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The octanol-water partition coefficient (Log Ko/w) at 298.15 K was also determined using the "shake-flask" method. This parameter indicates the hydrophobicity of the solutes, i.e. their tendency to accumulate in the lipid part of food.

In a second step, two models were used to predict the quantities studied in the thesis: three variants of the UNIFAC thermodynamic model (original UNIFAC, modified Dortmund and modified liquid-liquid) based on a group contribution method and two versions of COSMO-RS. While the UNIFAC model requires the data of the parameters of the groups present in the molecules, the COSMO-RS method predicts the thermodynamic properties based solely on the polarization charge density induced by the molecules and calculated by quantum chemical method. We have shown that these models generally give only orders of magnitude of the selected parameters.
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RESUME Caractérisations physicochimiques et modélisation thermodynamique de perturbateurs endocriniens : alkylphénols et phtalates présents dans les emballages alimentaires

Le processus de migration des constituants chimiques des emballages alimentaires (contenant) vers les aliments (contenu) est une source potentielle d'exposition toxicologique pour les consommateurs. Ce transfert dépend essentiellement des propriétés physicochimiques des substances présentes dans le contenant. On peut citer les alkylphénols et les phtalates rencontrés dans le conditionnement des eaux embouteillées. L'étude bibliographique a montré le manque de données expérimentales concernant ces deux familles de composés connues pour être des perturbateurs endocriniens. L'objectif de ce travail de thèse est double : détermination expérimentale des équilibres de phases liquide-vapeur et liquide-liquide de 4 alkylphénols (4-noctylphénol, 4-t-octylphénol, 4-nonylphénol) et de 2 phtalates (di-n-pentylphtalate, bis-2éthylhexylphtalate) et la modélisation thermodynamique des résultats obtenus.

Dans ce but nous avons déterminé la pression de vapeur (entre 298,15 et 423,15 K) des composés cités précédemment par 2 méthodes complémentaires : la méthode statique de référence et la méthode de transpiration qui nécessite l'analyse du composé piégé. Pour cette dernière technique, une méthodologie analytique a été développée: élution de la cartouche (nature, temps de piégeage, solvant d'élution) ; analyse UHPLC pour les alkylphénols et GC-MS (mode SIM) pour les phtalates. Des pressions de vapeur de 10 -3 Pa à 100 kPa ont été ainsi déterminées.

Le deuxième paramètre mesuré est la solubilité aqueuse (entre 298,15 et 328,15 K) des 6 composés. Au vu de leur faible solubilité aqueuse (10 -7 en fraction molaire), nous avons utilisé la méthode de saturation : balayage du soluté adsorbé sur un support par un flux d'eau. Ici également une méthodologie analytique a été mise au point : choix de la cartouche, optimisation du temps d'accumulation du soluté, débit d'eau…analyse par HPLC ; GC-MS. Les pressions de vapeur et la solubilité aqueuse ont permis le calcul de la constante de Henry, paramètre essentiel dans le domaine environnemental : transfert eau/air d'un polluant. Une seule donnée de solubilité a été trouvée dans la littérature, il s'agit de la solubilité aqueuse du 4-n-octylphénol à 298,15 K (2,87 10 -7 en fraction molaire). Notre résultat expérimental est en bon accord avec les auteurs (écart de 6,3 %).

Le coefficient de partage octanol-eau (Log Ko/w) à 298,15 K a également été déterminé en utilisant la méthode « shake-flask ». Ce paramètre indique l'hydrophobicité des solutés étudiés c'est-à-dire leur tendance à s'accumuler dans la partie lipidique des aliments.

Deux modèles ont été utilisés en vue de prédire les grandeurs étudiées dans la thèse : trois variantes du modèle thermodynamique UNIFAC (UNIFAC original, modifié Dortmund et modifié liquideliquide) basé sur une méthode de contribution de groupes et deux versions de COSMO-RS. Alors que le modèle UNIFAC nécessite la donnée des paramètres des groupes présents dans les molécules concernées, la méthode COSMO-RS prédit les propriétés thermodynamiques en se basant sur la seule densité de charges de polarisation induit par les molécules et qui est calculée par la mécanique quantique. Nous avons montré que ces modèles ne donnent généralement que des ordres de grandeur des paramètres sélectionnés.

Mots clés : emballage alimentaire, exposition toxicologique, propriétés physicochimiques, alkylphénols, phtalates, modélisation thermodynamique.

ABSTRACT Physicochemical characterization and thermodynamic modeling of endocrine disruptors: alkylphenols and phthalates present in food packaging

The process of migration of chemical constituents from food packaging (container) to food (content) is a potential source of toxicological exposure for consumers. This transfer essentially depends on the physicochemical properties of the substances present in the container such as alkylphenols and phthalates encountered in the packaging of bottled water. The bibliographic study showed the lack of experimental data concerning these two families of compounds known to be endocrine disruptors. The objective of this thesis work is twofold: experimental determination of the liquid-vapor and liquid-liquid phase equilibria of 4 alkylphenols (4-n-octylphenol, 4-toctylphenol, 4-nonylphenol) and 2 phthalates (di -n-pentylphthalate, bis-2-ethylhexylphthalate) and thermodynamic modeling of the obtained results.

With this aim, we determined the vapor pressures (between 298.15 and 423.15 K) of the compounds mentioned above by 2 complementary methods: the static reference method and the transpiration method which requires the analysis of the trapped compound. For this last technique, an analytical methodology has been developed: elution of the cartridge (nature, trapping time, elution solvent); UHPLC analysis for alkylphenols and GC-MS (SIM mode) for phthalates. Vapor pressures of 10 -3 Pa to 100 kPa have been determined.

The second measured parameter is the aqueous solubility (between 298.15 and 328.15 K) of the 6 compounds. In view of their low aqueous solubility in mole fraction), we used the saturation method: the solute adsorbed on a support is swept by a flow of water. Here too, an analytical methodology has been developed: choice of cartridge, optimization of solute accumulation time, water flow rate, etc. analysis by HPLC; GC-MS. The vapor pressures and the aqueous solubility allowed the calculation of Henry's constant, an essential parameter in the environmental field: water/air transfer of a pollutant. Only one solubility data was found in the literature, it is the aqueous solubility of 4-n-octylphenol at 298.15 K (2.87 10 -7 in mole fraction). Our experimental result is in good agreement with the authors (difference of 6.3%). Table 1.1: Exposure parameters necessary for estimating potential receptor exposures for the exposure routes: ingestion, inhalation and absorption (Asante-Duah, 2017). ............................................................ Table 1.2: Basic steps in dose-response models (DRM) assessment [START_REF] Organization | Principles for modelling dose-response for the risk assessment of chemicals[END_REF] Figure 1.20: An illustration of conductor like screening model process. In the top left of the picture molecule is in its original form. In the middle picture, the molecule is being placed inside a molecular shape cavity in a continuum medium. Top right pictures represents screening charges on the cavity surface due to electrostatic interaction between the molecule and its medium [START_REF] Mullins | Sigma-profile database for using COSMO-based thermodynamic methods[END_REF]. ....... (Klamt, Andreas, 2005). Red areas indicates the strongly negative parts of the molecular surface and the strongly positive values of σ for the cavity. et al., 1981); ▲ [START_REF] Geyer | Prediction of ecotoxicological behaviour of chemicals: Relationship between physico-chemical properties and bioaccumulation of organic chemicals in the mussel mytilus edulis[END_REF]; × [START_REF] Yoshioka | The estimation for toxicity of chemicals on fish by physico-chemical properties[END_REF]; ■ [START_REF] Itokawa | A quantitative structure-activity relationship for antitumor activity of long-chain phenols from ginkgo biloba L[END_REF]; ■ [START_REF] Ahel | Behaviour of alkylphenol polyethoxylate surfactants in the aquatic environment-I. occurrence and transformation in sewage treatment[END_REF]); • [START_REF] Jaworska | Quantitative relationships of structure-activity and volume fraction for selected nonpolar and polar narcotic chemicals[END_REF]. .......... 
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INTRODUCTION

Human Health Risk Assessment (HHRA) is a process to evaluate the probability of harmful effect to human body once exposed to a chemical in a specific environment. This evaluation is based on four steps: hazard identification, dose-response, exposure assessment and risk characterization. However, risk assessment involves describing the toxicological and chemical profile of a chemical [START_REF] Castle | 1 -chemical migration into food: An overview[END_REF].

As soon as food packaging was recognized for its essentiality, scientists took an interest in it. It has been identified as an essential element in conserving food quality during storage, preventing food chemical contamination and providing the necessary information to the consumer [START_REF] Robertson | Food packaging CRC Press[END_REF]. However, food packaging defined also as Food Contact Materials (FCMs), is not entirely inert. A transfer of organic chemicals from FCMs to the food can occur and affect both quality and safety of food (Barnes, Sinclair, & Watson, D. H. (David H. ), ). This process is entitled migration process. The problem is that these molecules are very harmful to human body affecting many functional system and organs. They are mainly classified as endocrine disruptors: distressing the reproductive system, neurological system and various cancers [START_REF] Castle | 1 -chemical migration into food: An overview[END_REF].

Our choice fell on two families of molecules: Alkylphenols and phthalates frequently available in FCMs. Alkylphenols (APs), used in various industrial procedures for over 50 years, are suspected to be organic endocrine disruptors compounds. They degrade from tris(nonylphenyl)phosphite (TNPP) utilized in a wide variety of FCM [START_REF] Nerin | The challenge of identifying nonintentionally added substances from food packaging materials: A review[END_REF]. As per the Food and Drug Administration (FDA) and U.S. Code of Federal Regulations (US CRF), 4-n-octylphenol (4-n-OP), 4-t-octylphenol (4-t-OP), 4-nonylphenol (4-NP) are harmful organic chemical available in FCMs (Food and Drug Administration, (FDA), 2014; USCFR, 2014). Exposure to phthalates molecules is very wide due to their presence in a large variety of products [START_REF] Schettler | Human exposure to phthalates via consumer products[END_REF]. Di-n-pentylphthalate (DPP) and bis (2ethylhexyl)phthalate (DEHP) are used as solvents in cosmetics and daily use products.

Migration phenomena is affected by different factors such as type of FCM, type of food, temperature and duration of contact as well as the physicochemical properties of the chemical migrant. The determination of physicochemical properties of organic chemical is an essential step for assessing its risk to achieve a complete human health risk assessment [START_REF] Castle | 1 -chemical migration into food: An overview[END_REF].

