exposure for 
5 minutes at room temperature, followed by Alternaria 
alternate and Aspergillus niger. A significant decrease 
in the dry weight of A. parasiticus (p≤0.05) upon 
using 10 µg/cc of ozone as shown in (Table 3). Besides, 
Aspergillus terrus, Aspergillus niger, and Penicillium 
purpurogenum have a dramatic decrease (p≤0.05) in 
their dry weight upon exposure to 40 µg/cc. Additionally, 
Alternaria alternate has a dramatic decrease (p≤0.05) 
in its dry weight upon exposure to 20 µg/cc of ozone. 
Lastly, Ulocladium botrytis has a dramatic decrease 
(p≤0.05) in dry weight upon exposure to 50 µg/cc as 
shown in (Table 3).

Impact of Using Ozone and 
Chorine on Heavy Metals 

Al Azhar wastewater and the El Menia water 
treatment plant were selected as the highest and lowest 
water sources that contained the highest and the lowest 
number of fungal isolates. Exposure of sewage water 

Table 1. Number of the fungal isolates from the different sources 
(Data are represented as means ± SD).

Sources
Isolate no.

Source type

Number of fungal 
isolates

Water

Al-Azhar tap water 4±1

Al-azhar waste water 2±1

El-Menia canal water 2±1

El-Menia water treatment 
plant 1±1
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and scanning electron micropscopes, whereas cellular 
shape distorted and became smaller and abnormal, 
where organelles lysed and experienced shrinkage of 
the cytoplasm membrane upon exposure to 10 mg/cc for  
5 minutes for A. parasiticus, as shown in (Fig. 3).

Effect of Ozone on Qualitative and 
Quantitative Production of Aflatoxins 

A. parasiticus produces aflatoxins (G1, G2, B1, and 
B2). Ozone showed a good reduction of the production of 
all aflatoxins by A. parasiticus after being treated with 

and water treatment plant to ozone concentration 
starting from 10 µg/cc at 5 minutes showed a significant 
reduction in heavy metals (p≤0.05) compared to the 
control. Exposure to chlorine at 100 ppm for 10 min has 
a significant impact on all tested heavy meals relative to 
control (p≤0.05) as shown in (Table 4). 

Effect of Ozone on the Ultra-Structures 
of the Most Sensitive Fungal Isolates 

The ozone showed damage and vital effects on 
fungal structures upon examination using transmission 

Fig. 1. Different identified fungal isolates isolated from different water sources (Magnification 40X).
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ozone at 10 mg/cc for 5 minutes as compared with the 
control.  Samples had been submitted for analysis of the 
mycotoxin contents. There was a significant reduction 
(p≤0.05) in the production of Aflatoxin B1, Aflatoxin 
B2, Aflatoxin G1, and Aflatoxin G2 by quantitative 
analysis using HPLC as shown in (Fig. 4, Table 5). 

Discussion

Ozone is a powerful oxidizer that can be utilized 
in a variety of industries as a disinfectant at low 
concentrations and for limited contact times [27-29]. 
The safety of drinking water has been put at risk by the 
widespread spread of the fungus, which has received a 
lot to focus on during the process of treatment of water 

Table 2. Identification of the fungal Isolates from the different 
sources.

Source Fungal isolates 

Al-Azhar tap 
water

Aspergillus terrus.
Aspergillus parasiticus

Penicillium purpurogenum
Alternaria alternate

Aspergillus parasiticus  
Aspergillus niger

Al-azhar waste 
water

Aspergillus niger
Aspergillus parasiticus

El-Menia canal 
water

Ulocladium botrytis
Aspergillus parasiticus 

El-Menia water 
treatment plant Aspergillus parasiticus 

Fig. 2. Phylogenetic tree of Aspergillus parasiticus (APW-RCMB) as the most common fungal isolate from all water sources (generated 
by iTOL software). 
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Table 3. Dry weights measurements of the filamentous fungal isolates used after treated with different ozone doses for 5 minutes at room 
temperature (Data are represented as means ±S.D) (*) refer to significant difference between control and this treatment (p≤0.05).

