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Résumé

Les pesticides sont des produits chimiques utilises pour lutter contre les organismes
nuisibles aux culturescommelnsecticides, fongicides et herbicides. Afin d'améliorer la
production, dans ce travail, une enquéte sur leur impact et leur gravité est menée Il affecte
I'environnement et la santé humaine lorsqu'une personne entre en contact avec de grandes
quantités, ce qui peut entrainer une intoxication aigué ou des effets a long terme sur la santé
tels que le cancer ou des troubles de la reproduction. Gréace a la consommation quotidienne de
produits agricoles contribuent leurs propriétéschimiques dans la protection des plantes. Ils
sont destinés a détruire ou réduire. Ou repoussez les éléments indésirables pour la croissance
des plantes, les insectes, les parasites et autres plantes. Ils combattent les maladies des
cultures ou sont utilisés pour le désherbage. Les pesticides sont exclusivement fabriqués par
I'hnomme. Le ruissellement, le drainage et I'érosion conduisent ces produits a atteindre les eaux
de surface. Contamination des eaux souterraines par infiltration (transport a travers le sol) ou
directement.

Mots clés: toxicité, pesticides, santé humaine, environment.

Summary




Pesticides are chemicals used to control organisms that are harmful to crops.
Whetherinsecticides, fungicides, and herbicides in order to improve production. In this work,
an investigation of their impact and seriousness is conducted. It affects the environment and
human health when a person comes into contact with large amounts of it, which can lead to
acute poisoning or long-term health effects such as cancer or reproductive harm. Through the
daily consumption of agricultural products contribute their properties chemicals in plant
protection. They are intended to destroy or reduce or repel unwanted elements for plant
growth, insects, pests and other plants. They fight crop diseases or are used for weeding.
Pesticides are exclusive human-made. Runoff, drainage and erosion lead to these products

reaching surface waters. groundwater contamination by infiltration (transportation through the
ground) or directly.

Keywords: toxicity, pesticides, phytosanitary products, environment.
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Introduction

Introduction

Over the centuries, the knowledge and skills needed to protect crops pests and diseases
have greatly evolved. People have always used botanical and inorganic chemicals in their
efforts to reduce damage produced by pests and diseases in their crops and animals (Hackin,
2005).

In Algeria, the use of pesticides for agricultural purposes is more and more frequent,
followingincreasing cultivated areas to increase agricultural production. Thus, approximately
400 phytosanitary products areapproved in Algeriaof which about forty varieties are widely
used by farmers (Mokhtari, 2011). Algeria uses 6,000 to 10,000 tons ofpesticides per year,

which makes it a major consumer of pesticides(Bouziane, 2007).

Pesticides are classified into large families, either by function or by chemical
group,depending on the main molecule used. There are more than a hundred chemical
families and the most important areorganochlorines, organophosphates, carbamates, organic
nitrogen as well as pyrethroids(Aligon et al., 2010).This classification is also indicated
according to the typeaggressors, grouped into three large families, herbicides, insecticides and
finally<fungicides(Bonnemain, 2003).The increasing use of these chemical tools hasmade it
possible to considerably increase agricultural productivity during the last fortyyears and to

fight against the vectors of certain pathologies(Vigouroux-Villard, 2006).

Along with their beneficial effects in the defense of crops and the protection of
harvests, chemical pesticides at same timeare toxic and their use cannot be allowed lead to the
risksfor human health and natural environments likely to be affected(Devilleret al., 2005;
Charles, 1992;Sougnabeet al., 2010; Kanda et al., 2013).1t is in this context that we carried
out our work which consists in quantify the phytosanitary products and the several risks

causing by the toxicity of pesticides to humans health and environment.

This dissertation is composed of three chapters.The first chapter is devoted to a
bibliographical synthesis providing general information on the pesticides. In the second
chapter presentthe effects of pesticides on the human health, In the third chapter presentthe

effects of pesticides on the environment,finally we end with a conclusion.
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1. Generality

The pesticide or phytosanitary products are chemical, mineral or organic compounds
including herbicides, insecticides and fungicides (Periquetet al., 2004). The word pesticide
derives from "Pest”, English word means all living organisms such as (bacteria, viruses,
mushrooms, herbs, molluscs, worms, insects, mammals, rodents birds) about to be harmful to
the man and/or his environment (Periquetet al., 2004). The suffix cide” means to immolate
these pests (Godin et al., 2016). Undesirable species of animal or plant used to destroy,
prevent causing damage during processing,crop storage, production transportation or
marketing of foodstuffs, wood products, agricultural products, wood animal feed, or which
may be administered to animals, for the control of insects(FAO, 2003; Aubertotet al., 2005).

2. History
Over the centuries, the necessary skills and knowledge to anneal the crops against
diseases, pests have been widely visible. People have always used inorganic, botanical,
chemicals in their efforts to reduce the damage produced by diseases, pests in their animals
and crops, everywhere for a long time most of the means were of a physical nature: collection

of larvae, adult insects and eggs destruction (Boland et al., 2004).

The use of the chemical products is never the less quite old as indicated by the use of
sulfur and that of arsenic. According to (Calvetet al., 2005). The use of pesticides increased
significantly during the first and the second half of the twentieth (20™") century approximately,
separated by the Second World War, honest sources respect the 1940s and 1950s for pesticide
era design (Boland et al., 2004). Several factors have had an important mark on this evolution
such as: protection of the quality of food products, the search for a high return and a smaller
workforce (Calvetet al., 2005).

During this period, the conflict against plant diseases is always ensured by sulfur and
copper. The use of arsenical compounds was widespread before 1950. They were used against
insect pests of trees and also against the beetle; the notorious pest of the potato (Calvetet al.,
2005). The history of the evaluation on the three largest classes of pesticides is mentioned in
Table 1.
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Table 1: History of the evolution of the three largest classes of pesticides (Batschet al., 2011).

Herbicide Fungicide Insecticides
Copper Sulfate Sulfur -
Before 1900 Nicotine
Iron Sulphate Copper Salts
1900-1920 Sulfuricacid Selsd’arsenic
1920-1940 Nitrodyes
Organchlorine and
1940-1950 Phytohormones
Phosphorus
Triazines
) Dithiocarbamates
1950-1960 Substituted Ureas -
Phtalimides Carbamates
Carbamates
Dipyridyles
1960-1970 py- -y Benzimidazoles
Toluidines
Trizoles

) Dicarboximides
Aminophosphonates

) Amides Prethrimoides
1970-1980 Propionates :
Phosphites Growthregulators
Morpholines
1980-1990 SufonylUrea

From the early 1960s, the wuse of pesticides skyrocketed in Asia and
South America. 65% of the world's pesticides are used in growing countries

but the use in developing countries is increasingly high (Calvetet al., 2005).