Accordingly, we aim to focus in this research on determining experimentally three important physicochemical properties of the five molecules (alkylphenols and phthalates). These properties are vapor pressure, aqueous solubility and octanol-water partition coefficient. We also responded Vapor pressure is used to estimate the potential bioavailability and assess the environmental fate and transport. It is determined using dynamic gas saturation method between 298 and 423 K, an original apparatus used for low vapor pressures, in the order of 10 -3 Pa. The experimental (P, T) were fitted using Clausius-Clapeyon and Antoine equations and calculate the enthalpy of vaporization and sublimation. To confirm our values, a comparison is settled with measurements carried out using a second apparatus (static apparatus) present in the laboratory of Multi-Matériaux et Interfaces (LMI) in the university of Claude Bernard Lyon 1.

The aqueous solubility is measured between 298.15 and 328.15 K using dynamic saturation method that can achieve solubilities in order of 10 -3 g L -1 . Additionally, the fitting using Heidman equation calculates thermodynamic parameters: Gibbs energy (∆solG 0 ), molar enthalpy (∆solH 0 )

and molar entropy of dissolution (∆solS 0 ) at 298.15 K [START_REF] Heidman | High-temperature mutual solubilities of hydrocarbons and water. part II: Ethylbenzene, ethylcyclohexane, and noctane[END_REF]. The link between physicochemical properties recommended by REACH regulations and their relations with human environmental risk assessment (Bergkamp, 2013a).

Octanol-water partition coefficient, Kow, is an important parameter to estimate oral and skin bioavailability and bioconcentration of a chemical. It was measured using shake-flask method at 298.15 K.

From the quoted parameters were calculated proportionally factors: Henry's law constant KH, air-water partition coefficient KA/W, and octanol-air partition coefficient KO/A [START_REF] Mackay | The evolution and future of environmental partition coefficients[END_REF] to evaluating the environmental partitioning and transport of the chemicals.

In a second step, we proceeded to the modeling of the experimental results. We tested three variants of the UNIFAC model (original UNIFAC, UNIFAC modified Dortmund and UNIFAC Liquid-Liquid) and two versions of COSMO-RS model differing in terms of quantum calculation.

UNIFAC model is based on a contribution method of groups issued from experimental data while COSMO-RS model allows the prediction of thermodynamic properties based on quantum calculations.

This work is divided into three main chapters:

Chapter 1 entitled Literature Review shed the light on the importance of Human Health Risk Assessment (HHRA) and its different sections. Additionally, it describes the phenomena of migration process from FCMs to food content. In the same chapter, we define the importance of determination of physicochemical properties: vapor pressure, aqueous solubility and octanol-water partition coefficient. We outlined the two families of food migrant (Alkylphenols and Phthalates)

with a detailed description of each compound. Finally, we clarify the importance of using thermodynamics modeling to predict physicochemical properties.

Chapter 2 named Materials and Methods explain the experimental method adopted to determine the physicochemical properties at different temperatures: dynamic gas saturation method and static method for vapor pressure, dynamic saturation method for aqueous solubility and shake-flask method for octanol-water partition coefficient. An important analytical methodology have been developed for the dynamic methods: elution of the cartridge (nature, trapping time, elution solvent); UHPLC analysis for alkylphenols and GC-MS (SIM mode) for phthalates.

Results and Discussion is the third and last chapter where we report the experimental measurements of the vapor pressure between 298 and 423 K, the aqueous solubility between 298 and 328 K, and the octanol-water partition coefficient at 298.15 K.

In a second step, two models were used to predict the quantities studied in the thesis: three variants of the UNIFAC thermodynamic model (original UNIFAC, modified Dortmund and modified liquid-liquid) based on a group contribution method and two versions of COSMO-RS.

While the UNIFAC model requires the data of the parameters of the groups present in the molecules, the COSMO-RS method predicts the thermodynamic properties based solely on the polarization charge density induced by the molecules and calculated by quantum chemical method.

Finally, we close the thesis manuscript with a conclusion resuming all the work done in this thesis with an opening on the need to deepen research on the chemical molecules, migration process and thermodynamic modelling with a last and important goal that is the protection of human health.

CHAPTER 1: LITERATURE REVIEW

The endocrine system is made of a set of glands (endocrines) secreting hormones that act as chemical messengers. They are released into the circulation blood to reach nuclear receptors (proteins or glycoproteins) located on target cells. These hormones are involved in many metabolic functions such as the reproduction, development, growth, and behavior of species. This hormonal balance, however, can be disturbed by the presence of chemicals that interfere with the hormonal system, causing deleterious effects. These compounds are called endocrine disruptors.

Accordingly, we aim to study two families of xenobiotic chemicals: alkylphenols and phthalates.

Nowadays, the presence of these contaminants in trace amounts, various origins and in different ecosystems is a current global concern.

In this chapter, we will first examine how the health authorities assess the risks to human health of contaminants through the United States Environmental Protection Agency, EPA.

In a second step, we will present the two families of chemicals. Both families of molecules have an anthropogenic origin.

To understand the migration processes of chemicals in the different compartments of the environment and their presence in human body, it is crucial to define the main physiochemical properties. This will be the subject of the third part of the chapter: each physicochemical parameter will be defined and how its knowledge could contribute to understand the fate and transport processes in the context of these properties.

At the end of the chapter, we will present two predictive models and two correlation equations that will be used to represent our experimental data. By comparison, we will define the models that most represent the physicochemical properties determined. This will be the subject of Chapiter III.

Human Health Risk Assessment

Human health risk assessment (HHRA) evaluates the risk on human health initiated after exposure to a toxic chemical. It is also used to estimate the risk in the environment caused by a pollutant (Leeuwen, 2007a). This process is based on four essential steps defined by the National The four steps for human health risk assessment.

Hazard identification

This first step confirms the harmful effect caused by the xenobiotic in human body. It also determines the adverse effects occurring after exposure to the chemical: tumors, systemic effects, reproductive defects and others. The purpose of all this is to set a link between the chemical and its risky effect (Wells, G.,Institution of Chemical Engineers., IChemE., 1997). For a practical analysis of the hazard identification, several keys are involved:

1.1.1.1 Toxicokinetics
Toxicokinetics fixes the rate, movement and fate a chemical in the organism. It describes its absorption, distribution, metabolism and elimination (ADME) in relation to time [START_REF] Gupta | Chapter 9 -principles and basic concepts of toxicokinetics[END_REF].

Toxicodynamics

Toxicodynamics discusses the dynamic interaction of a chemical to link between its site of action and biological effect. However, implementing a toxicokinetic-toxicodynamic model known as TKTD model is important in evaluating the risk since it ameliorates the quantitative prediction of chemicals in organisms (Figure 1.2) [START_REF] Ferguson | Chapter 3 -principles of pharmacodynamics and Toxicodynamics. Haschek and rousseaux's handbook of toxicologic pathology[END_REF]. 

Exposure assessment

Exposure assessment measures or estimate the amount, frequency, and duration of exposure to a chemical in its specific environment. Furthermore, it focuses on different criteria regarding the size, nature, and types of human populations exposed. Exposure occurs mainly by three pathways: ingestion, inhalation and absorption (Table 1.1) [START_REF] Paustenbach | The practice of exposure assessment: A state-of-the-art review[END_REF]. Exposure assessment has a specific process going from the source of the contaminant to the human body. After contact, the chemical enters in the bioreceptor through a specific exposure route (e.g., by ingestion, inhalation, dermal application). Subsequently, the xenobiotic moves across the receptor's external exposure surface and get absorbed into the body; then distributed throughout the body in either its native or metabolized form. The endpoint in the exposure assessment is the dose received by the target internal tissue or organ where the dose initiates the toxicity pathways that trigger the adverse effect. This endpoint serves as the starting point for toxicology. The assessment of all risks due to the human exposure is described in Two major and cardinal steps are important in exposure assessment: source and transformation models of chemicals.

Source of chemical hazards

Generally, human health risk involves an initial presence of a chemical stressor originating from a specific source. Thereby, the knowledge of this source facilitates the overall risk assessment. The main chemicals origins are divided into three: lifeless materials, fossil fuels and organisms [START_REF] Leeuwen | Risk assessment of chemicals[END_REF].

Lifeless materials

It includes all substances that are the essence of any material: inert gases, metals in rocks and salts in seawater. These elements becomes more and more interesting due to their wide distributing in different environmental compartments [START_REF] Leeuwen | Risk assessment of chemicals[END_REF].

Fossil fuels

Fossil fuels contains organic compounds and mainly hydrocarbons. It principally includes the synthetic organic substances related to consumer products including foods and drinks, plastic, medicines, etc. [START_REF] Daly | Fossil fuels[END_REF]. the take up and the distribution of a chemical like the bioaccumulation and bioavailability are also important for the assessment of exposure [START_REF] Leeuwen | Risk assessment of chemicals[END_REF].

Transport model

This process describes the placement and the distribution of a chemical after its emission to identify the place of release of its toxic effect (Asante-Duah, 2017).

Biotransformation process

Biotransformation includes the transformation of a chemical to another form to reduce its toxicity. It is a necessary defense manner by turning the chemical from hydrophobic to hydrophilic to be eliminated from the body. It is one of the procedures involved in lowering the concentration of the chemical using two ways: non-synthetic and synthetic reactions [START_REF] Buhler | The role of biotransformation in the toxicity of chemicals[END_REF].

Bioaccumulation

It is defined as the accumulation of chemicals in an organism that takes place if the rate of intake is higher than the rate of excretion. Bioaccumulation can be measured in a different way depending on the type of chemical and the organism [START_REF] Connell | Bioaccumulation of xenobiotic compounds[END_REF].

Bioavailability

Bioavailability discusses the amount and the frequency at which the chemical enters into living organisms. It is represented by the bioavailable fraction that measures the amount of xenobiotic that is efficiently available for interaction with biota [START_REF] Toutain | Bioavailability and its assessment[END_REF].

Dose-response assessment

It defines the relation between the intensity of the adverse health effects and the dose of the chemical administrated issued from animal toxicity tests. Dose response assessment is known also as exposure-response or concentration-response assessment. Usually the response increases with the increasing dose of chemical, whereas it depends also on different factors: the type of chemical, the organism and the exposure route adopted, etc. (Notice of availability of draft guidelines for human exposure assessment.2016).

To concretize this dose-response relationship, mathematical models are expressed. These dose-response models (DRM) are constituted of three steps: practical assumptions as well as the functional forms and their parameters [START_REF] Brown | Microbiological risk assessment in food processing[END_REF]. However, these models goes from simple linear models to complex ones. DRM models are summarized in six basic steps from data selection to evaluation as shown in Table 1.2.

Table 1.2: Basic steps in dose-response models (DRM) assessment [START_REF] Organization | Principles for modelling dose-response for the risk assessment of chemicals[END_REF]. Briefly, TCCR principles and their criteria are crucial for a satisfactory risk assessment.

