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Abstract
Unrestrained pesticide usage negatively impacts the ecosystem and harms the health of other organisms, threatening
biodiversity. The organophosphates and organochlorine cause convulsions, irritability and tumours which compel us
to remove them from the ecosystem for the sustainability of life. The process of cleaning up pesticide-polluted regions
is difficult and requires innovative eco-friendly strategies i.e. bioremediation, bio-stimulation and natural attenuation.
Bioremediation is the method that biologically degrades organic wastes into their less toxic forms. The current study
intends to investigate effective and environmentally acceptable ways of removing pesticide contamination and
residues from our ecosystem, with a particular emphasis on bioremediation processes including bacteria, fungus, and

other forms of life.
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1. Brief Overview of Pesticides

The word “cide” means to kill and the
chemical substances meant to kill or suppress
the pests population at tolerable levels are
known as pesticides (Jabbar and Mallick
1994). These chemicals are consisting of
various products having numerous functions
and play quite an important and efficient role
in pest management (Asghar et al. 2018). Pest
management has historically relied on
chemical methods. Pesticides are considered
as varied and a large group of different
substances designed specifically to Kkill
different organisms such as insects and
weeds (Hassaan and EI Nemr 2020). Due to
the pressing need to expand food production
and discover possible chemical warfare
weapons in World War 11 (1939-1945), the
research on pesticides accelerated (Bernardes
et al. 2015; Gupta 2018). As a result of this,

remarkable growth in pesticide production
and use was witnessed after WWII and the
application of chemicals was considered
advantageous in agriculture till 1962 without
concerning the possible hazards to the
environment and life. In 1962, the first time
Rachel Carrison raised her voice against the
uncontrolled use of chemicals and their
possible effects on life was in her book
“Silent Spring” (Gupta 2018; Hamilton and
Crossley 2004; Contreras 2020).

After that, a lot of researchers focused on
finding the hazardous impacts of chemical
use on pest management (Ratcliffe 1967;
Butler 1978) and different approaches were
developed to control agricultural pests
(Walker et al. 2005; Huang and Iskandar
1999). The regular use of different pesticides
may also lead to the accumulation of harmful
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chemicals in various agricultural products
(Gupta 2018; Hamilton and Crossley 2004;
Joko et al. 2017; Kumar et al. 2019).
Numerous pesticides including, herbicides,
fungicides, nematicides, insecticides,
fumigants, rodenticides, wood preservatives,
antioxidants and disinfectants, have adverse
effects on the environment (Kumar et al.
2019; Narenderan et al. 2020; Negrete-
Bolagay et al. 2021). Almost one-third of the
production of agricultural products is
damaged because of pesticides every year
(Pimentel et al. 1992). Pesticides, on the
other hand, are employed over two million
tonnes each year. The utilized pesticide
products cause the loss of 600 million
annually of which 10% are because to birds
and rodents, 33% are due to weeds, 20%
through insects, 26% are to diseases and 11%
from other factors (Jayaraj et al. 2016;
Bradman et al. 2007). Pesticides are also used
in marine habitats, as well as in domestic and
industrial areas (Carvalho and Hance 1993),
which harms the environment and harms the
health of many creatures, harming
biodiversity (Aktar et al. 2009).

The pervasive use of pesticides degrades the
quality of soil results to damage the aquatic
environment (Joko et al. 2017). Therefore, it
is concluded that pesticides activities are
forcing us to implement novel approaches to
eliminate the harmful chemicals from our
environment. Old approaches were utilized to
reduce the hazardous chemicals in the
environment through pyrolysis, recycling and
landfills (Aktar et al. 2009; Abdel-Shafy and
Mansour 2018; Eze et al. 2021; Kemona and
Piotrowska  2020).  However, these
approaches have serious effects on society
and the environment. The mentioned
techniques are expensive and hard to execute
specifically for pesticides. Numerous
potential approaches used the ability of
microorganisms to reduce environmental
pollution and to make the economical and
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eco-friendly (Kharat et al. 2017; Khan and
Bano 2016; Kumari et al. 2020).

Biodegradation is the process of degrading
pesticides through algae, fungi, bacteria, and
other organisms and is considered an
economical, efficient and eco-friendly
method of detoxification (Kaur and Roy
2021). The genetically modified
microorganism is another approach including
recombinant strain for degradation of soil
bioremediation processes, animal, plant and
environmental health (Joutey et al. 2013; El
Ghachtouli et al. 2013; Ortiz-Hernandez et al.
2013).

