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Abstract 

The ubiquitous nature of pesticides has been very well known among the researchers particularly 
environmentalists and ecologists. Some pesticides being banned still have their resistant residues in the 
soil and aquifer layers due to their recalcitrant nature. Current study was designed to observe the presence 
of few salient pesticides and their bioremediation using fungus. Water resources such as drinking water 
(tube well, tap and hand pump) as well as surface waters were analyzed for the presence of few salient 
pesticides. Observation showed that highest contamination was observed in the surface water (on average 
7-10 X more) and lowest in the tube well water. Carbaryl residues had been observed to be highest with 
significant residues appearing in the four researched sites during investigation (6µg/L of carbaryl observed 
in site 1). Aspergillus Niger was observed to be most resistant fungal species to be isolated from the 
contaminated sites and was resistant to higher concentrations of pesticides in the media (growth media). 
Upon investigation of degradation, it was observed that Aspergillus Niger was capable of degrading these 
pesticides effectively (with carbaryl degradation on 8th day of exposure) in few days of time. Therefore, the 
potential of enzymes involved in the degradation can be explored further and allowed to help in purifying 
the water through a biodegradation approach. 
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1. INTRODUCTION 

Every year, the environment's water, soil, and air resources are flushed with an enormous 
variety of inorganic and organic xenobiotics (Appannagari, 2017). Mycoremediation-
Fungi are used in this method to remove chemical contaminants from the soil (Arias-
Estévez, 2008). It is among the most cutting methods. The fungus uses this method to 
change poisonous molecules into less toxic or non-toxic compounds (Abhilash and Singh, 
2009) by employing certain enzymes and acids that it naturally secretes (Chandra, 2019). 
Small volumes and wide surface areas of fungal hyphae increase the ability of fungi to 
absorb nutrients (Hoorman, 2011). Lignin degraders are required in special processes 
such as biomechanical pulping (Akhtar et al., 2000). In contrast, brown rot fungi comprise 
the species most effective at degrading cellulose (Hossain and Ismail, 2015). Cork 
wastewater, cellulose wastewater from paper mills, and other similar wastes have all been 
explored as potential use for white-rot mushrooms (Akhtar et al., 2014). 
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Phanerochaete chrysosporium seems to be the most efficient species among the different 
species of white-rot fungi (Hai, et al., 2012), in degrading lignin and cellulose due to its 
slow growth and produces modest amounts of extracellular enzymes (Gill et al., 2008). 
Due to their essential role in biogeochemical cycles, the fungal presence in the 
environment is of considerable importance. In addition to their role in biogeochemical 
cycles (Ahmed, 2001), they are responsible for degradation of a number of environmental 
xenobiotics including pesticides (Liang et al. 2005; Diez et al. 2012). At times, it is due to 
fungi that there are minor changes in the structure of the applied pesticides and other 
recalcitrant compounds resulting in the release of some biotransformation products which 
are taken up and broken down by other potential soil microorganisms (Gianfreda and 
Rao 2004).  

A study found that the native fungus, A. Niger, was extremely good in reducing harmful 
chemicals by 52-96 percent, whereas the non-native fungus, Aspergillus flavus, was only 
successful by 53-96 percent. Heavy metals are one of the most dangerous environmental 
contaminants. Cu, Zn, Cr, and Pb are largely absorbed and accumulate as free metals in 
various sections of plants, affecting plant development and disrupting metabolism 
(Bolognesi, 2003). Bronchitis and cancer in cattle and humans are investigated using Cr 
and Ni (González et. al., 2012). 

Temperature affects nutritional requirements, growth rate, and regulation of enzymatic 
reactions, metabolism and permeability of cell in a microorganism (Cota‐Arriola et al., 
2013). Temperatures affect the cytoplasmic membranes' composition and structure, 
which affects how quickly fungi use their substrates (Dzionek et al., 2016). The second 
most significant method for employing fungus to eliminate metals and organic 
contaminants from the environment is bio-sorption (Gianfred et al., 2015). By far, the most 
effective alternative treatment for the elimination of industrial wastes and the recovery of 
any metals contained in the sewage is bio sorption. It is a method that relies on living or 
dried biomass, which often demonstrates a remarkable resistance towards metals and 
other unfavourable circumstances, to sorb metallic ions, contaminants, and xenobiotics 
from effluent (waste water) (Aksu, 2005). Fungi can be used for both in situ and ex situ 
waste remediation. It eradicates the need to transport the hazardous substances to 
remedial sites, when it is carried out on site.  