Steps

Table 1.3 summarizes the principles with their criteria to perform them adequately. phthalates. In the following paragraph, we will present these two families of molecules, their use by humans as they have an anthropogenic origin.

Principle

Migration process

Introduction

Nowadays, Food Contact Materials (FCMs) becomes very advantageous. It is mainly used to protect foods from external factors such as microbes, bacteria and light to avoid any contamination. Additionally, it is utilized to facilitate the transport and the labeling of goods to inform the consumer about expiry dates, ingredients and allergy warnings [START_REF] Robertson | Food packaging CRC Press[END_REF].

However, none of FCMs are entirely inert; hence, the possibility of release of chemicals from FCMs into foodstuff know as migration. This latter process attracts researchers and food safety institutions for study, concern and control. Additionally, it affects both the safety and the quality of food since some migrating chemicals could be harmful if ingested by the consumer frequently [START_REF] Guerreiro | Migration from plastic packaging into meat[END_REF].

To control and protect the human health from this diffusion process, we should understand all factors affecting it. These factors includes the type of FCM, type of food content, type of FCMfood contact, temperature of contact, duration of contact and the physicochemical properties of the chemical migrant (Appendix 1) (Jane Muncke, 2013).

Relation migration-physicochemical properties

Every element of the migration has an influence overall process. Accordingly, in this part we shed the light on the factor we are interested in this study: the physicochemical properties of the chemical migrant (Jane [START_REF] Muncke | Food packaging & health: Migration[END_REF]. However, literature suffers from a lack of data regarding most of the physiochemical properties of the chemicals migrants. Accordingly, we are interested in this research in determining the vapor pressure, aqueous solubility and octanol-water partition coefficient of toxic chemicals belonging to two families of chemicals available in FCMs:

alkylphenols and phthalates (Ishak, Hanane, 2017).

1.3 Anthropogenic molecules: Alkylphenols and Phthalates processes [START_REF] Ying | Environmental fate of alkylphenols and alkylphenol ethoxylates-a review[END_REF].

Alkylphenol ethoxylates (APEOs) show two biodegradation processes [START_REF] Ying | Environmental fate of alkylphenols and alkylphenol ethoxylates-a review[END_REF]:

-Under anaerobic conditions: the biological process leads to the formation of Alkylphenol (AP) and lower-grade ethoxylates.

-Under aerobic conditions: APEOs are biotransformed into alkylphenoxycarboxylic acid (APnEC) and alkylphenolpolyethoxylate (APnEO). In a second step, the degradation leads to alkylphenoxyacetic acid (AP1EC) and alkylphenolethoxylate (AP1EO). At last, both compounds decompose into alkylphenol (AP).

Compared to their parent compounds, alkylphenols are more persistent, more toxic, more lipophilic and less water soluble [START_REF] Bennie | Review of the environmental occurrence of alkylphenols and alkylphenol ethoxylates[END_REF].

Due to their broad spectrum of use and the lack of suitable treatment in wastewater treatment plants, alkylphenols are ubiquitous in the environment. More than 60% of APs and derivatives entering wastewater treatment plants are released into the environment [START_REF] Ahel | Behaviour of alkylphenol polyethoxylate surfactants in the aquatic environment-I. occurrence and transformation in sewage treatment[END_REF]. Therefore APs are widely present in surface waters and aquatic environs. They were also detected in building supplies and floor tops as polymers. Thereby, APs tend to accumulate in residues, indoor and outdoor airs [START_REF] Lorenc | Alkylphenols[END_REF].

Exposure to Alkylphenols

Exposure to APs can happen across different pathways. It occurs through the skin by absorption using shampoos, cosmetics and others [START_REF] Leatherland | An environmental assessment of alkylphenol ethoxylates and alkylphenols Blackwell Science Ltd[END_REF]. Additionally, direct exposure has been detected also detected through contaminated food or water, pesticides and indoor air by inhalation [START_REF] Rudel | Phthalates, alkylphenols, pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in indoor air and dust[END_REF].

As described previously, AP's availability in the environment leads to their presence in food chain via different circuits such as contaminated drinking water (European chemicals bureau (ECB).2002). APs have been found also in many supermarket food products such as consumable fish, shellfish species, apples and tomatoes due to agricultural and pesticide applications (Table 1.4). Moreover, the presence of APs in milk [START_REF] Casajuana | New methodology for the determination of phthalate esters, bisphenol A, bisphenol A diglycidyl ether, and nonylphenol in commercial whole milk samples[END_REF] and Taiwanese babyfood purees [START_REF] Li | Determination of alkylphenol residues in baby-food purees by steam distillation extraction and gas chromatography-mass spectrometry[END_REF] has been confirmed. 

Food Products References

Foods collected from German supermarket: peanut butter, pasta, sugar, lard, crème fraiche, tomatoes, bread, coffee. [START_REF] Guenther | Endocrine disrupting nonylphenols are ubiquitous in food[END_REF] Turkey/chicken breast fillets, cheese.

(The determination of additives in food products.2003) Shellfish: clams, mussels, cuttlefish squid. [START_REF] Ferrara | Alkylphenolic compounds in edible molluscs of the adriatic sea (italy)[END_REF] Lobster, mantis shrimp, Anchovy, European hake, red mullet, common sole, Atlantic mackerel, angler. [START_REF] Ferrara | Alkylphenols and alkylphenol ethoxylates contamination of crustaceans and fishes from the adriatic sea (italy)[END_REF] Another source of contamination by alkylphenols is through the food contact materials known as food packaging. FCMs are considered very important in protecting foodstuffs from damage. However, the migration of APs has been discovered from numerous types of food packaging into food content (Loyo-Rosales, Rosales-Rivera, Lynch, Rice, & Torrents, 2004).

More precisely, APs in FCMs comes from oxidation of trisnonylphenyl phosphite (TNPP) (Figure 1.6) used primarily as an antioxidant additive in polyvinyl chloride (PVC); thereby their presence in FCMs is considered indirect [START_REF] Mcneal | Determination of suspected endocrine disruptors in foods and food packaging[END_REF]. Thus, octylphenols and nonylphenols are called non-intentionally added substances (NIAS) since they originate from the degradation of APEs and the oxidations of TNPP available in FCMs [START_REF] Nerin | The challenge of identifying nonintentionally added substances from food packaging materials: A review[END_REF]. TNPP is used as an antioxidant in PVC films and as a stabilizer in many other types of food materials such as High-Impact PolyStyrene (HIPS), rubber materials, Linear Low-Density PolyEthylene (LLDPE) films and containers (Suzanne M. Snedeker & editor, 2014). Another study confirmed the detection of 4-t-OP in a concentration lesser than 2 ng/L in bottled water samples packaged in PolyEthylene Terephthalate (PET) plastic [START_REF] Amiridou | Alkylphenols and phthalates in bottled waters[END_REF]. Fernandes et al determined the concentrations of 4-NP in a wide variety of plastic FCMs, like PVC based cling film, a HIPS food tray, and a PS ice-tray, whereas lower concentrations were found in vinyl acetate bread bag. Untraceable concentrations of 4-NP were found in other types of FCMs same as melamine, coated papers and nylon roasting bags (Table 1.5) [START_REF] Fernandes | 4-nonylphenol (NP) in food-contact materials: Analytical methodology and occurrence[END_REF].

Table 1.5: The concentration of 4-NP in μg/g detected in different types of food contact materials. PAEs are also used as solvents in a wide variety of pharmaceutical and cosmetic products: nail polish, perfumes and others [START_REF] Lyche | Chapter 48 -phthalates[END_REF].

Food Contact Materials (FCMs

Exposure to Phthalates

Phthalates' human exposure has been found to be extensive since phthalates are available in a wide variety of products [START_REF] Schettler | Human exposure to phthalates via consumer products[END_REF]. Food, pharmaceutical products and baby toys are the main pathways initiating the ingestion of phthalates [START_REF] Aurela | Phthalates in paper and board packaging and their migration into tenax and sugar[END_REF].

Moreover, the ingestion of phthalates increases at children's level because of the frequent mouthing of fingers after contact with plastic toys, baby care products and others [START_REF] Kavlock | NTP center for the evaluation of risks to human reproduction: Phthalates expert panel report on the reproductive and developmental toxicity of di-isononyl phthalate[END_REF].

Most of pharmaceutical products and nutritional supplements are coated with polymers to control the target cell and the timing of a drug in the gastrointestinal tract.

Some phthalates are also utilized in the PVC tubing of some medical devices thus in her PhD thesis [START_REF] Hill | Analysis of contaminants in oxygen from PVC tubing used in respiratory therapy, chromatographic components in electrochemical sensors, and a model for degradation of electrical cable insulation Available from Dissertation Abstracts International[END_REF] estimates exposure to DEHP by inhalation. Another studies also has confirmed the exposure to phthalates via the respiratory system through home dust and indoor air [START_REF] Maas | Inhalation and ingestion of phthalate compounds from use of synthetic modeling clays[END_REF][START_REF] Rudel | Identification of selected hormonally active agents and animal mammary carcinogens in commercial and residential air and dust samples[END_REF].

Furthermore, transdermal absorption occurs also since phthalates are used in cosmetic products, body creams and other personal care products. This absorption depends on the physicochemical properties, the concentration and structure of the molecule [START_REF] Munksgaard | Leaching of plasticizers from temporary denture soft lining materials[END_REF].

Toxicological health effects

It is well established that Alkylphenols and Phtalates are endocrine disruptors molecules.

They are exogenous estrogenic compounds mimics the endogenous estrogen to interfere their position on the receptor (Figure 1.8). This interference can causes developmental malformation, increase risk of tumors and troubles in the immune and nervous system [START_REF] Månsson | Sources of alkylphenols and alkylphenol ethoxylates in Wastewater-A substance flow analysis in stockholm, sweden[END_REF].

On the other side, Figure 1.9 describes the toxic effect of endocrine disruptor molecules on different body systems: neurological and immune systems, male and female reproduction systems and the most important endocrine system disruption. 

Toxicological effect of alkylphenols

Alkylphenols have toxicological effects on organs and systems. These organs include mainly liver, kidney and heart. [START_REF] Ye | Environmental pollutants and hydroxysteroid dehydrogenases[END_REF] have shown that many alkylphenols directly inhibit human kidney 11b-HSD2 enzyme activity whereas the precise mode of inhibition is still ambiguous. Figure 1.10 shed the light on the harmful effect of alkylphenols on the aforementioned affected organs. These effects appeared in studies done in mammalian laboratory animal models [START_REF] Snedeker | The alkylphenols nonylphenol and octylphenol in food contact materials and household items: Exposure and health risk considerations[END_REF]. , 2008). Figure 1.11 shows the toxicological health effect of PAEs done on mammalian laboratory models [START_REF] Snedeker | Benzophenone UV-photoinitiators used in food packaging: Potential for human exposure and health risk considerations[END_REF]. Since 1986, various regulations has been settled to limit the use of APs and APEs. Table 1.6 summarizes these legislations since 1986. [START_REF] Eichler | Assessing human exposure to chemicals in materials, products and articles: The international risk management landscape for phthalates[END_REF].