Ozone Doses
Fungal  Strain Control 10 µg/cc 20 µg/cc 30 µg/cc 40 µg/cc 50 µg/cc 60 µg/cc

 Aspergillus parasiticus 2.2±0.1 1.30*±0.1 0.32±0.1 0.09±0.01 0.03±0.01 0.00±0.02 0.00±0.0

Aspergillus terrus 4.2±0.2 3.01±0.2 2.8±0.1 2.2±0.1 1.99*±0.1 1.4±0.1 1.73±0.1

Aspergillus niger 4.0±0.3 3.5±0.1 2.8±0.1 2.50±0.2 1.35*±0.2 0.48±0.2 000±0.01

Penicillium 
purpurogenum 6.5±0.4 5.10±0.1 4.9±0.1 5.4±0.3 2.1*±0.2 1.9±0.2 1.6±0.1

Alternaria alternate 2.80±0.2 1.60±0.2 0.27*±0.1 0.15±0.2 0.05±0.02 0.01±0.02 0.03±0.01

Ulocladium botrytis 5.92±0.3 5.45±0.2 5.3±0.1 4.5±0.1 3.51±0.2 1.62*±0.2 1.64±0.01

0.00 = NO GROWTH.

Fig. 3. (A, B) SEM images ; (C, D) TEM images showed cellular alteration in the structure of Aspergillus parasiticus upon exposure 
to10mg/cc ozone for 5 min (CW: Cell wall, CM: Cell membrane, ER: Endoplasmic reticulum, V: Vacuole, N: Nucleus : nu: nucleolus, 
TS: Transvers section of mitochondria, LSM: longitudinal section of mitochondria, WB: Wide septa,  GC: Golgi system  MVB: multiple 
vacuoles, R: ribosome  (LG  - Left panel : Control ; Right panel : treated ). A clear shrinkage of the cellular surface could be seen using 
SEM as well as disintegration of internal organelles could be seen using TEM.
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in recent years [30]. The depletion of fungal spores 
by ozone in water has been documented much less 
frequently than that of bacteria and viruses, according  
to prior investigations [31-34]. In the present 
investigation, six different fungal species were 
isolated from different water sources, which were 
morphologically identified, and A. parasiticus was the 
most common fungal species in all examined sources, 
further identified using the 18SrRNA genetic method 
and deposited in the gene bank as APW-RCMB with 
accession number OR511577.1.  

The microbial load in drinking water, wastewater, 
food products like vegetables, fruits, and meat, as well 
as machinery used for food processing, can be reduced 
quickly and affordably by the use of ozone (O3) treatment 
[35-38]. In the present work, various doses of ozone 10 
µg/cc, 20 µg/cc, 30 µg/cc, 40 µg/cc, 50 µg/cc, and 60 
µg/cc were applied for five minutes, where 10 µg/cc 
dramatically reduced the dry weight of A. parasiticus. 
While 40 µg/cc was the most efficient dose for isolated 
fungi. In accordance with a study done on barley seeds, 
Aspergillus sp. growth was inhibited when ozonated 

Fig. 4. HPLC graphs separation of aflatoxins secreted by A. parasiticus control (blue line) and upon treatment using 10 mg/cc ozone at 
for 5 minutes (orange line) ( a significant reduction (p≤0.05) in the levels of produced  aflatoxins after treatment).

Table 4. The effect of various doses of ozone and chlorine on sewage and plant exchange water (Data are represented as means where * 
refer to significant where (p≤0.05).

Al-azhar waste water 

Heavy 
metals Control 

Ozone doses Chlorine concentration

µg/cc 
10/5 m

µg/cc 
20/ 5 m

µg/cc  
30/ 5 m

µg/cc 
40/ 5 m

µg/cc 
50/ 5 m

µg/cc 
60/ 5 m 50 PPM 100 PPM 200 

PPM 

Fe 8.74 2.54±0.1* 2.44±0.1 2.34±0.1 2.14±0.1 2.04±0.1 2.00±0.1 6.5±0.1 2.1±0.1* 00

Cu 16.14 8.86±0.1* 8.70±0.1 8.60±0.2 8.30±0.3 8.10±0.1 7.90±0.2 12.8±0.2 4.5±0.2* 3.2±0.2