Unfortunately the increase of systemic products has estimated the rapid appearance
ofresistors that year did not know the warning. From the 1990s, the largest number of
productsmarketed and regulatory requirements (approval, standardization, etc.) make the
increasingly severe competition between phytosanitary industries. Industrialists preferexert
their effort on the sale of a single product optimized for a well-targeted use rather thangetting

out of the way in the simultaneous industrialization of other products.
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3. Classification
Today, available pesticides are characterized by such a variety chemical, functional
groups, structure and activity that their classification is complex; In general they are classified
according to(Bourbia-AitHamlet, 2013):
e The chemical nature of the main active ingredient (second system of classification).
e The chemical nature of the species to fight (first classification system).

e There are also others classification.

It consists in distinguishing them according to the target, to be eliminated; this is the
first classification system. There are three major families: herbicides, fungicides, insecticides.
+ Herbicides: intended to fight against certain plants entering into competition
with cultivated plants.
+ Fongicides: intended to treat bacterial and viral diseases but also fungal
diseases of plants.
+ Insecticides: intended to eliminate or preventing their reproduction in

additionto the fight against harmful insects.

In addition to these three large families, we will also mention the slugs, molluscicides
against snails and rodenticides against rodents, acaricides, against mites, the nematodes,

against nematodes, corvicides and corvifuges, against crows and crop pest birds.

A. Second classification system
The main groups chemicals include: Organochlorines, organophosphates, carbamates,
pyrethroids, triazines and substituted classification are made according to their active
ingredient (Bourbia-Ait Hamlet, 2013).

+ Organochlorine
Organochlorine pesticides (POC) as biocides (Mawussiet al., 2008).These molecules
are characterized by a solubility high in solvents but low solubility in water (Liliana et al.,
2005). Because of their persistence but they continue to be used in some countries they are
currently bannedor very restricted in use in many countries (Tawilet al., 2007).The
The effectiveness of Organochlorines which has diminished gradually, requiring users

to increase the doses applied at the same time. They have been widely used throughout the
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world as a contact insecticide and to a lesser extent as fungicides and acaricides. Their
spectrum of action is therefore very broad. Because of their ubiquitous and repeated use
(Aligonet al., 2010).

+ Organophosphates
Organophosphates are esters of various alcohols with orthophosphoric acid or one of
its derivatives phosphoric acid (Ramadeet al., 2005). They can be classified into three groups:
aromatics, aliphatics, and heterocycliques, or depending on the of presence sulfur atoms:
organophosphates, thio-organophosphates and dithio-organophosphates (Testudet al., 2001).
Current organophosphates a certain selectivity in their toxicity for insects unlike families of
insecticides whose spectrum of action is very wide, In addition, most of them are quickly

biodegradable in both soil and water(Ramadeet al., 2005).

+ Carbamates
Most N-methylcarbamic acid derivatives are insecticidal carbamates (Bouchonet al.,
2003) .Aldicarb, which is a strong systemic insecticide, is usedagainst sap-sucking pests,
especially potato aphids and maggot carbaryl beet has significant insecticidal activity against
phytophagous insects: caterpillars and defoliating beetles. Carbaryl (or sevin) (Figure 1) is

among the most widely used of these compounds (Ramadeet al., 2005).

- Ay
(o] H3C, N> fo) H
R‘\o)]\N¢R2 }"S N/(
R3 0 \—O—c: S \cH, HiC CHz
SCHj3
General carbamate structure Thiocarbamates Molinate Methiocarb
o) HyCrpy-H
CH
HaC. 3
% rﬂJ\o s ( 88 o)\o
H O.__CH s. N ®\
O ey~ Gl
CHs ) S
Propoxur Disulfiram Pyndostlgmlne Carbaryl

Figure 01: Chemical structure of some carbamate and thiocarbamates pesticides (Ramadeet
al., 2005).
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+ Pyrethroids

Due to the severe need for large quantities of these pesticides and due to the growing
short-age of essential oils necessary for the manufacture of natural organic pyrethrum,
scientists have turned to the production of synthetic pyrethroids. There are over 1000 different
pyrethroids(Figure2) used today, although fewer than a dozen are usable in the United States.
It is used as an active substance in many types of commercial products such as pet shampoos,
human head lice treatments, pet sprays, topical mosquito repellents and of course insecticide
sprays for businesses, farms, and homes, fast-acting especially against chewing insects.
Although many pyrethroids insecticides can be absorbed by insect pests when they walk on
dry residues, they are not effective in penetrating the soil to kill underground pests because
they adhere tightly to topsoil and organic matter. In addition, they are poorly soluble in water
(Gupta etCrissman, 2013; Sepposaariet al., 2019).

H3;C CH,
0]
R X —CH,
O
O
Pyrethroid

Figure 02: General structure ofpyrethroids pesticide (Tomlin et al., 1994).

B. Third classification system

Between the different categories of pesticides and even within these categories,link
with their physicochemical properties the great diversity of targets is accompanied by a great
variety of modes of action, also well (Calvetet al., 2005).

Fungicides control fungi by affecting lipid formation (boscalid) or sterols
(tebuconazole), respiratory processes (chlorothalonil), microtubule synthesis (propamocarb),
or spore germination (Bordeaux mixture)(Ayad-Mokhtari, 2012; Serra et al., 2016).

Herbicides act in plants through various modes of action, such as oxidative breakdown

of membranescells (paraquat), inhibition of photosynthesis (isoproturon), lipid synthesis
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(clethodim) and synthesis of amino acids (glyphosate), cell division(pendimethalin) or

disruption of phytohormone regulation (dicamba)(Nail, 2014; Serra et al., 2016).

Insecticides act at different levels of neuronal placement, (hydramethylnon), on the

synthesis of cuticular compounds (triazoxide) or on respiration (AyadMokhtari, 2012; Serra

etal., 2016).

C. Fourth classification system

Based on the danger posed by pesticides in the short term (acute toxicity). The World

Health Organization (WHO)classifies pesticides by dangerousness. Each pesticide is then

placed in one of four classes: Extremely dangerous, highly dangerous, moderately dangerous,

slightly dangerous, after the use of a median oral or dermal LD50 lethal (Arzulet al., 2008).

