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Chapter

Deleterious Effects of Banned 
Chemical Pesticides on Human 
Health in Developing Countries
Alaa Eldin Bayoumi

Abstract

Nowadays, large quantities of banned chemical pesticides are still in use illegally 
in various developing countries. The effect of these pesticides on humans, that is, 
children, adults, including pregnant women, either through chronic residential or 
occupational exposure, leads to various negative effects. This chapter focuses on the 
evidence of using the banned pesticides in developing countries and the occurrence 
of different diseases that affect the quality of life of the affected individuals either at 
the health, social, and/or labor level. The recorded diseases included obesity, diabetes, 
Alzheimer’s, dementia, Parkinson’s, asthma, chronic bronchitis, autism, erectile dys-
function, and psychological disorders as a result of chronic exposure to the banned 
pesticides. It was highlighted the identification of each disease, some epidemiological 
studies carried out in developing countries, and the mechanisms of action by which 
the pesticides are linked to each mentioned disease. In conclusion, it was discussed 
the major causes behind the incidence of such diseases and suggested suitable solu-
tions that must be presented by the US Environmental Protection Agency, Food and 
Agriculture Organization among other bodies to the developing countries to avoid 
and overcome the occurrence of such diseases in the future.

Keywords: banned pesticides, human, exposure, developing countries

1. Introduction

Chemical pesticides are still considered as an essential tool used in the mass 
production of agricultural products in developing countries to control a wide range of 
pests, that is, insects, weeds, plant pathogens among others, and hence maintain high 
product quantity [1]. The consumption rate of chemical pesticides worldwide reached 
2.4 megatons during 2006–2007 [2]. Pesticides have biological activity and toxic 
action on the targeted pests at the recommended concentration throughout various 
modes of action mechanisms exerted by the parent compounds and/or their metabo-
lites [3]. If such concentration is exceeded through misuse or incorrect application, 
these pesticides become toxic to the non-target organisms, including humans [4].

Based on the enormous number of published studies related to the toxic effects 
of pesticides on non-targeted organisms and humans, some of these pesticides have 
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been banned in developed countries. The most famous banned compounds included 
organochlorine pesticides (OCPs) in the 1970s [5], some organophosphorus during 
2001–2006 [6], certain carbamates insecticides [7], and specific synthetic pyrethroids 
and neonicotinoids insecticides, among others [8]. Globally, the total number of 
banned pesticides reached 460 compounds distributed between insecticides, fun-
gicides, and herbicides among other groups of pesticides in 36 and 128 developed 
and developing countries, respectively [8]. The ban decision is based on various 
factors, such as a) the high toxicity of such pesticides to the non-targeted organisms 
(extremely hazardous, i.e., acute oral LD50 for the rat <5 mg/kg and highly hazard-
ous, i.e., acute oral LD50 for the rat 5–50 mg/kg) [9], b) their carcinogenic effects on 
humans causing various types of cancer [10], and c) hazardous effects on environ-
mental elements among other reasons such as effects on the endocrine system, that is, 
hormone disruptors [11].

Practically, the toxic effects of pesticides on mammals, including humans, are the 
sum of the results obtained by the studies carried out and extrapolation processes 
through decades from two major categories of studies, that is, in vivo and in vitro. The 
in vivo studies were carried out using laboratory animals that lead to an understand-
ing of the toxicity mechanisms of the tested pesticides.

Also, it was studied both the toxicokinetics, toxicodynamics of chemical pesticides 
[12], teratogenicity [13], and carcinogenicity [14] using different mammalian models 
and affected humans in the epidemiological studies. With carcinogenic pesticides, 
they were classified into various categories, that is, carcinogenic, probably, possibly 
be carcinogenic to humans, or not classifiable as carcinogenic to humans [15]. Other 
studies of pesticides toxicity have been carried out depending on the response of 
different biomarkers [16], that is, hematological toxicity [17], nephrotoxicity [18], 
hepatotoxicity [19], neurotoxicity [20], oxidative stress, and DNA damage [21], 
pulmonary toxicity, reproductive and developmental toxicity and carcinogenesis 
biomarkers [22].

The in vitro toxicity studies have emerged through an approach that has been 
known as alternative methods, which is based on the application of a principle 
called (3Rs) designed by Russell and Burch [23] using animal organs, tissues, 
fertilized eggs, embryos, transplanted organs, such as liver, kidneys, brain, pan-
creas, and/or tissue pieces [24]. Also, the cell culture techniques, that is, primary 
cell cultures or cell lines were used as another approach of the alternative methods 
to understand the cytotoxic effects of xenobiotics including pesticides either at a 
biological level and/or biochemical level and explaining the genotoxic effects of the 
tested pesticides [25]. Through such alternative methods in association with the in 
vivo investigation, it was studied the mutagenicity, genotoxicity, and the effects of 
pesticides at the molecular level [26].