Zn 13.38 00 00 00 00 00 00 11.6±0.1 2.4±0.1* 1.08±0.1

Cd 1.88 00* 00 00 00 00 00 1.2±0.2 00* 00

Hg 9.70 4.0±0.1* 3.8±0.2 3.5±0.3 3.3±0.1 3.2±0.1 3.0±0.1 6.3±0.1 3.8±0.1* 0.95±0.1

El-Menia water treatment plant 

Heavy 
metals Control 

Ozone doses Chlorine concentration

µg/cc 
10/10m

µg/cc 
20/ 20m

µg/cc  
10/ 10m

µg/cc 
20/ 20m

µg/cc 
50/ 5 m

µg/cc 
60/ 5 m 50 PPM 100 PPM 200 

PPM 

Fe 2.64 00* 00 00 00 00 00 1.38±0.1 00* 00

Cu 14.11 11.86±0.2 11.76±0.3 11.56±0.3 11.36±0.3 11.26±0.1 11.16±0.1 8.4±0.2 5.6±0.1* 2.6±0.1

Zn 6.75 00* 00 00 00 00 00 4.2±0.1 2.7±0.1* 0.95±0.1

Cd 4.5 00* 00 00 00 00 00 2.0±0.1 00* 00

Hg 5.4 2.9±0.2* 2.8±0.1 2.6±0.1 2.4±0.2 2.3±0.1 2.2±0.1 3.95±0.1 0.7±0.1* 00
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water was administered to the seeds [39]. Penicillium 
citrinum and Aspergillus flavus colonies were reported 
to be effectively inhibited from growing normally when 
exposed directly to gaseous O3 [40]. 

O3’s potent oxidizing activity or reactive oxygen 
species (ROS) produced during the disintegration are 
thought to be the mechanisms underlying its antifungal 
capabilities [41]. According to Cho et al. [42], O3 directly 
degrades the lipids and glycoproteins found in the fungal 
cell membranes. O3 and ROS cause disruptions in the 
sulfhydryl groups of enzymes that are both apoplastic 
and intracellular [43]. In live cells, O3 also compromises 
the integrity of the nucleic acids [44]. One of the key 
factors determining a microorganism’s susceptibility to 
sanitizers, including O3, is the external layer of its cells 
and the makeup of those cells [45]. In the present study, 
examination of A. parasiticus affected by 10 µg/cc 
of ozone disintegrated the fungal cells, which were 
examined using transmission and scanning electron 
microscopy. 

Some heavy metals, like lead and mercury, are 
hazardous to the health of living microorganisms [46, 
47]. Others, like zinc or copper, are crucial micro-
elements in the metabolic functions incorporating place 
in microorganisms when present in low concentrations. 
Surface waters often do not have levels of heavy 
metals over the permissible limits. However, there 
have been instances of considerable water pollution 
with these substances, for instance from China [48] 
or Cameroon [49], which may pose serious risks to the 
ecosystem. Heavy metal levels in surface waters are 
more likely to be raised in mining regions [50]. The 
main processes that remove heavy metal ions from 
water include coagulation, precipitation, and adsorption. 
It finds out that the type of coagulant applied and the 
overall conditions of conducting the procedure have an 
impact on how effectively metals are removed during  
the coagulation process. A notable reduction in the 
amount of metal ions in the filtered water was obtained 
by incorporating ozone oxidation [51]. In the present 
study, using 10 µg/cc of ozone for 5 minutes decreased 
the heavy metals levels. In accordance with other studies 
that suggest using ozone as a coefficient approach  

for the elimination of heavy metals from industrial 
effluent [52].

In the present, using 10 mg/cc for 5 minutes reduced 
toxins production secreted by A. parasiticus. The most 
common mycotoxins are aflatoxins, which are extremely 
harmful byproducts of several Aspergillus species. 
Aflatoxin contamination has been found in drinking 
water, wastewater, and surface water, particularly tap 
and bottled water. Uncertainty surrounds the precise 
origins of pollution in water. The best potential for 
adsorption was found with minerals, while the best 
rates of decomposition were found with gamma and UV 
irradiations, oxidoreductases, and ozone [53].