The classification of pesticides according to toxicity is mentioned in Table 2.

Table 02: Classification of pesticides according to toxicity (Arzulet al., 2008).

Classes LD RAT mg/kg/body weight
Oral Rout Dermal Rout
Solid Liquid Solid Liquid
Extremely dangerous | 5 or less 20 or less 10 or less 40 or less
Highly dangerous 5-50 20-200 10-100 40-400
Moderately dangerous | 50-500 200-2000 100-1000 400-4000
Not very dangerous More than 500 | More than 2000 | More than 1000 | More than 4000

D. Fifth classification system

The type of pesticide used depends, the nature of the crops and the climate. They exist in

the world near 100,000 commercial specialties authorized for sale. Pesticides are separated

into two groups, currently according to their uses (OMS, 1991):
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# Pesticides for agricultural use or phytosanitary products
Which uses the highest tonnage of active ingredients for the protection of plants
against diseases and organisms harmful to crops and ensure good performance of food
products.
# Pesticides for non-agricultural
Used in non-agricultural environments to destroy or repel pests, and in hygiene (vector
control) which are similar to pesticides for agricultural use and in other applications such

as disinfection, conservation.

4. Different types
Pesticides are traditionally intended for the protection of crops against organisms
deemed pests such as parasites, weeds, insects and fungi. As a result, they are classified

according to their targets:

4.1. Fungicides
4.1.1. Mineral fungicides
Ensure a protection against the development of parasitic fungi. They are used against
cryptogrammic diseases, there are two categories of fungicides are distinguished byPirequet
(2004).
4.1.2. Copper-based fungicides
The best known is Bordeaux mixture (mixture of sulfur and copper). The most
numerous and the most used.
4.1.3. Sulfur-based fungicides
We have three types of sulfur fungicides; tributary sulfur in the form of powder,
sublimated sulfur obtained by condensation of steam and finally wet table sulfur compounds
used in spraying are used in vapor form.
4.1.4. Potassium permanganate fungicides
They work only against powdery mildew.
4.1.5. Organic fungicides
Organic fungicides comprise a varied group of molecules whose structure chemical is
varied, we distinguish:
» Carbamates: thiocarbamic acid derivatives, carbamic acid derivatives and

benzimidazoles
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» Phenolderivatives: Rivativesdinoap.
» Dicarboximdes: phthalimides, cyclic imides.

» Amides and amines:anilinopyrimidine, phenylamides.

4.2. Herbicides
Herbicides are used against “weeds”. They are applied either at:
» Floor: pigment destroyers such as lomazone, norflurazon and cell division
inhibitors (dinitroanilines) such as trifluralin, prodiamine, pendimethalin.
» Foliar: growth organization such as 2,4-D, dichloroprop and 2,4,5-T, destroyers
of the cell membrane, photosynthesisinhibiteurs such as atrazine, simazine,

cyanazine and amino acid synthesis inhibitors: example glyphosate.

4.3. Insecticides
They are grouped into three large families and they are used against insects.

» Organochlorines: Organochlorines are the basis of carbon, hydrogen and
chlorine such as aromatic biphenyls: DDT, DDD, lindane, cyclodiénes: aldrin,
dieldrin, heptachlor and polychlo terpenes such as toxaphene.

» Organophosphates: heterocycles: chlorpyrifos, methidathion and phosmet,
Phenylderivatives such as parathion, methyl parathion and aliphatic pyrethroids
and phosphates such asmalathion, dimethoate.

» Carbamates: such as synthetic pyrethroids.

4.4. Other families

— Molluscicides used against slugs.

— Corvicides used against birds.

— Nematicides used against nematodes.

— Rodenticides to fight against moles and rodents.

5. Use and consumption
5.1.Global Consumption
Half of the countries that appear in the top 10 consumers of pesticides (Table 3)also

hold the largest agrochemical firms(Benaboudet al., 2014). In Africa, the use of pesticides is
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lower due to poverty, instability, unreliable rains and indifferent soils that have prevented the
small-scale agriculture to modernize in much of the region of all continents(Benaboudet al.,
2014).

In Europe, the leading countries in consumption are Italy and France, the United
States, Argentina, Brazil and Canada are the most important consumers next to the American
continent. In addition, there are areas of intensive pesticide use in North Africa, such as the
cotton regions of Sudan. Also, large commercial farms and plantations producing coffee and
other export crops in South Africa(Benaboudet al., 2014).

Table 03:Top 10 countries consuming pesticides (Benaboudet al., 2014)

Rank Country Annual consumption ~ Rank Country  Apnual consumptio
1 China 1806 6 Italy 63
2 USA 386 7 France g6
3 Argentina 265 8 Canada 54
4 Thailand 87 9 Japan 52
5 Brazil 76 10 India 40

WithoutClassification Algeria 6-10

5.2.Algerian consumption

In Algeria the amount of pesticides used per year is between 6,000 to 10,000 T. this is
six to ten times less important than the French consumption. it is also less important than that
of Morocco, reaching 12,000 T in 2004(Moussaouiet al., ).

However, in 2013, the use of total pesticides increased to 25841 T,of active
ingredients including plant growth regulators representing 22,000 T (85%) while herbicides,
insecticides and fungicides-bactericides represent respectively 886 T (3%), 927 T (4%) and
2028 T (8%) of active ingredients(Moussaoui et al., 2011).

n

@
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6. Formulation and composition

6.1.Formulation

Pesticides are available in various formulations. They can take the form suspension of
capsules to be diluted in water (micro-capsules containing the active substance) liquid
dispersible concentrate, emulsifiable concentrate, water-soluble powder, contact liquid or gel,
powder for dusting or for dry seed treatment, bait on grain sprays, smoke box,fine granules,
micro-granules, dispersible granules(Insermet al., 2013), powders wettable liquids, pasty
liquids or more or less fluid liquids, soluble granules(El Moudenet al., 2010).

Phytopharmaceutical is placed on the market; obtained by mixing the active
substances and formulating, it comes in a plurality of forms, liquid or solid(Amara et al.,
2013) to facilitate their use. These formulations can grant ready-to-use products, which is the
case for products for domestic use The formulation of the pesticide corresponds to the
physical form in which the product(Bouvieret al., 2008).

