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ABSTRACT

Pesticides are chemicals used to eliminate pests and increase crop yield, as well as to
control parasites in livestock. Their widespread use over the past two eras has led to
increased agricultural yields but has also caused environmental issues. These chemicals
can reduce the quality of the environment, impact vital ecosystem functions by decreasing
species diversity, altering food pathways, and affecting energy patterns and nutrient cycling.
Pesticides affect living organisms in various ways. Long-term exposure can reduce growth,
reproduction, and survival of fish and other aquatic populations. Amphibians, which have
semi-permeable skin and lay eggs in water, are particularly susceptible to pesticides during
breeding and foraging. Birds can also be affected by continuous pesticide use. Ponds with
standing water may recover more slowly from pesticide exposure compared to flowing water
bodies. Livestock can be exposed to pesticides through contaminated fodder or water, which
can have detrimental effects. Heavy pesticide treatment of soil can reduce beneficial soil
microorganisms and alter the chemical structure of plants. Pesticide poisoning causes
approximately one million global deaths and chronic disorders in humans each year. The
use of pesticides also harms insect pollinators directly and indirectly through the reduction of
appropriate pollinator communities, leading to crop damage. To reduce environmental
contamination, it is important to minimize the use of pesticides and explore alternative
methods of pest control.
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al., 2018). Continuous

environmental contaminants,

Crossref

release of various
pesticides and compounds into the environment

including pesticides, have serious effects on
organisms, including humans (Chang et al.,
2013; Ozkara et al., 2016). Pesticides are used
to eliminate pests, increase crop yields, and
control parasites in livestock, but their extensive
use has led to ecological and public health
issues (Tudi et al.,, 2021; Poudel et al., 2020).
With the advancement and intensification of
agricultural production, pesticides and other
chemicals are commonly used, resulting in
increased agricultural yields and contamination
of surface water, groundwater, and soil (Khan et
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poses a significant threat to marine ecosystems.
These chemicals have disrupted the stability of
aquatic species, leading to population increases
in blackflies, rotifers, and copepods (Kousar and
Javed, 2014; Mahboob et al., 2014).

Exposure of non-target organisms in aquatic
environments to pesticides occurs at varying
levels (Ranatunga et al., 2023). The residues of
these chemicals in water, crops, fish, and
ecosystems can pose severe threats to
organisms, predators, and humans (Ali et al.,
2014; Auon et al., 2014; Wasoh et al., 2014).
High concentrations of pesticides can lead to
major water contamination, affecting fish
development, reproduction, and survival, and

© 2024, Sindh Agriculture University, Tandojam (http://pjaaevs.sau.edu.pk/index.php/ojs)
BY NC This work is licensed under a Creative Commons Attribution 4.0 International License



http://pjaaevs.sau.edu.pk/index.php/ojs

Pak. J. Agri., Agril. Engg., Vet. Sci., 2024, 40 (1)

causing various visible effects on aquatic
populations (Rani et al., 2022). Organochlorines,
for example, can contaminate the tissues of
almost all living organisms on Earth (Malik et al.,
2020). The delicate balance between species is
disrupted by these harmful compounds and their
associated chemicals. Pesticides can cause
changes in species living in freshwater by
affecting the functions of several enzymes,
leading to physiological and biochemical
modifications (Agbohessi et al., 2015). The
number of endangered species is increasing in
all taxonomic classes due to environmental
degradation caused by pesticides and related
chemicals (Mahmood et al., 2016). This review
has outlined the impacts of pesticides on all
taxonomic groups, with possible effects
described as steps towards reducing the use of
pesticides to avoid environmental contamination.

Availability of data on pesticide use,
environmental concentrations, and their effects
on non-target organisms may be limited or
inconsistent, making it challenging to draw
comprehensive conclusions (Malhotra et al.,
2021). Whereas, many studies are based on
observational data, which can make it difficult to
establish causality between pesticide exposure
and observed effects (Stehle et al.,, 2019).
Controlled experiments are often limited by
practical constraints and may not fully replicate
real-world conditions. Additionally, long-term
effects of pesticide exposure on ecosystems and
human health are challenging to assess due to
the complexity of ecological systems and the
potential for delayed or cumulative effects. Yet,
organisms in natural environments are often
exposed to multiple stressors, such as pollution
from various sources, habitat loss, and climate
change, making it difficult to isolate the specific
effects of pesticides (Gao et al., 2020). Despite
these limitations, research on the impacts of
pesticides  continues to advance  our
understanding of their effects on the
environment and human health, helping to
inform policies and practices aimed at reducing
their negative impacts.