2. Contamination of soil

Soil is contaminated with different polluted
substances including garbage, pesticides and
heavy metals from a variety of sources
(Wuana and Okieimen 2011). Municipal
garbage often comprises wasted items from
households and industrial wastes such as
plastic, paper, and organic material. Heavy
metals in the soil arise from irrigation,
sewage, atmospheric deposition and the use
of pesticides and fertilizers (Negrete-Bolagay
et al. 2021). The effect of contamination
damages the biodiversity and functioning of
the soil. Additionally, heavy metals prevent
microbial activity (Xie et al. 2016).

3. Contamination of water

The pesticide pollution in the water damages
the ecosystems and also the loss of freshwater
content. Numerous Asian countries lack
access to fresh water and have an acute
scarcity of safe drinking water (Brandon
2012). Excessive use of pesticides, herbicides
and fertilizers causes adverse damage to
aquatic animals (Daniel et al. 1998; Liu and
Qiu 2007). Among the pesticides, almost
98% were considered acutely noxious for
crustaceans and fishes (De la Cruz et al.
2014). Fig 1 illustrated the effect of
pesticides on water, food, soil, and food



poisoning in different areas of Pakistan
(Tariq et al. 2007).

4. Pesticide poisoning

There have been some documented
incidences of pesticide poisoning in Pakistan
involving humans, wildlife, and aquatic life
(Damalas and Eleftherohorinos 2011).
Originally, cramping in the limbs, feeling
dizzy, pressure in the chest, changes in
faeces, and eye tears were listed as symptoms
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Pesticide effects have been noted in milk,
food, cottonseed, various fruits, vegetables,
and fish meal at various times across the
nation (Choudhary et al. 2018). Fruits and
vegetables have been found to have a
considerable variance in pesticide residues,
which may be caused by changes in the
climate (hot, humid, and cold), as well as
variation across various plant species (Bisbis
et al. 2018). Because Pakistan's pure food
rules are around 40 years old and do not
mention pesticide residue limitations in food
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Fig. 1. Map of zone studied affected with pesticides. Zone studied the map of pesticides in
Pakistan.

of methyl parathion poisoning in rural
populations (Khan et al. 2020). In the late
1970s, during a malaria control operation,
they also found that 40% of spray workers
suffered from acute malathion poisoning.
According to their findings, malathion
caused the deaths of five men and substantial
depression in cell and red blood
cholinesterase activity in 2800 affected
individuals (Badr 2020).

5. Pesticides in food
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items, higher values of pesticide residue in

food items may also be the result of outdated
food regulations (Syed et al. 2014).

6. Pesticide classification and their
usage scenario in Pakistan

Pesticides are usually classified based on

structure. The structural classification
includes nitrogen-based pesticides,
carbamates, organophosphorus and

organochlorine (Cantrell et al. 2012; Gupta



2011). Pakistan being an agricultural country
imported more than 250 metric tons of
pesticides for the first time in 1954 after a
locust attack. This was the start of the
pesticide business in the country, after that
the productivity of crops enhanced to 20,648

2020).

30 fungicides,
acaricides
pesticides used in Pakistan (Syed et al. 2014;
Ejaz et al. 2004; Tariq et al. 2007; Khan et al.
Pyrethroids (45%) comprise the

were

among

Private sector was boosted with an annual
increase of 25%. More than 105 insecticides,
6 rodenticides,

and 5

the prevalent

Table 1. Pesticide residue detection in various ecosystem media and prevalence of pesticide
poisoning in Pakistan

Pesticide Characteristics

Pesticide Poisoning

o Pesticide Hazardous | Detected
Pesticides ) Affectees Exposure Effects
Group Class Media
] Significant rise in the
Cypermethrin,
) ) 11, ) GOT, ALP and GPT
Deltamethrin, Pyrethroids, Soil (Jan et al. | Vegetable and
o 1, . ) . enzyme levels, dyspnea
Diazinon, Organophosphates 2003; Amin et | Fruit  workers, | Occupational o
o 11, . and hepatitis and a
Monocrotophos and combination al. 2021) Sindh . o
. Ib burning feeling in the
and Polytrin-C ) .
urine (Azmi et al. 2006)
. Significantly increased in
Soil (Jan et al. | Female cotton )
Methamatophos, . . . reproductive  hormones
) 2003; Amin et | pickers, Punjab .
Baythroids, Organophosphate, 1, Occupational (Ahmad et al. 2004;
. . al. 2021), Water | (Ahmad et al. .
Cypermethrin, Pyrethroid and 11, . . aswell as Non- | Rizwan et al. 2005) along
. (Ismail et al. | 2004) and Sindh . .
Endone and | Organochlorine O ) . Occupational with  the dangerously
. 2021; Eqani et | (Rizwan et al. )
Aldrin increased level of AChE
al. 2011) 2005)
(Ahmad et al. 2004)
Air (Bajwa et
Endosulfan, Organochlorine, 1, al. 2016), Soil Significantly higher
. ) Factory areas .