6.2.Composition
A pesticide includes one or more of the additive materials and active
materials(Debbabet al., 2014).
a. Active substance
The content of active substance is expressed: in percentage (%) for liquid formulations
and mass per volume (g/L) or in mass per mass (g/kg) for waterless formulations.An active
substance represents the constituent to which is attributed in part or in whole theactivity
indirect or direct biological action directed against the disease.
b. Addictive substance
Additive substances are often called adjuvants, solvents, or excipients. It can be oils,
solutions, powders or varying mixtures. Additive materials can potentiate the effect of the

active substances.

7. Properties

7.1.Physicochemical properties

> Persistance

Persistent compounds canaccumulate in the soil, the environment, or in the food chain.
At the end counts, also in meat, fish or milk. Of this men are also exposed to the pesticide. A

pesticide is persistent if the material only hides slowly from the environment Persistence is
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the property of a plant protection product stay active for a long period of time(Calvet, 2005).
The conduct of pesticides in soils is governed by a different processcomplex(Schracket al.,
2009).

> Resistance

Another mark of the plus treatments is that a harmful organism can become tolerant
(less sensitive) to the pesticide used. It is then necessary to use an increasingly large quantity,
to obtain the same phytosanitary result after this pesticide,If possible, regularly alternate
treatments with pesticides of the type different wherever possible, and use other treatment
methods phytosanitary(Calvet, 2005).
» Water solubility

Dissolution is the passage of ions or non-ionized molecules from a solid condensed
state or liquid, in water or more exactly in an aqueous solution, whether in soils or sediments,
is important for the fate of pesticides in natural environments in because of its role in their
transfers and in their absorption by living organisms. This phenomenon can concern solid,

liquid and gaseous substances(Calvet, 2005).

7.2.  Chemical properties
» Redox

Pesticides contribute to oxidation or reduction reactions depending on the
oxidativecharacter or soil reducer(Calvet, 2005).
> lonization

Indeed, the ions are not volatile under the conditions of natural environments but are
very soluble in water and the ionization of pesticides has important consequences on their
future in soils in particular, in the environment(Calvet,2005).
» Mineralization

The mineralization of pesticides is a fundamental process in their future and their
transformation, most often of biological origin, which makes them totally disappear from the
environment by passing all the chemical elements from organic to inorganic forms(Calvet,
2005).

7.3.Biological properties

Toxicological properties are usually distinguished when consider their effects on eco-

toxicological properties and human beings when considering is interested in other living
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animal and plant organisms, biological properties concern the effects of pesticides on living
organisms, they are due to modes very varied actions(Calvet, 2005).

8. Grouping of pesticides
It is known to name pesticides according to gatherings that take into account the target

of the pesticide, the origin of the product, its chemical structure as well as of acting on the
target and its place of action. A pesticide can therefore be grouped according to:

— His origin.

— Its category of use.

— Its chemical group.

— Its type of formulation.

— Type of activity.

8.1. Origin

Pesticides can be classified as organic or inorganic pesticides. The organic pesticides
contain carbon, while inorganic ones only contain .carbon then in the form of carbonate or
cyanide. These are derivatives based arsenic, mercury, fluorine, sulfur and copper, as well as
cyanide derivatives. Inorganic pesticides are derived mainly minerals(Calved, 2002). Organic
pesticides can be divided into 3 groups: pesticides (developed in the laboratory and produced
in the factory), natural pesticides (of anima origin microbial or plant) and micro-

organisms(Intra cemagref, 2005).

8.2. Category of use
There are several categories of use among those mentioned(Leveau, 199).
— Pruning coating.
— Local medicine for animals
— Pheromone
— Antifouling paint.
— Animal repellent.
— Wood preservative.

— Plant growth regulator.
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8.3. Type of formulation
A formulation is developed with the aim of making the product more effective and
convenient to use, therefore, safe. Most pesticides are ready-to-use formulated prod

employment. The formulation of pesticide must meet 3 essential goals:
e Ensure optimum efficiency of the active ingredient.
e Limit the risk of poisoning for the handler.

e Make the active ingredient profitable. And can be the same pesticide available
in several forms: solid, liquid and gaseous(Table 04).

Table 04:Examples of formulation (Bidelman,1988).

Examples of formulation Form ready to use or unprepared
Solid form

Bait Powder.Ready to use

Wettable powder(EC)Unprepared

Liquid form

ArosolReady to use

EmulsifaiblecontrateUnprepared

Solution Unprepared

Gaseousform

FamigantReady to use

8.4. Chemical group
Consists of pesticides that have amparable chemical structure. For example, the
chemical structure of atrazine,presented here in two ways, allow this pesticide to be classified

in the group of tetrazines (Figure 3).
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Figure 03: Chemical structure of atrazine (Santiago et al., 2015).
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8.5. Type of activity

Fungicides, herbicides and insecticides can bespecified according to their way of

acting on undesirable organisms(Table 5) (Mehmet et Jean-marie, 2007). Different types of

pesticides activities are shown in Table 5.

Table 05: Different types of pesticidesactivities(Mehmet et Jean-marie, 2007).

Herbicide properties

Of contact Act on parte of plant with which it comes in to contact
Systemic Absorbed by the plant,moves inside it

Selective Controls only certain plants

Non- Selective

Check all treated plants

Residual Degrades slowly and controls plants for a long time period
Fungicide Properties
Preventive Protects the plant by preventing disease from developed
Curative Suppress a disease that is already developed
Insecticide Properties
Contact Act when the insect comes into contact the product
Inhalation Act when the breathes in the product
Ingestion Act when the insect feeds

8.6.  Mode of action

Multiple sites or modes of action are known for herbicides, insecticides as well as
fungicides: Insecticides control insects; they intervene by eliminating them orpreventing their
reproduction. Different types exist such as: Neurotoxins.Growth regulators, those acting on

cellular respiration. Pesticides can be grouped according to site or modeaction of the

undesirable organism on which they act(Intra-Cemagref, 2005).

Fungicides control fungi;they can act differently on plants: respiratory inhibitors, cell
division inhibitors, disruptors of amino acid or protein biosynthesis and disruptors

carbohydrate metabolism. Herbicides have different modes of action on plants: photosynthesis
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disruptors, division inhibitors cells, cellulose synthesis inhibitors, cellulose synthesis
inhibitorsof amino acids, they control the plants(Intra-Cemagref, 2005).
9. Pesticide metabolism

This metabolism, especially in the liver, can therefore lead to the formation of toxic
metabolites and consequently to the occurrence of damage cellular and/or genetic(Schuetz,
2001).

10. Importance
You have to meet a few conditions to know that a pesticide treatment must be effective either:

- Using proper technique.