Conclusion:

We have seen that APEs break down into APs. The latter are persistent in the environment which means that they can be transported far from their point of original release. It suggests that APs could be accumulated and concentrated by aquatic organisms and reach human being through contaminated food such as fish and drinking water. Indoor air and to a lesser extent, outdoor air may contain levels of APs as they are used in cleaning and laundry products, wetting agents, emulsifier/dispersing agents…

In the same way, phthalates are organic contaminants presenting endocrine disrupting effects on human beings and animals. Several measures have been taken at the European level to limit or prohibit their use: toys, cosmetics…

To understand alkylphenols and phthalates migration and fate behavior in the ecosystem, the physicochemical properties are critical. In the same way they are essential for remediating environments affected by chemical incidents. With this aim, we decided to study several molecules of the described two families of chemical. It was the reason why we decided to study particularly these 3 alkylphenols in order to compare the physicochemical properties of 4-n-octylphenol and 4-t-octylphenol to the 4-nnonylphenol, the latter being considered as toxic. To highlight the effect of the alkylchain, npentylphenol and n-hexylphenol were also studied. The chemical structure of the selected APs and some of their physicochemical properties are presented in Figure 1.12 and in Table 1.8. [START_REF] Dutta | Phthalate exposure and long-term epigenomic consequences: A review[END_REF].

In this study, we were interested in two molecules of phthalates from these two groups:

DEHP and DPP (Figure 1.13). Table 1.9 shows the common available physicochemical parameters of the studied phthalates found in the open literature. Density (g/cm 3 ) 1.02 0.99 Conclusion: having selected the molecules to be studied, we will now describe the physicochemical properties that we are going to measure as well as their role in the knowledge of the chemicals transport and fate in the ecosystem.

Physicochemical properties of the chemicals

Over time, scientists have noticed the large number of chemical compounds manufactured, produced and used in the market without knowledge of their toxic effect on the environment and human health [START_REF] Ekins | Computational toxicology[END_REF]. The need to know more about synthetized compounds has encouraged the implementation of new laws and associations. Consequently, the US EPA Office of Toxic Substances (OTS) registered around 70,000 chemical substances in 1990 with 1000 compound added each year [START_REF] Karickhoff | Computer prediction of chemical reactivity : The ultimate SAR[END_REF]. Additionally, the European Union implemented new law entitled REACH (EC 1907(EC /2006) that refers to Registration, Evaluation and Authorization of 54 Chemicals. It aims to create a full database of chemicals in European Chemicals Agency (ECHA) in Helsinki by defining their physicochemical properties in order to evaluate hazards and risks (Bergkamp, 2013a). Figure 1.14 shed the light on the importance of assessing physicochemical properties, as shown in step 5, and for setting alternatives also to any toxic chemical (Council & Studies, Division on Earth and Life, 2014). In this work, we were interested in measuring the vapor pressure, aqueous solubility in a specific range of temperature and the octanol-water partition coefficient at 298.15 K.

Vapor pressure

Vapor pressure is defined as the pressure used by a vapor in thermodynamic equilibrium with its solid or liquid phases at a specific temperature in a closed system.

Vapor pressure increases as the temperature increases because the energy of its molecules increases as well as the number of molecules transitioning into a vapor. It is one of the most important properties that play an essential role to decide on the possibility of volatilization of a chemical into the atmosphere thus its potential inhalation (Gupta, Pradeep K., Ganesan, Gutch, Manral, & Dubey, 2008). If it attributes to volatilization at room temperature or particular environmental conditions, then the chemical may evaporate and can be inhaled therefore its dangerous effect will occur. For a Design for the Environment (DfE) chemical alternatives assessment, exposure to inhalation take place if the vapor pressure of the chemical is higher than 10 -6 Pa (EPA: Interpretive assistance document for assessment of discrete organic chemicals.

sustainable futures summary assessment.2011).

In this work, we experimentally determined the vapor pressure of the selected molecules of alkylphenols and phthalates in a temperature interval 298.15 and 423.15 K using two different methods (static and dynamic methods). From the vapor pressure data, we calculated the enthalpy of vaporization at 298.15 K.

Aqueous solubility

By definition, aqueous solubility is the concentration of a chemical in the aqueous phase at equilibrium at a specified temperature and pressure. Different units can be used for stating aqueous solubility such as molarity, molality, mole fraction, parts per million (ppm). Solubility is dependent of physicochemical conditions such as pH and redox. This property indicates the mobile tendency of the chemical: leaching during rainy episodes or by runoff or flooding.

A substance is considered non-soluble if its solubility is less than 1mg/L. It will be noted that a low solubility doesn't mean lack of risk since the compound is likely to induce harmful effect on health at low concentration and chronic exposure.

Henry's law constant KH

These two parameters (KH and KAW) describe the exchange of the solute between the liquid and the gaseous phase (water and ambient air in our case) at thermodynamic equilibrium.

The solute is supposed to be at low concentration in the liquid phase, Henry constant KH is defined as following at constant T and P:

KH = (Equation 1.1)
Where, et are respectively the molar fraction and the fugacity of the solute in the liquid phase.

At thermodynamic equilibrium the fugacity of the solute in the liquid phase ( is equal to the fugacity of the solute in the gaz phase (

(Equation 1.2)
Where,

, and are respectively the gas fugacity and the molar fraction of the solute in the gas phase; P is the total pressure.

Substituting ( by , equation 1.1 could be written as following:

K H = (Equation 1.3)
For low total pressure and low concentration of the solute in the liquid phase, the fugacity coefficient tends to the unit and the partial pressure ( ) tends to the vapor pressure of the solute, equation 1.4:

(Equation 1.4)
Where,

is the vapor pressure of the solute (Pa); is the solubility in mole fraction; is Henry's constant (Pa).

KH has an important role in evaluating environmental partitioning and transport. Furthermore, it can assess the absorption at the human alveoli level (Council & Studies, Division on Earth and Life, 2014).

It is possible to quantify the exchange of a solute between a liquid (water) and a gas phase (air) through the partition coefficient, using the relation below, equation 1.5:

(Equation 1.5)

Where, are respectively the molar concentration of the solute in the air phase and the aqueous phase.

Assuming an ideal behavior of the vapor phase, it comes:

(Equation 1.6)

Likewise, the solubility, , in the liquid is considered very low:

(Equation 1.7)

Where is the molar volume of water:

= (Equation 1.8)
Where, and are respectively the molar mass in kg mol -1 and the density in kg m -3 .

From equation 1.5 to 1.8, KAW equation is as follows:

(Equation 1.9)

Where, R is the gas constant 8.314 in J mol -1 K -1 ; KH is the Henry's law constant in Pa.

Octanol-water partition coefficient Kow

Octanol-water partition coefficient describes the partition of a chemical between two phases, n-octanol rich phase and water rich phase. is a parameter that estimates, indirectly, the sorption of an organic substance in a soil and the bioconcentration factor.

The coefficient is detemined using equation 1.10:

(Equation 1.10)

Where, are respectively the molar concentration of the solute in the organic and the aqueous rich phase at infinite dilution.

Usually, in the environment, pollutants are at very low concentration in water. In order to be close to natural conditions, the concentrations and should be sufficiently low (below 0.01 mol/L in each phase). At higher concentrations, the interactions solute-solvent can significantly change the value of .

It is to be noticed that in the case of octanol-water system, the water rich phase is almost constituted of pure water (99.99 mol % of water) while the octanol rich phase presents 72.5 mol% of octanol because of the quite high solubility of water in the octanol [START_REF] Ishak | Experimental measurements and thermodynamic modelling of aqueous solubilities, octanolwater partition coefficients and vapor pressures of dimethyl phthalate and butyl benzyl phthalate[END_REF].

When equilibrium is reached, the fugacity of a solute i in the water rich phase is equal to its fugacity in the octanol rich phase , equation 1.11:

(Equation 1.11)

Either as a function of the activity coefficients, equation 1.12, 1.13:

(Equation 1.12) (Equation 1.13)

Where, are respectively the mole fractions and the activity coefficient of the solute i in the water rich phase and octanol rich phase and is the fugacity of the pure reference component at the system temperature.

We deduce equation 1.14: = (Equation 1.14)

Using equations 1.7 and 1.10 for the 2 phases at equilibrium, we obtain equation 15:

(Equation 1.15)

Where, is the molar volume either of water, W, or octanol, O.

By taking into account the quantity of water in the octanol rich phase, the ratio octanol/water at 298 K is equal to 0.151 [START_REF] Ishak | Experimental measurements and thermodynamic modelling of aqueous solubilities, octanolwater partition coefficients and vapor pressures of dimethyl phthalate and butyl benzyl phthalate[END_REF].

is defined for very low concentrations of solute, the activity coefficients are at infinite dilution and could be determined by a relative gas chromatographic method [START_REF] Tse | Infinite dilution activity coefficients and henry's law coefficients of some priority water pollutants determined by a relative gas chromatographic method[END_REF][START_REF] Wilson | Activity coefficients and molecular structure. activity coefficients in changing environments-solutions of groups[END_REF], which constitutes an alternative method to determine the . The method avoids the setting of the equilibrium step of the aqueous and organic phases, therefore the risk of error due to emulsion and microemulsion formation.

For most chemicals, the activity coefficients vary of 9 order of magnitude in the water rich phase and only of 2 order of magnitude in the octanol rich phase [START_REF] Wilson | Activity coefficients and molecular structure. activity coefficients in changing environments-solutions of groups[END_REF]. Hence, of the different chemicals vary of 7 order of magnitude and are highly dependent of activity coefficients in the aqueous solutions.

As already mentioned, is used to express the lipophilicity (hydrophobicity) character of a chemical. If log is positive and particularly important (log > 4), it means that the molecule is highly more soluble in octanol than in water, which reflects its lipophilic character and its affinity for fats that can be found in organisms if ingested. A log = 0 means that the molecule is distributed equally between the two phases. A chemical with a log < 4, is water soluble and available to aquatic species.

Octanol-air partition coefficient KOA

The determination of KOA is important for the knowledge of the behavior of any organic chemical between air and different environmental compartments such as soil and aerosol particles [START_REF] Ribeiro | An overview on the advanced oxidation processes applied for the treatment of water pollutants defined in the recently launched directive 2013/39/EU[END_REF].