History of pesticidal usage

The use of pesticides worldwide has increased
significantly, reaching about two million tonnes
annually, with a continuing upward trend.
Pesticides were first introduced in Pakistan in
1954, with an initial formulation of 254 metric
tonnes. Subsequently, large quantities were
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imported from the United States between 1960
and 1970, while dichlorodiphenyl trichloroethane
(DDT) and benzene hexachloride (BHC) were
locally produced (Tariq et al., 2007). Presently,
an estimated 70,000 tons of pesticides are used
each year in Pakistan, with an annual growth
rate of 6% (Gao et al., 2020). Cotton crops
account for 75% of pesticide use, with the
remaining 25% used on vegetables, fruits,
maize, paddy rice, and tobacco. Only a small
fraction (approximately 0.1%) of the pesticides
applied reach their intended target organisms,
while the rest (99.9%) is dispersed in the air,
soil, and water, leading to environmental
contamination and affecting human health and
other living organisms. The environmental
impact is further exacerbated by improper
packaging, careless disposal of pesticides, and
the use of outdated pesticides in Pakistan
(Wasoh et al., 2014). This is often due to a lack
of awareness among farming communities about
the harmful effects of pesticides. Consequently,
pesticides continue to contaminate soil,
groundwater, surface water, and even drinking
water sources, including bottled mineral water
(Zia et al., 2008).

Case study of pesticidal contamination in
areas of Pakistan

In Pakistan, there is a lack of data on pesticide
pollution in drinking water, primarily due to
insufficient laboratory facilities. Only one or two
labs in the country have the capability to detect
pesticide concentrations in parts per billion. For
the first time in Pakistan, pesticides were found
in drinking water for cattle in Karachi, including
benzene hexachloride (BHC) isomers (Tudi et
al.,, 2021). These chlorinated pesticides were
detected in 10 out of 79 samples, with
contamination levels reaching up to 16.7 g/L. In
the past, organochlorine pesticides like DDT
were widely used in Pakistan, both on crops and
in malaria elimination programs (Poudel et al.,
2020). In Pakistan, the wuse of most
organochlorine  pesticides is  prohibited.
However, their presence can still be observed in
the atmosphere due to their high longevity.
Factories  manufacturing DDT and its
metabolites in Pakistan have been abandoned
since the use of these poisonous pesticides was
prohibited. DDT has a long half-life, making it
hazardous (Ahad et al., 2006). Similar cases of
abandoned factories and the presence of
banned pesticides can be found in Table 1.
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Table 1. Presence, type, and number of pesticides within different samples in various areas of Pakistan

Location

ample

Type of Pesticides

Amount of pesticide

References

Karachi, Pakistan

Drinking water for cattle

Benzene hexachloride
BHC

These chlorinated
pesticides were present
in 10 of the 79 samples,
causing contamination of
upto16.7g/L.s

Poudel et al., (2020).

Summandri region of
Faisalabad

Because cotton crops
use the most pesticides,
S0 cotton-growing sites
have more chance to
pesticide pollution in the
water.

Monocrotophos,
Cyhalothrin and Endrine

40-60, 0.2, 0.1-0.2 g/L
concentrations
respectively

Ahad et al., (2000); Tudi
etal., (2021).

Multan, Pakistan

Twelve samples of
groundwater engaged by
six separate locations of
cotton-growing area

Azinophos methyle,
Phosphamidon,
Carbofuran,
Cypermethrin,
Dimethoate, Diazinon,
Dichlorvos,
Esfenvalerate,
Fenitrothion, Lindane,
Malathion, Deltamethrin,
Methyl parathion,
Endosulfan were found

Maximum residual limits
are exceeded in 33% of
samples (MRLs)

Ahad et al., (2000);
Kousar and Javed,
(2014)

Districts in Punjab:
Bahawalnagar,
Muzaffargarh, DG
Khan, and Rajanpur.

Pesticide residues in
shallow groundwater
were examined in four
cotton-growing

Bifenthrin, Carbofuran, A-
Cyhalothrin, Endosulfan,
Methyl parathion,
Monocrotophos were
detected in there,

Samples were not
exceeding maximum
residual limits

Tariq et al., (2007);
Mahboob et al., (2014)

KPK province,
Pakistan. Mardan
division is a tobacco,
sugarcane and maize
yielding area on a large
scale; twelve different
area’s groundwater
shown a pesticide’s
contamination in all
taken samples.

Considerable quantities
of pesticides were used
for tobacco, sugarcane
and maize crops. In KPK,
itis a common practice to
use a high number of
pesticides on tobacco
fields. By personal
observation, it is detected
that more than ten sprays
used for single yield of
tobacco.

Chlorpyrifos, Dichlorvos,
Dimethoate, Endosulfan,
Fenitrothion, Methyl
parathion, Mevinphos,
Profenphos are used in
there

Pesticides with
exceeding the maximum
residual limits were
detected with (0.82, 0.50
and 0.64 g/l)
concentrations at three
sites: Amber Swabi,
Lahor Shakh Swabi, and
Madras Kalay.

Jan et al., (2009); Stehle
etal., (2019).