For the efficient biodegradation different parameters (pH, temperature, and acid pre-
treatment and thermal treatment) are used (Ghasemi et al., 2011). By observing 
morphological, colonial and microscopic properties different types of fungi were identified. 
With 1% Congo red, fungal species like Trichoderma harzianum, Aspergillus 
nidulans,Trichoderma viride, Trichoderma koningii, Aspergillus japonicus,Penicillium 
oxalicum, Penicillium lanosum and  Penicillium expansum were examined and they have 
a highest cellulose activity. This activity reduce the pollutant toxicity (Khokhar et al., 
2012). 

An ecologically friendly strategy is necessary since it requires less space, little expense, 
less-skilled workers, and ease of application in the field. On the contrary, there are some 
demerits in applying this mycoremediation technique (Chandra, 2019). To adjust to the 
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https://link.springer.com/article/10.1007/s11356-016-7003-8#ref-CR42
https://link.springer.com/article/10.1007/s11356-016-7003-8#ref-CR59


Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/ 
Journal of Tianjin University Science and Technology 
ISSN (Online):0493-2137 
E-Publication: Online Open Access 
Vol: 56 Issue: 06:2023 
DOI10.17605/OSF.IO/EA6PD 
 

June 2023 | 112 

environment and clear out wastes, the mushrooms require time. The cultivated mushroom 
from industrial wastes may possess toxicity (Cáceres, et al., 2008a). The genotoxicity of 
the mushrooms used in their production is affected by genotoxicants found in waste. So, 
before using mushrooms for bioremediation, it's important to assess their toxicity and 
genotoxicity (Hoa, et al., 2015). Currently, advanced agriculture depends greatly upon 
the synthetic chemicals like pesticides, fungicides, insecticides (Devonshire and Field, 
2011) and herbicides (Boudh, and Singh, 2019). These agrochemicals act as channel to 
enhance crop nourishment (Cooper and Dobson, 2007). The agrochemicals are used 
efficiently according to the season and crop type that enhance the crop development 
(Morillo and Villaverde, 2017). 

Here in the current study, we suggested that the biological means of treatment are much 
more reliable and environmentally benign compared to others. Therefore, we utilized the 
less studied fungi to remediate the toxic traces in the drinking water. 
  
2. MATERIAL AND METHODS 

Current study was performed for bioremediation of micro-pesticidal residues from the 
drinking water of residential area around agricultural land, using fungus. About 200 
samples were collected from the suburbs of Lahore and have agricultural land in the 
surrounding. The samples were collected in the Amber bottles and preserved at 4ᵒC soon 
after the collection. Pesticides identified were Carbaryl, Chlorpyrifos, DDT, Diazinon and 
Malathion. 

2.1 Isolation of Fungal Strain 

For the isolation of fungal species, pesticidal contaminated sample (CS) and non 
pesticidal contaminated soils (NCS) were taken to identify the fungal species which may 
actually be involved in pesticidal degradation. Samples were stored in the sterile tubes at 
4ᵒC soon after the collection. Petri dishes were then prepared for the isolation and it had 
sterile medium composed of malt extract (1.5%)-agar (1.5%) added up with 
chloramphenicol (0.05%). About 10µL of aliquot from the soils were spread on these 
plates and allowed to growth at 37±1ᵒ C. the fungal strains were isolated as soon as they 
appeared. Whole of the experiment was done in triplicate and abundant species were 
considered (which appeared on all plates of representative samples). After isolation, the 
species were maintained on sterile MEA medium prepared in the form of slant tubes.  