This partition coefficient is defined as following:

(Equation 1.16)

Where, are respectively the molar concentration of the solute in the organic phase and the air phase.

By writing equation 1.16 under the following, equation 1.17:

(Equation 1.17) could be deduced from and , equation 1.18:

(Equation 1.18)

From equations 1.9 and 1.18, could be deduced from Henry constant and the octanol/water partition coefficient , equation 1.19:

(Equation 1.19) Figure 1.15 exemplifies this approach while defining each partition coefficient as ratio of solubility delivered in terms of activity coefficients, vapor pressure and fugacity of liquid chemical [START_REF] Cole | Correlating environmental partitioning properties of organic compounds: The three solubility approach[END_REF]. Once the new physicochemical properties are measured, it will be interesting to correlate the results in order to assess their consistency. Similarly, using the adjusted parameters, it will be possible to determine thermodynamic quantities.

1.6 Correlation equations

Correlation equations for vapor pressures -Thermodynamic Quantities

The most used correlations to fit vapor pressures are Clausius-Clapeyron and Antoine equation. Where,

is the melting enthalpy of the compound.

Clausius-Clapeyron equation delivers the enthalpy of vaporization or sublimation at mean temperature of the investigated experimental range Tm. In the literature, the data available is at 298K. In order to compare, it is necessary to « bring » the experimental results to 298 K.

Enthalpies are extensive functions of state in the thermodynamics. The cycle in Figure 1.17 (Chickos & Acree, 2003b) shows the temperature dependence of the vaporization enthalpy. From the cycle in Figure 1.17, it is possible to apply Kirchoff's equation in the case of liquid vaporization, equation 1.26:

(Equation 1.26)

If we admit that the heat capacity of the liquid and of the gas are independent of temperature, we obtain the following, equation 1.27, 1.28:

(Equation 1.27) (Equation 1.28)

With, ( (Equation 1.29)

The heat capacity of liquid and solid are generally available in the literature at 298 K. On the other hand, the heat capacity of gas phase is often unknown and it is necessary to estimate Cp. For this purpose, we use the equation developed by (Chickos & Acree, 2003b) for vaporization:

(Equation 1.30)

In the same way for sublimation:

(Equation 1.31)

Where, and are determined by group contribution method (Chickos & Acree, 2003b).

1.6.2 Correlation and predictive equations for solubility data -Thermodynamic Quantities 1.6.2.1 Correlation: Heidman's equation

Aqueous solubility data of the chemical at a given temperature is correlated using Heidman equation, equation 1.32, [START_REF] Heidman | High-temperature mutual solubilities of hydrocarbons and water. part II: Ethylbenzene, ethylcyclohexane, and noctane[END_REF]:

(Equation 1.32)

Where,

x is the solubility of the chemical in mole fraction; T is the temperature in Kelvin; A, B and C are characteristic constants for each compound.

These parameters (A, B and C), obtained by fitting the experimental results, depend on the nature of the compound and its interactional environment. They are used to calculate thermodynamic quantities of dissolution.

Thermodynamic quantities de dissolution

In case of low reciprocal solubility, we can admit that the activity coefficient of water in the aqueous phase and the activity coefficient of the solute in the organic phase are equal to unity.

In these conditions, the thermodynamic treatment leads to the following relations, equations 1.33, 1.34 and 1.35:

(Equation 1.33) (Equation 1.34)

(Equation 1.35)
Where,

is the Gibbs energy of dissolution in J mol -1 ; ∆solH 0 is the molar enthalpy of dissolution in J mol -1 ; ∆solS 0 is molar entropy of dissolution in J mol -1 K -1 ; R is the gas constant 8.314 in J mol -1 K -1 ; T is the temperature in Kelvin; is the solubility in mole fraction.

By taking into account Heidman's equation fitted on experimental results, it comes to equations 1.36, 1.37:

(Equation 1.36) (Equation 1.37)

1.6.2.2.1 Gibbs energy (∆solG 0 )

The Gibbs energy (∆solG 0 ) is a thermodynamic quantity used to assess the spontaneity of a reaction at constant pressure and temperature. A positive Gibbs energy values (∆solG 0 > 0) indicates that all the processes are non-spontaneous and the reactions are considered as endergonic.

However, a negative Gibbs energy (∆solG 0 < 0) designates a spontaneous exergonic reaction that gives off energy (Figure 1.18) [START_REF] Baker | Gibbs energy analysis of phase equilibria[END_REF]. indicates that dissolution is endothermic reaction that takes in energy. Conversely, exothermic process with a negative molar enthalpy of dissolution releases energy from the system to the surrounding (Figure 1.19) [START_REF] Sugihara | Enthalpy-Entropy compensation phenomenon observed for different surfactants in aqueous solution[END_REF]. The molar entropy of dissolution (∆solS 0 ) expresses the randomness resulting from the dissolution between the solute and the solvent. Thus, negative entropy of dissolution (∆solS 0 > 0) is probably due to the constitution of the water molecule cavity and the increased order in the structure while surrounding the solute [START_REF] Schwarzenbach | Environmental organic chemistry[END_REF].

1.7 Thermodynamic modeling

The different methods of modeling

Even though it is preferable for all required physicochemical parameters to being experimentally measured, in many cases it requires a considerable effort due to the large number of chemicals of actual and potential concern, as well as the various difficulties involved and the cost of the experimental determinations. Therefore, there is an increasing need for thermodynamic models to calculate the physicochemical properties (Table 1.11).

Table 1.11: General predictive and semi-predictive thermodynamic models.

Models of activity coefficient EQUATION OF STATE Semi-Predictive Predictive

Van Laar Random Two-Liquid model, NRTL [START_REF] Henri | On the thermodynamics of alcohol-hydrocarbon solutions[END_REF][START_REF] Renon | Derivation of the three-parameter wilson equation for the excess gibbs energy of liquid mixtures[END_REF] and the UNIversal QUasichemical Activity Coefficient (UNIQUAC) model [START_REF] Abrams | Statistical thermodynamics of liquid mixtures: A new expression for the excess gibbs energy of partly or completely miscible systems[END_REF].

Margules

In the predictive methods such as the Analytical Solution Of Group (ASOG) method and the UNIversal Functional group Activity Coefficient (UNIFAC) method, the parameters are determined by Group Contribution Methods (GCMs) [START_REF] Magnussen | UNIFAC parameter table for prediction of liquid-liquid equilibriums[END_REF][START_REF] Wilson | Activity coefficients and molecular structure. activity coefficients in changing environments-solutions of groups[END_REF]. Predictive models do not require any experimental data.

Alongside the "traditional" modeling methods listed in Table 1.11 and based on the quantum calculation carried out on molecular orbitals associated with a calculation of molecular interactions by statistical thermodynamics, Klamt has developed a new prediction method: the Conductor-like Screening Model for Real Solvents (COSMO-RS) (Klamt, Andreas, 1995). This method required basically data on the molecular structures of the chemical species. After that, it was extended to the level of prediction of phase equilibria: Vapour-Liquid Equilibria (VLE),

Liquid-Liquid Equilibria (LLE) and Solid-Liquid Equilibria (SLE) [START_REF] Eckert | Validation of the COSMO-RS method: Six binary systems[END_REF][START_REF] Eckert | Prediction of halocarbon thermodynamics with COSMO-RS[END_REF]Klamt, Andreas & Eckert, 2000a;Klamt, Andreas, Krooshof, & Taylor, 2002;Klamt, Andreas & Eckert, 2004;[START_REF] Oleszek-Kudlak | Application of the conductor-like screening model for real solvents for prediction of the aqueous solubility of chlorobenzenes depending on temperature and salinity[END_REF][START_REF] Spuhl | COSMO-RS predictions in chemical EngineeringA study of the applicability to binary VLE[END_REF].

The thermodynamic models with equation of state were not considered in the present work because they are rather adapted to the study of the influence of the pressure on the equilibria phases, but the pressure has only small influence on liquid-liquid equilibrium such as octanolwater partition equilibrium or on water solubility. In addition, all the studies were carried out at ambient pressure only.

Similarly, the semi-predictive models based on activity coefficient: NRTL and UNIQUAC could not be tested due to the absence of data on one of the phases in equilibrium (in the case of solubilities in water) or insufficient number of data for the fitting of the parameters (octanol-water partition was studied at a single temperature and for a single very dilute solute concentration).

Consequently, in this work, we will detail and use the two following models. The first one is a predictive model based on Group Contribution and activity coefficients: UNIFAC original and two versions of the UNIFAC modified UNIFAC modified Dortmund and UNIFAC Liq-Liq which present a large number of group interaction parameters independent of temperature [START_REF] Fredenslund | Vapor-liquid equilibria using UNIFAC[END_REF][START_REF] Gupte | Prediction of liquid-liquid equilibria with UNIFAC: A critical evaluation[END_REF][START_REF] Hooper | Correlation of liquid-liquid equilibria for some water-organic liquid systems in the region 20-250[END_REF][START_REF] Magnussen | UNIFAC parameter table for prediction of liquid-liquid equilibriums[END_REF][START_REF] Weidlich | A modified UNIFAC model. 1. prediction of VLE, hE, and .gamma[END_REF]. The second one is a predictive model based on quantum chemistry: COSMO-RS. The UNIFAC method, based on the use of the UNIQUAC model in which the parameters are determined by contribution of groups, allows the predictive calculation of the liquid-vapor and liquid-liquid phase equilibria of multicomponent mixtures.

The UNIQUAC model was selected in UNIFAC method because UNIQUAC allows a good representation of liquid-vapor and liquid-liquid equilibria with a limited number of parameters: two parameters for a binary system if the temperature range is quite limited, four for a larger range [START_REF] Fredenslund | Vapor-liquid equilibria using UNIFAC[END_REF][START_REF] Reid | Theoe properties of gases and liquids[END_REF].

A group contribution method consists in splitting the molecules into functional groups (CH3, CH2,…, OH, COO..) and admitting that the molecular quantity considered (surface, volume, interaction….) is the sum of the contribution of the groups that make up the molecule.

Molecular interactions are thus deduced from the interactions between the different groups present in the molecules concerned. Group-group interactions are assumed to be independent of the molecular structure of the interacting molecules. For example, the interaction due to a CH3 group is the same for a CH3 of hexane or that of acetone. GrouP interaction parameters are determined from reduction of experimental data for binary systems. A matrix of binary interaction parameters between groups is thus constituted with a limited number of groups. The matrix can then be used to characterize the interactions of a considerable number of different molecules and to predict the activity coefficients for systems that have not been studied experimentally.

In the UNIQUAC model, the activity coefficient has two contributions: the combinatorial The residual part is function of the molecular interaction energies, , equation 1.42:

(Equation 1.42)

In the case of a binary mixture, the UNIQUAC model depends on two interaction parameters and which are adjusted to the experimental equilibrium data. The modeling of a multicomponent liquid with three or more components does not need a ternary (or higher)

parameter.