Regarding human health, exposure to different banned chemical pesticides may 
lead to consequent intoxication symptoms as a result of cellular, biochemical, and 
genetic effects, that is, congenital malformation, neurochemical and behavioral 
dysfunctions among others [27]. In developing countries, such as India, it was 
documented various negative effects resulted from human exposure to pesticides, 
that is, neurological, respiratory, dermal, and reproductive effects in addition to the 
impact on general health [28]. In other epidemiological studies related to the usage of 
banned chemical pesticides in developing countries, it was mentioned the percentages 
of chemical pesticides that caused a significant number of dead people annually as 
a result of pesticides intoxication [29]. The mentioned developing countries in such 
a chapter include India, Egypt, and African countries, Romania, Thailand, Taiwan, 
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Costa Rica, and Nicaragua among others. In Venezuela, it was recorded various 
serious problems due to exposure to pesticides either through environmental and/or 
occupational routes. Such exposure is due to limitations in the regulation acts related 
to the use of pesticides and lack of health and safety measures [30].

As specific pesticides, it was found that in utero exposure to organochlorine insec-
ticides, that is, dichlorodiphenyltrichloroethane (DDT), dieldrin, endosulfan, hep-
tachlor, dicofol, and methoxychlor was associated with neurodevelopmental effects 
in children [31]. Organophosphorus insecticides, such as parathion, dimethoate, 
monocrotophos, and chlorpyrifos among others, cause cardiovascular diseases [32]. 
Moreover, some banned pyrethroids insecticides such as fenvalerate, permethrin, 
and other compounds including certain metabolites causing DNA damage in human 
sperm [33] and developmental neurotoxicity [34]. As for banned neonicotinoid pesti-
cides, that is, imidacloprid thiacloprid, they may cause breast cancer by increasing the 
expression of the aromatase enzyme. Other banned chemical pesticides, such as some 
triazine herbicides, were associated with breast cancer [35].

As for human exposure to pesticides via oral feeding, it was documented that con-
sumption of contaminated foods by pesticide residues when exceeded the Acceptable 
Daily Intake (ADI) and/or the Maximum Residue Limits (MRL) values listed by the 
Codex Alimentarius may lead to various undesirable effects. Based on such type of 
exposure, high levels of pesticide residues and their metabolites in foodstuff could 
reach the human blood, including maternal blood, cord blood, placenta, breast milk, 
and children.

In the case of occupational exposure to pesticides, it was documented that such 
exposure occurs directly during various processes, such as manufacturing, transport-
ing, storing, retailers, preparation, application by the user, re-entry into treated 
fields, harvest, and equipment cleaning. The exposure may be due to the misuse dur-
ing the application of pesticides without protective equipment, which is considered 
economically expensive in developing countries. In addition, other routes of exposure 
may occur, such as exposure of children and/or pregnant women, which affects their 
fetuses.

In recent studies, it was found that all the mentioned negative effects of pesti-
cides exposure are results of bad practices, that is, inadequate, unsafe, and handling 
applications without wearing the protective instrument. Also, it was reported that the 
lack of awareness of suitable pesticide use is considered as the main reason behind the 
occurrence of various diseases in the farmers’ works in the Tu Ky district, Vietnam 
[36]. To overcome such types of problems, the Agricultural Pesticides Committee 
[APC] in Egypt, has been introduced around 10.000 licensed applicators in the 
agriculture fields and targets to reach 50.000 during the next years after their training 
in the suitable pesticides application procedures [37].

Based on the mentioned facts, this chapter has been focused on the most deleteri-
ous effects linked to chronic human exposure to various banned chemical pesticides 
that affect the exposed individuals with various diseases, that is, obesity, Alzheimer’s, 
Parkinson’s, asthma, chronic bronchitis, type 2 diabetes, autism, erectile dysfunction, 
and psychological disorder. Such diseases were selected in this chapter based on the 
fact that they are affecting the quality of life of the affected individuals either at the 
health, social, and/or labor level. Based on the lack of scientific and investigation 
background in most developing countries, the identification of each disease and the 
different mechanisms followed by the banned pesticides and/or their metabolites to 
exhibit these diseases either in pregnant women, their fetuses, children, and/or adults 
who were exposed to the banned pesticides were discussed.
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2. Evidence of using banned pesticides in the developing countries

Practically, huge amounts of banned pesticides are still in use illegally in various 
developing and developed countries. Such banned pesticides include organochlorine 
insecticides, that is, DDT for controlling the public health pests [38] due to their 
cheap price, ease of production, lack of registration, and control measures systems for 
pesticides in some of these countries, besides the prevalence of the risk versus benefit 
theory [39]. Unfortunately, it was documented that the World Health Organization 
supported the reintroduction of DDT for malaria eradication in 2006 [40].

In agriculture, various published documents have been reported that a list 
of banned pesticides is still in use in developing countries [41]. For example, it 
was reported that the banned pesticides, such as chlorpyrifos, endosulfan, and 
cypermethrin, as insecticides, atrazine and glyphosate, as herbicides, are still in 
use in various provinces in Argentina in addition to Paraguay [42]. In addition, it 
was reported that many developing countries are still using the banned chemical 
pesticides that have been exported from the European Union after their banning in 
European countries [1].

