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Abstract | All ecosystems, including humans, animals, and insects, are secretly threatened by pesti-
cides. They keep pests under control, contribute significantly to crop productivity, and shield humans 
from vector-borne and viral illnesses, yet they also seriously contaminate our environment. These 
hazardous materials can be found in plants, soil, water, air, food, and feed. Through the food chain, 
their residues build in humans and animals after entering plants and animal products.They destroy 
useful species in the ecosystem and put our lives and health in peril. This review highlights the cur-
rent standing of the impact of insecticides on viral diseases in man and animals. We observed that in 
addition to their surroundings, people also consume these hazardous substances from the air, water, 
and agricultural goods. They result in mortality and a variety of illnesses, malignancies, and mutations. 
These substances deplete pollinator populations and damage honeybee hives. Furthermore, the exten-
sive use of pesticides severely suppresses wildlife, birds, and soil organisms. They harm soil microbes 
including viruses, pollinators, animals, humans, and honeybees. In addition to having an adverse ef-
fect on human health, increased pesticide use reduces the population of helpful organisms like honey 
bees and pollinators. If these living things disappear, there will be a lack of food, the economy will 
collapse, and the need for food and feed will rise, endangering our life. Thus, fresh crises like star-
vation and illness undermine our affluence. To reduce vector-borne diseases in crops, it is critical to 
manage plant pathogen-carrying insects and mites. Pesticides are useful in controlling vector popula-
tions because they limit the number of people who can contract and spread a virus, which may reduce 
the prevalence of sickness. Aside from their deadly toxicity, certain pesticides have characteristics that 
alter feeding patterns or otherwise impede the spread of viruses.
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Introduction 

The purpose of pesticides is to keep rodents, in-
sects, flies, mosquitoes, and other pests away 

from us. Throughout the world, they are extensively 
utilized for domestic, medical, municipal, and agri-
cultural applications. Throughout the world, they are 
extensively utilized for domestic, medical, weeds, and 
agricultural applications (Das DK, 2011). They are 
present in food, drink, air, soil, and even breast milk. 
Currently, agrochemical dangers, pesticide resistance, 
population expansion, food security, destruction of 
the environment, and climate change are some of the 
major global concerns that modern agriculture needs 
to address (Sarwar M, 2015). These substances guard 
crops and agricultural products from pests like insects, 
weeds, and illnesses. They are known as plant protec-
tion products because they improve the efficiency of 
agricultural production (Wahab et al., 2016). A cru-
cial component of agricultural management, pesti-
cides have a significant role in raising crop output and 
quality.Some insecticides are persistent and, when ad-
ministered in larger quantities, could be disastrous for 
ecosystems because they go up the food chain. Over 
half of the world’s population lives in areas where 
two or more of the major vector-borne diseases are 
present, and these diseases include malaria, dengue, 
lymphatic filariasis, schistosomiasis, chikungunya, on-
chocerciasis, Chagas disease, leishmaniasis, Zika virus 
disease, yellow fever, Japanese encephalitis, and tick-
borne diseases. An estimated 17% of all infectious dis-
eases are caused by vector-borne diseases (Kyu et al., 
2017). Despite the wide range of pathogenic agents, 
their prevalence, severity, and therapeutic options, all 
vector-borne illnesses share the ability to be stopped 
by vector management, whether they are spread by 
tick, mosquito, blackfly, triatomine, sand fly, or snail 
vectors. In fact, the majority of vector-borne diseases 
have shown to be extremely important to manage and 
eradicate, proving the crucial necessity of vector con-
trol efforts.Insecticides are the only option to combat 
these viral diseases. 

These substances are widely utilized around the world 
because they provide easier, more affordable, and 
more effective control over weeds, illnesses, and pests 
(Nicolopoulou-Stamati et al., 2016).Even though the 
use of pesticides has enhanced crop yields, the wide-
spread, careless, overuse, and improper use of all these 
chemicals has severely harmed the ecosystem and ex-
acerbated environmental pollution and toxicity (Qian 

