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Abstract 

The necessity to produce increasing quantities of food to meet the demand of 
ever-increasing populations has led to the massive use of pesticides in agriculture. 
Their massive consumption derives from the need to subtract food from 
competition of fungi, bacteria, and insects and agricultural land from the in-
vasion of competing weeds. Modern agriculture floats on an ocean of syn-
thetic chemical compounds used to crop protection and food preservation 
during storage. Presently, worldwide about 2000 active ingredients have been 
listed, categorized into about 60 classes of chemicals. In the world, the overall 
pesticides, used in agriculture, are about 4.1 million tonnes/years. The exposure 
of animals and humans to pesticides could be related to neurotoxicity, endocrine 
disruption, liver and kidney damage, cancer, reproductive effects (sperm abnor-
malities, decreased fertility, fetal growth retardation, birth defects, or sponta-
neous abortion), and growth modifications. However, the knowledge about 
their potential damage to the organs of reproduction, breastfeeding, and in-
fants is still largely insufficient. It is necessary to improve new methods to 
identify and regulate the long-term safety of pesticides use, to protect the en-
vironment and health, and to eliminate the adverse effect of pesticides on the 
environment and non-target organisms. The assessment of possible risks of 
old and new pesticides must be increased to include the possible effects on 
reproduction on animals and pregnancy loss even after a long time. In the 
meantime, it is necessary to minimize the use of synthetic chemical compounds 
by increasing the use of biological systems. 
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1. Introduction 

The massive use of pesticides is considered one of the main factors affecting the 
environment (Mahmood et al., 2016). Dichloro-diphenyldichloroethane (DDT) 
had been widely used since the 40s of the last century for the control of mosquito 
infestations, initiated the rapid spread of the use of pesticides throughout the 
world. Currently, large quantities of them—about 60 chemical classes that group 
over 2000 active ingredients are used to protect agricultural crops from a long 
series of pests (insects, fungal and bacterial attacks, weeds, rodents, etc.) (Vidal 
& Frenich, 2006; Bolognesi & Merlo, 2011; FAO, 2021).  

Worldwide, every year many hundreds of new pesticides are formulated. Be-
cause some of them are very uneconomic to produce, they never reach the pro-
duction line or sales counter. However, even those, which get through the limits 
imposed by local or state agencies, cannot automatically be considered safe.  

Almost all of them, in addition to the declared active ingredient, contain ad-
juvant substances, whose chemical composition is often not well defined and 
kept confidential by the manufacturing companies, making them included under 
the generic category of inert substances (Mesnage et al., 2014). These additives 
and inert compounds, which make up most of the current commercial formula-
tion (90% - 95%), in some cases show even more toxic properties than the active 
ingredient itself (Meftaul et al., 2020). Pesticides, once released into the envi-
ronment, often decompose into degradation products that may pollute foods, 
soils, surface waters, and groundwaters (Tiryaki & Temur, 2010). 

The EU “Plant Protection Regulation” (PPR) (Regulation 1107/2009/EC) re-
cognises that pesticides have significant responsibility for environmental degra-
dation. 

During 2017-2018, more than one hundred pesticides, some of which are still 
considered very dangerous and prohibited in several countries, have been ap-
proved by US-EPA. A large part (approximately, one third) of these commercial 
formulations contained a mix of active ingredients (neurotoxic organifisfates 
and carbamates, paraquat, chloropicrin, fumigants, methyl bromide, etc.), some 
of which, defined by EPA itself, as “probable” or “known” carcinogen (Donley, 
2020). 

The European Union Regulation concerns about 1100 pesticides, presently or 
previously used in agriculture, and establishes Maximum Residue Levels (MRL) 
for 315 agricultural products. 224 different chemical principles have been de-
tected in Italy by the “Istituto Superiore per la Protezione e la Ricerca Ambien-
tale” (ISPRA, 2018) into 60% of surface waters (AMPA, glyphosate, metach-
lor-esa, imidachloprid, metolachlor, etc.) and 30% of ground deep waters (atra-
zine des. desis, flonicamid, metolachlor, terbuthylazine, etc.). Also, researchers 
from the “Mario Negri” Institute of Pharmacological Research in Milan had pre-
viously found, in many water wells in Northern Italy, conspicuous concentra-
tions in drinking water of propazine (up to 30 ppt) and simazine (up to 200 ppt). 