Based on the export statistics from China Customs, the export volume of pesti-
cides during the period of January to November 2015, African markets containing 
developing countries represented 13.9% of the total export of pesticides from China 
to 44 countries. The most exported banned pesticides include paraquat, glyphosate, 
2,4-D-dimethylammonium, atrazine, glyphosate-monoammonium, tebuthiuron, as 
herbicides, lambda-cyhalothrin, imidacloprid, chlorpyrifos, dichlorvos, emamectin, 
as insecticides, mancozeb, metalaxyl+mancozeb, as fungicides. The top 10 countries 
by export value were Nigeria, South Africa, Ghana, Ivory Coast, Egypt, Kenya, 
Cameroon, Tanzania, Ethiopia, and Guinea. The amount of export value for these 
top 10 countries constitutes 85.9% of the total export value to Africa from China [43]. 
Moreover, some banned pesticides may be used in form of counterfeit and/or contra-
band pesticides either in developing or developed countries [44]. The decision toward 
the herbicide glyphosate has been taken by the Mexican Government to be a period of 
transition when sustainable alternatives will be promoted [8].

The decision to ban pesticides in developing countries is based on the published 
information by the USEPA and the European Union, while the executive decision 
will be in practical form by regulation and legislative acts present in some develop-
ing countries. For example, Egypt (Agricultural Pesticides Committee, APC), India, 
Malaysia, Philippines, Costa Rica, Mexico, Kenya, Bangladesh, and Indonesia, each of 
them has their regulation and legislative acts [28]. Other low-income countries have 
not any institutions related to pesticides in general, especially the agricultural ones, 
and hence their usage of the agricultural chemicals depends on the importing of these 
products from neighboring countries.

Also, the decision of banning pesticides in other developing countries may be 
retard to be in practice due to a lack of transparency and also depending on the 
availability of alternative pesticides in the market. In addition, the decision-makers 
in the developing countries may offer a period called a period of transition or grace 
period that may be reached for 6 months or more than 1 year as an expected period 
to consume the remaining stock of these banned pesticides. Such cases were already 
offered for the organophosphate insecticide chlorpyrifos, dimethoate, fipronil, 
alpha-cypermethrin, amitrole, carbendazim, iprodione, diazinon, carbosulfan, 
diuron, diniconazole among other pesticides, such as the case in Egypt and some 
other developing countries. During such grace period, the targeted pesticide[s] to be 
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banned is still in use, and hence the exposure processes, that is, farmers, unlicensed 
applicators, children, and/or pregnant women are continued.

At the governmental level of these countries, the most important question in the 
mentality of the decision-makers is related to the quantity of such pesticide[s], that 
is, where and how to treat the remaining amounts of such pesticide[s], that is, there 
is no possibility to withdrawing the remaining amounts that are still in the pesticide 
market. However, in a recent action taken by APC, based on the requirements of the 
European Commission, the MRLs of chlorpyrifos must not exceed 0.01 mg/kg of the 
exporting crops and such limits must be followed by the Agriculture Export Council 
[37]. In addition, it was decided to restrict the usage of such insecticides to control 
insect pests on nonedible crops, such as cotton, to control the desert locust and 
termites [37]. Unfortunately, from the practical viewpoint, despite such decisions, 
chlorpyrifos is still illegally available like other banned pesticides in the pesticide mar-
ket in Egypt at least during the grace period. So, the use of banned pesticides at that 
moment is considered an inevitable fact either in Egypt or other developing countries.

3. Mechanisms of toxic action of some banned chemical pesticides

Depending on the chemical structure of the targeted banned chemical pesticides, 
it could classify the mechanisms of their action into two main categories, that is, 
neurotoxic action and hormone disruptors.

3.1 Neurotoxicity

Based on the published studies related to human diseases associated with expo-
sure to banned chemical pesticides, it was found that most of these pesticides were 
neurotoxic compounds. The most famous classes of these pesticides are organochlo-
rine, organophosphorus, carbamates, synthetic pyrethroids, and neonicotinoids 
insecticides. For organochlorine insecticides, that is, dichlorodiphenyltrichloroethane 
(DDT), cyclodiens, hexachlorocyclohexane, many studies have shown that its mode 
of action is based on a reduction in the transport of potassium ions, after blocking 
the sodium channels, and inhibiting the enzymes (Na+ -K+/Ca2+ -Mg2+-ATPases), 
inhibiting the binding between calcium and calmodulin and then affecting the flow 
of neurotransmitters [45].

Regarding organophosphorus as parent compounds and/or their activated metab-
olites, such as [−oxon], the mechanisms of their actions depend on the irreversible 
inhibition of acetylcholinesterase by phosphorylating the amino acid serine in the 
esteratic site of the AchE enzyme [46], resulting in hyperstimulation of the choliner-
gic nerves, that is, muscarinic and nicotinic acetylcholine receptor [47]. Carbamate 
insecticides act as reversible inhibitors to acetylcholinesterase leading to various 
symptoms of toxicity [48].

As for the synthetic pyrethroids, their mechanisms of toxic action depend on 
inhibition of (Ca2+, Mg2+-ATPase) enzymes, binding to gamma-aminobutyric acid 
receptors in the chloride channels, and inhibition of the calmodulin protein that binds 
to calcium and thus increase the calcium ions that affect the flow of the neurotrans-
mitters that lead to cause various symptoms of poisoning in humans [49]. In addition, 
it was documented that neonicotinoids insecticides, that is, imidacloprid act on nico-
tinic acetylcholine receptors, and hence stimulate these receptors at low doses while 
blocking such receptors at high doses leading to paralysis and death [50]. Also, some 



Pesticides

6

fungicides exhibit neurotoxic action, which affects the peripheral nerves, the motor 
nerves, and the central nervous system that leads to different symptoms of poisoning 
[51]. Based on such toxic action observed in humans through different accidents, such 
fungicide has been banned in the 1970s [52].