et al., 2018).The principal elements that comprise 
the agro-ecosystem are plants, crops, water, and soil 
(Stanley et al., 2016). These elements interact dynam-
ically with one another to keep the ecosystem vibrant 
and long-lasting. Toxicants have compromised several 
ecological components (Silva et al., 2019). Anthro-
pogenic activities also pose a serious threat to glob-
al food security, ecological health, and public safety 
(Zhang et al., 2015). The decline in soil biodiversity 
and food safety are major global problems, as pesticide 
use contaminates these areas (Costa et al., 2008). Since 
pesticides are all substances that are active and have 
dangers and hazards, the authority department should 
pass and approve them (Mubushar et al., 2019). Con-
taminated soil is carried by the wind and water, which 
damages ecosystems and creates more exposure path-
ways that might affect the health of people and oth-
er non-target organisms. Soil, the atmosphere, water, 
and plants can all become contaminated by these pol-
lutants (Wu et al., 2018). In addition to killing pests, 
they may also be poisonous to beneficial insects, birds, 
fish, non-target plants, humans, and other creatures 
(Khan et al., 2017). According to data from the US 
Geological Survey (USGS), pesticides were present in 
over 90% of fish and water samples taken from US 
streams.

Pesticides are useful in crop production and in con-
trolling plant illnesses carried by vectors, but they also 
pose a risk to the health of a sizable portion of the 
human population (Solecki et al., 2019). Though not 
necessarily selective, some compounds have negative 
effects on species that are not their intended targets 
(Talib et al., 2018).

People are typically exposed to these hazardous chem-
icals at work and in the food chain, and those who are 
impacted experience both acute and long-term poi-
soning symptoms. There are 1500 different kinds of 
pesticides used worldwide; each has a unique com-
position and structure, and they can have detrimental 
effects on both the environment and human health 
(Herit et al., 2019).

Approximately 2 million tons of pesticides are used 
annually in agriculture, with the US and Europe ac-
counting for 69% of this total. Pesticide residues build 
up in plants and the products they produce, which 
pollutes the environment. It is possible for develop-
mental exposure to different kinds of environmental 
toxins and pesticides to cause harmful neurological ef-
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fects on humans or animals (Miller et al., 2017). Some 
health issues brought on by these toxicants include 
cancer, birth defects, endocrine (hormone) system 
disorders, and diseases of the central nervous system. 
It was discovered that the widespread use of pesti-
cides causes both human cancer and ecotoxicological 
damage in birds (Ahmad et al., 2018). For example 
Bemisia tabaci is the carrier of the global viral disease 
known as Cucurbit Yellow Stunting Disorder Virus 
(CYSDV), which affects cucurbit crops. Epidemics of 
CYSDV have plagued cantaloupe production in the 
southwestern United States since 2006, when it was 
first discovered in Arizona and California. CYSDV 
is a phloem-limited virus that is semi-persistently 
vectored by B. tabaci. Certain insecticide applications 
have the potential to reduce CYSDV transmission.
Certain insecticides can dramatically lower the spread 
of CYSDV. However, in persistently high infestation 
locations like the southwestern USA, pesticide man-
agement of CYSDV incidence in cantaloupes has 
limitations and frequently simply delays the develop-
ment of the illness rather than preventing it (Castle et 
al., 2017).

Insecticides and their effects

A insecticide is a compound, or combination of sub-
stances, used to manage agricultural pests (weeds, in-
sects, etc.) that pose a threat to people, pets, plants, 
and other living things, as well as the environment 
and public health (Carvalho et al., 2017). In addition 
to being useful, pesticides pose a health risk to both 
people and animals because of their toxicity (Dead-
man., 2017). They cause harm to all living things and 
contaminate the environment. Broad-spectrum in-
secticides can be instantly harmful to both targeting 
and non-target species, and they effectively suppress 
a variety of Pest organisms. Pesticides with a nar-
row scope of action suppress certain pest organisms 
(Thomson, 2012). It is the most effective method of 
controlling certain pests and reducing the effects of 
natural enemies with narrow-spectrum pesticides. 
They can Onyett the pests that are wanted; yet many 
pesticides on the planet have a broad spectrum, which 
means that in addition to killing the intended pest, 
they also destroy non-target species that are present 
in the pest’s surroundings (Adams, 2017).

Insecticides residues are present in a wide range of 
everyday foods and drinks, such as prepared meals, 
water, fruits and vegetables, juices, snacks, animal 

feed, and so forth. It is also claimed that chemical res-
idues cannot be eliminated by washing and peeling 
(Britt J et al., 2015).

