


SARAHMED Editions

Contact us by e-mail at leseditionssarahmed@gmail.com or visit
our website https://sarahmed.net/

ISBN 978-9969-677-02-7

April 2026


mailto:leseditionssarahmed@gmail.com
https://sarahmed.net/

Removal of persistent organic
pollutants by adsorption onto

Innovative materials

Dr El-Hachemi Kenza






TABLE OF CONTENTS

INTRODUCTION

1. HERBICIDES

1.1 INTRODUCTION

1.2 PERSISTENT ORGANIC POLLUTANTS (POPS)
1.2.1 GENERAL INFORMATION ON POPs

1.3 PESTICIDES

1.4 HISTORY OF HERBICIDES

1.5 CLASSIFICATION OF HERBICIDES

1.5.1 INORGANIC HERBICIDES (ACIDS AND SALTS)
1.5.2 ALIPHATIC CARBOXYLIC ACIDS

1.5.3 AROMATIC CARBOXYLIC ACIDS

1.5.4 ORGANIC NITROGEN COMPOUNDS

1.5.5 HETEROCYCLIC COMPOUNDS

1.5.6 ORGANIC PHOSPHORUS COMPOUNDS

1.5.7 CYCLOHEXANE DERIVATIVES

1.6 TOXICITY OF HERBICIDES

1.6.1 IMPACT ON THE ENVIRONMENT

1.6.2 IMPACT ON AGRICULTURE

1.6.3 IMPACTS ON HUMAN HEALTH

1.7 CHOICE OF HERBICIDES

1.7.1 GLYPHOSATE

co ~N o1 o1 O

10
10
10
11
11
12
12
12
13
13
14
14
16
17



1.7.1.1 Use and mode of action
1.7.1.2 Toxicity of glyphosate
1.7.2 METRIBUZIN

1.7.2.1 Use and mode of action
1.7.2.2 Toxicity of metribuzin

1.8 PERSISTENCE OF HERBICIDES
1.8.1 PERSISTENCE OF GLYPHOSATE

1.8.2 PERSISTENCE OF METRIBUZIN

2 ADSORPTION

2.1 INTRODUCTION

2.2 THEORETICAL CONCEPT OF ADSORPTION
2.3 TYPES OF ADSORPTION

2.3.1 PHYSICAL ADSORPTION (PHYSISORPTION)

2.3.2 CHEMICAL ADSORPTION (CHEMISORPTION)

2.4 DIFFUSION-CONTROLLED ADSORPTION PROCESS

2.5 ADSORPTION KINETICS

2.6 FACTORS AFFECTING ADSORPTION
2.7 ADSORPTION ISOTHERMS

2.7.1 CLASSES OF ADSORPTION ISOTHERMS
2.7.1.1 Type-C isotherms

2.7.1.2 L-type isotherms

2.7.1.3 H-type isotherms

2.7.1.4 S-type isotherms

2.8 ADSORPTION MODELING

17
18
19
20
21
21
24
26

28

28
28
29
29
30

31
32
32
33
33
33
34
34
35



2.8.1 LANGMUIR MODEL

2.8.2 FREUNDLICH MODEL

2.8.3 BRUNAUER-EMMETT-TELLER ISOTHERM MODEL (BET)
2.8.4 DETERMINATION OF SPECIFIC SURFACE AREA

2.8.5 TEMKIN MODEL

2.9 MODELING OF ADSORPTION KINETICS

2.9.1 ELOVICH MODEL

2.9.2 PSEUDO-FIRST-ORDER KINETIC MODEL

2.9.3 PSEUDO-SECOND-ORDER KINETIC MODEL

2.9.4 THERMODYNAMIC STUDY

3 ZEOLITES

3.1 INTRODUCTION

3.2 DEFINITION AND STRUCTURE OF ZEOLITES

3.3 CLASSIFICATION AND NOMENCLATURE OF ZEOLITES
3.4 APPLICATIONS OF ZEOLITES

3.4.1 APPLICATION IN AGRICULTURE

3.4.2 BIOMEDICAL APPLICATIONS

3.4.3 APPLICATIONS IN THE CONSTRUCTION INDUSTRY
3.4.4 APPLICATIONS IN GAS TREATMENT

3.4.5 APPLICATIONS IN PETROCHEMICALS

3.4.6 APPLICATIONS IN ENVIRONMENTAL PROTECTION
3.5 SYNTHESIS OF ZEOLITES

3.5.1 HYDROTHERMAL SYNTHESIS OF ZEOLITES

3.5.2 SODALITE

36
37
39
42
42
43
43
44
44
45

47

47
48
49
51
52
52
53
53
54
55
55
56
S7



3.5.3 KaAOLIN 59

4 BIODEGRADABLE POLYMERS 61
4.1 INTRODUCTION 61
4.2 BIODEGRADABILITY 62
4.3 AN OVERVIEW OF BIODEGRADABLE POLYMERS 62
4.4 STAGES OF BIODEGRADATION 63
4.5 SYNTHESIS OF BIODEGRADABLE POLYMERS 65
4.5.1 SYNTHESIS OF BIODEGRADABLE POLYESTERS 65
45.1.1 Polylactic acid (PLA) 65
4.5.1.2 Polyglycolides (PGA) 66
4.5.1.3 Polydioxanone (PDO) 66
4.5.1.4 Polycaprolactone (PCL) 67
4.5.2 OVERVIEW OF E-CAPROLACTONE POLYMERIZATION 69