(Silva et al., 2019) evaluated the residue presence of 76 pesticides in 317 agri-
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cultural European soil samples. They observed that about 25% of the soil sam-
ples examined contained one residue and 58% of the samples contained more 
than one residue. As evidenced by other research (Stehle & Schulz, 2015), among 
the substances that most frequently exceed the limits allowed by law, there are 
glyphosate and neonicotinoids. 

This overall situation can be complicated by simultaneous use of different 
products and complex mixtures with unpredicted cocktails’ effects on the envi-
ronment and life (Maksymiv, 2015; Milo, 2020; Geissen et al., 2021). Regarding 
the chemical interaction of pesticides, between them and with organic substrate, 
much obviously depends on the nature of compounds, that is, on their chemical 
family, on their doses, on climate (Hernández et al., 2017; Koli et al., 2019) and 
sensitivity of the organs and tissues subject to intoxication (Ghuman et al., 2013). 
The impacts of pesticides and environmental stress or so (habitat destruction, 
invasive alien species, and so on) on animals are equally little known (Ito et al., 
2020).  

2. Classification and Use in Agriculture 

There are many ways to group pesticides. They can be grouped, i.e., according to 
their chemicals or to the method of application or, more commonly, to the pests 
species: Insecticides, Herbicides, Rodenticides, Bactericides, Fungicides and Lar-
vicides. According (Eurostat, 2008), “pesticide” is a non-specific word conceal-
ing:  

1) Products for plant protection (Council Directive 91/414/EEC); 
2) Biocides (Directive 98/8/EC). 
In the FAOSTAT Pesticides Use domain (FAO, 2021), there is information 

about the following main pesticides groups (Table 1).  
At the beginning of the 90s, a new revolution occurred in this field: Neocoti-

noids (such as acetamiprid, imidacloprid, thiamethoxam, nitrosoguanidine, etc.) 
were introduced (Frederickson et al., 2016). The main difference between these 
new substances and those used previously (chlorine compounds, such as DDT, 
and organo-phosphate insecticides) consists in their lower dose of use: a few 
grams of chemical compound per hectare in comparison to several kilograms 
per hectare (Reynoso et al., 2019). 

USA, EU, Brazil, and China are the world’s major farming producers and 
consumers of pesticides. 

According to FAO (2021), 4.1 million tonnes of pesticides have been used in 
agriculture globally in 2018, which was 35% greater than in 2000 (Maggi, Tang, 
La Cecilia & McBratney, 2019).  

In the 2018 top ten world users of agricultural pesticides, the first three 
countries (representing 80% of the consumption of the countries included in 
this ranking) are China (1774 kt), USA (408 kt) and Brazil (377 kt). The main 
contributor continent is Asia: About 50% of the world total pesticides use in 2018. 
Herbicides have a relative overall consumption share of 38%, fungicides 32%,  
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Table 1. Pesticides groups. 

1) Insetticides 
Organo—phosphates, Chlorinated hydrocarbons, Pyrethroids, 
Carbamates—insecticides, Biological products and Others 

2) Mineral Oils  

3) Herbicides 
Triazines, Phenoxy hormones, Carbamates–herbicides, 
Amides, Urea derivatives, Sulfonyl urea, Uracil, Dinitroanilines, 
Bipiridils and Others 

4) Fungicides and Bactericides 
Inorganic, Benzimidazoles, Dithiocarbamates, Diazines 
Morpholines, Triazoles Diazoles, and Others 

5) Seed Treatment-Fungicides 
Benzimidazoles, Dithiocarbamates, Diazines Morpholines, 
Botanical products and biological, Triazoles Diazoles, and Others 

6) Seed Treatment-Insecticides 
Carbamates–insecticides, Organo-phosphates, Pyrethroids, 
and Others 

7) Plant Growth Regulators  

8) Rodenticides 
C Cyanide Generators, Anti-coagulants, Narcotics, 
Hypercalcaemics, and Others yanide Generators, 
Anti–coagulantsNarcotics, Hypercalcaemics, and Others 

9) Other Pesticides NES  

10) Disinfectants  

 
and insecticides 29%. In particular, herbicides contribute approximately 50% of 
the pesticides applied in agriculture (FAO, 2021). 