Workers in the pesticide industry, home pest exter-
minators, and agriculture are frequently exposed to 
pesticides at work. A population that is ill or elderly, 
pregnant women, or children may be more vulnera-
ble to the pesticide’s effects than others (Raven et al., 
2011). Given that pesticide residues have been found 
in human breast milk, it is alarming that children may 
be negatively impacted by them. With detected lev-
els of pesticides in freshwater supplies frequently ex-
ceeding established limits, the issue of pesticide con-
tamination in animal feeds has grown significantly in 
importance and cost. Other sources of contamination 
include environmental pollution, insect and microbe 
activity, and animal activities (Manahan, 2013)

To improve the quality and competitiveness of animal 
products, endogenous toxins that are mostly caused by 
pesticide spraying against pests may also be present 
in animal feed. Animals are frequently given contam-
inated food and fodder, and these substances travel 
through their respiratory systems after feeding. In its 
broadest sense, the word “feed” usually refers to both 
forages and compound mixes of other substances.

Insecticides are categorized based on four factors: (1) 
target molecules; (2) mechanism of action; (3) chemi-
cal structure; and (4) potential health effects.

Insecticides categorized as (1) organochlorine pes-
ticides, (2) organic phosphorus pesticides, (3) car-
bonates pesticides, (4) pyrethroid pesticides, (5) bio-
rational Chemicals used for pest (6) microbiological 
pesticides, (7) growth regulators, and (8) neonicoti-
noids in the absence of the criteria. Insecticides have 
an adverse effect on both target and non-target organ-
isms, but they will have a greater negative impact on 
targets than on other non-targets. The International 
Organization for Biological and Integrated Control 
(IOBC) uses the mortality rate to determine the risk 
of pesticides for beneficial organisms. When a chem-
ical kills fewer than 25% of helpful species, it is con-
sidered innocuous; but, when it eliminates more than 
75% of beneficial species, it is classified as dangerous. 
The impacts of pesticides are categorized; as no pes-
ticide can destroy every type of creature, each pesti-
cide has unique properties and effects on living things. 
Plants and weeds are killed by herbicides, insects are 
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killed by insecticides, and bacteria are destroyed by 
bactericides (Miller etal., 2016). In order to ensure 
crop yields and reduce post-harvest losses, the use of 
pesticides, such as insecticides, has evolved from an-
cient times to become a crucial and strictly necessary 
agricultural component. The task of achieving long-
term development without causing environmental 
harm has never been greater, given the continuously 
growing population and worsening ecological circum-
stances (based on irrefutable and growing evidence of 
climate change coupled with increasing levels of pol-
lution). Agriculture is a major problem for sustainable 
development in a world where food production needs 
to expand by 70–100% by 2050 to meet the food re-
quirement of over 9 billion people. 

Insecticide resistance management to combat 
viral diseases

The registration, acquisition, and effective use of pes-
ticide products are affected by monitoring for signs 
of insecticide resistance and management to halt the 
development of insecticide resistance.Insecticide re-
sistance was tracked by malaria programs in the cho-
sen nations using the WHO susceptibility test on 
Anopheles spp. collected from beacon sites. Nepal 
was an exception, as there was no recent data availa-
ble and no monitoring of pesticide susceptibility was 
done. The resistance to insecticide in malaria vectors 
was evidently managed at different phases in the cho-
sen nations. In order to coordinate or realign the se-
lection and application of pesticides across sectors, a 
number of nations were currently establishing plans 
for managing insecticide resistance in collaboration 
with the agriculture sector. Malathion and the major-
ity of synthetic pyrethroids are not allowed to be used 
in agriculture in Sri Lanka and are only allowed to be 
used for mosquito control.

Insecticides effects on humans

Insecticides  are ingested by humans from food, the 
air, water, soil, plants, and animals. When they are ab-
sorbed by the human body, the bloodstream distrib-
utes them throughout the entire body. The respiratory 
system, skin, gastrointestinal tract (GIT), and urine 
tract can all be used to expel them. The main entrance 
points for pesticides into the human body are the 
respiratory, oral, ocular, and skin (Saeed et al., 2017). 
According to WHO estimates, at least one million 
people are hospitalized worldwide for pesticide poi-

soning each year, out of which over 4 million indi-
viduals (about twice the population of New Mexico) 
are affected. emerging nations due to their usage of 
harmful pesticides that are frequently outlawed and 
heavily limited by wealthy nations (WHO, 2020). 
According to estimates from the United Nations En-
vironment Programme (UNEP), each year, pesticides 
poison at least 300,000 workers in the United States 
and as least 3 million agricultural workers in less de-
veloped nations.

