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Abstract 
 
Pesticides that spread into the environment from residues not only cause 
environmental pollution but also have negative effects on living organisms. Studies in 
recent years have focused on removing pesticides from aquatic environments. This 
study investigated the biological treatment of 2,4-D (2,4-Dichlorophenoxy Acetic Acid), 
one of the pesticides widely used in Turkey, by Aspergillus versicolor and Rhizopus 
arrhizus. The 2,4-D is used as a herbicide, and its water solubility allows it to pass from 
soil to water and spread easily. Our research aims to monitor 2,4-D removal from 
aqueous environments with different fungal species using electrochemical methods. 
Molasses was used as a carbon source to reduce the cost of the medium used for 
fungal growth. The bioremoval and biosorption mechanisms were examined for 2,4-D 
removal. The maximum 2,4-D bioremoval rates by R. arrhizus and A. versicolor species 
growing on molasses medium were 78.58% and 85.78%, respectively. Also, R. arrhizus 
and A. versicolor achieved 62.7% and 78.1% biosorption of 2,4-D at optimal conditions 
(pH 2 and 15 mg/L 2,4-D concentration), respectively. This study showed that 
filamentous fungi can be used in the bioremediation of pesticide-contaminated 
environments with a cheap and environmentally friendly approach. 

 

Introduction 
 

Pesticides are substances or mixtures used to 
prevent, control, or reduce the damage of harmful 
organisms (Gupta et al., 2011). Modern agricultural 
practices have led to the widespread use and 
development of synthetic pesticides (Tudi et al., 2021). 
Considering the amount of pesticide use in Turkey, while 
a total of 38.6 thousand tons of pesticides were used in 
2010, this amount reached 57.8 thousand tons in 2023 
(Ministry of Agriculture and Forestry, 2023). Pesticides 
can be found in air, water, soil, rain, snow, ice, and 
surface water (Boonupara et al., 2023). When pesticides 
are applied to soil, plants, or seeds, they reach water, 
air, and soil by various transports depending on the 
chemical properties of the substance and cause serious 

environmental problems (Ahmad et al., 2024). While 
some of the pesticides used evaporate and cause 
environmental problems in the atmosphere, some of 
them break down by photochemical means and turn 
into toxic or non-toxic substances (Pathak et al., 2022). 
Another part is retained in the soil, pollutes the soil, and 
breaks down as a result of chemical and microbiological 
activities in the soil. Pesticide residues are also 
transferred from the soil surface by rain, flood, and 
snow, polluting rivers, lakes, and groundwater (Kim et 
al., 2023). The detection of 
dichlorodiphenyltrichloroethane (DDT) even in 
creatures living at the poles where no pesticides have 
been applied shows the transport of pesticides around 
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the world (Mitra et al., 2024). The damage to the 
environment is increasing, especially as a result of 
unconscious and excessive use and storage of pesticides 
and not paying enough attention to the disposal of 
excess pesticides (Pathak et al., 2022).  

The term pesticide covers all chemical substances 
classified as insecticides (insect killer), herbicides (weed 
killer), fungicides (mold killer), rodenticides (rodent 
killer), and etc. (Tudi et al., 2021). Pesticides, despite 
their harm, are compounds that produce a wide range 
of toxic effects that pose potential pollution in the 
environment (Kaur et al., 2024). Pesticides have high 
solubility in water, low absorption in soil, and high 
persistence in nature. Therefore, the pesticide-
contaminated water reaches the surface and 
groundwater and pollutes these environments (Lousada 
et al., 2023). Studies conducted in recent years have 
detected the presence of high concentrations of toxic 
and carcinogenic pesticides in groundwater, surface 
waters, and living creatures in these environments, and 
it has been stated that these substances are carried into 
groundwater and pollute water resources (Mishra et al., 
2023). In addition, if pesticides are not degraded by 
bacteria, fungi, sunlight, or chemical means, they can 
accumulate in the soil over time and be taken up by 
plants (Swathy et al., 2024). Pesticide-exposed plants 
have the potential to penetrate human and animal 
bodies. 

In addition to environmental problems such as 
contamination of soil, groundwater, and surface water, 
the chemicals used also pose some risks to human 
health, as they cause direct poisoning and food/drinking 
water residues (Mishra et al., 2023).  