Ground plus surface
water samples of
Punjab. Aman Gharh,
Nowshera

Ground plus surface
water

Organochlorine
pesticides, DDT

DDT metabolites
observed by varying
amount of 0.017-1.06
ng/mL in various ground
plus surface water
samples of Punjab.
However, in few
instances, particularly in
the cotton yielding sites,
maximum admissible limit
has exceeded. In Aman
Gharh, Nowshera,
previous DDT-producing
factory exposed DDT
metabolites i.e. p,p-DDT
pollution within different
water samples in range
of 70-400 pg/L But, their
results are inconsistent
with other studies. Water
samples of the similar
zone had amounts of
different pesticides in
range 0-15ug/L

Ahad et al., (2006); Gao
et al., (2020)

Groundwater and
surface water, Punjab,
Pakistan

Lake water, pondwater
and ground water

DDT, Azinophos-methyle,
Fenitrothion, Parathion
methyle, a-Cypermethrin

Highest amount’s sample
was found in rainwater
pond rather from well-
water or surface water.
Similarly, different DDT
isomers were found in
groundwater and surface
water, with 0.947g/L and
1.069/L respectively.

In June 2004, fishes
found dead in lake due to
presence of pesticides
(Azinophos-methyle,

Ahad et al., (2006);
Malhotra et al., (2021)
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Fenitrothion, Parathion
methyle, a-Cypermethrin)
in range of 30.4 ug/L

Groundwater and
surface water, Punjab,
Pakistan

Lake water, pondwater
and ground water

DDT, Azinophos-methyle,
Fenitrothion, Parathion
methyle, a-Cypermethrin

Highest amount’s sample
was found in rainwater
pond rather from well-
water or surface water.
Similarly, different DDT
isomers were found in
groundwater and surface
water, with 0.947g/L and
1.069/L respectively.

In June 2004, fishes
found dead in lake due to
presence of pesticides
(Azinophos-methyle,
Fenitrothion, Parathion
methyle, a-Cypermethrin)
in range of 30.4 ug/L

Ahad et al., (2006);
Malhotra et al., (2021)

Simly and Rawal Lake,
Pakistan

Treatment of lake water
cause reduction in
amount by 81%, which
was still unsafe

Alpha-HCH, Azinphos-
methyl, Cyfluthrin,
Cyfluthrin, Deltamethrin,
Diazinon, Endosulfan,
Esfenvalerate,
Fenitrothion, Heptachlor,
Lindane, Parathion-
methyl, a-Cypermethrin

Exceeded standard of
European Union given for
drinking water

Iram et al., (2009); Ali et
al., (2014)

Nearby sites of old
pesticide stocks in
Punjab, Sindh and KPK

Water samples

y-BHC, B-HCH, Endrin,
Dieldrin, Heptachlor
exoepoxide and
Heptachlor endoepoxide.

Exceeded standard of
European Union given for
drinking water

Ahad et al., (2006);
Ranatunga et al., (2023).

Pesticidal contamination and influences over
living beings

Pesticidal contamination refers to the presence
of pesticides in the environment, which can have
various impacts on living beings. These
contaminants can enter ecosystems through
agricultural  runoff, aerial drift, or direct
application, and they can affect organisms at
different trophic levels (Figure 1) (Gao et al.,
2020). Pesticides can have direct toxic effects
on organisms that come into contact with them.
This can lead to acute poisoning or chronic
health problems. Different pesticides have
varying degrees of toxicity, and their effects can
depend on factors such as the dose, duration of
exposure, and the species of organism.
Pesticides can also have indirect effects on
organisms by disrupting food chains (Ranatunga
et al.,, 2023). For example, pesticides can
reduce the populations of insects that serve as
food for other animals, leading to cascading
effects throughout the ecosystem. This can
ultimately impact the abundance and diversity of
species in an ecosystem. They can
bioaccumulate in organisms, meaning that they
build up in the tissues of living beings over time.
This can be particularly problematic for
organisms at the top of the food chain, as they
may consume prey that have already
accumulated pesticides (Malhotra et al., 2021).
This process, known as biomagnification, can
result in high levels of pesticide exposure for top
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predators. These are typically designed to target
specific pests, but they can also harm non-target
organisms. For example, insecticides can
unintentionally kill beneficial insects such as
pollinators or natural predators of pests.
Herbicides can also affect non-target plants,
leading to changes in plant communities (Tudi et
al.,, 2021). It can have long-term effects on
ecosystems. They can persist in the
environment for extended periods, leading to
chronic exposure for organisms. Pesticides can
also contribute to the development of pesticide-
resistant pest populations, which can pose
challenges for pest management. Overall,
pesticidal contamination can have wide-ranging
impacts on living beings and ecosystems,
highlighting the importance of careful pesticide
use and environmental monitoring.

Effect on its
disruption

Pesticides have a negative impact on the
environment, reducing its quality and affecting
vital ecosystem functions. They decrease
species diversity, alter food pathways, disrupt
energy patterns, and interfere with nutrient
cycling, thereby reducing the quality and stability
of the biotic components of ecosystems (Figure
2) (Mahmood et al, 2016). Residues of
pesticides in water are a significant problem,
posing severe danger to biological populations,
including humans. Pesticides often migrate from

ecosystem and integrity
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one area to another through runoff caused by
rainfall (Agbohessi et al.,, 2015). Spray drift,
volatilization, and aerial application of pesticides
are the main pathways through which they enter
the air. The amount of drift depends on the size
of the droplets and wind speed, while the rate of
volatilization is influenced by factors such as the
time after spraying, surface characteristics,
temperature, humidity, wind velocity, and vapor
pressure (Stehle et al., 2019). Similarly, the
instability or semi-volatilty of pesticide
compounds poses a serious threat of air
pollution in major cities (Malik et al., 2020).