According to the Academy of Sciences, between 
4,000 and 20,000 incidences of cancer are reported 
to occur in the US each year because of pesticide res-
idues in food. In comparison to the 1950s, the usage 
of synthetic pesticides has increased by more than 50 
times, and their toxicity has increased for pests by 10-
100 times. Some synthetic pesticides, such as carba-
mate, pyrethroids, neonicotinoids, organophosphates 
(such as parathion and malathion), dichlorodiphen-
yltrichloroethane or ethane (DDT), and organochlo-
rine, are hazardous to beneficial species (Yuan et al., 
2019). When two or more chemicals interact and per-
haps produce synergistic effects simultaneously, their 
efficacy is boosted. There are two kinds of chemicals 
in pesticides: inert and act. Inert substances let the 
active part function more efficiently while active el-
ements destroy the bug (Gillois et al., 2018). All liv-
ing things are harmful to pesticides at specific dos-
ages. When they reach the human body, they disrupt 
the regular bodily responses needed for metabolism 
and hinder enzyme function. Numerous detrimental 
health impacts associated with pesticides have been 
identified. The epidermis, gastrointestinal tract, brain, 
respiratory system, reproductive system, kidney sys-
tem, and so on all exhibit similar pesticide side effects. 

Figure 1: Exposure routs and effects of pesticide exposure 
on human health (S et al., 2021).
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They have several harmful effects, including the po-
tential to cause cancer, teratogenicity, mutagenicity, 
and endocrine-related problems (Groh et al., 2017).

Furthermore, prolonged exposure to pesticides by 
work-related, unintentional, or purposeful means can 
cause severe intoxication, which can result in hospital-
ization or even death. Numerous clinical conditions, 
such as metabolic diseases, immunological disorders, 
neurotoxicity, endocrine disruption, reproductive 
problems, and malignancies, have been related to pes-
ticide exposure (Lynch, 2012). About 100 trillion bac-
teria and equal numbers of human and microbial cells 
can be found in the human intestines. The microbiota 
in the gut absorbs fats, breaks down fiber, and facili-
tates the absorption of calcium, magnesium, and fatty 
acids. The growth and maturation of the gastrointesti-
nal tract depend on the bacteria (López-Gálvez et al., 
2019). Therefore, it is their initial target because it is 
the GI tract’s primary biological and physical barrier 
to drugs. These substances destroy intestinal cells and 
mucosa, suppress microbiota, and induce dysbiosis in 
the gut. They also affect metabolites (Wright, 2007). 
They are the source of noncommunicable illnesses, 
including autoimmune disorders, nonalcoholic fat-
ty liver disorder, food allergies, and irritable bowel 
syndrome. Anorexia, dizziness, sweating, agitation, 
irritation of the epidermis, nose, throat, and eyes, 
weariness, restlessness, and insomnia are among the 
symptoms of mild pesticide poisoning (Gupta, 2018). 
In addition, a few more symptoms that are present 
in a moderate poisoning state are allergies, cramp-
ing in the abdomen, nausea, vomiting, headaches, 
lacrimation, excessive salivation, breathing difficulty, 
seizures, loss of consciousness, and rapid heartbeat. 
Severe poisoning symptoms include difficulty breath-
ing, mucus or additional phlegm in the airways, skin 
burns, rapid breathing, adrenal hemorrhages, pancy-
topenia, pulmonary fibrosis, loss of reflexes, severe 
weakness, and even death. Organochlorine insecti-
cides have been linked to hematological and hepat-
ic alterations, carcinogenicity, detrimental effects on 
embryonic development, and lipid metabolism (Ci-
mino et al., 2017). Acute clinical symptoms include 
paresthesia (of the oral cavity, lips, and face), seizures, 
tremors, tonic clonic seizure disorders, and fever when 
exposed to these substances (Marshall, 2001). Ac-
cording to reports, pyrethroids induce deoxyribonu-
cleic acid (DNA) damage in human sperm, and they 
may also have detrimental effects on the endocrine, 
central neurological, and reproductive systems and 

increase the risk of cancer. It may also result in sei-
zures, incoordination, hyperexcitation, aggression, and 
whole-body tremors (Boutin et al., 2014). Numerous 
illnesses and health impacts, including stroke, diabe-
tes, hypertension, autism, kidney failure, Parkinson’s 
disease, Alzheimer’s disease, and cancer, are linked to 
organophosphate insecticides. Moreover, some organ-
ophosphate insecticides show potent mutagenic and 
teratogenic properties. Carbamate insecticides are 
linked to non-Hodgkin’s lymphoma, dementia risk, 
and neurobehavioral problems (Isenring, 2010).