3.2 Effects on the endocrine system

Based on the published studies, it was documented that various diseases, such as 
obesity, diabetes, and erectile dysfunction, have occurred as a result of exposure to 
various banned pesticides. It was reported that such diseases belong to the mecha-
nisms of action of the mentioned pesticides within the endocrine system. Historically, 
in the 1970s, it had emerged the adverse effects of some chemical pesticides on 
the endocrine system through various modes of action and it was called for such 
pesticides the term (Hormone Disruptors) [53]. Such effects may be through the 
hormone-secreting gland, effects on the composition of the hormone itself, effects on 
its production and secretion rates, or that it is similar to it in composition or interfere 
with the hormone in its function by competing with it for binding to the hormonal 
receptors [54]. Many studies have shown that hormone disruptors cause many adverse 
health effects on humans, leading to various diseases [55]. Exposure to hormone dis-
ruptors maybe not be observable for many years. If the fetus is exposed to any of these 
disruptors during the pregnancy of the mother, then these substances cause adverse 
effects on many functions of this fetus that are not observed until after its birth and 
reaching puberty [56].

4. Diseases other than cancer caused by banned chemical pesticides

In the first two decades of this century, several studies that have been published and 
searched in MEDLINE [through PubMed] revealed the relationship between the expo-
sure of humans, that is, farmworkers, unlicensed pesticide applicators, children, and/or 
pregnant women to different chemical pesticides and the emergence of various diseases 
other than cancer [57]. Such studies reported that these diseases do not appear until 
after reaching adulthood, which affects the quality of life of the affected individual[s] at 
the health, social, and labor level either in the present and/or the future.

4.1 Obesity

Obesity, that is, body mass index [BMI] ≥ 30.0 has been defined as a chronic 
disease that affects around 13% of the global population and 62% of people living 
in developing countries. These huge percentages lead to the death of 2.8 million 
individuals each year as a result of obesity [58]. Exposure to various classes of banned 
chemical pesticides and obesity are well documented in many published studies 
carried out in developed countries. For example, it was found that there was a positive 
linkage between maternal, prenatal, or postnatal exposure to pesticides and obesity, 
especially DDT as an organochlorine insecticide [59] and chlorpyrifos as organophos-
phorus pesticides [60]. Also, other classes of pesticides were found to be associated 
with the development of obesity, that is, bifenthrin as pyrethroid [61] and imidaclo-
prid as neonicotinoid [62]. In addition, it was reported that exposure of pregnant 
women to pesticides through agricultural or industrial activities leads to overweight 
children [63].
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Various mechanisms have been followed by pesticides to be associated with 
obesity. For example, increasing the adipocyte differentiation by quizalofop-p-ethyl, 
diazinon, imidacloprid, fipronil, and permethrin among others [64]. Also, it was 
documented that proliferation and alteration in the adipose function tissue lead to 
increasing the lipid uptake and alteration of the neuroendocrine control of feeding 
that affects the metabolism of nutrients [65]. Also, it was found that some pesticides, 
that is, organophosphate, carbamate, and organochlorines disrupt hormonal status 
through oxidative stress, which affects mitochondrial function, especially in the 
cellular metabolism of lipids, carbohydrates, and proteins [49]. Another theory 
proved that some pesticides are mimic the natural lipophilic hormone and altering 
the nuclear receptor transcription factor, which affects the key adipogenic factors, fat 
depot size, and function [66]. More recently it was reported that some pesticides are 
linked to obesity by affecting the gust microbiota, metabolic homeostasis by affecting 
the peroxisome proliferator-activated receptors (PPARs) and the thyroid hormone 
pathway, altering the fate of mesenchymal stem cells (MSCs), and dysregulation of 
sex steroid hormone [64].

4.2 Diabetes

Diabetes mellitus is a chronic disease with two main types, that is, Type 1 diabetes, 
which occurs in case of the pancreas does not produce enough insulin, and type 2 
(T2D) or insulin resistance, which means that the body cannot effectively use the 
insulin it produces [67]. Diabetes, especially T2D, is a major cause of various diseases, 
such as cardiovascular disease [68], endometrial [69], prostate [70], and colon cancer 
[71] in addition to other diseases, that is, blindness, kidney failure, heart attacks, 
stroke and lower limb amputation [72].

The relationship between human exposure to the banned chemical pesticides and 
the occurrence of diabetes has been documented. Two studies in Korea found that 
low-dose background exposure to 10 OCPs, that is, HCH, HCB, heptachlor epoxide, 
p,p′-DDE, p,p′-DDD, p,p′-DDT, o,p′-DDT, oxychlordane, trans-nonachlor, and mirex 
were strongly associated with prevalent type 2 diabetes in Koreans people [73].

