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INTRODUCTION 
 
 
 

Aquatic ecosystems are important reservoirs of pollutants, some of which 
are toxic, and their discharge into the environment may pose a threat 
to their balance and to human health. The pollution sources of water are 
diversified and affect so many countries, including Tunisia. There are 
industrial, agricultural, domestic, and natural sources of pollution, which 
can be direct or indirect, individual or diffuse. The main types of 
pollutants that reach the aquatic environment are either organic 
compounds, such as polycyclic aromatic hydrocarbons, pesticides, 
medicines, dioxins, chlorophenols, phthalates, or inorganic compounds, 
which include metal, nitrogen, and, phosphorus compounds. 

A large proportion of compounds of human or natural origin tend to 
accumulate in sediments and, in some cases, to concentrate in aquatic food 
in the aquatic environment. They are introduced into water courses in 
particulate, dissolved, and colloidal forms by industrial, urban, and 
agricultural activities, as well as by atmospheric transport. The 
polychlorinated biphenyls (PCBs) and the organochlorine pesticides 
(OCPs), which are found in concentrations of traces in water, are examples 
of toxic substances that are hydrophobic, and tend to accumulate in the 
sediment phase. Despite the prohibition of the use of some of these 
pollutants in North America and Europe for over 40 years and in Tunisia 
since 1980, they continue to pose problems because of their persistence in 
the environment. Sediments can therefore represent an important source of 
contaminants for the communities of organisms that reside there. 
Measures regulatory (prohibition or restriction of use of some chemical 
compounds) are also applied in order to protect humans and their 
environment. The Tunisian government has reacted against the 
degradation of aquatic environments by signing, in particular, the protocol 
of the Stockholm convention on persistent organic pollutants. PCBs, 
aldrin, chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene (HCB), 
and toxaphene are all prohibited under this protocol. 

The Bizerte lagoon is the second largest lagoon in Tunisia. This lagoon 
has experienced a fleet of fishing and aquaculture related to the presence 
of three sectors. The human population around the lagoon is estimated 
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at 163,000 inhabitants (2004 census), with a significant percentage in the 
city of Bizerte. The other main cities are in the region of Menzel 
Bourguiba, Menzel Abderrahmen and Menzel Jemil. This lagoon is one of 
the most economically important areas in Tunisia. It is heavily influenced 
by anthropogenic factors such as oil refineries, ceramics, metallurgy, ship 
building and air output. The organochlorine pesticides (OCPs) are 
persistent organic pollutants (POPs) and are well known for their chronic 
toxicity, their persistence, and their bioaccumulation. 

Contamination with organochlorine pesticides and polychlorinated 
biphenyl compounds has spread worldwide and continues to be detected in 
a wide range of environmental media, including water, sediment, 
suspended particulate matter, and fish.  Small sediment particles have a 
very large capacity of absorption and accumulation of pesticide. Pesticides 
released into the aquatic environment through various mechanisms are 
easily adsorbed on the particles and then incorporated into sediments. 
Thus, the concentration of organochlorine pesticides and polychlorinated 
biphenyls in surface sediments provide information about recent 
contamination, while concentrations of OCPs and PCBs in sediment cores 
can provides information on the contamination in the last decades. Gas 
chromatography is the technology used for the analysis of these organic 
pollutants. 

The emerging contaminants are natural and synthetic chemicals, which are 
not commonly monitored in the environment. These contaminants are 
likely interred to the environment and cause negative effects to human 
health and the environment. Among these pollutants, synthetic musks 
(SM) have recently been identified as a new type of emerging marine 
contaminant. These compounds have become indispensable in our modern 
society and are used in a wide range of purposes as additives in perfumes, 
lotions, sunscreens, deodorants, antiseptics, and laundry detergents. 
Today, Tonalide (AHTN) and Galaxolide (HHCB) are the two main 
products widely used in cosmetics and cleaning. Because of their octanol–
water coefficient (log K o w ≥ 5) and lipophilic character, the SM are easily 
absorbed by suspended particles and, optionally, are deposited and 
accumulated in the sediments. The assessment of the impact of human 
activities on the marine environment requires analysis of sediment 
samples, which represent the ultimate sink for hydrophobic pollutants. The 
presence of SMs in coastal and marine environments has previously been 
reported in different environmental matrices such as water, mussels, fish, 
sludge, and sediments. Anastassiades has developed a QuEChERS 
procedure to extract pesticides from fruits and vegetables. The method 
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replaces many complex analytical steps commonly used in traditional 
methods, and provides high quality with a low time of analysis (10 min 
extraction time), a small amount of solvent, minimum of glassware, little 
work, and low cost sample analysis. 

The first chapter of this book was a literature review of the three studied 
families of organic contaminants: organochlorine pesticides, synthetic 
musks, and polychlorinated biphenyls. This chapter presents the 
physicochemical properties and the sources of interception in the 
environment. It also revealed the presence and development of these 
compounds in the various environmental compartments.  