Neonicotinoid pesticides are implicated with Parkin-
son’s disease, schizophrenia, and Alzheimer’s disease, 
among other illnesses of the central nervous system. 
These substances cause sperm production and func-
tion to decrease in mammals, as well as pregnancy 
rates, embryo death rates, stillbirth and early delivery 
rates, and decreased child weight (Zimdahl, 2007).

Insecticides and human health

A medical risk assessment’s main goal is to protect 
consumers from the harmful effects of toxicants in 
their food or water. Therefore, it is necessary to ver-
ify that the total amount of toxicants of interest in 
food or water samples does not surpass the daily rec-
ommended intake. Pesticide residues may have det-
rimental long-term effects on the health of people 
and animals and the ecosystem’s stability (Pesiakova 
et al., 2017). Pesticides have improved human health 
by slowing the spread of diseases carried by vectors. 
However, excessive and negligent use of it has had 
detrimental health impacts. Because pesticides are ge-
neric and poorly administered, people are more aware 
of the harm they inflict to infants and young children 
(Ruiz-Suárez et al., 2015). The possibility of human 
exposure to pesticides has increased over the last few 
decades due to growing use of these chemicals. The 
World Health Organization reports that each year in 
poor nations, there are about 3,000,000 cases of pesti-
cide poisoning and 220,000 fatalities. About 2.2 mil-
lion people (about the population of New Mexico) are 
at increased risk of pesticide exposure; most of these 
people live in poor nations. Some, like carbamates 
and organophosphates, have a neurotoxic effect, while 
others may cause irritation to the skin or eyes. Certain 
pesticides may affect the hormone or endocrinology 
system of the body, but other pesticides may be car-
cinogenic (Martin, 2015). With an increasing global 
population and rising food prices, pesticide use is ris-
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ing daily. Studies show that most pesticide residues 
are present in every agricultural product and in crops 
fed to animals. Almost all animal products, including 
meat, milk, dairy products, and eggs—foods that are 
seen as necessities by many—have pesticide residues 
found in them as well.

Influences of  insecticides on livestock animals

Depending on how, where, and how long the sub-
stance is used, both domestic and wild animals may 
have negative health effects; however, these are typi-
cally unintentional (Chen Z et al., 2019). These ma-
terials can be obtained by animals from tainted wa-
ter and food. Consequently, milk and other fat-rich 
foods are the main contributors to the buildup of 
these poisons because of their lipophilic nature. In-
secticides  residues are widely dispersed throughout 
our environment, killing a large variety of nonhuman 
biota, including fish, birds, amphibians, bees, and 
small mammals (Rortais et al., 2017). The populations 
of fish, fish-eating birds, marine mammals, and lions 
are among the creatures whose numbers are further 
reduced by the pesticides. It is believed that the build-
up of dioxins, PCBs, and DDT—three types of per-
sistent chlorinated hydrocarbons—in the food chain 
is what caused thousands of fatalities among Arctic 
seals. These substances build up fat and impair ani-
mals’ immune systems. Similarly, the buildup of toxic 
pollutants is suspected to be the cause of the deaths of 
marine mammals in the Pacific Ocean, beluga whales 
in the Saint Lawrence Estuary, and striping dolphins 
in the Mediterranean.

Figure 2: Effects of insecticides on the life cycle and repro-
ductive success of birds (Singh et al., 2022).

Animal exposure to atrazine has been linked to re-
productive damage and sexual maturation delays. In 
the 20th century, PCBs—organic chemicals that are 
incredibly toxic—were employed extensively in both 
industry and agriculture. It was prohibited world-
wide in 2001. It has been discovered that fish, birds, 
and other migratory animals contain this poisonous 
chemical (Nicholls et al., 2013). Furthermore, pesti-
cides frequently cause intoxication in both domestic 
animals and people. According to reports, pesticide 
poisoning kills roughly 52.5% of birds and is the main 
cause of death for wild mammals. Numerous indi-
viduals employ toxic baits in unlawful, widespread, 
and non-selective ways, resulting in the extinction of 
numerous species. Poisoned baits were employed in 
Spain to eliminate wild animals that posed a threat 
to various industries, such as pigeon breeding, apicul-
ture, and agriculture (Sanchez-Bayo and Goka, 2016). 
Their population has now been nearly wiped off (Law 
RJ, 2014). Environmental pesticides may be a signif-
icant factor in the underlying causes of infertility is-
sues in dairy cattle. Pesticide exposure causes changes 
in females that include subfecundity, infertility, poor 
reproductive behaviors, growth retardation, intrau-
terine fetal death, and ovarian failure. Reproductive 
toxicants and endocrine disruptors are terms used to 
describe pesticide residues that negatively affect the 
reproductive system. These toxicants operate at mul-
tiple sites, such as the pituitary, hypothalamus, and 
reproductive organs, to modify or disrupt the repro-
ductive hormone milieu ( Jelani, 2013). Pesticide res-
idues can harm sperm plasma membranes, which can 
be harmful to the male reproductive system.