Pesticides mixed into the soil as a result of 
agricultural activities mix with surface and ground water 
(Rasool et al., 2022). New technologies that support the 
efficient elimination of these types of pollutant 
compounds need to be developed (Coccia & Bontempi, 
2023). Biological treatment of wastewater, groundwater 
and liquid toxic waste provides a more economical 
alternative compared to other treatment methods (Gül 
et al., 2022). Biological treatment is preferred because it 
is a cheap and easily applicable method for the 
mineralization of organic substances such as pesticides. 
Recently, studies on biological treatment of pesticides 
have gained importance (Gül & Silah, 2023; Pathak et al., 
2022).  

There are studies in the literature showing that 
pesticides can be removed from liquid media by 
methods such as biodegradation and biosorption using 
different fungal species (Bhatt et al., 2020; Legorreta-
Castañeda et al., 2020; Ruomeng et al., 2023; Swathy et 
al., 2024). Recent studies have focused on the removal 
of 2,4-D herbicide, a widely used pesticide, and removal 
studies with filamentous fungi have not yet been 
presented in the literature. The aim of this study was to 
investigate the removal capacity of the herbicide named 
2,4-D (2,4-Dichlorophenoxy acetic acid), which is widely 
used in our country, by A. versicolor and R. arrhizus fungi 

growing on cheap media. In order to reduce the cost in 
the study, molasses, which is sugar factory waste, was 
used as a carbon source in the medium for microbial 
growth. 

 

Materials and Methods 
 

Microorganism culture and medium 
In the project study, pure cultures of A. versicolor 

and R. arrhizus, which were in the culture collection of 
Ankara University, Faculty of Science, Department of 
Biology, Biotechnology laboratory, were used. In the 
project study, molasses, which is sugar factory waste, 
was used to reduce costs and to utilize another waste 
material that causes environmental pollution. The 
composition of the molasses medium was 1.0 g/L (NH4)2 
SO4, 0.5 g/L KH2PO4, and 80 ml molasses (Dönmez, 
2002). 

 
Determination of the pesticide toxicity on microbial 
growth 

Microorganisms were inoculated into media 
containing 2,4-D at different concentrations (5, 10, 15, 
30, and 50 mg/L) to determine the growth ability of 
microorganisms. The 250 ml flasks containing 100 ml of 
molasses medium with pesticides were used. Also, 
molasses medium without pesticide was used as a 
control group. At the end of the incubation period, 
microbial growth was determined by the dry weight 
method (Sadettin & Dönmez, 2007). 

 
Bioremoval experiments 

To determine the optimal 2,4-D pesticide removal, 
100 ml of liquid molasses media were prepared in 250 
ml conical flasks, and pH was adjusted to 2, 3, 4, 5, 6, 7, 
8, 9, 10, and 11. The optimal pH value was determined. 
Media containing 2,4-D pesticide at different 
concentrations (3, 5, 7, 10, 15, 30, and 50 mg/L) were 
prepared to examine the effect of 2,4-D concentration.  

 
Biosorption experiments  

In the study, 3 ml of the A. versicolor culture, which 
was grown at 25 °C for 7 days in 100 ml molasses 
medium (pH: 5) in 250 ml flasks, was inoculated into 
molasses medium at pH 5 and incubated for 10 days. The 
entire biomass of R. arrhizus, developed in tubes in 5 ml 
molasses medium (pH: 5) in the incubator at 30 ℃ for 2 
days, was transferred to 100 ml molasses medium in a 
250 ml conical flask with pH adjusted to 5 and incubated 
for 10 days. Both fungal species' biomass was harvested 
from the medium at the end of the incubation period, 
treated with 1% formaldehyde, and dried in an oven at 
80 °C for 24 h. Dried samples were ground in a mixer and 
then sieved and used. Pesticide removal experiments 
were carried out by adding the obtained biomass to 250 
ml conical flasks containing pesticide and distilled water 
at a rate of 1 g/L. The pH values of 2, 3, 4, and 5 were 
used to determine the effect of pH on biosorption. In the 
experiments on the effects of 2,4-D concentration on 
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biosorption, the effect of 5, 10, 15, 30, and 50 mg/L 
pesticide concentrations were investigated. 