In Thailand, it was reported that endosulfan as an organochlorine insecticide, 
mevinphos an organophosphorus, carbaryl/Sevin as carbamate, and benlate as 
fungicides were positively associated with diabetes, as described in the case–control 
study carried out by Juntarawijit and Juntarawijit, [74]. In India, various pesticides 
including herbicides, that is, atrazine, butylate, 2,4,5-T, diazinon, fonofos, phorate, 
and parathion as organophosphorus insecticides, p,p′-DDT, p,p′-DDE, β-HCH, and 
oxychlordane as organochlorine insecticides were positively associated with hyper-
glycemia and diabetes [75]. In Egypt, it was found that lindane followed by o,p′-DDD, 
and p,p′-DDE as DDT metabolites as organochlorine compounds and malathion as 
organophosphate insecticide was strongly associated with type 1 diabetes in children, 
as reported in the preliminary study carried out by El-Morsi et al. [76].

As a mechanism of action by which the banned chemical pesticides induces diabe-
tes, various specific studies have been proved that OCPs, as it is well known that these 
pesticides are lipophilic, hydrophobic, and highly resistant to metabolic degradation, 
so that, they are bioaccumulated in fatty tissues for many years, and their serum 
concentration is considered to be a good reflection of lifetime exposures [77].

However, it was documented that OCPs have variable molecular and cellular tar-
gets and thus they cannot be considered to have a single mode of action. Inflammation 
in adipose tissue, ectopic lipid accumulation [lipotoxicity] in liver, muscle, and 
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pancreas, and mitochondrial dysfunction caused by oxidative damage caused by 
OCPs lead to the development of insulin resistance and T2D [77]. Also, these pesti-
cides may affect pancreatic β cells and trigger insulin resistance, thus impairing both 
lipid and glucose metabolism [78].

Besides, it is well known that p,p′-DDE is antiandrogenic and can bind to the 
androgen receptor and that DDT has estrogenic properties; both estrogen and andro-
gen receptors are involved in the mediation of insulin sensitivity [79]. Another study 
showed that certain OCPs exposure can disrupt glucose homeostasis, which could 
contribute to the development of type 2 diabetes in the future [80]. As for banned 
organophosphorus pesticides, it was documented that exposure to sufficiently high 
levels of these compounds would be expected to result in increased accumulation of 
acetylcholine, potentially leading to overstimulation and eventual downregulation of 
its receptors and reducing insulin production [81].

4.3 Alzheimer’s disease

Alzheimer’s disease (AD) is the major form of dementia and is considered the 
fourth leading cause of death in the elderly. AD is the most common progressive 
neurological disease and results in an irreversible loss of neurons [82]. One of the 
most symptoms of AD is loss of short-term memory, speech problems, confusion, 
mood swings, self-care inability, and behavioral issues [83]. Few studies have been 
carried out in developing countries on the link between exposure to pesticides and 
AD. In India, it was found that OCPs, that is, β-HCH, dieldrin, and pp′-DDE are 
associated with the risk of AD in the north Indian population [84]. The same finding 
was reported with organophosphates insecticides [85].

In China, a positive association between pesticide exposure and AD, confirms 
the hypothesis that pesticide exposure is a risk factor for AD, as shown in the 
systematic review and meta-analysis carried out by Yan et al. [86]. One internal 
exposure investigation evaluated the relationship between serum dichlorodiphenyl-
dichloroethylene (DDE) levels and AD, observing a 3.8-fold increase in serum levels 
of organochlorine metabolites of DDE in patients with AD when compared with 
control participants [87].

As mechanisms behind the occurrence of AD, it was found that such disease is 
a progressive neurodegenerative disorder associated with the loss of cholinergic 
neurons and the presence of excessive neuritic plaques containing amyloid β protein 
and abnormal tau protein filaments as neurofibrillary tangles [88]. Decreased level of 
acetylcholine in AD patients appears to be a critical element in producing dementia 
and memory disorders [89]. It was documented that various chemical pesticides cause 
uncoupled oxidative phosphorylation, which increases the levels of free radicals [90], 
which affect the mitochondrial function and hence increased the production of ROS 
and higher levels of oxidative stress that lead to cellular damage in form of synaptic 
linked with the development and progression of AD [91]. Baltazar et al. [92] found 
that various pesticides share many features, such as the ability to induce oxidative 
stress, mitochondrial dysfunction, α-synuclein fibrillization, and neuronal loss.

At in vivo level, various studies revealed that some pesticides may disrupt the 
metabolic pathways, such as the homeostasis of amyloid-β, causing a significant 
elevation in amyloid-β levels in the cortex and hippocampus, as well as increasing 
memory loss and reduced motor activity in experimental animals [93]. Thus, some 
researchers have documented that pesticide exposure is a potential risk factor for AD, 
and hence proved such results through several epidemiological studies [94].
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Chin-Chan et al. [95] reported that some pesticides have been associated with 
AD due to their ability to elevate beta-amyloid [Aβ] peptide and the phosphorylation 
of Tau protein [P-Tau], causing senile/amyloid plaques and neurofibrillary tangles 
(NFTs) characteristic of AD. Tang et al. [96] showed the proposed neuropathological 
mechanisms that included oxidative stress through the reactive oxygen species [ROS] 
generated by pesticides, neuroinflammation enhancement that leads to amyloid-beta 
Aβ and tau protein expression, promotion of amyloidogenesis, such as amyloid plaque 
formation, DNA damage, and dysfunction of the brain-Gut axis. Like dementia, 
it was published in a nationwide population-based cohort study that revealed the 
relationship between exposure to pesticides and dementia [97].