Imidacloprid, Organophosphate, 11, (Anwar et al. . . concentration of Serum
- . | Punjab and Sindh . o
Thiodicarb, Carbamate, 11, 2012; Jiandani (Kh . | Occupational AST, ALT, Antioxidant

an et al
Carbofuran Carbamate, Ib, 2015), Water 2010) (total) and
Methamidophos | Organophosphate | (Baig et al. Malondialdehyde
2012)
Chak 105, 30 people were killed,
Punjab Non while many more were
Chlorfenapyr Pyrroles NA NA o . .
(Mohiuddin et al. | Occupational rushed to hospitals for
2016) emergency care.
Air (Bajwa et
al. 2016) Water Farm workers contain the
Endosulfan, 1, (Ahad et al . . hazardous  level  of
. . . Vehari  (Punjab) . . . .
Aldrin, Organochlorine 1, 2010; Tarig et Occupational pesticides in their
o | Farmworkers
Dieldrin (e} al. 2004), Soil bloodstream (Saeed et al.

(Nafees and Jan
2009)

2017)

m tons in 1986-87 (Jabbar and Mallick 1994).
After that pesticide business owned by the
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majority of these pesticides, followed by 39%
organophosphates, 9% organochlorines and




only 4% carbamates widely used against the
cotton crop (69%) (Faheem et al. 2015;
Sajjad et al. 2015; Tariqg et al. 2007). Contrary
to the global trend of more herbicides being
used than insecticides, Tariq et al. (2004)
stated that 74% of Pakistan's overall pesticide
application is comprised of insecticides,
followed by herbicides (12%). Pesticides
cause a lot of health hazards to all types of
life due to contamination of soil, water and
air. Table 1 illustrates the occurrence of
pesticides in soil water and air along with
their possible health effects. The present
review aims to gather information related to
the residual effects of pesticides along with
remediation techniques to overcome the
effects of pesticides.

7. Pesticide concerns

Pesticides are extremely hazardous to
humans and pose a major danger to the
quality of water, air, and soil (Damalas and
Eleftherohorinos 2011). The pesticide
contamination of groundwater and surface is
also considered a serious threat to the whole
ecosystem and its surroundings (Ahad et al.
2010; An and Zhao 2012; Baig et al. 2012).
The pesticide bioremediation technique
lowers the toxicity level caused by pesticides.
Intrinsic bioremediation occurs due to the
microbes present in polluted ecosystems,
though subsequently, intrinsic
bioremediation is not adequate (Mani and
Kumar 2014; Kumar et al. 2011).

8. Pesticide remediation strategies

Pesticide contamination is an adverse
environmental issue that must be addressed
(Hassaan and EI Nemr 2020). Several
remediation methods, including chlorination,
adsorption, bioremediation, and
phytoremediation, have been investigated
(Ajiboye et al. 2020; Cycon et al. 2017).
Bioremediation is the method that
biologically degrades the organic wastes

%94

under controlled conditions to the levels of
less concentration of organic materials.
Interestingly, this process utilizes the
naturally occurring plants, algae, fungi and
bacteria for the degradation of harmful
substances (Patel et al. 2022; Nie et al. 2020;
McLellan et al. 2019; Sarker et al. 2021).
Moreover, numerous naturally occurring
mitigation processes are also involved in this
process including bio-augmentation, bio-
stimulation and  natural  attenuation
(Chatterjee 2017). The harmful substances
produced as the byproduct of various
chemical reactions are being processed by
utilizing  numerous  biological  and
physiochemical approaches through specific
industries to fulfil the basic standards
(Chatterjee  2017). The biodegradation
process of a substance depends on the
activities of numerous microorganisms. Bio-
augmentation is the process in which the
microorganisms are being used to improve
the degradation process (Tyagi et al. 2011;
Nzila 2017). The substances with
contamination are transformed through
various microorganisms leading to the
degradation dependent on their metabolic
processes to clean the polluted land areas and
contaminated water. Bio-pesticides that are
commonly used as pathogenic for the pest of
interest are bio-insecticides  (Bacillus
thuringiensis), bioherbicides (Phytophthora)
and bio fungicides (Trichoderma) (Gupta and
Dikshit 2010; Kachhawa 2017; Ruiu 2015).
Following paragraph will illustrate about the
different microbe used in bioremediation.