In In this work, we retained 2 of the main version: UNIFAC Liquid-Liquid and UNIFAC modified DORTMUND 1995 [START_REF] Fredenslund | Vapor-liquid equilibria using UNIFAC[END_REF][START_REF] Gmehling | A modified UNIFAC model. 2. present parameter matrix and results for different thermodynamic properties[END_REF].

Binary interaction parameters of UNIFAC-original were determined using a data base mostly constituted of binary liquid-vapor equilibria. Consequently the prediction of liquid-liquid equilibria is sometimes very approximate. In order to improve the prediction of liquid-liquid equilibria, Magnussen et al established a matrix of interaction coefficients fitted only on binary data of liquid-liquid equilibria (UNIFAC liq-liq) [START_REF] Magnussen | UNIFAC parameter table for prediction of liquid-liquid equilibriums[END_REF].

Given the success of UNIFAC method for process development and simulation, several researchers expanded the number of group interaction parameters and improved the predictions.

The Consortium founded in 1995 at the University of Oldenburg is among the most active and has developed the model known by the acronym "UNIFAC modified DORTMUND 1995".

The latter slightly differs from the original model: the combinatorial part of the equation was modified and temperature dependency of the group interaction parameters was introduced to improve the predictions in a large range of temperature. The UNIFAC modified DORTMUND 1.7.2.3 Conductor-like Screening Model-Real Solvent (COSMO-RS)

The main disadvantage of group contribution methods is evidently the dependence of the interaction parameters. Moreover, other limitations occur:

-The different isomers are not discriminated -Failure to take into account phenomena such as electronic interactions in conjugated systems, aromatic structure and intramolecular hydrogen bonds.

-Failure to take into account the molecules conformation leading to steric interference on groups that limits the chemical interactions.

To avoid all these disadvantages, more fundamental approaches are essential at the molecular level such as COSMO-RS model. The latter is a predictive model for thermodynamic properties of pure substances and mixtures. It combines a quantum calculation of molecular orbitals with an exploitation by statistical thermodynamics in order to deduce the solute-solvent molecular interactions. This dual approach allows the calculation of chemical potential of pure compounds or in solution. It is then possible to calculate the properties and the phase diagrams by thermodynamic relations of pure substances or mixtures. This results of an interaction solute-solvent which energy could be calculated. In the top left of the picture molecule is in its original form. In the middle picture, the molecule is being placed inside a molecular shape cavity in a continuum medium. Top right pictures represents screening charges on the cavity surface due to electrostatic interaction between the molecule and its medium [START_REF] Mullins | Sigma-profile database for using COSMO-based thermodynamic methods[END_REF].

COSMO-RS gives accurate results for the solvent water. However, the model could not discriminate two solvents having the same dielectric constant but different properties such as cyclohexane and benzene.

Because of this severe limitations of the "entire dielectric continuum solvation approach", Klamt has proposed in 1995 a novel concept called the conductor-like screening model for realistic solvation (COSMO-RS) that combines COSMO approach with the statistical thermodynamics treatment of interacting surface (Klamt, Andreas, 1995).

COSMO-RS model

Compared to the original COSMO model, COSMO-RS features two improvements:

-Treatment of the solute and the solvent similarly in the quantum calculation.

-Calculation of solute-solvent interactions by statistical thermodynamics to deduce the chemical potential.

COSMO-RS model is described in a large number of articles as being the most precise quantum chemical model for the prediction of the thermodynamic properties of pure substances and mixtures without using any experimental data. The only information needed is the molecular structure of compounds and eight general parameters.

Thereby, this method was commercialized using COSMOtherm program in 1999 and ADF COSMO-RS module in 2009. In the past two eras, many papers talked about COSMO theory including its modifications: COSMO-RS, COSMO-SAC, and others. COSMO theory was commonly used to predict the thermodynamic properties and phase equilibria of systems, such as activity coefficients, vapor-liquid equilibrium (VLE), excess enthalpies, gas solubility…..

The process of COSMO-RS calculation is illustrated in Figure 1.21. The solute-solvent, solute-solute and solvent-solvent interactions are then calculated by statistical thermodynamics to deduce the chemical potential.

Computational details

The COSMO-RS calculations were performed following a multistep procedure. First and in order to obtain the COSMO and ENERGY files, the molecular geometry of each investigated compound was optimized in the gas phase and in the COSMO state using TURBOMOLE TmoleX v.4.1.1 program package at BP-TZVP and BP-TZVP-FINE level of theory (BP: Becke-Perdew density functional theory) [START_REF] Becke | Density-functional exchange-energy approximation with correct asymptotic behavior[END_REF][START_REF] Perdew | Density-functional approximation for the correlation energy of the inhomogeneous electron gas[END_REF]Turbomole, 2015). All optimizations were performed for the most stable conformer of each molecule. Once these files generated, the COSMOtherm program is used to perform thermodynamic calculations using the COSMOtherm version C30-1601 software package (F. [START_REF] Eckert | COSMOtherm, version C30[END_REF].

To recognize which parameterization provides better results, vapor pressure and log were predicted at both level of theory TZVP and TZVP-FINE using the parameter files BP_TZVP_C30_1601 and BP_TZVPD-FINE_C30_1601.

Conclusion

Health and welfare of population and environment are main reasons to assess the toxic effects of alkylphenols and phthalates. The physicochemical properties of xenobiotics are the main parameters that assess the migration and the toxicity of the chemicals in the different compartments of the environment. We undertook this study because literature suffers from a lack of data related to the physicochemical properties of these chemicals.

The vapor pressure, aqueous solubility and octanol-water partition coefficient of five food contaminants 4-n-octylphenol (4-n-OP) and 4-tert-octylphenol (4-t-OP), 4-nonylphenol (4-NP), di-n-pentylphthalate (DPP), bis-2-ethylhexyl phthalate (DEHP) have been determined in this work.

In a second step, thermodynamic modeling was performed: three variants of UNIFAC and COSMO-RS. Modeling allows time and money saving and is permanently used in recent researches. Accordingly, we will compare in this work the experimental physicochemical properties with thermodynamic predicted results. 

Analytical quantification

While determining the quantity of a solute in a specific sample using a specific analytical method, it is crucial to follow different steps including the adequate instrumentation, optimization of the separation methods, determination of the limit of detection (LOD) and the limit of quantification (LOQ), and preparation of the corresponding calibration curve (UhrovAik, 2014).

Analytical techniques

Nowadays, numerous types of chromatography techniques are used. Some of them include Gas Chromatography (GC), High-pressure Liquid Chromatography (HPLC), equipped with different detectors. The purpose of using these techniques is to separate, identify and quantify a solute.

In this study, we adopted two chromatography techniques: Ultrahigh-pressure Liquid Chromatography (UHPLC) Thermo Scientific Dionex Ultimate 3000 to study the alkylphenols and di-n-pentylphtalate (DPP) and Gas Chromatography Mass Spectrometry (GC-MS) Agilent 6890 N for Bis(2-ethylhexyl)phtalate (DEHP) analysis.

These two chromatographic methods use a "chromatographic column" containing a stationary phase subjected to the flow of a gaseous or liquid mobile phase transporting the sample mixture to be separated into the column. Due to the differences in properties and structure of each component of the sample, their interaction with the stationary phase is different. As a result, the retention time of the components differs in the column, thus moving out of the column in different orders. At the end of the column, the detector identifies and quantifies (after calibration) each component of the mixture.

Study of alkylphenols and DPP phthalate by Ultrahigh-Pressure Liquid Chromatography (UHPLC)

Ultra-high Performance Liquid Chromatography (UHPLC) has already become a popular method of separation and quantification adopted in many fields. It differs from classical HPLC by the use of a separation column containing small size particle (diameter between 5 and 2 microns against 10 microns in the case of HPLC). This results in high efficiency, resolution and speed of analysis. However, the inlet pressure of the column is greater (80 to 100 MPa in case of UHPLC against 30 to 40 MPa with HPLC).

Instrumentation

The used apparatus is an Ultrahigh-pressure Liquid Chromatography (UHPLC) Dionex Ultimate 3000 from Thermo Scientific Company. It is mainly formed of three compartments: the auto sampler, the column compartment and the UV/Visible Diode Array detector to quantify the solute by measuring the sample's absorption of light at different wavelengths. The signals are converted and recorded by a data management system (computer software). The result is given in the form of a chromatogram.

In the following section, we briefly describe the representation of each compartment:

The Rapid Separation Well Plate Autosampler is composed of three racks adequate for 40 It also delivers networking competencies for online monitoring, instrument control, automation and data reports exporting (Chromeleon CDS instruments, intelligence, insight.).

Development of the analytical procedure

Table 2.2 defines two specific analytical conditions: a first adopted for the quantification of the alkylphenols molecules: 4-n-OP, 4-t-OP and 4-NP and a second for DPP. In case of DEHP, we applied the same analytical method)asused for DPP because the 2 phthalates belong to the same family. Nevertheless, we notice no more reproducibility in the surfaces of the analyzed peaks after several calibrations due to a à cumulative column contamination within each analysis. This contamination is due to a strong interaction between the C8 bonded phase and the two long alkyl chain of DEHP (2x8 atoms of carbon for DEHP).

Molecules

Accordingly, we decided to study DEHP with GC-MS.

Development of the analytical conditions for DEHP study by Gas Chromatography Mass Spectrometry (GC-MS)

As mentioned previously, DEHP was analyzed by GC-MS. Gas chromatography (GC) is one of the popular chromatography techniques to separate organic compounds. Because of its simplicity, high sensitivity, and the efficiency of separation, gas chromatography has become one of the most important tools in chemistry.

The mobile phase is a gas such as helium, and the stationary phase is a film chemically bonded or coated on the inner wall of a capillary column. The sample mixture is either injected using a six ports injection valve when gaseous or by a syringe when liquid. The injector is submitted at a sufficiently high temperature in order to vaporize the sample.

GC is the chromatographic method with the largest number of detection types, some being specific to a family of molecules.

Instrumentation

We used a GC-MS from Agilent type 6890 N equipped with an automatic sampler. The detection is carried out by mass spectrometry. The separated molecules from the column are subject to a flow of electrons that ionized them and/or split into ionized fragments. In a second step, the spectrometer separates the ionic species according to the ratios of their charges to their respective mass (mass/charge; m/z). It is thus possible to determine the molecular weight of the different fragments and/or of the molecular ion.

The GC-MS can be programmed in two operating modes: Scan mode total ion chromatogram (TIC) and Selected ion monitoring (SIM).