Conclusions

Ozone at a dose of 10 mg/cc for 5 minutes could 
potentially be applied to de-contaminate A. parasiticus 
as a fungal species, which might produce aflatoxins 
in water through alteration of fungal structure. This 
dose of ozone could decrease heavy metal levels, thus 
reducing its harmful impact on human health.  

Acknowldegment 

This work was supported by Research Supporting 
Poject, King Saud University, Riyadh, Saudi Arabia 
[grant number RSP-2024R439].

Conflict of Interest 

The author confirms that they have no conflict of 
interest.

References

1. EPELLE E.I., EMMERSON A., NEKRASOVA M., 
MACFARLANE A., CUSACK M., BURNS A., MACKAY 
W., YASEEN M. Microbial Inactivation: Gaseous or 
Aqueous Ozonation? Industrial Engeneering Chemistry 
Research, 61 (27), 9600, 2022.

2. EPELLE E.I., MACFARLANE A., CUSACK M., BURNS 
A., THISSERA B., MACKAY W., RATEB M.E., YASEEN 
M. Bacterial and Fungal Disinfection via Ozonation  
in Air. Journal of Microbiology Methods, 194, 106431, 
2022. 

3. ZHANG K., ZENTELLA R., BURKEY K.O., LIAO 
H.L., TISDALE R.H. Long-term tropospheric ozone 
pollution disrupts plant-microbe-soil interactions in the 
agroecosystem. Global Change Biology, 30, e17215. 2024. 

4. WANG J., SHI X., TAN Y., WANG L., ZHANG G. 
Elevated O3 Exerts Stronger Effects than Elevated CO2 on 
the Functional Guilds of Fungi, but Collectively Increase 
the Structural Complexity of Fungi in a Paddy Soil. 
Microbial Ecology, 86, 1096, 2023.

5. LI P., WU X., GAO F. Ozone pollution, water deficit stress 
and time drive poplar phyllospheric bacterial community 

RT 
(minutes) Compound

Concentration 
(µg/ ml) in 

Control sample

Concentration 
(µg/ml) in

Treated sample *

2.3 AFG2 14.07±0.2 4.17±0.1

2.5 AFG1 3.55±0.1 0.75±0.1

2.7 AFB2 10.50±0.2 3.50±0.1

3.4 AFB1 3.51±0.1 1.51±0.1

*A significant reduction in the aflatoxins levels upon 
treatment using 10 µg/cc of ozone for 5 minutes 

Table 5. Quantitative analysis of the aflatoxins (µg/ ml) of the 
fungal control sample and upon treated using 10 µg/cc of ozone 
for 5 minutes  (Data are represented as means ±SD).  



Amal A.I. Mehkawy, et al.5234

structure. Ecotoxicology and Environmental Safety, 262, 
115148, 2023. 

6. CHIDAMBARANATHAN A.S., 
BALASUBRAMANIUM M. Comprehensive Review 
and Comparison of the Disinfection Techniques Currently 
Available in the Literature. Journal of Prosthodontics, 28, 
e849, 2019.

7. ZHU F., DING S., LIU Y., WANG X., WU Z. Ozone-
mediated cerebral protection: Unraveling the mechanism 
through ferroptosis and the NRF2/SLC7A11/GPX4 
signaling pathway. Journal of Chemical Neuroanatomy, 
136, 102387, 2024.

8. DOS SANTOS L.M.C., DA SILVA E.S., OLIVEIRA F.O., 
RODRIGUES L.D.A.P., NEVES P.R.F., MEIRA C.S., 
MOREIRA G.A.F, LOBATO G.M., NASCIMENTO C., 
GERHARDT M. Ozonized Water in Microbial Control: 
Analysis of the Stability, In Vitro Biocidal Potential, and 
Cytotoxicity. Biology, 10, 525, 2021. 

9. BERRY M.J., TAYLOR C.M., KING W., CHEW Y.M.J., 
WENK J. Modelling of Ozone Mass-Transfer through 
Non-Porous Membranes for Water Treatment. Water, 9, 
452, 2017.