Pathogenesis of diseases in animals due to  Insecticides 
effects

Insecticides  toxicity poses hazardous effects on 
plants, soil, humans, birds, and animals, causing poi-
sonous physiological changes due to pollution of soil, 
air, and water. Pesticide toxicity can cause skin and eye 
irritation, nervous system issues, reproductive prob-
lems, and cancer by mimicking hormones’ response. 
Most studies on lymphoma and leukemia showed 
positive associations with pesticide exposure (Miller 
GT, 2004).

Absorption and distribution
Pesticides enter the body through ingestion, inhalation 
or dermal absorption. Oral pesticides (ferbam, Ziram) 
or thiram combined with nickel increased metal levels 
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in rats’ tissues, while nickel combined with ethylene- 
or propylene dithiocarbamates showed unchanged or 
reduced metal concentrations.

The pesticide might reach the CNS via peripheral 
nerves and nerve cord, may also inhibit cholinesterase 
enzyme.

Biochemical disruption
Many pesticides interfere with vital biochemical pro-
cesses. Organophosphates and carbamates inhibit 
acetylcholinesterase, leading to an accumulation of 
acetylcholine and subsequent overstimulation of cho-
linergic receptors. This results in neuromuscular dis-
turbances, respiratory failure, and potential death.
1.	 It has deleterious effects on the oxidative respons-

es and hormonal levels of these snails.    
2.	 It has genotoxic effects on DNA and RNA ex-

tracted from these snails (Amany et al., 2017).

Oxidative stress
Oxygen’s harmful effects are primarily due to reactive 
oxygen species, which are unstable and highly reac-
tive molecules with various chemical structures, such 
as hydroxyl, superoxide, nitric oxide, and lipid peroxyl 
radicals (Halliwell, 1994).

Free radicals can damage cellular macromolecules, 

including proteins, carbohydrates, lipids, and nucleic 
acids, potentially leading to arteriosclerosis and DNA 
structure changes, potentially causing cancer (Rumley 
and Paterson, 1998).

Endocrine disruption
Chemicals with estrogenic or antiestrogenic effects 
disrupt thyroid function, while fewer chemicals affect 
other endocrine systems like androgens and adrenal 
steroids. Lead exposure in early development disrupts 
multiple endocrine systems, including gonadal ster-
oids, adrenal steroids, and thyroid hormones. In utero 
exposure reduces hormone levels, puberty onset, and 
testosterone levels. Pesticides reduce luteinizing hor-
mone levels, delay the onset of puberty and produce 
irregular estrous cycling in female animals, and reduce 
testosterone levels, sperm counts, and masculine sexu-
al behavior in male animals (Ronis et al., 1996).

Hepatotoxicity and Nephrotoxicity
Pesticides cause liver toxicity and kidney damage, 
hepatotoxic effects include enzyme inhibition, fatty 
liver, necrosis and fibrosis. Nephrotoxicity manifests 
glomerular damage,tubular necrosis and impaired re-
nal function. AST and ALT were measured to assess 
liver injury; albumin was used to measure liver func-
tion (Abass et al., 2010).

(Ellenhorn et al., 1997)
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The levels of urea and creatinine in plasma measures 
kidney damage using the pirate method and proce-
dure of jaffe ( Jaffe E.R, 1972).

Immunosuppression
Pesticides suppress NK and cytotoxic T cell function, 
leading to immune suppression and allergic reactions. 
They induce mast cell degranulation, producing Th2 
cytokines, promoting IgE binding to mast cells, and 
potentially initiating autoimmune diseases through 
disruption of the endocrine system.

(Corsini et al., 2012)

Carcinogenesis
Carcinogenesis due to pesticides refers to the process 
by which exposure to pesticides leads to the devel-
opment of cancer (linden,malathion). For instance, 
non-Hodgkin’s lymphoma, Brain cancer, Breast can-
cer, Testicular cancer, Prostate cancer, Liver cancer, 
Lung cancer, Ovarian cancer.