The petri plates containing the culture media showed maximum growth after a period of 
3 days, as no growth was observed in first two days but enormous population started 
growing on the third day and colonies matures in 4 and 5 days. The four petri plates (Two 
of CS and two for NCS) were marked and identified for the fungal species. The colonies 
started dying after a period of 7 days due to toxicity or reduction of organic content. 
Therefore they were separately sub cultured and then identified for the degradation and 
microscopically. 
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2.2 Identification of Fungal Genera: 

Fungi were identified by microscopic examination of the fruiting bodies and spores. 
Fungus identification can assist this process of pesticide degradation by studying the 
microscopic and morphological characteristics of fungus from the slides with fungus 
culture when viewed under microscope stained with cotton blue stain under the objective 
lens of 40x and 100x power. Microscopic features helped identify different fungal strains.  
Common fungi types observed included: Aspergillus niger, Aspergillus flavus, Alternaria 
sp., Curvularia sp. and Mucuor sp. were identified by observing the fungal plates (Table 
1). 

Table 1: Fungal species in contaminated soil (CS) and non-contaminated soil 
(NCS) 

Contaminated 
Soil 

Fungal sp, 
Non contaminated 

soil 
Fungal sp. 

A 

Aspergillus flavus 
Alternaria sp. 
Aspergillus niger 
Mucor sp. 

C 
Aspergillus flavus 

Curvularia sp. 

B 

Aspergillus flavus 
Aspergillus niger 
Alternaria sp. 
Mucor sp. 

D 
Aspergillus flavus 
Aspergillus niger 

Mycoremediation Assay 

The isolated fungal strains were tested for their survival against the pesticides using the 
sterile MEA plates. 

Table 2: Selected pesticides and their molecular weights 

Type Pesticides Molecular weight 

Insecticide 

Carbaryl 201.22 

Chlorpyrifos 350.59 

DDT 354.49 

Diazinon 304.34 

Malathion 330.35 

Each fungal isolate was streaked (mycelium and spores) from one slant onto the petri 
plates and allowed to grow at 37±1ᵒ C for 8-15 days. The strains which developed 
underwent the macroscopic and microscopic analysis for the fungal colonies was 
conducted to analyze its features. All the experiments were conducted in triplicate and 
controls were analyzed parallel. Two different controls were prepared i.e. one without 
pesticide= positive control and one without fungal isolate=negative control. 
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3. RESULTS 

3.1 Mycoremediation 

All the five abundant fungal species (figure 1) were allowed to grow on the mixture of 
pure pesticides standard mix and only Aspergillus sp. (A. Niger and A. flavus) flourished 
on them (figure 2, 2a). Therefore A. Niger was further used for mycoremediation assay.  

3.2 Rate of pesticide disappearance 

Figure 3 shows that as time processed, the degradation of carbaryl was highest. After 8 
days the degradation became static and no more degradation was there. pH level was 
observed to fluctuate a lot during this time and pH was observed to get more acidic from 
neutral and then turned neutral again. 

The graph showed that the degradation rate was high initially but then it kept on going 
until 12 days. However, this rate was slowed down with time. The pH was also observed 
to be more acidic with time. 

 

Figure 1: Microscopic evaluations of the five fungal species which were observed 
to be most abundant at the site 

Aspergillus niger

Aspergillus flavus

Mucor sp.

Curvularia sp.

Alternaria sp.
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Figure 2: A. Niger and B) A. flavus growing on the media having 200µg/L of 
standard pesticides mixture. 

 

Figure 2a: Overall plates having PDA and streaked with contaminated soil (CS) 
and Non Contaminated soil (NCS) 
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Figure 4 shows that as time processed the degradation of chlorpyrifos was highest. After 
10 days the degradation became static and no more degradation was there. pH level was 
observed to fluctuate a lot during this time and pH was observed to get more acidic from 
neutral and then turned neutral again.  

The Figure 5 indicated a sudden high degradation of DDT at the start but then the rate 
attained a plateau and straight line. It was observed that after 4 days the degradation rate 
went like a straight line. The pH was observed to burn more basic than normal with the 
passage of time. 