 
Pesticide determination method 

In this study, it was also aimed to develop a 
suitable method for the analysis of 2,4-D pesticides 
using electrochemical methods and electrodes. For this 
purpose, it was examined with carbon electrodes, and 
the electrochemical method and conditions were 
determined for quantitative determination (Gül & Silah, 
2023). Firstly, the most appropriate parameters for 
voltammetric determinations of the 2,4-D pesticide 
used in the study were determined. For this purpose, 
the reduction or oxidation behavior of each active 
substance and the character of the electrode reaction 
(whether it is adsorption or diffusion-controlled) were 
first examined by cyclic voltammetry. 

To determine pesticide removal, an 
electrochemical method was developed to quantify 
pesticides in samples. According to this method, Britton 
Robinson buffer (BRT) was first prepared for pH 
screening. For BRT, a stock buffer solution was prepared 
by dissolving 2.7 mL phosphoric acid, 2.3 mL acetic acid 
and 2.5 grams of boric acid in 1 L of pure water. Then, 
taking 100 mL of this stock solution and adding 0.1 M 
HCl drop by drop to pH 2, and again taking 100 mL and 
adding 0.1 M NaOH drop by drop to pH 3, 4, 5, 6, 7, 8, 9, 
10, and 11 were prepared. Stock 2,4-D solution was 
prepared by dissolving it in pure water to contain 500 
mg/L 2,4-D. Voltammograms obtained for 50 and 100 
mg/L 2,4-D standard solutions in different pH 
environments are given in Figure 1. 

As a result of the experiments, it was seen that the 
most suitable pH value for electrochemical analysis of 
2,4-D using a potentiostat was 2 (Figure 1). In all 
electrochemical analyses, the solution pH was adjusted 
to 2. The removal percentages by microorganisms were 
determined using electrochemical analysis. 

The removal percentage of 2,4-D was calculated 
from Equation (1); 

 
2,4 − D removal (%) = (Co −  Cf)/Co × 100 
                                             Eq. (1) 
Where Co is the initial 2,4-D concentration (mg/L) 

and Cf is the final 2,4-D concentration (mg/L) in the 2,4-
D removal working solutions. 

 
FT-IR analysis 

FT-IR analyses were performed to determine 
pesticide and fungal surface interactions. Fungal 
biomasses grown in the 2,4-D (5 mg/L) medium used in 
the experiments for 7 days were harvested from the 
medium, washed with water, dried (12 h at 800 ℃), and 
FT-IR analyses were performed. Also, samples 
developed and dried in a pesticide-free medium were 
used as the control group. Thus, the FT-IR technique was 
used to identify the functional groups on the surfaces of 
A. versicolor and R. arrhizus that 2,4-D interacts with and 
to observe the changes in the pesticide environment. 

FT-IR spectra were recorded using a Perkin Elmer 
(Spectrum 100) brand Fourier transform infrared 
spectrophotometer. 

 
Figure 1. Voltammograms obtained for 50 and 100 mg/L 2,4-D 
standard solutions in different pH environments. 1: a) 50 mg/L 
2,4-D in pH 2 BRT buffer b) 100 mg/L 2,4-D; 2: a) 50 mg/L 2,4-
D b) 100 mg/L 2,4-D in pH 3 BRT buffer; 3: in pH 4 BRT buffer 
a) 10 mL pH 4 BRT buffer b) 50 mg/L 2,4-D c) 100 mg/L 2,4-D; 
4: in pH 5 BRT buffer a) 10 mL pH 4 BRT buffer b) 50 mg/L 2,4-
D c) 100 mg/L 2,4-D; 5: in pH 6 BRT buffer a) 10 mL pH 4 BRT 
buffer b) 50 mg/L 2,4-D c) 100 mg/L 2,4-D; 6: in pH 7 BRT buffer 
a) 10 mL pH 4 BRT buffer b) 50 mg/L 2,4-D c) 100 mg/L 2,4-D; 
7: in pH 8 BRT buffer a) 10 mL pH 4 BRT buffer b) 50 mg/L 2,4-
D c) 100 mg/L 2,4-D. 