10. ZHANG Q., LIU J., XIA H., XU Y., ZHANG L. Effective 
removal of As from a high arsenic-bearing ZnSO4 solution 
by ultrasonic enhanced ozonation in a one-pot method. 
Ultrasonic Sonochemistry, 102, 106748, 2024.

11. SZETO W., YAM W.C., HUANG H., LEUNG D.Y.C. The 
Efficacy of Vacuum-Ultraviolet Light Disinfection of Some 
Common Environmental Pathogens. BMC Infectious 
Diseases, 20, 127, 2020.

12. SUN Z.B., SI Y.N., ZHAO S.N., WANG Q.Y., ZANG 
S.Q. Ozone Decomposition by a Manganese-Organic 
Framework over the Entire Humidity Range. Journal of 
American Chemical Society, 143, 5150, 2021.

13. ZHANG S., ZHOU L., LI Z., ESMAILPOUR A.A., LI K., 
WANG S., LIU R., LI X., YUN J. Efficient Treatment of 
Phenol Wastewater by Catalytic Ozonation over Micron-
Sized Hollow MgO Rods. ACS. OMEGA, 6, 25506, 2021. 

14. MANJUNATH S.N., SAKAR M., KATAPADI 
M., GEETHA B.R. Recent case studies on the use 
of ozone to combat coronavirus: Problems and 
perspectives. Enviromental Technology Innovation, 21, 
101313, 2021. 

15. ZHANG H., XI J., LIU Z., CHEN M., LU Z., XUE H., 
BI Y. Isolation and Identification of Pathogens Causing 
Blue Mold of Lanzhou Lily during Postharvest Storage 
and Control of Disease and Mycotoxin Accumulation by 
Ozone Treatment. Journal of Fungi (Basel), 9, 1091, 2023. 

16. YIN R., HAO Z., YUAN X., WANG M., LI S., ZHANG 
X., CHEN B. Arbuscular mycorrhizal symbiosis alleviates 
ozone injury in ozone-tolerant poplar clone but not in 
ozone-sensitive poplar clone. Science of Total Enviroment, 
894, 165023, 2023.

17. VIJAYANANDRAJ V.R., NAGENDRA P.D., MOHAN 
N., GUNASEKARAN M. Effect of ozone on Aspergillus 
niger causing black rot disease in onion. Ozone Science 
Engineering, 28 (347), 350, 2006.   

18. AKBAR A., MEDINA A., MAGAN N. Potential Control 
of Mycotoxigenic Fungi and Ochratoxin A in Stored 
Coffee Using Gaseous Ozone Treatment. Microorganisms, 
8 (10), 1462, 2020. 

19. MYLONA K., KOGKAKI E., SULYOK M., MAGAN N. 
Efficacy of gaseous ozone treatment on spore germination, 
growth and fumonisin production by Fusarium 
verticillioides in vitro and in situ in maize. Journal of 
Stored Produts Research, 59 (178), 184, 2014.  

20. DALECKA B., OSKARSSON C., JUHNA T., KUTTAVA 
G. Isolation of Fungal Strains from Municipal Wastewater 
for the Removal of Pharmaceutical Substances. Water, 12 
(2), 524, 2020. 

21. XUE W., MACLEOD J., BLAXLAND J. The Use of 
Ozone Technology to Control Microorganism Growth, 
Enhance Food Safety and Extend Shelf Life: A Promising 
Food Decontamination Technology. Foods, 12 (4), 814, 
2023. 

22. TRINDADE M.A., KUSHIDA M.M., MONTES N.D., 
DOS SANTOS PEREIRA D.U., DE OLIVEIRA A.E. 
Comparison of ozone and chlorine in low concentrations 
as sanitizing agents of chicken carcasses in the water 
immersion chiller. Journal of Food Protucts, 75 (6), 1139, 
2012.

23. WAJIHA S., ABIDA A., RAHMATULLAH 
Q., GHULAM Y., TARIQ M., NAFEESA Q.H. Light 
and scanning electron microscopic characterization of 
aflatoxins producing Aspergillus flavus in the maize crop. 
Microscopy research and technique, 85 (8), 2894, 2022.