The second chapter is the presentation of the Bizerte lagoon; it focuses 
on the presentation of the Bizerte lagoon and the industrial areas. Different 
matrices were studied in this work; the water, the suspended particulate 
matter (SPM), sediments, and sediment cores. The samples were collected 
from stations spread over the lagoon. The sampling, collection, 
preservation, and storage techniques for each type of matrix have been 
presented in this chapter. The sediment samples (surface and core) were 
lyophilized and homogenized before being stored for subsequent 
analysis. This chapter covers all the theoretical and experimental methods, 
used for the extraction of various types of organic pollutants. The origin of 
each method, the advantages and disadvantages, as well as the different 
detection, injection, and analysis methods were presented. In this chapter, 
the different analytical protocols used for the analysis of the different 
samples collected from the Bizerte lagoon have been detailed.        

Chapter III focuses on the contamination of surface water by PCBs and 
OCPs in the Bizerte lagoon. We were first interested in the analysis, 
distribution, and evaluation of the possible sources of these compounds.  
The results were then compared with those in the literature.  Chapter VI 
focuses on assessing the level of contamination of suspended particulate 
matter and surface sediments by the OCPs. This chapter also studied their 
impact on the aquatic ecosystem of the Bizerte lagoon. Chapter V 
investigates the vertical distribution of OCPs in the different layers of the 
sediment cores. This chapter presents the vertical distribution of these 
compounds and provides useful information for the ecological restoration 
in the lagoon. Chapter VI focuses on the validation of a new method for 
the analysis of synthetic musk by the QuEChERS extractor. In this 
chapter, we also studied the application of this method to assess the state 
of contamination of the surface sediments of the lagoon by these 
contaminants.   



CHAPTER I 

ORGANIC POLLUTION IN TUNISIA 
 
 
 

 

I. Pesticides in Tunisia 

I .1 Agricultural activities 

Tunisia is an agricultural country, and its agricultural land is estimated at 4 
316 million hectares. The agriculture intensification has resulted in the 
development of "intensive" cropping systems, based on the use of 
pesticides and the search for high yields. The number of products 
marketed is 725 and more, corresponding to 330 active substances (Table 
1.1). Data from the National Statistics Institute (INS 2008) shows that the 
average annual imports of pesticides between 1999 and 2006 amounted 
to 3.750 tons per year (Figure 1.1). These quantities are nearly 5 kg/ha 
used mainly in agriculture (95%) for a treated area of 761.000 ha/year. The 
quantity of pesticides used in France amounts to 110.000 tons per year for 
a cultivated area of 295.000 km 2 (3.7 kg / ha). According to the General 
Directorate of Fisheries and Aquaculture, the use of these quantities is 
divided between cereals 63%, arboriculture 16% and market gardening 
21% (Kane 2008). 
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Table 1.1 Number of active substances and commercial formulations for 
each type of pesticide imported into Tunisia (PAN Africa 2006). 

Pesticides Active substances Commercial 
formulations 

Fungicides 143 312 
  

Insecticides 102 259 
  

Herbicides 76 135 
  

Rat poison 9 19 
  

Total 330 725 
  

 
In addition to the annual imports of pesticides, obsolete stocks (1.200 tons) 
present a real threat to human health and the environment. The situation 
has worsened because the country does not have adequate destruction 
facilities of hazardous waste, and suffers from a lack of training in the 
proper storage and use of pesticides.  

 

Fig. 1-1. Evolution of imports of pesticides in Tunisia between 1999 and 
2006 (PAN Africa 2006). 
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I.2 Regulations 

Tunisia is not a producer of pesticide products, either for agricultural use, 
or for public health and hygiene needs. These products are exclusively 
imported from abroad. The import and use of the 9 pesticides; persistent 
organic pollutants (POPs) are prohibited.1 
 
Tunisia signed the Stockholm Convention on 23 May 2001 and parliament 
ratified it on 9 Mars 2004. As a part of this convention, Tunisia is obliged 
to prohibit any production and use of POPs and take the necessary steps 
to remove and eliminate the POPs that are already in the country (in 
storage areas and in the natural environment). The current problem is 
essentially related to, emissions of contaminated products (dioxins, furans) 
and the management of waste from these substances.  

The most important section of legislation covering waste management in 
Tunisia is Law No. 96-41 of 10 June 1996 relating to waste and the control 
of its management and disposal. This important law, which represents a 
major achievement in terms of environmental protection in Tunisia, has 
been consolidated by implementing texts (decrees) dealing with the 
management of some categories of hazardous waste (kane 2008, APEK 
2005).  

As a result, decree n°2000-2339 issued on October 5, 2000, and 
established the national list of hazardous waste, specifically mentions 
obsolete pesticides. Whatever their nature, waste contaminated by 
PCBs, dioxins and furans is considered being hazardous waste, the 
management and disposal of which must meet very specific requirements 
and specifications set out in the law on waste (kane 2008, APEK 2005). 

Although the OCPs and PCBs have never been produced in Tunisia and 
their import and use are prohibited, these compounds continue to exist in 
different matrices of the marine environment: sediment, biota, and even 
breast milk. Table 1.2 summarizes the pesticide compounds, their levels, 
and their analytical methods. 