8.1 Role of Bacteria

The bacterial degradation of pesticides
belongs to different bacterial species of
genera Pseudomonas, Arthrobacter,
Flavobacterium, Azotobacter and
Burkholderia  (Gurikar et al. 2016;
Solyanikova and Golovleva 2004). The
oxidation of the parent molecule, which
produces carbon dioxide and water along



with energy consumed by microbes, is
necessary for the pesticide to completely
degrade. The pesticides are mandatory to
degrade the pests where the innate microbial
population is wunable to manage the
pesticides. Pesticide breakdown by bacteria
is influenced by the enzyme system and a
variety of environmental factors, such as pH,
temperature, and certain other nutrients
(Solyanikova and Golovleva 2004). Some
pesticides break down rapidly, whereas
others are resistant due to the presence of
organic anions in the chemical. In addition to
organophosphorus chemicals, neonicotinoids
are metabolized by pseudomonas species
(Parte 2017).

8.2 Role of fungi

Fungi played a crucial part in the breakdown
of organic compounds and the modest
structural  alterations  that  converted
pesticides into innocuous metabolites that
could be released into the soil for additional
degradation. Figure 2 illustrates a different
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dieldrin, simazine and trifluralin residue in
soil (Fragoeiro 2005).

8.3 Function of enzymes

Enzymes are essential for the biodegradation
of all xenobiotics and can significantly speed
up the restoration of contaminants (Sarker et
al. 2021). The enzymes have the prospective
to restore the polluted environment. The
enzymes have developed metabolic tolerance
and inherent detoxification mechanisms that
aid in the breakdown of pesticides (Songa
and Okonkwo 2016; Tahir et al. 2020). The
theoretical oxygen demand (TOD) enzyme of
P. putida represents an enzyme family used
as biocatalysts in ecologically significant
processes (Nikel and de Lorenzo 2018). The
fungal enzymes including peroxidase,
laccase and oxidoreductases have potent
applications for the elimination of
polyaromatic hydrocarbons (PAHS)
contaminants (Ahsan et al. 2021; Imam et al.
2022).
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Figure 2: Fungal mechanism for bioremediation hazardous chemicals (Deshmukh 2016).

fungal mechanism for bioremediating
hazardous compounds. Trichoderma
Versicolor, Phanerochaete chrysosporium
and P. ostreatus exhibit good results against

9. Methods of Removal of Pesticides
Residues from Food

Some pesticide residues remain in the
environment for long periods before being



entirely decomposed by natural forces
(Anwar et al. 2012). These persistent
substances circulate through plants, animals,
air, water, and soil systems to go far. The
extensive production and use of such
pesticides on one hand and the economic and
health problems of obstinate remains on the
other, raise the pertinent question: If
persisting residues are inevitable, what are
the prospects for their removal from foods
and other critical sectors? That question is
examined in the following paragraphs by
employing a brief survey of present
information on paths to pesticide removals
from foods, soils and water (Chawla et al.
2018; Hamilton and Crossley 2004).

The chemical and physical properties of the
parent molecule and its byproducts along
with the formulation of the pesticide, and the
adsorbents or solvents used affect how long a
pesticide residue will last. The qualities of the
host may also have a significant role in the
persistence i.e., waxy surfaces tend to
localise and retain numerous pesticides,
making them more difficult to remove than
actual surface residues (Baig et al. 2012).
Furthermore, milk fats retain traces in the
manufacturing of numerous dairy products.
Such localization, however, may often be an
advantage. For example, fruits and
vegetables with easily peeled skins are more
amenable to pesticide removal than green
leafy vegetables (Chung 2018). Flushing
surface residues with water is probably the
mildest method that may be effective, while
vapour removal by co-distillation with water
or some other solvent is extremely effective
but generally too severe for many situations
(Kaushik et al. 2009). It should be pointed out
that these two processes, as well as most
other methods, remove pesticides only by
physical transfer, thus eventually
contributing to the pesticide burdens in air,
water and soil.
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In discussing foods, it is convenient to
categorize the removal of pesticides as either
adventitious or intentional. Adventitious is
used here to designate any loss of residue
occurring as a by-product of normal
processing procedures (Street 1969). These
paradoxical techniques are effective against
the nature of new chemistry insecticides
especially  systemic insecticides and
translaminar insecticides. Such adventitious
removals are therefore not only anticipated
but relied upon, to provide a substantial
margin of safety for the food consumed over
and beyond the established safe tolerance.
Intentional removal of pesticide residues
necessitates processing techniques
deliberately designed to remove pesticides
and their degradation products.