The most used pesticides are herbicides and insecticides (FAO, 2021). Among 
herbicides, the most common ones are glyphosate and isoproturon, the effects of 
which we discussed in previous notes (Leoci & Ruberti, 2020a; Leoci & Ruberti, 
2020b). Among insecticides, chloropicrin (trichloronitromethane) is widely used 
as fumigant, despite numerous limitations (Ayres, 1919; Leoci & Ruberti, 2020b). 

According to (FAO, 2021), the average annual use of pesticides per area of 
cropland has grown continuously from 1990 to 2018 for all the countries of the 
different continents, marking the highest quotas for the Asian ones (from about 
2.2 kg/ha in 1990 to about 3.6 kg/ha during 2018, with a maximum of 3.8 kg/ha 
during the years 2011-2012). The lowest use rates are those of African countries 
that about 0.4 kg/ha/year from 1990 to 2018. Consumption has been fairly con-
stant in European countries as a whole, with values of about 1.4 - 1.8 kg/ha/year 
from 1990 to 2018.  

3. Economic Aspects 
3.1. Global Market 

According to (FAO, 2021), at the global level, total pesticides trade reached ap-
proximately 5.9 million tonnes in 2018, with a value of $37.6 billion. The global 
trade of hazardous pesticides, monitored under the Rotterdam Convention, de-
creased substantially during the period 2007-2018. Since 2016, Asia became an 
equally important exporter, reflecting the high economic growth of this region. 
Pesticides exports increased by 2.5 fold in the Asia region in the period 2011-2018 
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compared to 2001-2010. This trend was driven mainly by China, which was re-
sponsible for almost two-thirds of pesticides exports from Asia in 2018. Asia, 
nonetheless, remained below Europe in terms of total export value, reflecting the 
high-quality pesticides produced under the EU Common Agricultural Policy. 

In 2018 around $15 billion was spent on pesticides in USA, representing a 
five-fold increase since 1960 when adjusting for inflation (Gro, 2021). According 
to (MacArthur & Murray, 1993), USA constituted approximately one-third of 
world pesticides production, 75% of which was sold domestically and 25% ex-
ported. 

According to (FAO, 2021), the top five countries for total pesticides imports 
in 2018 were Brazil, France, Germany, Canada, and USA, with trade values 
ranging $1.4 - 3.0 billion. In these countries, imported quantities roughly 
doubled during the period 1990-2018. The top five exporting countries in 2018 
were China, Germany, USA, France and India, with values ranging $3.0 - 5.5 bil-
lion. With regards to the thirty-five hazardous pesticides covered under the Rot-
terdam Convention, the top five importing countries in 2018 were Myanmar, 
Malaysia, the Philippines, Thailand and Costa Rica, with values ranging $20 - 80 
million. Imports decreased during 2007-2018 in all these countries, with the ex-
ception of Myanmar, which is not a signatory to the Convention. The top five 
countries exporting hazardous pesticides in 2018 were USA, Thailand, South 
Africa, Nige-ria and Malaysia, with values ranging $10-30 million (FAO, 2021). 

As for the EU (27 EU Member States), according to (Eurostat, 2020), during 
2011-2018, the consumption of pesticides persisted to be substantially stable at 
around 360,000 t/y, remaining concentrated (over two thirds) in only four coun-
tries (Germany, France, Italy and Spain). The best-selling chemical formulations 
were fungicides (45%), herbicides (32%) and insecticides (11%). 

3.2. Environmental Costs 

Even if the economic costs of biodiversity loss are very uncertain, variable and 
dependent by historical context, in the United States of America, some studies 
have estimated that the economic impact on ecosystems, in terms of loss of in-
sects pollinators, aquatic life and birds could amount to hundreds of billions of 
dollars per year (Chapin et al., 2020).  

According to other estimations, biodiversity and ecosystems have an econom-
ic assessment of 10 - 100 times greater than the costs of the conservation of nat-
ural habitats (Gómez-Baggethun & Martín-López, 2010). The added value to 
economic production brought by pollinating insects, for example, is considera-
ble contributing to about 5% - 8% of world agricultural production, equal to 235 
- 577 billion dollars in 2015 (OECD, 2019).  