Results and Discussion 
 

Determination of the effect of 2,4-D concentration on 
fungal growth 

To determine the effect of increasing 2,4-D 
concentration on fungal growth, the dry weight of the 
fungal species that developed at the end of the 15-day 
incubation period in media containing 3, 5, 7, and 10 
mg/L 2,4-D was determined. 

As seen in Figure 2, the augment of pesticide 
concentration decreased the fungal growth. Recently, 
Gül and Silah (2023) showed that the pesticide called 
Cyromazine affected the growth of filamentous fungi 
negatively. Sarhan (2020) also reported that 2,4-D 
inhibited the growth of different fungal species 
according to their sensitivity. As shown in Figure 2, 
increasing 2,4-D concentration prevented the 
development of R. arrhizus, while there were no 
significant differences in the development of A. 
versicolor. Both species showed the least growth in the 
environment containing 10 mg/L 2,4-D. In the literature, 
the effects of 0, 1, 10, 50, 100, 200, 300, 500, and 1000 
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mg/L 2,4-D concentrations on the growth of the fungus 
Penicillium chrysogenum, which is a type of fungus that 
degrades 2,4-D, were investigated (Mendes & Leitão, 
2009). According to the study results, increasing the 2,4-
D concentration has been shown to inhibit fungal 
growth and conidia formation (Tortella et al., 2005). 
Similarly, the increase of 2,4-D concentration prevented 
the fungal growth of both fungal species in this study 
(Figure 2). 

 
Figure 2. The effect of 2,4-D concentration on fungal growth 
(Av: A. versicolor; Ra: R. arrhizus). Error bars represent the 
standard deviation. 

Determination of optimum pH for bioremoval 
In the studies, 2,4-D was added to molasses media 

at different pH values (pH: 2,3,4,5,6,7, and 8) and 
analyzed to determine the pH of the medium at which 
both fungi provide the best 2,4-D bioremoval. 100 ml of 
molasses media containing 5 mg/L 2,4-D and pH 
2,3,4,5,6,7, and 8 were prepared in 250 ml Erlenmeyer 
flasks, then A. versicolor and R. arrhizus were inoculated. 
During the incubation period, neither fungal species 
grew at pH 2. While incubation was carried out for 3 
days at 25 °C in a 100 rpm shaking incubator, 3 ml 
samples were taken daily and after centrifugation at 
10000 rpm, the supernatants were analyzed 
electrochemically. The obtained voltammograms were 
examined, and then the percentage removal 
calculations were made by following the decrease in 
peak currents.  

Solution pH is the key parameter affecting the 
electrostatic interactions between surfaces and the 
contaminant to be removed (Long & Yang, 2001). A 
study showed that the removal of 2,4-D by activated 
carbon was best at pH 2 and 3, i.e., low pHs (Sezer & 
Aksu, 2013). Dehghani et al. (2014) investigated the 
effect of pH on 2,4-D removal in aqueous solutions and 
found that the best removal was at pH 3. Since the 
fungal species used in the study did not grow at pH 2, it 
was determined that the best removal occurred at pH 3. 
In another study, it was reported that 2,4-D decreased 
in the environment as the pH increased, and the reason 
for this was explained as the acidic structure of 2,4-D 
may have hydrolyzed at neutral and alkaline pHs 
(Bazrafshan et al., 2013). It was determined that 2,4-D 
decreased, i.e. hydrolyzed, in the control groups at 
neutral and alkaline pH values in this study. Therefore, it 
was deemed appropriate to try pH 2, 3, 4, and 5 in 

biosorption studies. The maximum bioremoval of 2,4-D 
by R. arrhizus and A. versicolor (growing in the medium) 
was determined at pH 3 with values of 78.58 and 
75.30%, respectively (Figure 3).  

 
Figure 3. The effect of pH on 2,4-D bioremoval by fungi (Av: A. 
versicolor; Ra: R. arrhizus; C: Control). Error bars represent the 
standard deviation. 