- At the right time,

- Applied with correct dosage (depending on degree of infestation and damage
estimated potential).

Thus we obtain a treatment whose advantages can be summarized:

» The protection of plants and plant products against all organisms harmful,correct
choice phytosanitary product.

> Inhibit or warn of an undesirable increase in plants,

» The preservation of plant products, unless these substances or products are subject to
special provisions concerning preservatives,

» The fight against certain insects such as mosquitoes which representvectors of serious
diseases such as Malaria, and certain plants such asAmbrosia (an invasive plant with
very allergenic pollen that causes respiratory or skin pathologies in humans)(Batsch,
2011).

11. Market
11.1. In the world

They are made from 900 different active ingredients. We record 15 to 20new active
ingredients that are added each year. Thus, herbicides represent 70 to 80% of the products
used because of the strong growth of corn crops in Europe and South America North, while in
the tropics, 50% of the products applied are insecticides(AyadMokhtari,2012)According to
the union of industries and plant protection (UIPP, 2011), the turnover(CA) global
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phytosanitary products market increased by 15%. Europe remains the leader with 27.7% of
market share, followed by Asia at 26.4%, South America North at 21% and finally Africa.

Fungicides represent nearly 29% and insecticides 17%. The use of herbicides is
probably linked to the increased diversification of crops and the improvement of the standard
of living in certain countries, modifies. This distributionherbicides (Figure 4) are the most
used pesticides on all crops in the world (46% of the market) (UIPP, 2011).

m Others
m Fungicides
™ Herbicides

m Insecticides

Figure 04: World pesticides market by region in 2011(UIPP, 2011).

11.2. In Algeria
The rate of national production is very low. The vast majority of phytosanitary
products for agriculture come from imports. Algeria is ranked among the countries that use
the most pesticides, including are pyrethroids, organophosphates and carbamates(Ayad-
Mokhtari, 2012).

Regulations in force since 2009, pesticides deemed dangerous and prohibited in other
countries, are still present in Algeria(Merhi, 2008). The 90s were marked by more use greater
number of pesticides (all categories combined) than the 2000s. only due to a reasoning of use
but also to the introduction on the market of new commercial formulations at lower doses per
surface unit, which is not in no way a synonym of less environmental impact. The quantities
used in Algeria by categories are displayed in Figure 4. The data are grouped by type of use
(insecticides, herbicides, fungicides, etc.) and cover a 23-year period (between 1990 and
2013). Usage peaks insecticides-fungicides in 1991 and 1995 and above all insecticides in

2004, the vyear of the lastmajor locust invasion in Algeria(Bettiche, 2017)
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1. Risks associated with the use of pesticides
Pesticides migrate and enter compartments of the environment causing significant

risks for humans and ecosystems, with a short or long-term effect (Meem, 2015).

1.1. Effects of pesticides on the environment
These products influence the environment by reducing the quality of its various
compartments: air, water and soil (Figure 5). The risks of uncontrolled pesticide use have

outweighed their beneficial effects (Hakeem et al., 2016).

1.1.1. Impact on air

Pesticide contamination in the air is a considerable pollution factor that causes
hazardous impacts on flora and fauna as well as human health (Tudiet al., 2021). The losses in
the direction of the different compartments of the environment vary according to the state
crop development, sprayer setting and spray composition pulverized (Langenbachet al.,
2017). Additionally, a portion of the dispersed active ingredients does not reach the targeted

area, drifts in the air and is deposited in more or less distant ecosystems (Ramade, 2005).

While, pesticides can also drift into the air by wind transport and droplets evaporation
outside the cultivated plots (Pimentel, 1995; Rial-Otero et al., 2003Pallares et Masurais,
2006).Another very important source is volatilization of pesticides from soil or plant surfaces.

These molecules contaminating the air are transported by air (Figure 5) currents and

redistributed globally, polluting all kinds of ecosystems (Rudel, 1997).

Surrounding air pollution Health probiem to Farmers affected
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Figure 05: Effects of pesticides on air and ecosystems (Pradhan etMailapalli, 2020).




Chapiter IT Pesticides effect on environnent

1.1.2. Impact on soil

Soil pollution has taken on increasingly large dimensions over the past few decades.
Thus, more worrying, both by the multiplicity of its causes and by the growing scale of the
surfaces affected to the point of becoming a major environmental and health problem public
(Taudiet al., 2021).

The pesticide molecules are carried into the soil by water infiltration of rain. In fact,
these substances are transformed in the soil into various degradation products whose toxicity
is not always known. The occurrence and concentrations of pesticides in agricultural soils can
be strongly influenced by the time of sampling and the time of pesticide application (Riedoet
al., 2020). Therefore, soil contaminated by pesticides poses a widespread threat to water and
the food chain (Taudiet al., 2021).

++ Soil microorganisms
The pesticides in use also harm soil micro-organisms which play akey role in helping
plants use the nutrients they need to growand develop, this can have a harmful effect on the
fertility of the soil (Taudiet al., 2021). These phytosanitary products affect fungi, bacteria,
algae, earth worms and insects. It is therefore important to know how long pesticides persist

in those organically managed agricultural soils and whether they threaten soil health which is

indispensable for these sustainable systems (Figure 6).

19
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In addition, The earth worms that play the role of active agents of soil fertility are
achieved by pesticides via polluted water which soaks into the ground. The effects of
pesticides on soil microorganisms are very diverseCalvetetBarriusoet al., 2005):

» Decrease in activity and populations of algae and bacteria.

» Cause the reduction of the nodulation of legumes, and inhibition of the growth of
actinomycetes.

« The multiplication of crop treatments has caused the appearance of resistances in the
targets.

» Cause the inhibition of denitrification.

» Increase in aerobic nitrogen-fixing bacteria and reduction of anaerobic bacteria

This requires increasing the doses of the latter, hence increased risk. Towards the
beginning of the 1990s, it was already demonstrated many species resistant to at least one

pesticide (CalvetetBarriusoet al., 2005).

1.1.3. Impact on water

The deterioration of the quality of surface and groundwater, this is one of the major
environmental consequences of intensive agriculture (Cagne, 2003). Pesticides can easily
penetrate water sources (Figure 07). This can be done in three ways flow: either by runoff
where the concentration is generally maximum (during heavy rains occurring shortly before
application), or by artificial soil drainage (with average concentrations), or by leaching
(Batch, 2011). They can also reach the waters groundwater due to their high leaching

potential, which threatens the quality of this water (Gagne, 2003).
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Figure 07: Pesticides and water pollution (Dem, 2004).
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1.1.4. Impact on plants and Food safety

Food contamination is not only a consequence of spraying pesticides for non-target
plants but also due to pesticide behavior in the environment, such as volatilization from the
treated area to the air, soil, and non-target plants, and the residual pesticides transmitted from
soil and water (Figure 8) to crops, vegetables, and fruits (Damallaset al., 2011;Carvalho,
2017; Zhang et al., 2017).