 
1 ♦ 1980 for the dieldrin and heptachlor. 
♦  1984 for the DDT (dichlorodiphenyltrichloroethane), the aldrin, chlordane, the 
endrin, and toxaphene. 
♦  The Mirex has never been approved or authorized in Tunisia. 
Since 1980, Tunisia has banned the use of any organochlorine product, as well as 
the approval of these products (kane 2008, APEK 2005). 
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II The pesticides 

a) Definitions 

Pesticides or plant protection products are defined as substances whose 
chemical properties contribute to the protection of crops and harvested 
products from fungus attacks of pests, insects, and mites of rural rodents 
or even destroying weeds or "weeds". 

They reveal from Directive 91/414 / EC (EC 1997). These are compounds 
containing one or more mineral or organic, synthetic, or natural chemical 
substances. The formulations are generally composed of one or more 
active substances and one or more adjuvants. The active substance exerts a 
general or specific action on harmful organisms or on plants; it is this 
which gives the product the desired effect.  

The adjuvant meanwhile, is a substance free of biological activity 
considered sufficient in practice, but able of changing the physical 
properties, chemical or biological products. It enhances the efficiency, 
safety of the product and its ease of use (Couteux 2006). 

b) Classification 

 First system 

The first classification system is based on the target to be checked. There 
are mainly three main families of activities, which are herbicides, 
fungicides, and insecticides. 

Herbicides: represent the most widely used pesticides in the world, 
all crops combined. They are intended to eliminate plants that compete 
with plants to be protected by slowing their growth. Herbicides have 
different modes of action on plants; they can disrupt the regulation 
of hormones, "auxins" (the main hormone acting on the increase in cell 
size), of photosynthesis, or else inhibit cell division, of the synthesis of 
lipids, of cellulose or of amino acids.       

Fungicides: allow them to fight the proliferation of plant diseases 
caused by fungi or bacteria. They can act differently on plants, either by 
inhibiting the respiratory system or cell division, or by disrupting the 
biosynthesis of sterols, amino acids, proteins or the metabolism of 
carbohydrates.       
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Insecticides: are used to protect plants against insects. They intervene 
by eliminating them or preventing their reproduction, different types exist: 
neurotoxicants, growth regulators, and those acting on respiration cellular. 
 
In addition to these three main families mentioned above, others can be 
cited as examples: acaricides, against mites; nematicides, against the 
group of nematode worms; rodenticides, against rodents; maupicides, 
against moles; molluscicides, against slugs and snails or corvicides, and 
corvifuges, respectively against crows and other crop pest birds. 
 
 Second system 

The second classification system takes into account the chemical nature of 
the active substance mainly is compound of plant health products.  Given 
the variety of physicochemical properties of pesticides available on the 
market, there are a very large number of chemical families. The oldest and 
the main chemical groups are organochlorines, organophosphates, 
carbamates, triazines and substituted ureas. This second classification 
system does not allow a compound to be defined systematically. Some 
pesticides can, in fact, be composed of several chemical functionalities. 
They can then be classified into one or more chemical families. 

II. 1 Organochlorine pesticides (OCPs) 

The organochlorine pesticides (OCPs) include various groups of 
chemicals, which have the tendency to share some structural 
characteristics. They have an aliphatic radical or an aromatic ring 
structure, which is strongly substituted with chlorine atoms (Shen 2005, 
742-768). Table 1.3 shows the concentrations of PCBs and OCPs in 
different matrices as well as the analytical methods used.   
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Accordingly, most of these compounds are poorly soluble and semi-
volatile. In May 2001, the Stockholm convention on POP which was 
adopted by the United Nations Program for Environment (UNEP) 
highlighted the need to control the global contamination produced by toxic 
chemical compounds in the environment.3  Several studies have shown the 
presence of OCPs and PCBs in the various components of the marine 
ecosystem: surface water, suspended particulate matter, and sediments. It 
has been proven in different studies the presence of these persistent 
organic pollutants in the plant and even in living tissue with concentrations 
more or less important (Satphathy 2008, 1062-71).  

II.1.1 The aldrin, the dieldrin and endrin  

The aldrin was synthesized for the first time by J. Hyman and Co.  
Denver, in 1948. Aldrin is an insecticide which can undergo oxidation to 
form dieldrin. Both insecticides have been commonly used for termite 
control in cotton and corn since the 1950s (EC 1997, 13-14). 

Due to its harmful effects, the use of dieldrin is limited controlling 
termites, insects and pests. It was included to POPs in 1995 because 
of its many characteristics such as hydrophobicity, bio-molecularity and 
persistence in the environment. It is less phytotoxic, but increased 
exposure can cause cancer and it can act as a neurotoxicant in humans. 
Figure 1.2 shows the synthesis of aldrin and dieldrin.  

 
3 It has an agreement that promotes regulations on the production and use of OCPs 
such as Aldrin, dieldrin, endrin, heptachlor, chlordane, hexachlorobenzene, mirex, 
toxaphene, PCBs, and DDT around the world. While most developed countries 
have already banned or limited the production and use of these compounds, some 
developing countries still use OCPs in agriculture (Gao 2008, 1097–1103). 
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