Determination of optimum 2,4-D concentration for 
bioremoval 

In the studies, experiments were carried out by 
adding 2,4-D to molasses media at different 2,4-D 
concentrations (3, 5, 7, and 10 mg/L) to determine the 
effect of the initial concentration on the best 2,4-D 
removal of both fungi. The fungal cultures were 
incubated in pH 3 medium for 6 days and daily samples 
were analyzed. In this series of experiments, samples 
were taken and analyzed during the 15-day incubation 
period and it was observed that there was no significant 
difference after the 6th day. As seen in Figure 4, 
different 2,4-D concentrations did not significantly 
affect the 2,4-D removal performance of both fungi 
species. The best removal of R. arrhizus was 78.58% in 
the medium containing 5 mg/L 2,4-D. A. versicolor 
species removed 85.78% of 7 mg/L 2,4-D. Boivin et al. 
(2005) showed that 2,4-D mineralization in soil samples 
was 48% after 10 days. 

 
Figure 4. The effect of 2,4-D concentration on 2,4-D 
bioremoval by fungi (Ra: R. arrhizus; Av: A. versicolor; pH 3). 
Error bars represent the standard deviation. 

Determination of optimum pH for biosorption 
In the experiments on the effect of pH on 2,4-D 

biosorption, low pH values were tried because 2,4-D 
hydrolyzes at alkaline pH values (Bazrafshan et al., 
2013), and as a result of the analysis of the removals in 
the medium containing 15 mg/L 2,4-D, it was 
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Table 1. Comparison of the results of this study with the results of 2,4-D removal studies in the literature 
Microorganism or adsorbent/biosorbent pH 2,4-D concentration (mg/L) R% Reference 

Penicillium sp. - 100 29.80 Itoh et al. (2000) 
Burkholderia cepacia DS-1, 7.2 50 69.00 Cyco ´n et al. (2011) 
Pseudomonas sp. DS-2 7.2 50 73.00 Cyco ´n et al. (2011) 
Sphingomonas paucimobilis DS-3 7.2 50 54.00 Cyco ´n et al. (2011) 
Granular activated-Carbon (Adsorbent) 3 0.5 63.00 Dehghani et al. (2014) 
Amine-modified magnetic-Nanoparticles Adsorbent) 6 20 65.00 Jazini et al. (2020) 
Aspergillus penicilloides, 4.5 100 52.00 Hayashi et al. (2021) 
Umbelopsis isabelina 4.5 100 46.00 Hayashi et al. (2021) 
R. arrhizus 3 5 78.58 In this study 
A. versicolor 3 7 85.78 In this study 
R. arrhizus (Biosorbent) 2 15 62.70 In this study 
A. versicolor (Biosorbent) 2 15 78.10 In this study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

determined that the optimal pH for the biomass 
obtained from both fungal species was 2 (Figure 5). 

 
Figure 5. pH effect on 2,4-D biosorption (initial 2,4-D 
concentration: 15 mg/L, contact time: 480 min.). Error bars 
represent the standard deviation. 

Determination of optimum 2,4-D concentration for 
biosorption 

In biosorption experiments using biomass 
obtained from both mushroom species, different 
concentrations of 2,4-D (5, 10, 30, and 50 mg/L) were 
tested to investigate the effect of initial 2,4-D on 2,4-D 
removal by fungi. Bazrafshan et al. (2013) showed that 
2,4-D adsorption onto carbon nanotubes increased with 
increasing initial concentration (1-5 mg/L). The initial 
2,4-D concentration creates the power to overcome the 
transfer resistance of 2,4-D from the liquid phase to the 
solid phase; thus, the 2,4-D adsorption capacity 
increases with increasing 2,4-D concentrations 
(Bazrafshan et al., 2013). In this study, it was determined 
that the removal of A. versicolor biomass increased with 
increasing 2.4 D concentrations from 5 mg/L to 30 mg/L, 
but the removal started to decrease at 50 mg/L (Figure 
6). R. arrhizus biomass decreased removal at increasing 
2,4-D concentrations after 30 mg/L. Aksu and Karabayır 
(2008) showed that increasing dye concentration 
increased fungal biosorption because fungal surfaces 
did not reach adsorption saturation at low dye 
concentrations. As seen in Figure 6, both R. arrhizus and 
A. versicolor species performed the best removal in the 
environment containing 15 mg/L 2,4-D. Accordingly, the 
surface of both mushrooms reached saturation in the 
environment containing 15 mg/L 2,4-D.  