In addition to these consequences, there are supplementary economic effects 
correlated to the recreational use of ecosystems and wildlife: hiking, hunting, 
fishing, birdwatching, etc. All these activities strongly depend on the presence of 
insects in ecosystems; insects represent a very important food base of natural 
ecosystems. Unfortunately, the massive and often indiscriminate use of insecti-
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cides has drastically risen numerous populations of insects all over the world. 
However, the problem is even more serious: in fact, the IUCN Red List, while 

it has estimated that only about 8000 species of insects are at risk of extinction, 
has hypothesized, in the medium-long term and in countries with input-intensive 
agricultural systems, the total disappearance of many mammals and bird species. 
It has been estimated, for example, thanks to the research of amateur entomolo-
gists, that insect populations in Germany have fallen by 75% in just 25 years 
(Hallmann et al., 2017; Hance, 2019). 

4. Adverse Effects on Environment 

As is well known, pesticides are not only an excellent weapon for the defense of 
crops and to guarantee high levels of harvest, but in many cases they are also the 
only available tool when it is necessary to intervene in emergency situations to 
eradicate parasitic attacks. However, as is also well known, pesticides seriously 
undermine the health and well-being of natural habitats and biodiversity, also 
because they easily migrate to other environmental compartments due to runoff 
and leaching phenomena (Ewald et al., 2015; Hallmann et al., 2017).  

In the meantime, wind and evaporation can transfer pesticides into the at-
mosphere, causing contamination of other ecosystems and sites also very far from 
the place where they were used (Dubus et al., 2000; Ritter, et al., 2002). An ex-
ample is given by chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile), also found 
in traces in the Evian’s waters, considered pure as they come from the heart of 
the French Alps (De Neri, 2020).  

The excessive use of pestides and their consequent relative cocktails has also 
had heavy repercussions on the qualitative characteristics of soils for agricultural 
use (Geiger et al., 2010) impairing the ability of the soil to host a wide variety of 
crops (Dinis-Oliveira et al., 2006) and to perform other ecosystem services with 
long-term implications even in soils of organic farms, as some scholars (Geissen 
et al., 2021) have shown. 

Other researches (Hussain et al., 2017) showed that pesticides interact with 
the microflora, microfauna and macrofauna of the soil by modifying the chemi-
stry of the soil and the exchange of soil substances with the roots of the plants 
and hindering, for example, the processes of biological fixation of atmospheric 
nitrogen by rhizo-bacteria. 

5. Adverse Effects on Animal Health 

Regarding the specific effects on humans and/or animals, we report the follow-
ing most recent research (last five years), referring to the bibliography cited for 
an in-depth study of certain aspects. Just to get an idea of the huge number of 
scientific articles published in the last five years, using as keywords “pesticides”, 
“effects” and “humans”/“animals”, on Pubmed we found, respectively, over 9000 
and 13,000 papers, while through the Sciencedirect search engine we found 
38,000 and 25,000 papers. It is not easy to disentangle in this scenario, so we 
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have sought and selected only those articles that are most significant for us and 
most cited by recent scientific bibliography. 

According to some authors (Beketov et al., 2013; Vogel, 2017), the use of pes-
ticides within the European territory, in the period 1989-2013, led to very sub-
stantial reductions in biodiversity: up to 40% for invertebrates, up to almost 80% 
for insects and up to nearly 90% for pollinating insects such as bees. 

Some authors, such as (Lushchak et al., 2018), have considered the adverse 
health effects on animal organisms of pesticides after ingestion, inhalation or 
dermal contact. This intoxication can lead to cancer, neurotoxicity, reproductive 
effects, endocrine disorders, liver and kidney damage, and teratogenicity (“Beyond 
Pesticides” (World Organization)). 

5.1. On Birds 

After the alarm raised by (Carson, 1962), the worsening of the situation has also 
been observed by other scholars. A few decades later, in Great Britain, confirm-
ing the findings of other studies, a rapid and significant decline in the popula-
tions of birds that feed on the seeds of weeds destroyed by herbicides was ob-
served (MacKinnon & Freedman, 1993). Even in tropical and sub-tropical areas, 
the indiscriminate use of herbicides has greatly reduced the agricultural areas 
used by wintering migratory birds (Newton, 2004). 