Effect on fish and aquatic life

Pesticides in high concentrations have been
found to adversely affect fish growth,
reproduction, and survival, among other impacts
on aquatic populations (Hussain et al., 2012).
They are recognized as one of the most
significant water pollutants with widespread
effects on marine ecosystems globally (Hader et
al., 2020). Fish are particularly susceptible to the
effects of pesticides, which can interfere with
enzymes and hormones critical for their normal
function. Even continuous exposure to lower
amounts of pesticides can have significant
impacts on fish health (Bashir et al., 2020).
Pesticides that do not directly cause death can
still lead to abrupt changes in fish physiology
and behaviour, posing risks to their survival.
Blood analysis is often used as an indicator of
toxic stress in fish, providing insights into their
health and functional status. Biochemical
changes induced by pesticides include
disruptions in metabolism, enzyme inhibition,
growth retardation, and decreased species
survival (Lu et al., 2018). Exposure to pesticides
in fishes can manifest through various signs,
including anxiety, increased body movement,
rapid respiration, excessive mucous secretion,
convulsions, changes in coloration, loss of
balance, and behavioural alterations (Li et al.,
2022). Endocrine-disrupting chemicals (EDCSs)
can disrupt normal growth and lead to the
production of female features in male fishes,
often accompanied by decreased fertility. There
is a correlation between the levels of pesticides
in fish tissues and the suppression of hormone
levels. Imbalances in hormone levels during
development can result in skeletal abnormalities,
bone deformities, and inhibited growth (Ghosh et
al., 2022). Furthermore, some pesticides can
disrupt the food supply or alter the aquatic
habitat of fishes, even at low concentrations.
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Many pesticides have the potential to cause
death in fishes within a short period of time
(Palioura and Diamanti-Kandarakis, 2015).

A study was conducted to investigate the
haematological and genotoxic effects of
butachlor, a chloroacetanilide herbicide, in
freshwater fish (Labeo rohita). Fish exposed to
elevated levels of butachlor (0.75-1.00 mg/L)
exhibited symptoms such as increased
breathing rate, gasping at the water's surface,
uneasiness, movement of the operculum, loss of
equilibrium, and erratic swimming (Ghosh et al.,
2022). Hematological analysis revealed a
reduction in erythrocyte count, haemoglobin
concentration, haematocrit levels, and
lymphocyte count, while total leukocyte count
increased. Morphological and nuclear
abnormalities observed included pear-shaped
erythrocytes, microcytes, tear-shaped
erythrocytes, micronuclei in erythrocytes, nuclei
with lobes, blebs, notches, and cells with nuclear
remnants (Ghaffar et al., 2015a). Similarly, the
effects of different levels of triazophos
insecticide on freshwater fish (Labeo rohita)
were investigated. Triazophos exposure led to
reductions in total erythrocyte count, hemoglobin
level, serum total protein levels, mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), and mean corpuscular
hemoglobin  concentration (MCHC). The
numbers of Ilymphocytes and monocytes
decreased, while the number of leukocytes
increased significantly. The micronucleus assay
revealed a higher percentage of micronuclei,

blebbed, lobed, notched, binucleated, and
heteropicnotic nuclei in pear-shaped
erythrocytes. Serum analysis showed a

significant increase in the levels of various
enzymes and lipid peroxidation products,
indicating serious hemato-biochemical and DNA
damage effects in aquatic organisms exposed to
triazophos (Ghaffar et al., 2015b).

Effect on amphibians

The global decline in amphibian species has
raised concerns about the importance of using
species as bioindicators of environmental
pollution (Pérez-lglesias et al., 2021). Pesticides
can adversely affect the health of amphibians,
impacting their populations in various ways.
Pesticides can cause subtle immune or
neurological changes that can ultimately lead to
the destruction of amphibians. Additionally,
pesticides can interfere with the normal growth
and development of adolescent amphibians,
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affecting recruitment in amphibian communities
(Zhelev et al., 2018). Anticholinesterase
pesticides, such as Lambda cyhalothrin and
monocrotophos, can bind to the cholinesterase
enzyme, disrupting the nervous system and
causing respiratory failure and death in
amphibian species (Pérez-lglesias et al., 2023).
These pesticides have been observed to cause
severe damage to the liver, heart, and brain of
the amphibian species Rana cyanophlyctis. The
normal growth and development of amphibian
larvae depend on functional and
uncontaminated aquatic systems (Zhang et al.,
2019). However, water bodies are especially
susceptible to pesticide contamination due to the
deposition and distribution of contaminating
substances in river, lake, and pond sediments.
Sources of endocrine-disrupting chemicals
(EDCs) affecting water bodies include municipal
wastewater (Suarez et al., 2021) and agricultural
runoff containing pesticides and herbicides.
These EDCs can accumulate in water systems
and adversely affect amphibian reproductive
processes. Exposure to certain pesticides, such
as dimethoate, carbofuran, and chlorpyrifos, can