Articles related to 2,4-D removal in the literature 
were examined, and the results are presented in Table 
1. Although there is no literature on the 2,4-D removal 

of the filamentous fungal species used in this study, 
different adsorbents, bacterial, and fungal species 
performed 2,4-D removal according to the literature. 
When the results of this study are compared with the 
2,4-D removal performances in some studies in the 
literature, it is observed that the used organisms 
perform 2,4-D removal at higher rates (Table 1). 

 
Figure 6. Effect of initial 2,4-D concentration on 2,4-D 
Biosorption (pH: 2; contact time: 1440 min.). Error bars 
represent the standard deviation. 

FT-IR analysis 
IR spectra of natural and pesticide-bound R. 

arrhizus biomasses are given in Figure 7a. The IR 
spectrum of R. arrhizus biomass before biosorption 
shows amino, carboxyl, hydroxyl, and phosphate groups 
on the biomass surface. The broad band at 3270.8 cm-1 
indicates the presence of amine groups. 2919.4 and 
2853.1 cm-1 are characteristic bands indicating the 
presence of alkyl chains (Gül & Silah, 2023). The strong 
band seen at approximately 1633.3 cm-1 belongs to the 
vibration of the carboxyl (C=O) group in the amide 
structure. The band seen in the 1540.5 cm-1 region is the 
stretching vibrations of N-H and C-N bonds, while the 
band in the 1363.6 cm-1 region belongs to more complex 
amide bonds (Ibrahim et al., 2015). The bands at 1431.8-
1409.1 cm-1 indicate carboxylate groups (COO-) on the 
biomass surface. The band at 1032.3 cm-1 originates 
from the C-O bond, which is a characteristic band for 
polysaccharides. Basic carbonyl and amine groups are 
also seen in the IR spectrum of A. versicolor biomass 
(Figure 7b). Shifts in the position of the basic peaks seen 
in the spectrum and changes in the intensity of the 
bands indicate the biosorption of the pesticide onto the 
biomass surface. 
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Figure 7. IR spectra of natural and pesticide-bound fungi: a) R. 
arrhizus; b) A. versicolor. 

Conclusion 
 
In this study, the biological treatment of 2,4-D, one 

of the pesticides widely used in our country, by A. 
versicolor and R. arrhizus species growing in the medium 
was investigated. According to the results of 
bioremediation experiments, it was determined that the 
best removal occurred at pH 3 since the fungal species 
used in the study did not grow at pH 2. In biosorption 
studies, the best removal of 2,4-D was achieved at pH 2 
with biosorbents obtained from both fungal species. In 
a study conducted in the literature, it was shown that 
the removal of 2,4-D by activated carbon was best at pH 
2, i.e., at low pHs (8). Dehghani et al. (2014) investigated 
the effect of pH on 2,4-D removal in aqueous solutions 
and found that the best removal was at pH 3. In another 
study, it was reported that 2,4-D decreased in the 
environment as the pH increased, and the reason for 
this was explained as the acidic structure of 2,4-D may 
have hydrolyzed at neutral and alkaline pHs (7). 
Similarly, in this study, it was determined that 2,4-D 
decreased, i.e., was hydrolyzed, in the control groups at 
neutral and alkaline pH values. The results of this study 
are consistent with the literature findings. According to 
the results of this study, A. versicolor and R. arrhizus 
species successfully removed 2,4-D in a low-cost 
environment. Since there is no study in the literature on 
monitoring the 2,4-D removal of the fungal species used 
in the study using electrochemical methods, the findings 
of this study are an important source of information. 
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Gül, Ü.D., Şenol, Z. M., Taştan, B. E. (2022). Treatment of the 
Allura Red food colorant contaminated water by a novel 
cyanobacterium Desertifilum tharense. Water Sci 
Technol, 85 (1), 279–290. 
https://doi.org/10.2166/wst.2021.615. 

Hayashi, S., Tanaka, S., Takao, S., Kobayashi, S., Suyama, K., 
Itoh, K. (2021). Multiple Gene Clusters and Their Role in 
the Degradation of Chlorophenoxyacetic Acids in 
Bradyrhizobium sp. RD5-C2 Isolated from Non- 
Contaminated Soil. Microbes and Environments, 36(3), 
ME21016.  
https://doi.org/10.1264/jsme2.ME21016. 