Figure 6 shows that as time processed the degradation of Malathion was highest. After 
10 days the degradation became static and no more degradation was there. The pH level 
was observed to fluctuate a lot during this time and pH was observed to get more acidic 
from neutral and then turned neutral again. 

There was a sudden high degradation rate of Diazinon at the start of experiment but after 
8 days the rate became like a straight line. The pH was observed to fluctuate to become 
neutral and then slightly acidic and then kept on being acidic with time (figure 7). 
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Figure 3: Rate of carbaryl disappearance from the liquid media over a period of 12 
days under optimized conditions of temperature and light 
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Figure 4: Rate of Chlorpyrifos disappearance from the liquid media over a period 
of 12 days under optimized conditions of temperature and light 

 

Figure 5: Rate of DDT disappearance from the liquid media over a period of 12 
days under optimized conditions of temperature and light 
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Figure 6: Rate of Malathion disappearance from the liquid media over a period of 
12 days under optimized conditions of temperature and light 

 

Figure 7: Rate of Diazinon disappearance from the liquid media over a period of 
12 days under optimized conditions of temperature and light 
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4. DISCUSSION 

The present study was specifically designed for the identification of the multiresidual 
pesticides in drinking water from different sources (hand pump, tap water and tube wells) 
and their degradation using fungus. Pesticide residues are found in low amounts in 
natural water supplies and may disintegrate when exposed to lower pH levels or sunlight. 
Current study focused on five insecticides: carbaryl, chlorpyrifos, DDT, diazinon and 
Malathion. Most of the insecticides were banned and no longer in use (such as DDT) but 
their residues were still present due to their extensive use in the past. Therefore, this 
study was important to provide information on persistent pesticides. Current study had 
one carbamate: Carbaryl, three organophosphate Chlorpyrifos, Diazinon and Malathion 
(Ibrahim, 2014). 

The investigation of pesticidal residues in different areas was detected, highest pesticidal 
residues obtained at four sites i.e S1, S7, S8 and S5 was carbaryl. Carbaryl is one of a 
man-made insecticide that is toxic to various insects. It is used widely for killing insects 
like fire ants, aphids, fleas, spiders, ticks and many other external pests. It is also used in 
some orchards where it thins out the blossoms on fruit trees.  

The particular sites had a lot of wheat based agricultural land and certain leafy vegetables 
(such that S8 had cabbage and lettuce farms), therefore these insecticides are often used 
on them. Carbaryl reached upto the limit of 6µg/L on the site S1, 4.5 on site S5, 4.2 µg/L 
at S7 and 3.2 µg/L on S8. The other highest pesticide detected was Chlorpyrifos (5.7 µg/L 
on S1), Linuorn (3.2 µg/L at S6 and 3.3 µg/L on S9). Sites S10, S9, S2 had a lot of 
herbicide application due to the crop requirement, therefore these areas had higher rate 
of herbicidal residues in the water samples.  

Overall, the highest pesticidal residues were observed in the surface waters, which are 
more likely to be exposed to the direct spray or agricultural runoff. Least pesticidal 
residues were detected in the tube well water, which is due to the layers underground 
provide a natural filter to these waters. 

Mycoremediation, which requires the use of fungi to purify the environment, is used (Dutta 
and Hyder, 2019). It has been proven to be very inexpensive, environmentally sound and 
effective for the confiscation of a wide array of toxins from various wastewaters (Adnan 
et al., 2019).  

Toxins included are persistent organic pollutants, pharmaceuticals,( Caldas et al., 2013) 
heavy metals, leather tanning industry chemicals and wastewater, textile dyes, petroleum 
fuels, polycyclic aromatic hydrocarbon and personal care products, pesticides and 
herbicide, in fresh water, marine and land environments (Chen, 2001). Aspergillus Niger 
was abundantly found in the areas and observed to withstand higher concentrations of 
pesticides in the media. It was observed that the fungus was capable for lowering the 
concentration of Carbaryl in 8 days, carbaryl in 12 days, DDT in 10days, Diazinon in 12 
days, Malathion in 10days.  