24. FAORO F., FACCIO A., BALESTRINI R. Contributions of 
Ultrastructural Studies to the Knowledge of Filamentous 
Fungi Biology and Fungi-Plant Interactions. Frontniers ins 
Fungal Biology, 2, 805739, 2022.

25. MIKLÓS G., ANGELI C., AMBRUS Á., NAGY A., 
KARDOS V., ZENTAI A., KEREKES K., FARKAS Z., 
JÓŹWIAK Á., BARTÓK T. Detection of Aflatoxins in 
Different Matrices and Food-Chain Positions. Frontniers in 
Microbiolobgy, 11, 1916, 2020. 

26. VAZ A., CABRAL SILVA A.C., RODRIGUES P., 
VENÂNCIO A. Detection Methods for Aflatoxin M1 in 
Dairy Products. Microorganisms, 8 (2), 246, 2020. 

27. JINWOOK C., JONG-OH K. Application of advanced 
oxidation processes to remove refractory compounds from 
dye wastewater. Desalination and Water Treatment, 25 (1), 
3, 233, 2011.

28. TAO W., DAVID A., RECKHO W. Spectrophotometric 
Method for Determination of Ozone Residual in Water 
Using ABTS: 2.2’-Azino-Bis (3-Ethylbenzothiazoline-6-
Sulfonate). Ozone: Science & Engineering, 38 (5), 373, 
2016. 

29. BARRY L.L. Forty Years of Advances in Ozone 
Technology. A Review of Ozone: Science & Engineering. 
Ozone: Science & Engineering, 40 (1), 3, 2018.

30. WEN G., LIANG Z, XU X., CAO R., WAN Q., JI G., LIN 
W., JINGYI W., JINGJING Y., TINGLIN H. Inactivation 
of fungal spores in water using ozone: Kinetics, 
influencing factors and mechanisms. Water Research, 185, 
116218, 2020.

31. MARC-OLIVIER B., JOCHEN S., ELISABETH S., 
MARTIN J., URS G. Measurement of the initial phase 
of ozone decomposition in water and wastewater by 
means of a continuous quench-flow system: Application 
to disinfection and pharmaceutical oxidation. Water 
Research, 40 (9), 1884, 2006.

32. WANQING D., WENBIAO J., SONG C., XU Z., 
CHANGPING W., QIJUN J., HUI H., RENJIE T., SONG-
FANG H., QILIN W. Ozone disinfection of chlorine-
resistant bacteria in drinking water.Water Research, 160, 
339, 2019.

33. YU Z., XIN C., FENG H.Z., QUN G., XUN W.C., XUE 
G., YANSEN X., MENG Y.G., CEHUI M., ZHAOZHONG 
F., YUNFENG Y., HUI L. Elevated ozone enhances the 
network stability of rhizospheric bacteria rather than 
fungi. Agriculture, Ecosystems & Environment, 345, 
108315, 2023.



Examination of the Antifungal Potential of Ozone... 5235

34. QIU Y., GUO L., XU X., ZHANG L., ZHANG K., CHEN 
M., ZHAO Y., BURKEY K.O., SHEW H.D., ZOBEL 
R.W, ZHANG Y., HU S. Warming and elevated ozone 
induce tradeoffs between fine roots and mycorrhizal fungi 
and stimulate organic carbon decomposition. Science 
Advances, 9-7 (28), eabe9256, 2021.

35. PANDISELVAM R., SUBHASHINI S., BANUU PRIYA 
E.P., KOTHAKOTA A., RAMESH S.V., SHAHIR S. 
Ozone based food preservation: a promising green 
technology for enhanced food safety. Ozone Science. 
Engineeering, 41 (1), 17, 2019.

36. DONG S., LI J., KIM M.H., CHO J., PARK S.J., 
NGUYEN T.H., EDEN J.G. Deactivation of Legionella 
Pneumophila in municipal wastewater by ozone generated 
in arrays of microchannel plasmas. Journal of Physics. D: 
Applied Physics,  51 (25), 2018. 

37. KHANASHYAM A.C., SHANKER M.A., KOTHAKOTA 
A., MAHANTI N.K., PANDISELVAM R. Ozone 
Applications in Milk and Meat Industry. Ozone: Science & 
Engineering,  44 (1), 50, 2022.