Ibrahim, S., Ahmad, A., & Mohamed, N. S. (2015). 
Characterization of Novel Castor Oil-Based Polyurethane 
Polymer Electrolytes. Polymers, 7(4), 747-759. 
https://doi.org/10.3390/polym7040747. 

Itoh, K., Kanda, R., Momoda, Y. (2000). Presence of 2,4-
dcatabolizing bacteria in a Japanese arable soil that 
belong to BANA (Bradyrhizobium-Agromonas-
Nitrobacter-Afipia) cluster in alpha-Proteobacteria. 
Microbes and Environments, 15, 113–117.  
https://doi.org/10.1264/jsme2.2000.113 

Jazini Zadeh R., Sayadi MH., Rezaei MR. (2020). Removal of 2,4-
dichlorophenoxyacetic acid from aqueous solutions by 
modified magnetic nanoparticles with amino functional 
groups. Journal of Water and Environmental 
Nanotechnology, 5(2),147-156. 
https://doi.org/10.22090/jwent.2020.02.005. 

Kaur, R., Choudhary, D., Bali, S., Bandral, S. S., Singh, V., 
Ahmad, A., Rani, N., Singh, T. G., Chandrasekaran, B. 
(2024) Pesticides: An alarming detrimental to health and 
environment, Science of The Total Environment, 915, 
170113, 
https://doi.org/10.1016/j.scitotenv.2024.170113. 

Kim, Y.-E., Jeon, D., Lee, H., Huh, Y., Lee, S., Kim, J. G., & Kim, 
H. S. (2023). Revealing the Extent of Pesticide Runoff to 
the Surface Water in Agricultural Watersheds. Water, 
15(22), 3984.  
https://doi.org/10.3390/w15223984. 

Legorreta-Castañeda, A.J., Lucho-Constantino, C.A., Beltrán-
Hernández, R.I., Coronel-Olivares, C., Vázquez-
Rodríguez, G.A. (2020). Biosorption of Water Pollutants 
by Fungal Pellets. Water, 12(4),1155.  
https://doi.org/10.3390/w12041155. 

Long, R. Q., Yang, R. T. (2001). Carbon nanotubes as superior 
sorbent for dioxin removal. J Am. Chem. Soc., 123(9), 
2058-2059. 
https://doi.org/10.1021/ja003830l. 

Lousada, M.E., Maldonado, E.A.L., Nthunya, L.N., Mosai, A., 
Pereira Antunes, M. L., Fraceto, L. F., Baigorria, E. (2023). 
Nanoclays and mineral derivates applied to pesticide 
water remediation, Journal of Contaminant Hydrology, 
259, 104264. 
https://doi.org/10.1016/j.jconhyd.2023.104264. 

Mendes, B. S., & Leitão, A. L. M. D. (2009). Fungal diversity and 
environmental herbicides remediation. In NA (pp. 1-9) 

Ministry of Agriculture and Forestry, 2023: 
https://cevreselgostergeler.csb.gov.tr/tarim-ilaci-
pestisit-kullanimi-i-85834#_ednref1 

Mishra, R. K., Mentha, S.S., Misra, Y., Dwivedi, N. (2023). 
Emerging pollutants of severe environmental concern in 
water and wastewater: A comprehensive review on 
current developments and future research. Water-
Energy Nexus, 6, 74-95. 
https://doi.org/10.1016/j.wen.2023.08.002. 

Mitra, S., Saran, R. K., Srivastava, S., Rensing, C. (2024). 
Pesticides in the environment: Degradation routes, 
pesticide transformation products and ecotoxicological 
considerations. Science of The Total Environment, 935, 
173026, 
https://doi.org/10.1016/j.scitotenv.2024.173026. 

Pathak, V.M., Verma, V.K., Rawat, B.S., Kaur, B., Babu, N., 
Sharma, A., Dewali, S., Yadav, M., Kumari, R., Singh, S., 
Mohapatra, A., Pandey, V., Rana, N., Cunill, JM. (2022). 
Current status of pesticide effects on environment, 
human health and it's eco-friendly management as 
bioremediation: A comprehensive review. Front 
Microbiol. 13, 962619.  
https://doi.org/10.3389/fmicb.2022.962619 

Rasool, S., Rasool, T., Gani, K.M. (2022). A review of 
interactions of pesticides within various interfaces of 
intrinsic and organic residue amended soil environment. 
Chemical Engineering Journal Advances, 11, 100301. 
https://doi.org/10.1016/j.ceja.2022.100301. 