4.4 Parkinson’s disease

Parkinson’s disease (PD) is the second most common neurodegenerative disorder 
after Alzheimer’s disease (AD), having an overall prevalence ranging from 1 to 2 per 
1000 people. PD is characterized by various motor dysfunctions, such as rigidity, 
bradykinesia, resting tremor, gait freezing, and postural reflex impairment, and 
neuropsychological dysfunctions, such as cognitive decline, depression, and sleep dis-
turbance, all of which negatively affect patients’ quality of life (QOL), as presented 
through the systematic review and meta-analysis carried out by Zhao et al. [98].

From an epidemiological viewpoint, the association between the use of pesticides 
and PD was first reported by Barbeau et al. [99]. Pesticides have been implicated as 
one of the most likely major environmental risk factors for PD [100]. In the case of 
the relation between pesticides and PD, it was documented that people exposed to 
pesticides at workplaces have a higher risk of PD than people exposed at home, and 
exposure at both workplaces and residences has the highest PD risk [101].

Occurrence of PD in developing and developed countries concerning the 
exposure to pesticides, the results of a study of the meta-analysis carried out by 
Ahmed et al. [102] showed that both types of countries suffered from such disease 
in a significant association with pesticide exposure. The pesticides linked with PD 
included trifluralin and paraquat as herbicides, maned and mancozeb as fungicides, 
diazinon, chlorpyrifos, parathion, β-HCH, permethrin, and dieldrin as insecticides. 
In another case–control study, paraquat was closely associated with a higher risk of 
developing PD [103].

Many mechanisms have been involved in the role of pesticides in PD development. 
Karen et al. [104] reported a significant reduction in the mitochondrial function in 
the in vivo synaptosome preparations, there was an increased dopamine turnover and 
decreased motor activity. In addition, dopaminergic neurotransmission was affected 
by exposure to permethrin. Also, dieldrin as organochlorine insecticide-induced 
apoptotic cell death alters dopamine levels and induces mitochondrial dysfunction 
and protein aggregation [105], while endosulfan inhibits proteasomal activity [106].

4.5 Respiratory disorder diseases

4.5.1 Asthma

Asthma is a common and global chronic inflammatory disease of the airways 
that affects children and adults characterized by variable and recurring respira-
tory symptoms (wheezing, breathlessness, chest tightness, and dry cough), airflow 
obstruction, and mucus hypersecretion hyperreactivity (AHR), all of which interfere 
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with breathing [107]. Several factors lead to asthma diseases, that is, genetic, allergic 
conditions, and multiple lifestyle factors in addition to low birth weight, prematurity, 
exposure to tobacco and indoor and outdoor air pollutants, and occupational expo-
sure to chemicals, such as pesticides.

Two major types of epidemiological studies have been published concerning 
exposure to pesticides and linkage to asthma, that is, exposure of children and adults. 
For example, it was reported that occupational exposure to pesticides was associated 
with the prevalence of asthma [108]. In addition, children of farmers are at risk of 
pesticide exposure through various routes, that is, living close to agricultural fields, 
participating in farm work, and eating fruits and vegetables soon after harvest [109].

As for lower or middle-income developing countries, exposure of children to 
banned chemical pesticides was studied in Mexico [110], Brasil, [111], Costa Rica 
[112], Sri Lanka [113], and Lebanon [114]. As for exposure of adults through the 
occupational route, various studies have been carried out in different developing 
countries, such as Kenya [115], Ghana through a cross-sectional study [116], and 
Ethiopia on a large-scale cross-sectional study [117]. In Egypt, a published case–con-
trol study of adolescent pesticide applicators showed an association between exposure 
to OPs pesticides, chlorpyrifos, and reduction of lung function [118].

To investigate the relation between exposure to some specifically banned pesti-
cides and the occurrence of asthma, Hoppin et al. [119] reported that paraquat as 
herbicide, dieldrin, heptachlor, lindane coumaphos, diazinon, parathion, DDT, and 
ethylene dibromide as insecticides, and captan as fungicide were associated with 
allergic and nonallergic asthma. In a recent ecological study carried out in Argentina, 
it was found a strong association between asthma in agricultural workers and occu-
pational exposure to the herbicide glyphosate [120]. In another recent study carried 
out in Uganda, it was reported a strong association between organophosphate and 
carbamate insecticide exposure and disorder in lung function, including asthma 
among smallholder farmers [121]. As for OPs pesticides, it was demonstrated in the 
review published by Shaffo et al. [122] that exposure to various OPs pesticides, that is, 
bromofos, chlorpyrifos, diazinon, fenthion, malathion, and parathion were associ-
ated with asthma.

As a causal link between organophosphorus pesticides and asthma, mechanistic 
studies exhibited a blockage of autoinhibitory in the muscarinic receptors present 
in the parasympathetic nerves that innervate airway smooth muscle by which OPs 
induce airway hyperreactivity [122]. OPs disrupt the control of the respiratory func-
tion in the brain stem, which leads to central apnea.