Already (Blus & Harry, 1997) showed that even when low-toxic herbicides 
were used in forestry, significant reductions in bird populations occurred proba-
bly due to the corresponding reduction in many plant species used as their food 
sources. 

More recently, some researchers (Eng et al., 2019) of the University of Saskat-
chewan and York University (Canada) have examined the singing behavior of a 
migratory bird: the “white-crowned sparrow” (Zonotrichia leucophrys). Imidac-
loprid ingested in the wild by this bird, in realistic amounts of 1.2 or 3.9 mg/kg 
b.w., influenced not only the amount of body fat deposits but also the migratory 
and reproductive capacity of males of this species and their own survival rate. 
In fact, neocotinoids, through an articulated neurotoxic mechanism of stimu-
lation of the nicotinic acetyl-choline receptor (nAChR), cause an overstimula-
tion of the nervous system, not only of insects, but also of vertebrates such as 
birds (Tomizawa & Casida, 2003). 

5.2. On Bees and Bats 

Another research (Eng et al., 2017) has confirmed the suspicions about the ad-
verse effects of neonicotinoids on the behavior and survival of birds and polli-
nators such as bees, so that the EU banned three of these compounds in 2018. 
The damage of neonicotinoids on bees, bumblebees and other species of benefi-
cial insects has now been confirmed by many other studies (Long & Krupke, 
2016; Arce et al., 2017; Phelps et al., 2020).  

As it was to be supposed, not even bats escape the action of pesticides, having 
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an omnivorous diet and thus exposing themselves to a wide range of contami-
nants as has been ascertained by (Oliveira et al., 2020), even if the populations of 
these mammals are still the least studied regarding the effects of pesticide resi-
dues on their health. The negative effects of pesticides, in fact, also occur on 
taxons, like bats, which are usually overlooked in toxicity studies, although they 
are important living species that play a large role in ecosystems as they disperse 
plant seeds and keep controlling the spread of pests. According to (Berny, 2007) 
and others (Van Oers et al., 2005), the abuse of pesticides is responsible, de-
pending on the geographic area, for the poisoning of 18% - 68% of wild animals. 

6. Adverse Effects on Human Health 

The environmental risks and health effects on humans of several pesticides are 
not wellknown. In 2006 an alarming paper appeared in the Lancet (Grandjean & 
Landrigan, 2006) presenting a list of 202 substances known to be toxic to the 
human brain, 90 of which were pesticides. 

In any case, as has also been highlighted, considered the presence of hundreds 
of active ingredients available and the continuous placing on the market of new 
molecules, the detailed knowledge of their toxic action on humans, especially if 
at minimal doses and prolonged time, is undoubtedly complex and difficult to be 
exhaustive. At the same time, many scientific studies have highlighted that these 
molecules can act in a wide range on all the vital functions of human cells by 
inducing a long series of alterations: genetic and epigenetic modifications, im-
balances in receptor function with an action of “endocrine interference”, mito-
chondrial dysfunction, disturbance of neuronal conduction due to alteration of 
ion channels, alteration of enzymatic activity, especially due to interference with 
acetylcholinesterase, oxidative stress, stress of the endoplasmic reticulum and 
impaired aggregation of proteins and others (Bianco, 2018). 

Since food is the main route of intake of pesticides for consumers, their resi-
dues in food can represent dangers to human health (Bjørling-Poulsen et al., 2008) 
and the presence of them in feed products can involve risks for the health of 
farmed animals and risks for the consumers themselves because they can enter 
into the food chain (NRC, 1993). Unfortunately, currently, the regulatory systems 
for stating average exposure to pesticides do not take into consideration personal 
situations and types of consumption that differ from the average, as well as par-
ticular lifestyles, age, presence of concomitant diseases, etc. Obviously, children 
are usually the most exposed, due to their fast growth, their lower weight, the 
greater consumption of fruit in relation to their weight, etc. (Mridula et al., 2013).  

As we will learn more lately, eExposure to pesticides, which mimic the chem-
ical structure of hormones classified as endocrine disruptors, causes a series of 
deformations and a rising of the associated costs for human health (Trasande et 
al., 2015). 