This environmental behavior of pesticides and their residues lead to food
contamination and damage to plants (Colquhoun et al., 2017). Xenobiotics such as pesticides
can indeed affect the survival, development and plant reproduction, and induce larger changes
in the plant communities with significant ecological and agronomic impacts (Helanderet al.,
2012; Belhaouchet al., 2014; Yasser EI-Nahhal, 2015; Nicolle-Mir, 2018; Moussa et al.,
2018).
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Figure 08: Pesticides detection in foods and plants (Liang et al, 2022).

For example, exposure to the herbicide clopyralid can reduce the yields of potato
plants. Volatilization of only 1% of the applied clopyralid is enough to damage non-target
plants. It is also showed that plants indirectly suffer from pesticide applications since

pesticides are harmful to soil microorganisms and beneficial insects (Tudiet al., 2021).
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1.1.5. Impact on ecosystems areas

Agricultural areas are important sources of pesticides that can distribute in various
ecosystems, with potential implications on public health (Pimentel, 1995; Rial-Otero et al.,
2003).

1.1.5.1.Impact on aquatic ecosystems

The risk of pesticides to aquatic ecosystems reside to chronic disruption of
reproductive and hormonal cycles of fish, and reduce the diversity of plant and algal
communities (Bereswillet al., 2012; McMahon et al., 2012).Thus, it lead to massive
mortalities of fish, invertebrates and aquatic plants(Mccahonet al. Pascoe, 1990; Giger, 2009;
Mcmahonet al., 2012). Thus, aquatic species accumulate toxic molecules through direct
contact with their surrounding environment (Barrette. 2006).

+ Fish

The accidental pollution of the waters by organochlorines insecticide leads to the death
of thousands of fish For example. In the United States, 6 to 14 million fish die each year due
to them (Brown, 1978, Alixet al., 2005). Fish are the first organisms to have been studied
from the point of view of their responses to the deterioration of the quality of aquatic
environments. The presence of dead fish at the surface of a river or body of water constitutes
the existence of environmental pollution aquatic (Pimentel et al. 1993, Hayo et VVander Werf ,
1997).

The fish species are exposed to a variety of pesticides in contaminated surface water
by three common ways; dermal absorption, through integument, oral absorption indirectly
through inhalation during respiration, and directly throughout, drinking pesticides
contaminated water or feed pesticide contaminated (Figure 9). Acute effect of toxicity with
different types of pesticides mainly depends on the fish species and duration of pesticide

exposure (Pradip Kumar Mauryaet al, 2019).

2
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Figure 09: Fish absorption of pesticides by contact, inhalation and ingestion (Pradip Kumar
Mauryaet al, 2019).
1.1.5.2.Impact on terrestrial ecosystems

The pollution by pesticides induces new pressures of selection with impacts on
biodiversity (Helanderet al., 2012; KohleretTriebskorn, 2013). Pesticides have impacts on
non-target plant communities, soil fauna, beneficial insects (bees), mammals, amphibians and
bird populations (Aubertot et al., 2005). They are not only affected directly by the pesticides,
but also indirectly through the destruction of their habitats and imbalances in resources or
predators (Fleeger et al., 2003; Isenring, 2010).

Insects such as bees and butterflies, cold-blooded animals such as reptiles and
amphibians are the more affected by pesticides as well as by food intake (Barrette. 2006).
Whereas for terrestrial species the food is the main source of bioaccumulation (Fabreset al.,
2008).

% Honeys bees
Studies have shown the role of insecticides from the family of neonicotinoids, in the
decline of bees by affecting their mobility and inducing symptoms such as loss of balance,
tremors, hyperactivity and effects on reproduction, which will lead to the decline of plant

diversity. Thus, Contact with a sub-lethal dose of pesticides generally allows the bee to return
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to the hive (Figure 10), which may expose the whole colony to the harmful substance
(Murawskaet al., 2021).
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Figure 10: Honey bees contact with plant protection product (Murawska et al, 2021).

% Weeds

Furthermore, pesticides used in agriculture can reduce the abundance of weeds which
are important food source for many species, and ultimately lead to decline population such as
butterfly species (Faubert, 2012). Therefore, these broad-spectrum insecticides pose a high

risk to other non-target organisms (Stroblet al., 2020).

% Biocenosis
Component contamination biotics of the environment by pesticides involve processes
and accumulation trends specific to living beings: bioaccumulation, bioconcentration,
bioamplification (Bendjellouli, 2009). Any living being, during its existence, is likely to come
into contact, breathe or ingest pesticides that may be retained in these tissues (Fabreset al.,
2008).

% Birds
In the early 1950s, scientists recorded bird mortality infields treated with pesticides.
Or the birds have ingested insects disabled by the insecticides. At this time, a treatment of
seeds with Organochlorines can led also to the death of birds. When the ingested dose is
insufficient, it can cause sublethal effects (Leblan, 1995), or cause egg laying thin-shelled
eggs (Hall, 1987).

o
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The repeated exposure of low doses of pesticide, to birds leads to the heavy effect of
many pesticides on hormonal systems. When these organisms, having accumulated the
pesticides to which they have been exposed, it results an increase of the high concentration of
toxic molecules in their tissues. Then, this bio-accumulation of pesticides can have
consequences on their growth, development and reproduction(Barrette, 2006). Several
pesticides could cause significant bird mortality even when the indicated application rates are
followed and the instructions on the use of the product are rigorously followed (Tellier, 2006).
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1.2. Effects of pesticides on human health
Pesticide poisoning is a public health problem in several countries in worldwide. They
are potentially toxic for humans, including cancers, on reproduction and on the system
endocrine, immune and nervous. Pesticides are estimated to be responsible for three million of
severe acute poisoning each year with 220.00 deaths. Thus it can have effects adverse health
events (Kintz, 1998). They are characterized by a multiplicity of exposure pathways (Figure
11).
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Figure 11: Exposure routs and effects of pesticide exposure on human health(Murawska et al,
2021).