38. ÇETINKAYA N., PAZARLAR S., PAYLAN İ.C. 
Ozone treatment inactivates common bacteria and fungi 
associated with selected crop seeds and ornamental bulbs. 
Saudi Journal of Biological Science, 29 (12), 103480, 2022.

39. SPANOGHE M., ALLARD O., DELVOYE S., MARIQUE 
T., KONINCKXLOO M.V. Industrial-scale malting barley 
(Hordeum vulgare l.) seed disinfection by fog of ozonated 
water application. Ozone Science Engineering, 38 (2), 115, 
2016. 

40. SAVI G.D., SCUSSEL V.M. Effects of ozone gas exposure 
on toxigenic fungi species from Fusarium, Aspergillus, 
and Penicillium genera. Ozone Science Engineering, 36 
(2), 144, 2014.

41. BOCCI V., BORRELLI E., TRAVAGLI V., ZANARDI I. 
The ozone paradox: ozone is a strong oxidant as well as 
a medical drug. Medical Research Reviews, 29 (4), 646, 
2009. 

42. CHO M., KIM J., KIM J.Y., YOON J., KIM J.H. 
Mechanisms of Escherichia coli inactivation by several 
disinfectants. Water Research,  44 (11), 3410, 2010. 

43. MENZEL D.B. Oxidation of biologically active reducing 
substances by ozone. Archives of Environment and. 
Health, 23 (2), 149, 1971.

44. MUSTAFA M.G. Biochemical basis of ozone toxicity. Free 
Radical Biology and Medicne,  9 (3), 245, 1990. 

45. MCDONNELL G., RUSSELL A.D. Antiseptics and 
disinfectants: activity, action, and resistance. Clinical 
Microbiology Reviews, 14 (1), 227, 2001. 

46. TIWARI B.K., O’DONNELL C.P., PATRAS A., 
BRUNTON N.P., CULLEN P.J. Effect of ozone processing 
on anthocyanins and ascorbic acid degradation of 
strawberry juice. Food Chemistry, 113, 1119, 2009. 

47. ABDEL-WAHHAB, M.A., SEHAB, A.F., HASSANIEN, 
F.R., EL-NEMR, S.E., AMRA, H.A., ABDEL-ALIM, 
H.A. Efficacy of ozone to reduce fungal spoilage and 
aflatoxin contamination in peanuts. Journal of Nuts 
Related. Science, 2, 01, 2011.

48. MINAS I.S., KARAOGLANIDIS G.S., MANGANARIS 
G.A., VASILAKAKIS, M. Effect of ozone application 
during cold storage of kiwifruit on the development of 
stem-end caused by Botrytis cinerea. Postharvest Biology 
and Technology, 58, 203, 2010. 

49. GABLER F.M., SMILANICK J.L., MANSOUR 
M.F., KARACA H. Influence of fumigation with high 
concentrations of ozone gas on postharvest gray mold and 
fungicide residues on table grapes. Postharvest Biology 
and Technology, 55, 850, 2010.

50. DE SOUZA L.P., FARONI L., HELENO F.F., CECON 
P.R., GONÇALVES T.D.C., DA SILVA G.J., PRATES 
L.H.F. Effects of ozone treatment on postharvest carrot 
quality. LWT,  90, 53, 2018.

51. KARWOWSKA B., SPERCZYŃSKA E. Organic Matter 
and Heavy Metal Ions Removal from Surface Water in 
Processes of Oxidation with Ozone, UV Irradiation, 
Coagulation and Adsorption. Water, 14, 3763, 2022. 

52. HONARMANDRAD Z., JAVID N.,  MALAKOOTIAN 
M. Efficiency of ozonation process with calcium peroxide 
in removing heavy metals (Pb, Cu, Zn, Ni, Cd) from 
aqueous solutions. SN Applied Science, 2, 703, 2020. 

53. SU-YAN W., DANIELA D.H., XIN C.S., XIN C., FENG 
Q.L., PEDRO L. Occurrence of aflatoxins in water and 
decontamination strategies: A review. Water Research, 
232, 119703, 2023. 