The Case of Chloropicrin 

An interesting study on chloropicrin (or nitrochloroform or hundreds of trade 
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names) was conducted by (Oriel et al., 2009) to examine the use of this substance 
in the State of California as a fumigant in the decade 1992-2003. According to 
(Prentiss, 1937), wartime exposure to chloropicrin causes dangerous gastrointes-
tinal effects, such as diarrhea, colic and persistent nausea. As reported by (Sciuto 
& Kodavanti, 2015; O’Malley, 2010; Raman, 2014), chloropicrin is a potent lung 
and skin irritant. 

Despite the long experience gained in the USA, in Europe chloropicrin is 
contemplated as a new active substance, because the data available from the 
USEPA archive regarding the toxicology and mutagenic potential of chloropi-
crin were considered insufficient by EFSA to establish toxicological values for 
safe exposure to this chemical. During the approval process according to Regula-
tion 09/1107/EC, it was highlighted that chloropicrin, regarding acute toxicity, has 
a categorization 4 for all the ways of exposure: irritating to eyes, skin, and respi-
ratory tract; harmful if swallowed; fatal if inhaled (Anastassiadou et al., 2020). 

7. Adverse Effects on Reproduction 

In general and in principle, with regard to the mechanisms of action of pesti-
cides, the ideal situation would be to have highly selective molecules, i.e. highly 
efficient, and therefore very toxic, for target organisms (pests) and, at the same 
time, harmless or at least slightly toxic for non-target organisms, obviously in-
cluding humans. To achieve this goal, the chemical formulation of the active in-
gredients of many pesticides currently on the market is designed to damage en-
zymes present only into target organisms and not present in non-target organ-
isms. However, in the natural environment, also due to complex mechanisms 
and interactions that occur and which are difficult to predict, the molecules of 
pesticides and their metabolites affect the vital and reproductive functions even 
of non-target organisms, also very useful for maintaining the delicate ecosys-
temic balances (Das, 2013). 

In fact, as underlined by (Frazier, 2007), many categories of pesticides (py-
rethroids, herbicides, organophosphates, fungicides, carbamates, fumigants and 
especially organochlorines) are potentially able to have adverse effects on devel-
opment and reproductive endpoints. Reproduction is the essential function that 
allows continuity of living organisms. Its perturbation or dysfunction leads to 
negative consequences for human, animal and plant productivity and survival.  

Many factors can be responsible for this perturbation (Gardella & Hill, 2000). 
Among these, certain pesticides, present in the food chain at sufficient doses, 
represent a high risk of harm to human and animal health. In fact, they can in-
crease the occurrence of cases of infertility, spontaneous abortions, teratogenici-
ty and delays in fetal development. In the late 1900s, (Gray & Ostby 1998) con-
firmed that a multitude of toxic substances, including pesticides, can profoundly 
alter the development of the nervous and reproductive systems in several species 
of laboratory guinea pigs.  

Pyrethroids, according to what emerges from various studies, are those that 
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cause the most serious pathological effects to mother (ovaries, uterus and hor-
monal system) (Ahmad et al., 2012) and fetus (abortion and teratogenesis) (Au-
so et al., 2004; Mnif et al., 2011). 

A survey, conducted in the USA on women who had undergone treatments to 
solve infertility problems, found that consumption of fruit and vegetables, proba-
bly affected by pesticides, compared to the average, correspondingly increased the 
risks of termination of pregnancy or missed pregnancies (Yu-Han et al., 2018). 
Environmental exposure assessments and epidemiological studies show that one 
of the major culprits of these infertility and miscarriage problems is oxidative 
stress in excess of the scavenging capacity of antioxidants present within a hu-
man or animal organism (Szalárdy, 2006; Banerjee & Bhattacharya, 2020). 

7.1. Endocrine Disorders and Infertility 

One of the most feared side effects of pesticides is their ability to act as “Endo-
crine Disrupting Chemicals” (EDCs) (Rattan et al., 2017; Sifakis et al., 2017). In 
fact, numerous endocrine disruptors, i.e. chemicals (like pesticides) that inter-
fere with the regulation and stability of the endocrine systems of animals (Kav-
lock et al., 1996), act negatively, as has been shown by many scientific studies 
conducted in the United States, on the reproductive systems of reptiles, fish and 
amphibians. 