Mechanisms
1. DNA damage and mutation                              
2. Oxidative stress and inflammation    
3. Immune system suppression

 Neurotoxicity
Harmful effects of pesticides on the nervous sys-
tem, including the brain, spinal cord, and peripheral 
nerves. Organophosphates, organochlorines, pyre-
throids, neonicotinoids, carbamates cause neurotoxic-
ity (Balachandar et al., 2022).

Example
1.	 Neurodegeneration (e.g., Parkinson’s disease, 

Alzheimer’s disease)
2.	 Neurodevelopmental disorders (e.g., ADHD, au-

tism)
3.	 Neuropsychiatric symptoms (e.g., depression, 

anxiety)
4.	 Cognitive impairment (e.g., memory loss, reduced 

IQ)

5.	 Motor function deficits (e.g., tremors, weakness)
6.	 Sensory disturbances (e.g., numbness, tingling)
7.	 Seizures and epilepsy.

Reproductive and developmental toxicity
Pesticides can impact the male reproductive system at 
multiple sites, including testes, accessory sex glands, 
damage spermatozoa, alter Sertoli cell or Leydig cell 
function, and disrupt hormonal regulation.

These target female reproductive systems can cause 
sexual behavior changes, puberty onset, fertility, ges-
tation time, pregnancy outcomes, lactation, and pre-
mature menopause, disrupting female reproduction.

The protective barrier of the placenta may not pro-
tect the developing embryo or fetus from harmful 
chemicals, such as insecticides, which can cause birth 
defects, impaired fertility, high abortion rates, and 
abnormal pregnancies due to their widespread use 
(Michal et al., 1993).

Respiratory and gastrointestinal effects
Pesticide-induced asthma is influenced by pathoge-
netic mechanisms, with organophosphorus pesticides 
linked to increased asthma incidence,direct irritation, 
inflammation, and immunosuppression (Nicolopou-
lou-Stamati. et al., 2016). Long-term occupational 
exposure to organophosphates, carbamate, has been 
linked to higher lung cancer mortality rates (Bonner 
et al., 2005).

Pesticide residues in soil, water, and food can cause 
GUT dysbiosis. It also causes IBS, Crohn’s disease 
and colon cancer.   Ingestion of contaminated feed 
or water can lead to gastrointestinal irritation, ulcer-
ation, and disruptions in nutrient absorption (Conis 
E, 2022). 
   
Insecticides Toxicity to Beneficial Microorganisms
To manage pests, pesticides are used by spraying on 
plants and soil; as a result, they mix with the soil and 
plant residue that is contributed to the soil (Sponsler 
et al., 2019).

In the soil, the pesticides undergo physical, chemical, 
and biological transformations. Living things in the 
soil are extremely harmful to certain chemical com-
pounds. According to several reports, pesticides neg-
atively impact the microbiological characteristics of 
soil. They change an organism’s enzymatic activity. For 
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example, invertase in soil is negatively impacted by 
buprofezin (Coulon et al., 2018). After one addition, 
the digestive enzyme’s activity is increased; however, 
after three further applications, the activity gradually 
decreases. However, pesticides play a crucial role in 
the breakdown of pesticides, including herbicides, in-
secticides, and fungicides, in soil and water. However, 
they are also negatively impacted by the toxicity of 
these substances (Crenna et al., 2017).

With their lengthy half-lives, many pesticides can 
cause significant harm to the ecosystem when they 
are present. The growing use of harmful pesticides is 
the reason for soil contamination.

In addition to eliminating specific pests, these chem-
icals also restrict beneficial species that are not selec-
tive but are vital to the health of the soil and plants 
(Maddela and Venkateswarlu, 2018) . Agrochemicals 
that destroy helpful non-target microorganisms in 
the soil have a detrimental effect on the cycling and 
retention of nutrients, deplete the soil’s supply of nu-
trients, and ultimately lower soil fertility. These sub-
stances are persistent and long-lasting in soil, which 
means they continuously have a detrimental effect on 
the soil’s microbial flora. The fate of pesticides in soil 
is determined by four factors: (1) chemical qualities, 
(2) soil parameters, (3) application technique, and (4) 
site conditions.