1.2.1. Routes of exposure
The penetration of pesticides into the body can be done by several routes: by voluntary
or involuntary ingestion (soiled hands), by inhalation, by contact skin. There are two types of
exposure:
e Primary exhibitions
The persons concerned here are the persons directly handling the products, at the time
of preparation, application, cleaning of equipment, emptying the tanks. Most of them are
farmers and professionals using these products, but also individuals for domestic use. This
exhibition is rather sporadic, and occurs during treatment periods. However, it is

contamination at higher doses, the product being pure or diluted for treatment, Farmers and

%
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workers who prepare the mixtures and carry out the treatments are more at risk are more
likely than the rest of the population to be affected by contact with the skin or by inhalation
(Dorothee, 2011).

e Secondary exhibitions

They concern the entire population, through exposure to residues arising from the use
of pesticides, through food and the environment. The effects observed could result from the
accumulation of molecules that are slowly eliminated, reaching a critical concentration
threshold at after a certain time, or, in the case of rapidly eliminated molecules, result from
the addition of subclinical and irreversible effects.In general, humans absorb pesticides and
their by-products via the food, water, the air inhaled or by contact with the skin (Dorothee,
2011).

1.2.2. Routes of entry
The toxicity of a pesticide depends on its nature and its mode of penetration into the

body. There are various routes of entry:

a- The cutaneous route (the skin)

This is the most frequent route of contamination and the most intense (Bayneset
Hodgson, 2010). Liquids can easily penetrate the skin, especially when they are in the form of
oily solutions. Indeed, the skin is impermeable to water but not oils (Lachuer, 2011). On the
other hand, according to Moundosso, (2013), the powders easily cross the barrier of the skin
and the diffusion is very fast at the level of the conjunctiva of the eye. Certain factors promote
skin penetration such assweating or the presence of sores. Also, contamination is possible

through clothes if they are not sufficiently waterproof (Dorothee, 2011).

b- The digestive tract

Responsible for the most serious poisonings in the event of a mixture with food or by
accidental ingestion (Moundosso, 2013). Poisoning by direct ingestion is quite rare, however,
it is very common by indirect ingestion: by contact with soiled hands (from eating or
smoking); unclogging a nozzle by blowing with the mouth (Lachuer, 2011).

c- The respiratory route (inhalation)

Constitutes the fastest and most direct route. Pesticides that are normally applied as an

aerosol, mist or gas can easily be inhaled (Moundosso, 2013). In general, the air ways provide
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the fastest route of entry and the slowest dermal route. One of the reasons for this major
difference is mainly because the thickness of the membrane, which is actually the physical
distance between the external environment (surface of the skin, air in the lungs or lumen of
the intestine) and blood capillaries, varies through these portals of entry. The overall input
depends on both the quantity present and the saturability of the processes of transport
involved (Bayneset Hodgson, 2010; Lachuer, 2011).

1.2.3. Become pesticides in the body

The body's response to a toxic product depends on the quantity of the latter. Several
factors are involved in the processes of toxic action during the phasestoxicokinetics and
toxicodynamics. Toxicokinetics concerns the processes leading to the formation of
metabolites and which govern the path of the toxin in the body, namely: absorption,
distribution, biotransformation and elimination. While, toxicodynamics is interested in the
influence that a toxin exerts on the body and the factors involved in the toxic response, the
toxic effects of a substance observed during this phase (Lapointe, 2004; Bayneset Hodgson,
2010). The toxicity of a pesticide is its potential to produce adverse health effects, short or
long term (Arias, 2008).

1.2.3.1.Effects on the endocrine system
Some chemicals act as endocrine disruptors. They may alter the synthesis, storage,
transport, metabolism, uptake or the elimination of natural hormones in the body thus causing
an imbalance physiological. They are called “endocrine modulators” (Dugeny, 2010).
These substances are divided into three categories (Sadibou, 2003):
+ Mimetic substances induce the same chemical reactions as natural hormones.
+ Paralyzing substances prevent the entry of natural hormones into the cell by binding
to receptors.

+ Trigger substances; they cause unusual and atexted reactions in the cells.

A group of researchers from the Endocrine Disrupter Resource Center (EDRC) have
compiled a list of pesticides that cause endocrine disruption. Half of substances mentioned
belong to the group of Organochlorines (Camard, 2010). Organochlorine pesticides and
particularly DDT (Dichloro-DiphenylTrichloroethane) and its main metabolite DDE (1, 1-

Dichloro-2, 2-bis (p-chlorophenyl) (ethylene) are factors in the occurrence of breast and
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prostate cancer, the reduction of male fertility and reduced immune system (Camard,
2010).Example of pesticides that affect endocrine glands and reproduction are shown in
Table 6.

Table 06: Example of pesticides that affect the endocrine glands and reproduction (Kelley,
2003).

Diseases type Pesticide and group

Azoospermite )
1,3-Dibromo-3-chlorpropane

Chlordecane

o Infertility )
Endocrine disruptors o Atrazine
) Sexual Characteristics )
Reproduction Endosulfaine
Organophosphate
Glyphsate

Estrogen Synthesis

1.2.3.2.Effects on nervous system
Neurological effects are one of the most common manifestations of acute poisoning
from pesticides (Cuppenet al., 2000).Three types of effects can occur (Dugnet, 2010), these

are:
e Polyneuropathies.

e Neuropsychological disorders: mood disorders, anxiety, difficulty in concentration,

memory impairment and suicide.

e Parkinson's disease.

Pesticides pyrethroids work on the central nervous system, which causes
fluctuations in the dynamics of sodium cation channels in the membrane of the nerve cell,
which leads to an increase in the time of opening of the sodium channels. The sodium cation
stream extends across the membrane in both vertebrates and insects are natural insecticides
derived from the extracts of chrysanthemum flowers known as pyrethrin found in Kenya (He,
1994; Kamitaet al, 2005; Perry et al., 2013). A neuronal hyperexcitation can be a result of
these actions (Narahashiet al., 1992 ; He, 1994; Narahashi, 1996; Garcia et al., 2012; Perry et
al., 2013).Example of pesticides that cause Parkinson neurodegeneration are shown in Table
7.
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Table 07: Example of pesticides that cause Parkinson neurodegeneration (ORP, 2008).