Scan mode total ion chromatogram (TIC) is the total ionic current is registered function of time.

Selected ion monitoring (SIM) refers to the use of the instrument to record the ion current at selected masses that are characteristic of a specific compound. More precisely, in this mode the mass spectrometer does not scan the entire mass range but only focuses on m/z values for which characteristic ions are expected. This mode that we have adopted is used to ensure sensitivity and specificity while scanning the mass range detected in a chromatogram [START_REF] Kitson | Chapter 1 -what is GC/MS?[END_REF]. Table 2.4 displays the operating conditions and the temperature program adopted for the quantification of DEHP using GC-MS. For the quantification of alkylphenols and DPP, we adopted the most usual and simple technique used for quantitative methods: the external standard calibration. The accuracy of this quantification method is very dependent on the reproducibility of the injected volumes that is ensured by UHPLC thanks to its six ports injection valve possessing a sample loop. Accordingly, it generates a mathematical equation by plotting the instrument reading of the analyte peak in function of the concentration For the quantification by GC-MS, it is recommended to adopt the internal calibration curve using an internal standard. Injection by a syringe is less reproducible than the injection via a sample loop used in UHPLC. In the present quantification method, the ratio (signal solute/signal internal standard) is adjusted to the ratio of the corresponding concentrations. In this way, the uncertainty due to the injected volume is eliminated. Anyhow we carried out the external calibration too in order to compare the performance of the two quantification methods.

Analytical development

Generally, the choice of internal standard is based on different characteristics such as the similarity in the structure of the internal standard and targeted analyte. For DEHP, we tried dibutylphthalate (DBP) as internal standard, CAS# 84-74-2. Accordingly, we had to choose an adequate concentration of DBP in the same order of the peak signal magnitude of DEHP (Figure 2.4). 

Determination of the Limit of quantification (LOD) and Limit of quantification (LOQ)

Prior to the determination of the physico-chemical properties of the alkylphenols and phthalates molecules, we checked the Limit Of Detection (LOD) & Limit Of Quantification (LOQ). It is a preliminary basic step to recognize the analytical sensitivity of the method such as UHPLC or GC towards a solute.

The Limit of detection LOD is being the smallest concentration of a specific analyte that can differenced from zero with a given analytical method.

The Limit Of Quantification LOQ stands for the smallest analyte concentration that can be quantitatively detected with a well-defined accuracy and precision.

Several methods exist to determine LOD and LOQ (Standard-Norme AFNOR XP T90-210).The most suitable to our study is the one « issued from linearity study ». According to this method, the calibration curve is fitted on experimental results as following:

y = ax + b (Equation 2.1)
Where, a is the curve calibration slope; b is the intercept.

In our case, y stands for the analyte concentration and x the measured quantity (peak area, UHPLC or GC).

Following the standards, LOD and LOQ expressed in measured quantity are given by equation 2.2 and 2.3 respectively: LOD = (Equation 2.2) LOQ = (Equation 2.

3)

Where,

Sb is the standard deviation of the intercept b.

Table 2.5 shows the concentration values of LOD & LOD of the alkylphenols and phthales in ppm. The effusion method, developed by Knudsen is based on the determination of the mass flow of a compound escaping as vapor from a micro hole of a cell placed in a high vacuum chamber maintained at a constant temperature [START_REF] Knudsen | Die molekularströmung der gase durch offnungen und die effusion[END_REF].

Several methods were used to determine the mass flow: measurement of the impulse of the vapor jet by means of a thermobalance, mass loss of the sample, measurement of the torque due to the recoil force produced by the effusing vapor molecules. The recoil force is related to the equilibrium vapor pressure.

The pressure is calculated using equation 2.4:

P = (Equation 2.4)
Where, m is the effused mass; A the orifice of effusion area; M the molecular mass of the sample, t the effusion time; K is the Clausing factor that takes into account the geometry of the effusion orifice determined by calibration. The range of measurable pressure is comprised between 10 -6 Pa and 1

Pa.

In the present work, we used dynamic and static methods that will be detailed below, the apparatus being available.

Vapor pressure determination by dynamic gas saturation method

The dynamic gas saturation method, also called transpiration method, was adopted due to its high accuracy and sensibility specifically at low pressures <10 -2 Pa. The principle of this method is based on the analytical quantification (UHPLC-UV or GC-MS) of the condensed vapor of the solute. It occurs from the N2 gas passing through a thermostatically controlled column filled with a solid support previously impregnated with the studied compound (Ishak, Hanane, 2017).

The experimental apparatus is composed of the saturator which is stainless tubing containing an inert gas chromatographic support impregnated with the studied compound and placed in an oven. When thermal equilibrium is reached, the solute is swept by N2 into a cold stainless steel trap for one to several hours depending of the volatility of the compound. The trapped quantity is dissolved in methanol and quantified using HPLC-UV analysis [START_REF] Mokbel | Liquid-liquid equilibria of binary and ternary systems involving monoethyleneglycol, water, n-alkanes at three temperatures[END_REF]. 

Realization of the saturator column

The saturator is a 2 meters long column made from stainless steel with 3.2 and 2.2 mm outer and inner diameter respectively. Both ends are plugged with the stainless steel nuts (Swagelok brand) and ferrules. The used gas support is Chromosorb P NAW type 100/120 mesh (Interchim). The analyte is first dissolved in methanol and the solution added to the support. The mixture is shacked for 8 hours. The solvent is finally evaporated under P = 340 mbar at 40°C for 24h of rotation using the rotary evaporation. The impregnated adsorbent is recovered and dried subsequently in an oven for 6 hours at 80°C. The amount of analyte adsorbed by the support is about 5 % in mass %. Table 2.6 shows the masses of analyte used for studying the vapor pressure of each compound dissolved in 50 ml of methanol. DEHP was not studied because of its very low vapor pressures. The column is filled manually using a small funnel by gravity and vibration. During this process, one of the two ends of the column is blocked using small pieces of glass wool to avoid any loss of powder. To simplify installation, the column is spiraled into a serpentine of 10 cm in diameter while leaving the ends free to facilitate their connections. Finally, a low flow rate of 2 mL.min -1 of carrier gas with an average temperature of 150°C is applied for preconditioning the saturator. The goal of this operation is the elimination of any volatile compounds and traces of solvent contained in the support. This process is maintained for a maximum of 6 hours before starting any experiment, Figure 2.7. is student factor at 95% confidence interval and a degree of freedom of 3. For four experimental determinations:

Vapor pressure determination using static apparatus

The static apparatus is represented in Figure 2.8. It was used to determine new data at higher pressures than those obtained by the saturation method and to compare with the latter apparatus described previously. The liquid or solid sample is introduced in a cell maintained at the equilibrium temperature.

The studied mixture or pure substance is placed in a cell emptied previously of air. The vapor pressures are determined by a differential Baratron manometer from MKS 616 A (pressure range 0 to 15 kPa) associated with a MKS signal conditioner 670 B. The sample pressure is applied in the measurement side (Pm) of the sensor whereas the reference side (Pr) is kept under vacuum thanks to a primary vane pump system coupled in series with a diffusion pump. Thus, the residual pressure of the order of 10 -4 Pa could be neglected.

For measurements above 15kPa (measuring range of the MKS sensor), air is introduced on the reference side (Pr). A pressure sensor (Keller) allows precise measurement of the air pressure.

Thus, the measurable pressure range is increased up to 200 kPa.

The cell is equipped with a magnetically driven stirrer, which allows the study of pure substances and mixtures. The advantage of stirring is to allow rapid equilibration and to obtain good homogeneity in the case of mixtures. A thermocouple type K placed into the well of the cell,

gives the temperature of vapor-liquid equilibrium. The MKS pressure gage was calibrated by measuring vapor pressures of n-decane using literature data in the temperature range between (-10°C to 100°C) and pressure range (11 Pa to 10 kPa) [START_REF] Chirico | The vapor pressure of n-alkanes revisited. new high-precision vapor pressure data on n-decane, n-eicosane, and n-octacosane[END_REF][START_REF] Viton | Vapor pressure of normal alkanes from decane to eicosane at temperatures from 244 K to 469 K and pressures from 0.4 pa to 164 kPa[END_REF]. As suggested by the constructor, a straight line is obtained with a slope equal to unity.

The second pressure gage, type Keller, was calibrated against a standard sensor MKS 616A

(pressure range 0 to 1500 kPa).In a second step, the calibration was controlled by studying ndodecane and water. The experimental vapor pressures were compared with literature data [START_REF] Štejfa | Vapor pressures and thermophysical properties of selected monoterpenoids[END_REF]Viton, Christophe & Jose, 1995).

As shown in Table 2.7, a very good agreement is obtained for the entire pressure range that could be explored by the static apparatus. 

Cell measurement

The cell measurements of the static apparatus present different volumes from 5 to 75 mL.

The cell is made of stainless steel with a cylindrical shape. It is constituted of two parts. The upper part remains permanently connected to the device with a small coil traversed by a circulation of ice water at the time of degassing in the case of pure substances. The lower part, where the studied analyte is located, is easily removable since a screw and a nut connect it. The association and disassociation actions of this part can be carried out easily and quickly. The cell is appropriate for the study of pure substances as well as mixtures.

2. 3.3.1.3 Degassing of the sample before measurement Figure 2.9 represents the degassing system prior to vapor pressure measurements. It consists of several parts made from glass. 'A' is a bulb for preparing a mixture and/or placing the analyte followed by the refrigerant 'B'. Part C is where degassing occurs exactly. At level 'D', a connection between glass and metal to the valve V9 ensures the direct injection of the degassed mixture into the measuring cell 'F'. The coil 'E' connects 'F' to valve V9 by a stainless steel canalization. To initiate the degassing of the sample, we close the valve V9 then the liquid is introduced from bulb 'A' to bulb 'C'. Bulb A is removed subsequently replaced by a solenoid valve connected to a pump ensuring a vacuum of 0.1 Pa and manually controlled by a push-button.

The heating cords on the lower part of 'C' and V9 bring the liquid to ebullition. Degassing is carried out by opening the solenoid valve for approximately 0.5 seconds between five and ten Using the static apparatus, four alkylphenols were studied: 4-pentylphenol, 4-hexylphenol, 4-octylphenol and 4-t-octylphenol in the temperature range between 350 and 460K.