affect the vitamin A levels in amphibians
(Osman et al, 2022) and reduce
melanogenesis. Carbaryl, which acts by

inhibiting acetylcholinesterase, can serve as a
model for neurotoxins. Sublethal concentrations
of carbaryl can have a significant impact on
amphibian populations by directly or indirectly
influencing metamorphosis timing and scale,
ultimately affecting survival (El-Nahhal et al.,
2021). Studies have shown that tadpoles of
Rana spp. are particularly sensitive to
herbicides, and organochlorine pesticides are
highly toxic to tadpoles, with effects manifesting
during metamorphosis (Rajak et al., 2023).

Effect on reptiles

Organochlorine pesticides in reptiles can alter
enzyme activity and concentrations of sex
hormones. These chemicals act as weak
androgen receptors (Kanda, 2019). PCBs,
dioxins, furans, and organochlorine pesticides,
commonly found in highly contaminated areas,
can cause atypical growth, such as the
occurrence of unhatched eggs or malformed
animals. Additionally, polluted eggs have been
linked to reduced developmental success. The
phytopesticide biosal has been found to have
anticholinesterase effects in the kidney and liver
(Matthiessen et al., 2018).
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Effect on birds

Continuous use of pesticides leads to a
decrease in bird populations, primarily through
indirect effects on soil. Pesticides applied to soil
are consumed by earthworms and accumulate in
birds that ingest them, resulting in significant
bird losses (Ali et al., 2021). Some pesticides
can harm both bird embryos and adults, causing
death and reproductive damage. Harmful effects
on embryos include death or reduced
hatchability and teratological effects caused by
estrogen hormone-mimicking pathways. In
adults, pesticides can cause acute mortality,
sub-lethal stress, decreased fertility, and
defective incubation (Saroop and Tamchos,
2024). Pesticides can also lead to behavioral
changes, habitat destruction, and a decline in
bird populations. Seabird nests have been found
to contain deposits of organochlorine pesticides,
serving as useful indicators of environmental
pollution (Zaller and Zaller, 2020). Fish-eating
birds are more affected by pesticides than
predatory terrestrial birds because they ingest
more toxins early in the food chain (Boudh and
Singh, 2019).

Effects on invertebrates

Invertebrates, with their high growth rates, are
able to recover quickly compared to birds and
mammals with slower growth rates. Aquatic
environments with flowing water can also
recover more quickly in terms of organization
and function compared to ponds with standing
water (Gao et al., 2020). The use of pesticides
can lead to the removal of species that are
vulnerable to one or more pesticides, resulting in
a loss of species diversity. For example, even a
single application of DDT can significantly
reduce the number of arthropods in a cereal
crop (Mahmood et al., 2016). Orchards, which
are complex ecosystems, are particularly
susceptible to disturbance from continuous
pesticide use. Increased insect attacks have
been reported in orchards following pesticide
application, with pests such as leafrollers,
aphids, scales, codling moth, and tetranychid
mites being affected chain (Boudh and Singh,
2019). Pesticides can reduce the populations of
natural enemies of these pests, particularly
predatory mites, leading to increases in the
numbers of Collembola and sometimes Acarina
in the soil (Gunstone et al, 2021). The
consistency of honey can be affected when
honeybees are exposed to pesticides for
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prolonged periods, with direct effects on

beehives (Rajak et al., 2023).

Effect on mammals

The application of dimethoate on grasslands
reduces the population of mice and voles by
decreasing insect accessibility, as insects are a
primary food source for rodents. Excessive
pesticide use in cereal crops can lead to a
reduction in the quantity of partridges, as there
are fewer insects available for young chicks to
feed on (Lu et al., 2018). Continuous pesticide
use in agriculture can result in severe health
issues, as pesticides become part of the food
chain. Organochlorines, in particular, are highly
lipophilic and accumulate in fatty foods (Li et al.,
2022). Pesticides primarily enter cattle through
fodder or polluted water sources (Zhang et al.,
2019).

Effect on soil microorganisms

Continuous exposure to pesticides for soil
treatment can lead to a decline in beneficial soll
microorganisms (Prashar and Shah, 2016).
Herbicides such as triclopyr, glyphosate, and
2,4-D have specific effects on soil bacteria.
Triclopyr prevents the transformation of
ammonia to nitrite by soil bacteria, glyphosate
reduces the growth of free-living nitrogen-fixing
bacteria, and 2,4-D decreases the growth of
nitrogen-fixing microbes within the roots of
certain bean plants, as well as reduces the
actions of nitrogen-fixing blue-green algae, thus
halting the alteration of ammonia to nitrates
through bacteria. Mycorrhizal fungi are also
affected by herbicides like oryzalin, trifluralin,
roundup, and triclopyr, while oxadiazon reduces
the number of spores of mycorrhizal fungi
(Gunstone et al., 2021). Pesticides can also
impact the rapidity and effectiveness of nutrient
flow by affecting sensitive microbes. Herbicide
EPTC, when applied at regular doses, has been
found to weaken the breakdown of cellulose
within the soil system (Meena et al., 2020). This
process is particularly vulnerable to pesticide
intrusion, as only two nitrifying bacterial genera,
Nitrosomonas and Nitrobacter, are known so far.
Some herbicides have been reported to either
obstruct or stimulate nitrification in the soll
(Saroop and Tamchos, 2024).