4.5.2 Chronic bronchitis

Chronic bronchitis is long-term inflammation of the lining of the bronchial tubes. 
The most common symptoms include cough, mucus, wheezing, chest discomfort 
that leads to disability, severe infection in the airways, narrowing of the breath-
ing tubes, and hence trouble to breathe. Globally, such disease is the third leading 
cause of death, that is, over 3 million in 2019. It was reported that more than 80% of 
the documented deaths by such disease are in low and middle-income developing 
countries [123].

Such disease is one of the most common diseases caused by several factors, such 
as exposure to pesticides [124]. For example, in a case–control study carried out in 
Lebanon, it was found that pesticide exposure was associated with chronic bron-
chitis [125]. In India, it was found a higher occurrence of chronic bronchitis, which 
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was associated with OP and carbamate pesticide exposures in agricultural workers 
[126]. In Vietnam, it was reported that 1499 Vietnam veterans who applied Agent 
Orange (the mixture of two equal parts of the herbicides 2,4-D and 2,4,5-T) showed 
a higher frequency of chronic respiratory diseases, such as chronic bronchitis [127]. 
Also, in Singapore, it was observed that pesticides were strongly associated with 
chronic bronchitis [128]. In the agricultural health study project, it was found that 
16 pesticides were strongly associated with chronic bronchitis [129]. As mechanisms 
of action that are followed by the chemical pesticides to cause chronic bronchitis, it 
was documented that OPs as inhibitors to AChE, increase the acetylcholine quantity 
on nicotine and muscarinic receptors that lead to cholinergic over-expression on the 
smooth muscle of the airway hence causing broncho-constriction [130].

4.6 Autism

Autism has been recognized as the damage that occurred to many important areas 
of brain development. Autism has been defined as specific conditions of neurode-
velopment that are characterized by specific, repetitive behavior, and difficulty in 
social communication. Also, autism is a condition in which a patient suffers from 
specific behavioral symptoms that result from many known and unknown biological 
factors based on brain dysfunctions that affect the developing brain’s ability to handle 
information [131]. It has been observed that most children with autism suffer from 
difficulty in their ability to learn as a result of their mental retardation, although few 
of these children with autism have an average level of intelligence, although they 
sometimes suffer from epilepsy and audiovisual damage [132].

The statistics showed that there are 62 children with autism out of every 10.000 
births [133]. It was found that there is an increase in the incidence of autism among 
children in many parts of the world and that many of these children were due to the 
exposure of their mothers during pregnancy to pesticides and other environmental 
pollutants, whether through direct exposure to pesticides during the application or 
non-direct exposure, such as the consumption of food contaminated with pesticide 
residues [134].

A study conducted by Shelton, et al. [135] showed that there is an increase in 
the risk rates of autism among children whose mothers lived near the fields where 
pesticides were applied. In some detail, Blatt et al. [136] reported the occurrence of 
disruption of the nerve conduction system of gamma-aminobutyric acid (GABA) by 
the action of some chemical pesticides, and it was found that there is a relationship 
between that and the incidence of autism in studies on the density of receptors in 
brain tissue. Also, the results of the study conducted by Lyall et al. [137] indicated 
that exposure to high levels of organochlorine pesticides during pregnancy was asso-
ciated with autism in newborns. Also, it was documented in a cohort study that some 
exposure of pregnant women to pyrethroids leads to autism spectrum disorder (ASD) 
in their children [138]. Other pesticides cause autism, that is, metabolites of diazinon 
and chlorpyrifos as organophosphorus [139], besides organochlorines, pyrethroids, 
and carbamates insecticides [140].

Genetic analysis studies indicated that there are 206 genes appeared responsible 
for showing autism. This set of genes is present at many barriers in the human body, 
such as the blood–brain barrier, skin, intestine, placenta, and cellular barrier tro-
phoblast. To reach this conclusion on the responsibility of these genes, the response 
of such genes to various chemical compounds was analyzed by the Comparative 
Toxicogenomics Database (CTD) [141].
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4.7 Erectile dysfunction

Erectile dysfunction has been defined as a persistent inability to achieve or 
maintain an adequate erection for satisfactory complete sexual performance. 
Physiologically, penile erection is a neurovascular phenomenon that involves the 
coordination of three hemodynamic events, that is, elevated arterial inflow, relax-
ation of the sinusoidal smooth muscle, and decreased venous outflow. It also implies 
the interaction of the brain, nerves, neurotransmitters, and smooth and striated 
muscles. Any alteration in one or more of these components may affect the erectile 
tissue and cause erectile dysfunction [142]. Many factors play an important and major 
role in the pathogenesis of erectile dysfunction, such as exposure to pesticides [142].

It was established that sexual behavior in humans is controlled by hormonal and 
neural regulatory processes, therefore, some pesticides that act as hormone disruptors 
negatively affect the nature of the sexual relationship. Various studies showed that 
erectile dysfunction is responsible for infertility for up to 10% of the male population 
around the world, as mentioned in the review published by Kaur et al. [142].