Diseases Type Pesticide and group

Neuro-degenerative  Parkinson Organochlorine
Organo phosphate
Carbonates
Parquet

Alzheimer Organo phosphate
Organochlorine
Carbonates

1.2.3.3.Effects on reproduction

Pesticides can affect human reproduction by exerting toxicity either directly on the
reproductive organs either by interfering with the hormonal function (Aissaoui, 2012). Several
studies have shown the effect of pesticides on the devicein particular the case of 2, 4, 5-
tetrachloro-2, 3, 7, 8 and dibenzo-p-dioxin. Of the cases of fetal mortality have been observed
(WHO, 1991).

A French study on the effect of exposure of pregnant women to atrazine, this study
demonstrated that women with traces of atrazine or one of its metabolites inurine was 50%
more likely to have a low birth weight child and 70% more additional risks of having a child

with a small head circumference at the birth (Chevrier, 2011).

1.2.3.4.Carcirogenesis

The hypothesis of a link between cancers and exposure to pesticides was born from the
observation of a significant number of cases of cancer recorded among farmers (Dugny,
2010).

Several experimental and epidemiological studies on different molecules in particular,
the2, 4-D, 2, 4, 5-T, suggest that these pesticides are responsible for the appearance of certain
cancers in humans, as well as arsenicals used in pesticides cause respiratory cancers (WHO,
1991).

The types of cancer most often observed are cancer of the brain, lungs, liver, stomach,
soft tissue sarcomas, non-Hodgkin lymphomas and leukemia (Capkin, 2006).Example of

some carcinogenic pesticides are shown in Table 8.
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Table 08: Example of some carcinogenic pesticides ( Aloui, 2019).

Disease Type Pesticide and group
Cancer Pancreas Pendinéthaline
Lungs Chlorpyrifos
Terbufos
Diazinon
Dicamba
Métolachlore
Prostate Cloredecone
Leukemia Terbufos
Diazinon
Chlordane
Chlorpyrifos
Rectum Chlordane
Chlorpyrifos
Colon Chlorpyrifos
Lymphohematopoietic Alachore

1.2.3.5.Effects on the immune system

Several commonly used pesticides may suppress the normal responsefrom the immune

system to the invasion of viruses, parasites, and tumors (Cuppen, 2000).Immunosuppressive

pesticides may increase the risk of developing certain cancers such as non-Hodgkin's

lymphoma, leukemia and carcinomas scaly skin and lips (Purchas, 1999).

1.2.3.6.Effects on skin

Some pesticides can also be responsible for dermatological effects such as contact

dermatitis which are inflammatory, acute or chronic skin reactions, caused by a chemical,

biological or physical agent. These reactions are characterized by the appearance of itching,

redness and skin lesions.
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1. 3. Toxicity of pesticides
Convenient but arbitrary terminology is frequently used to designate the various forms
of intoxication according to the frequency and duration of exposure. Various forms of

poisoning were mentioned inTable9.

Table 09: Form of poisoning ()

Form of poisoning Frequency Exposure time

administration

Acute Unique <24 hours
Sub acute Repeated 1 month
Sub chronic Repeated 1 to 3 month
Chronic Repeated >3 month

1.3.1. Acute toxicity of pesticides

Acute toxicity encompasses all specific phenomena and adverse signs, which occur
immediately or within the first few days after exposure to the toxic agent. A convenient way
to characterize and classify the toxicity of a substance is to determine its Lethal Dose 50
(LDso). This refers to the dose of a substance that can cause the death of 50% of an animal
population under experimental conditions precise (Lapointe, 2004; Thamer and AL-
Mashhady, 2016). Therefore, the measurement of theLDso can establish a ranking for these
substances: the lower it is, the higher the substance is toxic, and the reverse is true (Frank

1992). The scale of the classification of toxic substances is shown in Tablel0.

Table 10: Scale of the classification of toxic substances (Frank 1992).

LD50 Toxicity index

1mg Up to /kg Extremely toxic
1 to 50mg/kg Highly toxic

50 to 500mg/kg Moderately

500 to 5000mg/kg Slightly toxic
5000 to 15000mg/kg Almost non-toxic
More than 15000mg/kg Relatively harms
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1.3.2. Subacute and chronic toxicity

Subacute toxicity is due to repeated exposure to a dose of the toxicant, which does not
cause no obvious acute toxicity, for a fairly prolonged period but provided not to constitute a
significant part of the life of the species examined. Oral administration for 28 or 90 days in
rats (or mice) or dogs, respectively, would be typical (Hodgson and Cunny, 2010; Thamer and
AL-Mashhadi, 2016).

Chronic toxicity includes all the deleterious effects that affect aliving organism
following exposure or habitual administration of a toxic in multiple non-lethal doses. These
doses, individually, are in sufficient to cause an immediate effect. The exposure must be
repeated on a long period to cause adverse effects. The onset of these effects is often insidious
of sudden manifestation without any alarming symptoms, it can bereversible or irreversible
(Hodgson and Cunny, 2010; Thamer and AL-Mashhadi, 2016).

The toxicity of pesticides relies on several numbers of factors (ElI Bakouri, 2006;
Berrah, 2011):
#  The terms of the exhibition.
The dose
The time the person is exposed.

The degree of absorption.

- -

The nature of the effects of the active ingredient and its metabolites.
+  Accumulation and persistence of the product in the body as well as sensitivity

(history, genetic heritage, etc...).
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Conclusion

In this study, we were interested in the impact of pesticides on the environment and
human health.Pesticides exist in several forms and fight different pests, because of

theirchemical composition, are dangerous forthe environment and for people.

Pesticides exist in several forms and fight different pests: insects, weeds, fungi or even
rodents. Due to their chemical composition, pesticides are dangerous for humans but not only.
The dangers of phytosanitary products mainly affect farmers, soils and biodiversity. We have
seen that pesticides, when we are too exposed to them, like farmers, lead to various

sometimes incurable diseases, including cancer.

Soil infertility, the disappearance of pollinators, or the changes in the way of life of
fish are also due to pesticides propagated in the air and water. However, there are different
possible alternatives that are more or less profitable. Instead of using insecticides, we can
install ladybugs in our plantations for example. Organic farming is surely the most effective
solution. But, it is not profitable enough in view of the high yields sought. So there remains
integrated agriculture, which certainly uses pesticides but in moderation. It is currently the

best possible solution.

We can therefore say that it is possible to have high agricultural yields without using
pesticides. We therefore advise you to no longer consume products from intensive agriculture,
or at least to reduce their consumption and to favor organic products. If you do not have this
possibility, it is strongly advised to wash your fruits and vegetables well and peel them to get

rid of the traces of pesticides present in them as well as possible.

S
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