Effect on decomposers

Pesticides can have significant effects on
decomposers. For example, the wuse of
fungicides in orchards to control apple scab can
lead to increased outbreaks of the disease and
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lower production rates (Winkelmann et al,
2019). Additionally, these pesticides can be
harmful to earthworms, which play a crucial role
in regulating apple scab by consuming diseased
leaves on the soil surface. This can result in a
decrease in organic matter through the soil
fauna and microorganisms. These organisms
are essential for decomposing cellulose,
integrating decomposed matter into the soil, and
converting minerals into elements accessible for
plant growth. The widespread use of pesticides
can impact soil organisms directly or indirectly,
mainly by altering their food supply (Rajak et al.,
2023). Insecticide use in agricultural or
grassland ecosystems, forests, and desert
ecosystems can reduce soil micro arthropod
populations, leading to a decrease in the rate of
decomposition and mineralization. Although
these effects may be temporary, they can
ultimately reduce soil fertility (Van Bruggen et
al.,, 2016). The impacts of pesticides on
decomposers in aquatic ecosystems are less
well-documented. However, the vulnerability of
arthropods as major decomposers in water
suggests that insecticides may slow down the
decay of organic matter in aquatic systems
(Kohl, 2019).

Effect on plants

The use of pesticides in agricultural fields,
grasslands, and forests can initially increase
primary production (Malone et al.,, 2018).
However, their repeated use does not always
lead to increased crop and forest production. For
example, the repeated wuse of certain
insecticides in orchards and on cotton has
resulted in the emergence of new insect and
mite pests, leading to a reduction in productivity
(Gunstone et al., 2021). Pesticides can also alter
the chemical composition of plants. For
instance, some organochlorine insecticides can
increase the levels of certain macro- and
microelement components in corn and beans
while reducing the quantity of others (Prashar
and Shah, 2016). Additionally, pesticides like
endrin, DDT, lindane, and aldrin can stimulate
the synthesis of significant amino acids such as
proline, arginine, histidine, lysine, leucine, and
tyrosine in corn, but decrease the amount of
tryptophan. Furthermore, the herbicide simazine
has been shown to enhance the uptake of water
and nitrogen in barley, rye, and oat seedlings,
leading to increased plant weight and total
protein content (Meena et al., 2020). Changes in
plant components due to pesticide application
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can have significant effects on insects feeding
on plants (Prashar and Shah, 2016). For
example, when suggested doses of pesticides
are applied and nitrogen content in plants
increases, there can be a threefold rise in the
numbers of corn leaf aphids. Similarly, corn
plants become more vulnerable to attack by corn
borers (Malhotra et al., 2021). The increase in
nitrogen and phosphorus levels in rice fields due
to insecticides such as monocrotophos and
phosphamidon has been observed to result in a
revival in the population of rice blue leafhoppers
(Rajak et al., 2023).

Effect on human life

Pesticide poisoning causes approximately one
million deaths globally each year, along with
chronic disorders (Lu et al., 2018). No
population is entirely protected from pesticide
exposure, and the potential health impacts are a
significant concern for developing countries with
high pesticide use (Li et al.,, 2022). During
production and preparation, the risk of exposure
to pesticides may be higher as complex
processes are not hazard-free. Workers in
manufacturing settings are at a higher risk as
they are directly involved with various toxicants
like pesticides and raw ingredients (Prashar and

Shah, 2016).
Pesticides are known to be endocrine
disruptors, meaning they can imitate or

antagonize natural hormones, leading to serious
health impacts. Long-term, low-dose exposure
to pesticides is believed to be gradually linked to
human health impacts such as immune
suppression, hormone disruption, cancer, and
reproductive irregularities (Mahmood et al.,
2016). The neurological effects of pesticides are
connected to the intensity and concentration of
exposure (Winkelmann et al., 2019). Workers
involved in the manufacturing of powder and
liquid pesticide preparations have shown
symptoms such as headache, nausea, fatigue,
eye and skin irritation, as well as mental,
nervous, and gastrointestinal symptoms linked
to low plasma cholinesterase activity (Gunstone
et al., 2021). Dioxin, a component of some
pesticides, is carcinogenic for humans and can
affect the cardiovascular system (Ali et al,
2021). Farm workers, their families, and
passershy near fields where pesticides are
applied can be exposed to measurable amounts
of pesticides. Residues of pesticides have been
found in the plasma of farm workers, leading to
neuromuscular abnormalities, drug stimulation,
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and alterations in steroid (Mahmood et al,
2016). Pesticides can also enter the body
through diet, especially through consumption of
fatty foods (Prashar and Shah, 2016). Pesticides
like endosulfan persist in the environment for
long periods and bioaccumulate in plants and
animals, eventually entering the human body
(Boudh and Singh, 2019). Endosulfan primarily
targets the central nervous system, with acute
inhalation toxicity compared to dermal toxicity. It
is also highly absorbed through the
gastrointestinal pathway (Zaller and Zaller,
2020). Organochlorines are known to increase
the risk of hormone-related cancers, and
exposure to dioxins can lead to significant
learning disabilities in children (Zhang et al.,
2019). Abnormal thyroid hormone levels have
been associated with the presence of dioxin-like
organochlorines and hexachlorobenzene (HCB)
in serum (Meena et al., 2020). Persistent
organic pollutants such as organochlorine
pesticides are linked to type 2 diabetes (Li et al.,
2020) and can affect the complement system,
leading to immune system activation in humans
(Gao et al., 2020).