Ruomeng, B., Meihao, O., Siru, Z., Shichen, G., Yixian, Z., 
Junhong, C., Ruijie, M., Yuan, L., Gezhi, X., Xingyu, C., 
Shiyi, Z., Aihui, Z., Baishan, F. (2023). Degradation 
strategies of pesticide residue: From chemicals to 
synthetic biology. Synthetic and Systems Biotechnology, 
8 (2), 302-313.  
https://doi.org/10.1016/j.synbio.2023.03.005. 

Sadettin, S., Dönmez, G. (2007). Simultaneous 
bioaccumulation of reactive dye and chromium(VI) by 
using thermophil Phormidium sp. Enzyme Microbial. 
Technol., 41, 175–180.  
https://doi.org/10.1016/j.enzmictec.2006.12.015. 

Sarhan A.T. (2020). The Effective Role of Soil Indigenous Fungi 
on 2,4-D Herbicide Degradation. Biogenesis, 8 (2), 195-
202. 
https://doi.org/10.24252/bio.v8i2.16802. 

Sezer K., Aksu Z. (2013). Şeker pancarı küspesinden elde edilen 
aktif karbonun atık sulardaki 2,4-D ve Metribuzin 
pestisitlerinin adsorpsiyonunda kullanılabilirliğinin 
araştırılması. Bitki Koruma Bülteni, 53(1), 57-64. 

https://doi.org/10.1016/j.envres.2023.115938
https://doi.org/10.1186/2052-336x-12-28
https://doi.org/10.1016/S0141-0229(01)00511-7
https://doi.org/10.1016/j.watres.2011.05.016
https://doi.org/10.30638/eemj.2023.039
https://doi.org/10.2166/wst.2021.615
https://doi.org/10.1264/jsme2.ME21016
https://doi.org/10.3390/polym7040747
https://doi.org/10.1264/jsme2.2000.113
https://doi.org/10.22090/jwent.2020.02.005
https://doi.org/10.1016/j.scitotenv.2024.170113
https://doi.org/10.3390/w15223984
https://doi.org/10.3390/w12041155
https://doi.org/10.1021/ja003830l
https://doi.org/10.1016/j.jconhyd.2023.104264
https://cevreselgostergeler.csb.gov.tr/tarim-ilaci-pestisit-kullanimi-i-85834#_ednref1
https://cevreselgostergeler.csb.gov.tr/tarim-ilaci-pestisit-kullanimi-i-85834#_ednref1
https://doi.org/10.1016/j.wen.2023.08.002
https://doi.org/10.1016/j.scitotenv.2024.173026
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.1016/j.ceja.2022.100301
https://doi.org/10.1016/j.synbio.2023.03.005
https://doi.org/10.1016/j.enzmictec.2006.12.015
https://doi.org/10.24252/bio.v8i2.16802


65 
Biotech Studies 34(SI), 58-65 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Swathy, K., Vivekanandhan, P., Yuvaraj, A., Sarayut, P., Kim, J. 
S., Krutmuang, P. (2024). Biodegradation of pesticide in 
agricultural soil employing entomopathogenic fungi: 
Current state of the art and future perspectives. Heliyon, 
10(1), e23406. 
https://doi.org/10.1016/j.heliyon.2023.e23406. 

Tudi, M. D., Ruan, H., Wang, L., Lyu, J., Sadler, R., Connell, D., 
Chu, C., Phung, D.T. (2021). Agriculture Development, 

Pesticide Application and Its Impact on the Environment. 
Int J Environ Res Public Health., 18(3), 1112. 
https://doi.org/10.3390/ijerph18031112 

Tortella, G. R., Diez, M. C., Duran, N. (2005). Fungal Diversity 
and Use in Decomposition of Environmental Pollutants. 
Critical Reviews in Microbiology, 31(4), 197-212. 
https://doi.org/10.1080/10408410500304066. 

https://doi.org/10.1016/j.heliyon.2023.e23406
https://doi.org/10.3390/ijerph18031112
https://doi.org/10.1080/10408410500304066