In Egypt, Soliman et al. [143] conducted a study in the Damietta governorate. 
The results showed that there is a close relationship between chronic exposure to 
pesticides (DDT, and some organophosphorus and carbamates) and erectile dysfunc-
tion. Besides, it was possible to prove that acetamiprid as a neonicotinoid insecticide 
has the most damaging effect on erectile dysfunction due to the effect on several 
inhibitory pathways [144]. Also, it was demonstrated that some pesticides exert their 
effect on tunica albuginea, TA tissues (the fibrous envelope of connective tissue that 
surrounds the corpora cavernosa of the penis, TA composed of elastin and collagen, 
so, the effect on elastin leads to erectile dysfunction) [145].

It was established that some organophosphorus pesticides cause a decrease in the 
concentration of the male hormone, testosterone, through various mechanisms. Also, 
it was reported that the decrease of such hormone was related to inhibition in the 
release of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) [146]. 
Such inhibition occurs because organophosphorus pesticides inhibit the enzyme 
acetylcholine esterase and as a result, the level of the neurotransmitter acetylcholine 
increases and thus affects the inhibition of these hormones [147]. The pesticides 
were found to be responsible for the induction of apoptosis in Leydig cells, which 
were responsible for the secretion of 95% of the testosterone in the blood. Therefore, 
the death of these cells results in a significant reduction in the concentration of that 
hormone [148].

4.8 Psychological disorder

Various studies showed that there is a relationship between poisoning farmers 
with pesticides and the psychological problems that they suffer especially depressive 
disorders [149]. London et al. [150, 151] explained that many pesticides, especially 
organophosphorus, were associated with an increase in the occurrence of psychologi-
cal problems, that is, depression, which has sometimes reached the suicide of some 
workers who were previously exposed to such pesticides. With depression, various 
studies showed the relationship between pesticides and decreasing serotonin levels 
in workers exposed to pesticides [152]. It is well established for the human being the 
relationship between the lowering in serotonin levels and depression [153]. At the 
experimental animal level, it was reported that some pesticides, that is, deltame-
thrin (pyrethroid insecticide) and acetamiprid (neonicotinoid insecticide) [154], 
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chlorpyrifos (organophosphorus insecticide), and cypermethrin (pyrethroid insecti-
cide) [155] caused a decrease in serotonin and dopamine levels in rats.

Some studies showed links between exposure to pesticides and suicide rates, which 
has been reported by Faria et al. [156]. For example, it was reported that exposure to 
high levels of organophosphorus pesticides was associated with higher rates of suicide 
among workers exposed to these pesticides [157]. The same phenomenon has been 
recorded in many countries, such as Brazil [156] and Costa Rica [158].

In the case of the developing countries, as mentioned in the systematic review 
published by Gunnell et al. [159], it was estimated that the suicidal attempts due to 
pesticide toxicity ranged between 5200 and 21,910 in African countries. In Central 
America, especially, Belize, Costa Rica, El Salvador among other countries, it was 
documented that pesticides account for 31% of suicide cases in this region. In Eastern 
Mediterranean countries about 16.5% and 5629, in South East Asia, that is, India, 
Bangladesh, Sri Lanka, and Thailand, the proportion and annual total of pesticide sui-
cides in this region reached 20.7% and 51,050, with a range of 47,720 to 82,680 cases.

5. Conclusions

Various developing countries are still using the banned chemical pesticides as a 
reason to the cheap price, ease of production or importation, and lack of both regis-
tration and control measures systems. Based on the aforementioned diseases caused 
by banned pesticides, exposure to such substances must be prevented as much as 
possible in developing countries. To continue the pest control process, an alternative 
method must be followed, that is, integrated pest management (IPM) strategies, 
using biopesticides to ensure that there are no residues of harmful chemical pesti-
cides, whether they have been canceled or are still allowed to be used. The possibili-
ties of getting rid of the large quantities of banned pesticides are technologically 
not available in all developing countries. Therefore, the developed countries must 
cooperate and the international institutions, organizations, and/or agencies, such 
as Food and Agriculture Organization (FAO) and the United States Environmental 
Protection Agency (USEPA) among others, must contribute to disbursing the material 
compensation and making alternative pesticides available to the developing countries. 
Such agencies must cooperate to overcome the problems related to using pesticides in 
developing countries that suffer from the import, export of banned pesticides, lack of 
training on the correct handling of pesticides, low pesticide education, lack of legisla-
tion, lack of enforcement of the available legislation, and absence of monitoring for 
pesticides residues on locally consumed products. The expected assistance from these 
bodies may be as providing safe equipment, education, training the farmers, and 
licensed pesticides applicators in the developing countries through various sustain-
able, not temporary programs.

In addition, the governments of developing countries must bear their responsibil-
ity to establish specialized bodies responsible for managing everything related to the 
use of pesticides, which have the authority to prevent the import of internationally 
banned pesticides, under the supervision of the relevant international bodies and 
to combat the counterfeit and contraband pesticides. So that, through following 
these suggested realistic practical solutions, it could possible to stop and prevent the 
continuation of using the banned pesticides at the international level. Following these 
policies, it may contribute positively to reducing the incidence of the aforementioned 
diseases and others associated with exposure to pesticides.
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