Effect on pollinators

Some of the familiar pollinators include various
species of bees, fruit flies, bumblebees (Bombus
sp.), honey insects (Apis sp.), beetles, and birds
such as colibris and sunbirds. Pollinators can
serve as bioindicators of ecosystem processes,
wherein  physical, chemical (Figure 3)
(Winkelmann et al., 2019), and biological events
connect organisms to their environment through
various interactions influenced by ecological
pressures like parasites, diseases, competitors,
predators, pesticides, and habitat changes fungi
(Gunstone et al., 2021). The use of pesticides,
however, can directly harm insect pollinators
and inadvertently damage crops due to the lack
of appropriate pollinator communities (Zhang et

al., 2019).
Pesticide application also affects multiple
pollinator functions, including foraging

behaviour, colony mortality, and pollen-gathering
efficiency. Most of our understanding of the
impacts of pesticides on pollinator behaviour
comes from bee research, as bees constitute a
significant proportion of the insect pollinator
population content (Meena et al., 2020). For
example, numerous laboratory trials have
demonstrated the lethal and sublethal effects of
neonicotinoid insecticides on bees' foraging
behaviour, learning, and memory (Boudh and
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Singh, 2019). Female bees, deprived of their full
reproductive capacity due to additional duties
within the colony, experience higher mortality
rates and reduced pollen-gathering efficiency,
ultimately leading to colony collapse following
pesticide exposure (neonicotinoid and
pyrethroid) (Winkelmann et al., 2019).

Sublethal doses of imidacloprid have been
found to affect the longevity and foraging
behaviour of honeybees (A. mellifera).
Microsporidal infections from imidacloprid-
treated hives have significantly increased in the
gut of bees. Communication between pathogens
and imidacloprid is believed to be a major factor
contributing to honeybee colony mortality
worldwide, including Colony Collapse Disorder
(Li et al., 2020). Imidacloprid has also been
reported to reduce clutch output due to
decreased bumblebee fecundity (Lu et al.,
2018). Field studies conducted in agricultural
areas have found a decline in the abundance of
bumblebees and butterflies associated with
pesticide application. Bees (insect pollinators)
have been identified as being at greater risk
from pesticide use (Boudh and Singh, 2019).

Pesticides resistance development with time
and sustainable farming

Populations of insects and mites with significant
resistance to pesticides have evolved worldwide
in various ecosystems, with nearly 400 out of
2,000 pest species developing resistance to
multiple pesticides (Winkelmann et al., 2019).
Resistance increases of up to 25,000 times have
been observed, and resistance to one pesticide
can lead to cross-resistance to other unrelated
pesticides. Species with high genetic variability
tend to evolve a significant degree of resistance,
allowing them to dominate in pesticide-stressed
environments and alter their stability and
dynamic equilibrium. Resistance has also been
observed in animals other than insects. For
example, house mice developed twice the
tolerance to DDT over ten generations of
exposure (Gunstone et al.,, 2021). Plants can
also develop resistance to herbicides (Lu et al.,
2018), and some plant pathogens have
developed resistance to fungicides (Prashar and
Shah, 2016). Resistance appears to evolve
more rapidly in organisms with short life cycles
under intense selective pressure from persistent
pesticide residues. The delicate balance among
species that characterizes an ecosystem is
disrupted by insecticides. These chemicals are
now regularly found in drinking water, food, and
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air, exposing all of us to a global experiment in
pesticide exposure. The precise risks of these
exposures may not be fully understood (Prashar
and Shah, 2016). Given the implications of
increasing pesticide use, the most rational and
precautionary approach is to phase out the use
of the most hazardous pesticides, reduce
reliance on toxic pest control substances, and
promote environmentally friendly pest
management  practices. Integrated Pest
Management (IPM), first implemented in 1959, is
crucial in this regard (Winkelmann et al., 2019).
It involves minimal use of mildly toxic pesticides,
which are integrated with biological and cultural
methods to minimize pest damage. Pesticides
are only used when pest attack thresholds are
reached content (Meena et al., 2020). There is a
growing movement towards sustainable farming
practices aimed at reducing the use of
pesticides and fertilizers through a systematic
approach. There is increasing interest in
promoting organic farming, which emphasizes
techniques such as crop rotation, green manure,
compost, and biological pest control methods to
maintain soil productivity (Malone et al., 2018).
Organic farming strictly excludes the use of
synthetic pesticides and fertilizers, crop growth
regulators, animal antibiotics, food additives,
and genetically modified organisms.