9.1 Washing and Blanching

Various washing techniques often employed
in home or commercial preparation can fairly
help eliminate loosely retained residues of
many pesticides on a variety of fruits and
vegetables (Kaushik et al. 2009). This was
the characteristic fate of residues of DDT
applied as wet table powder to tomatoes
where cold water washing by commercial
techniques removed approximately 90% and
home-type washing some 78% of the total
DDT residues. The wuse of detergents
improved the removal of parathion from
spinach, carbaryl from tomatoes, DDT from
potatoes, and carbaryl and DDT from
apricots (Street 1969). However, in some
cases, detergent washing was decidedly less
effective than plain water washing.
Blanching effectively removes certain
residues, although it may not remove more
than washing (GC and and Palikhe 2021).
National Canners Association (NCA) reveals
in a study that blanching of green beans
removed substantial portions of DDT,
carbaryl and Malathion; water blanching was
generally superior to steam (Kaushik et al.
2009). Since the introduction of synthetic



organic  pesticides into  agriculture,
researchers have been worried about the
destiny of the residues during regular food
processing. It was rapidly understood that
washing, peeling, and cooking was crucial
but not always effective methods of lowering
residue levels in fruits and vegetables.

9.2 Peeling

Peeling (and trimming) reduces residues.
Washing does not entirely remove substances
that penetrate the epidermis, but peeling
could be able to get rid of all of the residues.
The recent NCA studies showed peeling to be
very efficient in the removal of Malathion,
DDT, and carbaryl from tomatoes, and DDT
from potatoes. Similar observations have
been made with other vegetables and fruits
(Farrow et al. 1968).

9.3 Cooking

The effects of cooking on pesticide residues
are extremely varied but may contribute
greatly to residue removal. Shakoori et al.
(2018) reported that by cooking through
boiling and steam, pesticide residues may
decrease up to 20.7-100% in Iranian rice. The
NCA studies reported a substantial loss of
Malathion during the canning of tomatoes
and green beans, but such cooking loss was
not apparent for carbaryl in green beans or
parathion in spinach and broccoli (Kaushik et
al. 2009; Bajwa and Sandhu 2014). Metal
ions, especially iron, are involved in the
conversion, which does not occur when the
canning is done in glass. Major reductions in
residues of other compounds have been
reported to be affected by cooking.

9.4 Vegetable Oils

Commercial processing of oils may
adventitiously reduce chlorinated pesticide
residue levels to below detection limits
(Chaudry 1980). The key process is in
deodorization of the oil by steam stripping
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under high temperatures. Low-pressure
conditions; amount to forced volatilization of
the pesticide contaminants. Virtually all the
commonly used organochlorine pesticides
have been removed from vegetable oils in
this manner. The extent to which this type of
processing is employed is not known, but
monitoring data show that “refined"
vegetable oils have substantially lower
average residue levels than crude oils.

Various  biological  fields including
biotechnology, bioinformatics,
microbiology, biochemistry and molecular
biology are trying to solve serious biological
issues of health including the removal of
organic wastes from the environment (Sehgal
et al. 2018a; Tahir and Sehgal 2018; Tahir et
al. 2019). Bioinformatics plays a significant
role to solve biological problems (Sehgal et
al. 2018b).

10. Conclusion

The uncontrolled usage of pesticides
threatens the biodiversity of the ecosystem
due to their persistency and residual effects.
For remediation of these contaminants,
bioremediation through microbes serves as
an efficient and eco-friendly strategy which
is helping to clean the environment for
sustainability of life. Further studies are
needed about the suitability, efficacy and any
potentially harmful environmental
implications to use microorganisms on a
broad scale for remediation of pesticides and
other chemical contaminants.
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