With regard to these endocrine disruptors, much subsequent research is iden-
tifying which specific substances can alter the fertility conditions of animals and 
humans. According to (Upadhyay, 2019), precisely high levels of pesticides, 
having adverse effects on the endocrine system, are one of the main causes, al-
beit indirect, of infertility problems for women because they greatly increase the 
levels of oxidative damage. 

Some years earlier, (Gray, 1996; Steer, 1993), continuing the research about 
pseudo-hermaphroditism following exposure to active substances on hormonal 
systems, have presented scientific evidence regarding the role and mechanisms 
of action of pesticides on the reproductive system through the binding of the Ah 
receptor, antiandrogenicity and toxicity of germ cells. 

In the same decade, other authors (Wolf et al., 1999) provided experimental 
data of about ten antiandrogenic substances: Ketoconazole, procymidone, con-
gener polychlorinated biphenyl n. 169, linuron, clozolinate, p, p'-DDE, diethyl-
hexyl phthalate, iprodione, dibutyl phthalate (DBP). For example, linuron 
treatment caused testicular atrophy and malformed epididymis, involving RA 
binding. 

According to (Bretveld et al., 2007), pesticides can lead to a series of hormonal 
disorders and negatively affect the functioning of the central nervous system and 
thyroid function, the binding and recognition systems of receptors, the correct 
way of interaction of cells of Leidig and Sertoli. 

However, the results of some above experimental studies have been the subject 
of controversy and denial (Bates et al., 2005). 
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7.2. Disorders of Sexual Functions 

Particularly, (Lindbohm & Sallmén, 2017) have highlighted that the generic ex-
posure of workers, due to their specific professional activities, to chemically or 
biologically active substances, like pesticides, can cause genetic mutations and 
problems with fertility and sexual function: decrease in sexual potency and libi-
do, lowering of sexual hormone levels, alteration of menstrual flow, ovarian 
dysfunction, delayed menarche, premature menopause, impaired sperm vitality 
and drastic reduction in male and female fertility. These effects are already 
known (Sharara et al., 1998).  

(Li et al., 2020) identified the residual concentrations of the metabolites of 11 
pesticides (including pyrethroids, organophosphate insecticides and herbicides) 
by examining the urine of a sample of 619 women of childbearing age in the 
states of California and Utah, detecting high concentrations of chlorpyrifos and 
chlorpyrifos-methyl (compounds progenitors of TCPY) and diazinon (the parent 
compound of IMPY), known to be associated with endometriosis phenomena. 

(Hu et al., 2020), examining the metabolites present in the spermatic fluid of 
346 men of reproductive age in Shanghai (China), correlated the presence of py-
rethroids to the reduced fertility parameters of their semen. 

7.3. Fetal Malformations 

Reproductive anomalies and hermaphroditic deformities have been found in 
many species of animals living in US rivers: mammals, fish, frogs, reptiles, mol-
luscs, etc. (Mnif et al., 2011). 

The pesticide residues, then, taken through food, can cause neurotoxicity and 
interfere with the normal development of cognitive functions of fetus (Bjørling- 
Poulsen et al., 2008). 

(Bretveld et al., 2006) found that several pesticides interfere with the proper func-
tioning of sex hormones, significantly disturbing the timing of pregnancy, menstru-
ation and even causing miscarriages and developmental defects in the fetus. 

Other previous studies (Yoshida et al., 1987) have investigated possible fetal 
malformations related to the inhaled administration of chloropicrin for six 
hours a day during 6 - 15 days before gestation and found no noteworthy ad-
verse effects for doses below the NOAEL. In another multigenerational study 
(Anastassiadou et al., 2020) administered by inhalation in rats, no adverse effects 
on reproductive function and fetal development were observed, nor any terato-
genic effects during development, although pulmonary inflammation was ob-
served in parental females of rats a NOAEC of 1.0 ppm. 

More recently, some Chinese scholars (Tang et al., 2020) identified adverse 
effects of certain pesticides during pregnancy on the placenta and the develop-
ment of the fetus, investigating the mechanisms of action of the following estro-
genic endocrine disruptors: organochlorine pesticides, bisphenol A, phthalates 
and diethylstilbestrol.  