Organic foods derived from organic farming
are considered to be pesticide-free and are
therefore seen as a potential alternative source
for high-quality food, ensuring a secure diet in
the future (Boudh and Singh, 2019). By
promoting the use of organic diets, it implies that
farmers will be encouraged to adopt organic
farming practices. Market incentives are a strong
driver to encourage the organic development of
farmers. Understanding the long-term ecological
impacts of pesticides before their release into
the environment is crucial. By combining existing
knowledge in the field with current pesticides
and applying important  chemodynamic
principles to newly developed compounds, it is
possible to predict the fate of new chemicals
with a certain degree of accuracy before they
are used in the environment content (Meena et
al., 2020).
Biodegradation:  Possible recommended
solution
Bioremediation is an environmentally friendly
and cost-effective technology that involves the
use of living organisms to clean up polluted
areas (Gunstone et al., 2021).
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It has gained significant acceptance and
can be carried out on-site. There are several
advantages of bioremediation that make it a
preferable technology. The key biological
agents involved in bioremediation are bacteria,
yeast, or fungi (Malone et al., 2018). In recent
years, there has been a focus on isolating
microorganisms capable of degrading or
transforming pesticides in various ecosystems.
Some bacterial strains and certain fungi have
shown a high potential to degrade a wide range
of pesticides (Zhang et al., 2019). Ability of
aquatic microorganisms to break down
pesticides, with predominant genera such as
Pseudomonas (41%) and Aeromonas (31%).

Furthermore,  studies  evaluating  water
samples from Laguna Grande, an
oligotrophic lake contaminated with nine

pesticides, demonstrated the high pesticide
removal capacity of isolates such as
Exiguobacter aurantiacum, Pseudomonas
pseudoalcaligenes, Microccocus luteus, and
Bacillus sp. (Prashar and Shah, 2016).

CONCLUSION AND FUTURE PROSPECTS
Inadequate storage and handling of pesticides
increase the risk of contamination and
exposure. In Pakistan, there has been
insufficient planning at all levels for the proper
management of pesticides (Gunstone et al.,
2021). The transfer of import and distribution of
pesticides from the public to the private sector
in the 1980s, along with the abolition of
subsidies on pesticides and the withdrawal of
aerial spraying policies, led to a situation where
large quantities of pesticides, often banned
ones, were under administrative control but
lacked proper storage protocols. Many pesticide
bags have deteriorated due to improper storage
and lack of supervision, containers have been
damaged, and metal drums have rusted,
leading to pesticide leakage (Ahad et al., 2009).

Estimates suggest significant amounts of
outdated pesticides were stored: 3805 tons in
Punjab, 2016 tons in Sindh, 179 tons in KPK,
128 tons in Balochistan, and 178 tons in the
Federal Department of Plant Protection (Ahad
et al., 2006; (Boudh and Singh, 2019). Water
contamination levels with pesticide residues
vary across the country but often exceed
standard limits. The situation is further
exacerbated by the presence of high
frequencies of pesticides in aquatic systems.
Prolonged exposure to multiple pesticides can
lead to cytotoxic changes and severely affect
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the normal functioning of tissues such as the
liver and kidneys, resulting in specific clinical
consequences such as dyspnea and burning
sensations in the urinary system. The
International Agency for Research on Cancer
has categorized these toxicants as cancer-
causing agents for humans. Additionally
endocrine-disrupting toxicants have adverse
effects on the human endocrine system, leading
to multiple hormonal dysfunctions.

The use of pesticides in today's agriculture
cannot be entirely prevented because they are
essential for controlling pests and achieving
improved crop quality and quantity. However,
these toxicants are known to have harmful
impacts on human health and organisms in
both aquatic and terrestrial environments. The
only way to mitigate these harmful impacts is by
properly managing their safe use. Agronomists
and workers need to be aware of these harmful
impacts of pesticides and related issues. It is
essential to properly train agronomists and
workers in the safe handling and use of
pesticides to ensure sustainable progress while
focusing on environmental and human safety.

In summary, negative ecological impacts
from pesticides occur at all levels of biological
organization. These impacts can be global or
local, short-term or long-term, and acute or
chronic. The most severe impacts include loss
of  biodiversity, alterations in  growth,
development, and behaviour, changes in
community structure, alterations in ecological
processes, and impacts on valuable species.
These environmental impacts can have
economic and social significance. Therefore, it
is crucial to address environmental impacts in
pesticide cause negative environmental
impacts. The foundation for ecological risk
assessment studies is to enhance
understanding of how these tests and other
data can be used to prevent environmental
issues caused by pesticides.
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