4.6 APPLICATIONS OF SYNTHETIC BIODEGRADABLE POLYMERS
70

5 NANOCOMPOSITES 72
5.1 INTRODUCTION TO NANOCOMPOSITES 72
5.2 DEFINITION OF NANOCOMPOSITES 72
5.3 CONSTITUENTS OF NANOCOMPOSITES 73
5.3.1 THE MATRIX 74
5.3.2 REINFORCEMENT 74

5.4 POLYMER-MATRIX NANOCOMPOSITES 75



5.5 STRUCTURE OF POLYMER/CLAY NANOCOMPOSITES

5.6 BIODEGRADABLE POLYMER MATRIX NANOCOMPOSITES
5.7 PROPERTIES OF POLYMER-MATRIX NANOCOMPOSITES
5.7.1 HIGH SPECIFIC STRENGTH AND HIGH SPECIFIC MODULUS
5.7.2 HIGH TOLERANCE TO DAMAGE

5.7.3 BARRIER AND FLAME-RETARDANT PROPERTIES

5.7.4 GOOD DAMPING CHARACTERISTICS

5.8 APPLICATIONS OF POLYMER-MATRIX NANOCOMPOSITES
5.8.1 INDUSTRIAL APPLICATIONS

5.8.1.1 Gas barriers for packaging

5.8.1.2 Energy storage systems

5.8.1.3 Optical glass and membranes

5.8.1.4 Electronics and automotive sectors

5.8.2 MEDICAL AND PHARMACEUTICAL APPLICATIONS

REFERENCES

75

77
77
78
78
78
79
79
79
79
80
81
81

84






Introduction

Pesticides in general, and persistent organic pollutants (POPs) in
particular, are toxic compounds characterized by environmental
persistence, bioaccumulation, long-range transport, and toxicity
even at trace concentrations. The irrational and sometimes excessive
use of highly hazardous pesticides therefore represents a major and
complex challenge. In addition to persisting in soils, these
compounds can generate degradation by-products that are, in some

cases, even more toxic than the parent molecules.

By promoting runoff and infiltration, rainfall is a major driver of
contamination in soils, surface waters, and groundwater. Moreover,
soils and sediments generally act as reservoirs for these toxic
substances and may constitute a continuous source of water
pollution, depending on variations in parameters such as pH,

temperature, and redox potential.

Epidemiological evidence indicates that exposure to POPs is
associated with an increased risk of numerous adverse health
outcomes, including cancer, congenital abnormalities, reproductive
disorders, and neurological impairment. It is therefore essential to
monitor and reduce the use of these compounds in order to limit
their impacts on human health and the environment. International
agreements, such as the Stockholm Convention on Persistent
Organic Pollutants, were established to regulate their use and

improper disposal.



The increasing use of plant protection products has accompanied the
development of modern agriculture; however, not all applied
pesticides reach their intended targets. Glyphosate and metribuzin,
for example, are herbicides used to improve crop productivity, yet
they are also associated with adverse health and environmental
effects. A substantial fraction of these substances is dispersed into
the atmosphere during application through volatilization and spray
drift from plants or soils. Transported by wind, they can travel far
from their point of origin before being deposited by precipitation
into water bodies and onto soils, from which they are further
transferred to aquatic environments by runoff and infiltration.
Herbicides are therefore among the compounds most frequently
detected in water.

Several approaches have been developed to address POP

contamination and mitigate its environmental impact:

Incineration, a thermal treatment process in which POPs are
destroyed at high temperatures in specialized incinerators. This
method can generate gaseous residues that must be captured and

treated before release to the atmosphere.

Advanced chemical degradation, including processes such as
oxidation, reduction, and dechlorination, which aim to cleave the
chemical bonds of POPs and convert them into less toxic or more

readily degradable compounds.

Bioremediation, which relies on microorganisms such as bacteria,

fungi, or enzymes to degrade POPs in the environment. This



approach is commonly applied to the treatment of contaminated

soils.

Plasma treatment, which decomposes POPs using sliding arc plasma
(GlidArc). The plasma is generated above the aqueous solution to
be treated between two divergent knife-blade electrodes and may
also be coupled with dielectric barrier discharge (DBD) processes

using a falling film.

Phytoremediation, which involves the use of selected plant species
to absorb and accumulate POPs from soil or water. Once these
compounds have been taken up, the plants can be harvested and

disposed of appropriately.

Catalytic treatment methods, such as photocatalysis, ultrasonic
degradation, and ozonation, can also be used to target specific POPs

in wastewater or off-gases.

Adsorption is widely used for the removal of POPs from aqueous
and gaseous media. These pollutants can be retained on sorbent
materials such as activated carbon, zeolites, clays, ion-exchange

resins, and nanocomposites.

Among these methods, adsorption is often considered a method of
choice because of its operational simplicity and high efficiency in

removing organic and inorganic micropollutants.

Accordingly, increasing attention has been directed toward new

adsorbent matrices composed of two distinct phases, namely

nanoparticles dispersed within a polymer matrix to form a

nanocomposite. Such materials combine the properties of the
3