(Sharma et al., 2020) have focused attention on insecticides as they are asso-
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ciated with metabolic disorders, psychological and neurological diseases and 
hormonal imbalances also for humans. Oxidative stresses and endocrine altera-
tions of insecticides alter the correct functioning of ovarian activities, of the rela-
tive cycle, of the ovulation process and follicular maturation, increasing the risk 
of spontaneous abruptions and malformations of the fetuses. 

7.4. Disorders of Sexual Development and Behavior 

(Hu et al. 2020; Conley et al., 2018), using a mixture of different types of pes-
ticides, drugs and phthalates (procymidone, p,p'-DDE, prochloraz, vinclozolin, 
finasteride, benzyl butyl, dixyl, flutamide and others), at different dilution doses, 
on male rats after birth, found a conspicuous variety of adverse effects, both 
during the neonatal phase and during the pubertal one, concerning consistent 
reductions in reproductive tissues and malformations of the genital organs even 
at very low doses of administration. 

(Madhubabu & Yenugu, 2017) evaluated the reproductive toxicity of adult 
male rats of allethrin at an administration of 25 - 150 mg/kg bw for 60 days, 
noting a significant reduction in steroidogenesis (StAR, 3'-HSD, 17'-HSD), tes-
tosterone and sperm count. From numerous studies, it appears that propicona-
zole (PROP) interferes with the endocrine system, altering the CYP51 enzyme. 
For example, (Vieira et al., 2017) identified a possible toxicity of PROP by admi-
nistering this fungicide to two generations of male rats by investigating the most 
common morphological parameters of possible mutations, such as: anogenital 
distance and plasma testosterone levels, sperm count and morphology, body 
weight, etc. 

(Hass et al., 2017) experimentally found that, by administering a mixture of 
six pesticides (quinoclamine, ziram, tiram, primacarb, MCPB and cyromazine) 
to Wistar rats, there was a significant decrease in birth weight even at doses be-
low the NOAEL.  

(Andrade et al., 2006) investigated the reproductive effects of di-(2-ethylhexyl) 
phthalate (DEHP) exposure in utero and during the lactation phase for the 
offspring of male rats. The authors recorded a daily decrease in semen of 19% - 
25% compared to the control guinea pig population, although no obvious ab-
normalities in sexual behavior were observed at any dose of administration. 

8. Conclusions 

Pesticide molecules have now permanently entered our environment, contami-
nate water, soil, and food are found in the umbilical cord and in breast milk it-
self. They act at infinitesimal doses and are now present in real cocktails of active 
ingredients and interfere with important and very delicate functions such as 
hormonal, reproductive, and metabolic functions. 

Pesticides, in addition to having strong repercussions on biodiversity and 
short-term toxic effects on those organisms that are affected by direct exposure, 
could also have long-term effects, such as the transformation of food chain and 
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disappearance of particular habitats. There is no doubt that the relationship be-
tween human health and pesticides has been the subject of numerous studies, 
especially with regard to the onset of tumors. 

EPA and the European Commission regulate the sector even if they do not 
always follow the alarms coming from environmental organizations, consumers, 
and farmers themselves. However, the interventions and initiatives undertaken 
do not seem sufficient, on the contrary, some go in the opposite direction. As 
regards the European Commission, for example, standardizing all countries and 
setting the maximum residue limit for fruit and vegetables (the so-called internal 
“harmonization”), the measures come into force two years after their publication 
in the Official Journal of the EU and the trade license of pesticides on the Com-
munity market is valid for ten years. 

How it was highlighted, it is very urgent and necessary to intensify studies and 
research on the possible adverse effects—especially those of long-term, low-dose 
and on non-target living species, animals and plants of pesticides on both hu-
mans and animals and environment. On the other hand, international regulatory 
policy should also constantly adapt to the evolution of scientific knowledge in 
order to protect human health and safeguard the environment.  

Faced with these considerations, it appears increasingly urgent to take, in the 
short term, as “Primary Prevention”, a drastic reduction in exposure to all those 
chemical and physical agents already widely known for their toxicity and carci-
nogenicity with the consequent necessity to adopt stronger regulations and laws 
and stimulating more controls and scientific research.  
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