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/ 
Journal of Tianjin University Science and Technology 
ISSN (Online):0493-2137 
E-Publication: Online Open Access 
Vol: 56 Issue: 06:2023 
DOI10.17605/OSF.IO/EA6PD 
 

June 2023 | 120 

Even under extreme environmental conditions, fungi are notable for their ability to adapt 
to complex soil matrices and potential to populate a wide range of diverse environments. 
Moreover, they can easily decompose the organic matter as they colonize biotic and 
abiotic surfaces easily. (Bharath et al., 2019; Anju and Bechan, 2010). 

Studies showed that bioremediation by macro fungi basidiomycetes is reported to be 
advantageous because of organic matter and nutrient rich soil and the plant growth 
results showed great improvement. Due to secretions of the non-specific enzymes (LiP, 
MnP and laccase, these macro fungi have proven to be powerful degraders and hence 
are of interest in the bioremediation field.  

Simultaneously, by producing high biomass quantities, they grow extensively, especially 
when cultivated using carbon sources, such as straw or sawdust. The mushroom biomass 
being a protein source may also contain biologically active compounds like phenols 
having antioxidant activity. It can also be applied in bio-sorption treatment since it 
accumulates xenobiotics and ions from contaminated soils (Bahafid et al., 2013). 

Filamentous fungi, capable of forming an extensive micellar network and of synthesizing 
numerous non-specific enzymes, generally exhibit greater resistance to contaminants of 
higher concentration than bacteria. Filamentous fungi (e.g. Aspergillus and Penicillium 
species) which produce mycotoxins control oil spills, improve oil recovery, biodegradation 
and detoxification of oil contaminated soils (Boxall, toxicity 2001).  Aspergillus species 
are reported to be bio surfactant producers.  

A wide range of microbial bio surfactant uses in environmental protection have been 
described, including improved oil recovery, spill management, biodegradation, and 
detoxification of oil-contaminated soils (Borowitzka, 2018). Over a short period of time, 
the addition of 10% wasted mushroom compost (SMC) resulted in the degradation of 
petroleum hydrocarbons (Gao et al., 2011).  

The use of microcosms instead of any other kind of laboratory test, is a preferable 
approach for gaining knowledge about biodegradation of contaminant in soil (Caracciolo 
et al., 2013). Although reproducible results are not guaranteed by trials carried out at the 
lab scale on-site, due to physical, chemical and biological factors, they do allow confirm 
the biodegradability of a certain compounds. Biodegradation, involving the ability of 
microorganisms to remove the contaminants is relatively efficient, most promising and 
cost-effective technique (Cáceres, et al., 2008b). 

Biodegradation allows complete rupture of an organic compound to its inorganic 
constituents. Transformation of microbes can be accidental in nature (cometabolism) or 
driven by the need to detoxify pollutants. Understanding their genetics and biochemistry, 
as well as developing methods for their field application, has become an important human 
activity due to their ubiquitous nature, large biomass relative to other living organisms on 
the planet and their population, as well as their ability to function even in no oxygen 
environment, capabilities in their catalytic mechanisms, and wider diversity and other 
extreme conditions (Caracciolo et al., 2013). 
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5. CONCLUSION 

The employment of biological agents (bacteria, fungus, and enzymes) to remove 
hazardous compounds from the environment is both practical and ecological. These 
microbiological organisms have the ability to breakdown pesticides into less harmful 
byproducts. In reality, micro/macro fungus has the potential to degrade organic 
contaminants and reduce heavy metal concentrations in soil. The poor specificity of 
extracellular enzymatic complexes, the large hyphal network of fungi in soil, and the ability 
to use toxic substances as a growth substrate make Alternaria, Mucor, and Aspergillus 
fungal species more beneficial for bioremediation than other microorganisms. Some 
important aspects have to be considered such as the choice of the appropriate fungal 
strain and evaluating their achievable interaction with the micro-biota of the contaminated 
soil, in myco-remediation (Bosco, and Mollea, 2019). 
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