Both macro and microbes are essential to the ecosys-
tem’s services and operations. Earthworms are among 
the essential soil organisms that contribute to the de-
velopment of soil. They are the most significant mi-
croorganisms in the soil and are referred to as “engi-
neers of the soil ecosystem”. They assist in supplying 
plants with nutrients. They contribute to soil forma-
tion, improve soil fertility, and aid in the decomposi-
tion of organic materials, among other crucial roles 
in soil processes (El-Naas et al., 2017). Their sensi-
tivity to toxins found in soil is high. These substanc-
es raise the possibility of toxicity for microorganisms 
that live in the soil and earthworms. Since these sub-
stances build up in food, high absorption or inges-
tion of them can have an impact on microbes (Muturi 
et al., 2017). Legumes can fix 100–200 kgN/hectare 
annually; however, the use of chemicals, particularly 
insecticides, slows down the rate of nitrogen fixation. 
Rhizobium meliloti and lucerne cannot communicate 
symbiotically when exposed to pollution and organ-
ochlorine herbicides. Pesticides decrease the efficien-

cy of symbiotic nitrogen fixation, but they also have 
many other negative effects that are widespread and 
destroy many organisms, which brings disaster to na-
ture by reducing beneficial insects, microbes, living 
things, fish, and so forth (Sandhu et al., 2010). Ul-
timately, this results in a delay in symbiotic nitrogen 
fixation and a decline in crop yield. They induce birth 
deformities, kill organisms, stop them from growing, 
and cause a variety of diseases. These toxicants enter 
the human body through the mouth, skin, lungs, and 
eyes and affect living things. These substances have 
an impact on the gastrointestinal tract, cardiovascular 
system, kidneys, lungs, the epidermis liver, spleen, and 
neurological system ( Johnsen et al., 2001). Pesticides 
have been connected to cancer, genetic disorders, and a 
few other prevalent illnesses. Pesticide exposure, both 
acute and chronic, can cause a range of harmful effects 
(Pepper et al., 2013). Various diseases pose a threat 
to human health. When agrochemicals are used cau-
tiously and in accordance with guidelines, the harmful 
effects of pesticides on the surrounding environment 
are lessened (Lehman et al., 2015). Furthermore, it 
is essential to abide by any pesticide regulations and 
proposals made by authorities to maintain a healthy 
environment. Effective insecticides that have fewer 
negative effects on people, animals, pollinators, and 
beneficial creatures are being developed by scientists 
(Smith et al., 2015). It may contribute to non-target 
creatures’ sustainability.

Figure 3: Insecticides behaviors in the Natural Environ-
ment (Daniel et al., 2021).

Insecticides  and the environment
A significant portion of the  Insecticides sprayed on 
crops are either absorbed by the plants and animals 
or broken down by chemical or microbiological pro-
cesses (Anwar et al., 2011). However, a sizable por-
tion of the applied amount is lost to the environment 
through runoff, leaching, and air drift, ending up in 
soils, surface water, and groundwater. You can pollute 
turf, water, soil, and other vegetation with pesticides. 
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Pesticides can be poisonous to a wide range of other 
creatures, including fish, birds, and beneficial insects, 
in addition to harming insects and weeds (Hicks, 
2013). Continual use results in a decline in biodiver-
sity. Many pesticides are difficult to break down; they 
linger in the soil, seep into surface and groundwa-
ter, and contaminate a large area of the environment 
(Lam, 2011). 

They can infiltrate an organism, bioaccumulate in 
food chains, and then affect the environment based on 
their chemical characteristics. The detection of pesti-
cides in freshwater supplies has become a significant 
and costly issue, as levels frequently surpass the estab-
lished limitations (in the EU: 0.1 μg l–1 for any single 
active ingredient, or 0.5 μg l–1 for all pesticides). In 
Switzerland, the regulatory limit for pesticide levels 
was exceeded in 70% of surface waters. These days, 
pesticides can be found in every habitat on the planet 
and are frequently found in animals, both marine and 
terrestrial (Bajwa and Sandhu, 2014).

Conclusion

Pesticides pose a serious risk to human and animal 
health and have grown in popularity for usage in do-
mestic, commercial, and agricultural settings as well 
as in the care of livestock. The more effective and 
beneficial alternative to tackle the issues pertaining to 
pesticide residue. Setting up legal requirements and 
pesticide usage management procedures are alternate 
strategies for preventing pesticide residue’s harmful 
effects on the environment. The use of pesticides in 
agriculture has boosted the number of agricultur-
al products produced since they shield plants from 
pests. While their application is crucial for crop yield, 
overuse of them pollutes the environment as well. The 
extensive use of pesticides has contaminated our food, 
feed, water, air, soil, and other sources. Due to their 
widespread use in agriculture, the home, medicine, 
and the municipality, many individuals are working 
with them at work, and their residues spread from one 
living thing to another via the food chain.
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