2.4 Aqueous solubility determination using dynamic saturation method

Principle

Dynamic and shake-flask methods are used to measure aqueous solubility with specific experimental protocol. Shake-flask method is also identified as contacting method whereas dynamic saturation method is known as generator column on-line solid phase extraction. However, we used in this research the dynamic saturation method in case of low aqueous solubilities measurements below 10 -2 g L -1 and between 298.15 and 328.15 K, Figure 2.11. The principle of this method is based on the saturation of a known quantity of water flowing through a cell (b) packed with a gas support type Chromosorb previously coated by the analyte (about 10% by mass). Water crosses the cell at a low flow of 0.1 mL min -1 , saturates with the analyte and reach the extraction cartridge (d) where the sample is trapped after a cooling step (c).All of the water is recovered in a flask for weighing (f) and analyzed. The elution from the cartridge is proceeded using the appropriate solvent (methanol or methylene chloride). Finally, the eluted solution is analyzed for quantification by HPLC-UV for 4-n-OP, 4-t-OP, 4-NP, DPP, and GC-MS for DEHP.

Saturation cell

The type of support and the way of impregnation by the sample is identical to the gas saturation method previously described. However, the prepared quantity is much more important because of the bigger volume of the saturator: 10 cm of length and 23 cm 3 of capacity. At each end of the cell are placed« swagelok » 3/8'' connector with stainless steel synter (pore diameter of 

The sample-trapping cartridge.

The sample-trapping cartridge is placed downstream of a condenser through which cold water flows in order to promote the retention of the solute (Figure 2.13).

104 The cartridge is packed with alkyl-bonded silica. Different lengths of bonded chain are commercially available (C2, C8, C18). The retention mechanism involved is the interaction between the alkyl chains of the solute and that of the silica.

For DEHP, different types of bonded silica were teste because it has the lowest solubility in water due to its high molar mass. Figure 2.14 shows the chromatographic analysis for a C2 and C8 bonded silica carried out under the same experimental saturation conditions. Therefore, C8 bonded-silica having the longest alkyl chain was adopted since it trapped the highest quantity of DEHP. We checked that during an extraction by two C8 cartridges placed in series, the second cartridge does not contain any trapped compound, which confirms the quantitative retention of the solute by the C8-bonded cartridge. This control was carried out for each of the studied compound.

Appropriate solvent for elution

For the elution of alkylphenols molecules and DPP, we adopted methanol as an appropriate solvent. For DEHP, methylene chloride is considered an optimal solvent because its solubility in methanol is low. However, methylene chloride and water are not miscible thus; a direct elution using methylene chloride after the passage of water through the system can weld the thin canalization. To avoid this, we decided to clean the system of any water droplets before elution with methylene chloride. This step is done with 0.5 ml of methanol at a very low flow rate in a vial. During analysis, this vial is tested to ensure its emptiness of DEHP. The eluted solution is analyzed for quantification by HPLC-UV for 4-n-OP, 4-t-OP, 4-NP, DPP and GC-MS for DEHP.

Conditioning extraction cartridge

Before starting any experiment, the cartridge used for trapping the analyte should be conditioned with the solvent used for elution then with ultrapure water to eliminate any impurity and prepare the cartridge for the experimental conditions.

Aqueous solubility calculation

The aqueous solubility is calculated through equation 2.13:

(Equation 2.13)
Where,

Xs is the solubility of alkylphenol in mole fraction; ns and nw are respectively the number moles of solute and water.

However

, thus the calculation of the solubility becomes:

(Equation 2.14)

Where and are calculated through equations 2.15 and 2.16:

In order to approach infinite dilution conditions, the solute concentrations in each of the phases must be sufficiently low, less than at least 0.01mol/L. The advantage of the method are that the partition coefficient octanol-water is physically realized and given directly by the definition relation without going through intermediate parameters.

obtained by this way are generally by far the most accurate.

In order to avoid the risk of formation of an emulsion or micro-emulsion, stirring must be carried out with a low rotational speed. Consequently, one determination requires a lot of time:

bring the system into equilibrium and the need to leave it to settle for decantation before sampling and analysis.

HPLC method

The HPLC method consists of carrying out a reverse-phase HPLC analysis of the studied solute using an analytical column containing a bonded-silica with a long hydrocarbon chain, type C8 or C18The retention of the solute results from the hydrophobic interaction between the hydrocarbon surface of the solute and the n-alkyl chain of the bonded-silica. The retention time of the solute increases with its hydrophobicity. The used solvent could be water/methanol or water/acetonitrile mixture, the composition is adjusted to have a solute retention time between 5 and 10 min [START_REF] Eadsforth | Assessment of reverse-phase chromatographic methods for determining partition coefficients[END_REF].

The retention time of the solute (tr/min) allows the calculation of k', capacity factor, equation 2.21:

(Equation 2.21)
Where, is the column dead time (or hold-up time) which refers to the time of transit through the column of an unretained sample.

A prior calibration is necessary for compounds whose is known from literature to fit the calibration equation 2.22 to calculate :

Log = a + b log k' (Equation 2.22)
Where, a and b are fitted parameters.

The main advantage of the method is its simplicity and the speed of the determination.

However, the many drawbacks that led us to reject this method are summarized below:

-The octanol-water partition equilibrium is not physically realized. Consequently, the is deduced from intermediate parameters.

-The method requires data of several standards having a molecular structure close to the studied compound, if possible.

-The determination of the dead time involves the injection of a compound that does not interact with the bonded-silica and must be detectable by the used HPLC device (in our case, a compound absorbing in UV-visible). In practice, such a compound is sometimes difficult to find. Some authors proposed the determination of retention time of homologous solutes and then to extrapolate the retention time to zero carbon number [START_REF] Berendsen | On the determination of the hold-up time in reversed phase liquid chromatography[END_REF]). An inter-laboratory comparative test showed that the log determined by HPLC has an average difference of 0.5 units with the shake-flask method provided that calibration is carried out with standards structurally close to the studied compound [START_REF] Klein | Updating of the OECD test guideline 107 "partition coefficient N-octanol/water": OECD laboratory intercomparison test on the HPLC method[END_REF]).

GC method

The GC theory method imposes the use of equation 2.23 with the activity coefficient of the solute injected into the GC column. This latter contains a support impregnated with a nonvolatile solvent:

(Equation 2.23) (Equation 2.24)

Where,

T is temperature of the column in Kelvin; is the mass of solvent impregnating the column in gram; is James and Martin factor taking into account the compressibility of the carrier gas; Ds is the carrier gas outlet flow measured at the column temperature in m 3 s -1 ; is the molar mass of the solvent in g mol -1 ; P0 is the solute vapor pressure in Pascal; Pin and Pout are respectively the pressure at the inlet and outlet of the column in bar.

This method is widely used to determine solute/solvent activity coefficients in order to meet needs in the field of thermodynamics. It is also applied for the characterization that consists in determining by two independent experiments: a column with support impregnated by water for the activity coefficient of water and another column with support impregnated by octanol for the activity coefficient of octanol in order to calculate :

(Equation 2.25)

Where, and are respectively the molar volume of water and octanol with ;

are respectively the activity coefficient of the solute i in the water phase and octanol phase at infinite dilution.

Since the quantity of solute injected are very small and less than one nanolitre, the conditions of infinite dilution are respected.

While octanol is relatively low-volatile at 25°C, the significant volatility of water at this temperature leads to a continuous decrease in the mass of water impregnating the support and therefore to a drift in the retention time of the solute. The drift is lower in the case of the column impregnated with octanol. To overcome this difficulty Orbey and Sandler developed the relative gas chromatographic method consisting in determining relative activity coefficients defined by the following relation [START_REF] Orbey | Relative measurements of activity coefficients at infinite dilution by gas chromatography[END_REF]:

(Equation 2.26)

Where, are respectively the activity coefficients and the vapor pressure of the studied solute (a) or of the reference compound (b) which activity coefficient is known. These two solutes are injected simultaneously into the column impregnated with water and into the column impregnated with octanol; is the selectivity of the solvent towards a and b equal to:

(Equation 2.27)

Where, and are respectively the retention time of solute and standard ; is the dead time of the column determined by injecting methane for example

The ratio of the activity coefficients is not very sensitive to the variation of the solvent impregnating the column. However, the exact calculation of requires a correction of the activity coefficients since the latter were determined respectively in pure water and pure n-octanol (and not in respectively saturated liquids). G. Tse and S. I. Sandler proposed the following simple correlation based on the empirical adjustment of twelve compounds, which are known [START_REF] Tse | Determination of infinite dilution activity coefficients and 1octanol/water partition coefficients of volatile organic pollutants[END_REF]:

(Equation 2.38)

The average absolute deviation of the fitting is 3.4% that gives an idea of the validity of the method.

However, the database is very limited: 8 light chlorinated compounds and 4 alkanes ranging from pentane to heptane. Failure to consider the correction induces an error of at least 10% on the Log . These remarks led us to adopt shake-flask method for more reliability.

Octanol-water partition coefficient determination by shake-flask method

In this work, the octanol/water partition coefficient log is determined in static mode using the shake-flask method at 298.15 K. Figure 2.15 shows the experimental setup of this method. The main part of the apparatus is made up of several glass cells of about 300 mL. Each cell was equipped with a magnetic stirrer and a jacket for a circulating fluid to keep the sample at constant temperature monitored by a thermocouple type K introduced in the well adapted to the cell. The partition equilibrium is carried out at ambient pressure. The sample is stirred at low rotation in order to homogenize the temperature and to avoid emulsion. The cell is equipped with two preheated lines used to withdraw the sample and to avoid adsorption phenomena. At the end of the sampling line of the aqueous phase, extraction cartridge is introduced. To withdraw the sample, a slight nitrogen pressure of 0.3 bar approximately is applied to the solution contained in the cell.

Preliminary steps

2.6.2.1.1 Pre-conditioning of n-octanol and ultra-pure water

The two phases n-octanol and ultra-pure water are pre-saturated and stirred for 24 hours with each other before starting any experiment at a set temperature. After that, we let the two phases rest before their use.

Preparation of the solutions

A specific mass of the product is weighed using a precision analytical balance and dissolved in the pre-saturated octanol. In order to approach "infinite dilution" conditions, the concentration of the studied substance in octanol has a concentration less than 0.01 mol/L.

Equilibrium of the 2 phases

The pre-saturated octanol containing the studied compound is gently poured over the presaturared water to prevent the formation of micelles (about 120 mL of each phase). The mixture is stirred during 24h using a magnetic stirrer until equilibrium is reached with a vortex that not exceed 1 cm to avoid any emulsion. The two phases are left to settle for decantation during rest 12 hours before carrying out the sampling.

2.6.2.1.4 Extraction and elution of the solute from the aqueous phase

The aqueous phase located in the lower part of the vessel is recovered using an outlet valve without reaching the octanol phase. An extraction column of C8 bonded-silica identical to that used in the inert gas saturation method is adapted to the outlet valve of the aqueous phase and a slight nitrogen pressure of 0.3 bar approximately is applied to the equilibrium cell (Figure 2.16).

The output flow rate of the aqueous phase is regulated at approximately 0.5 ml/min.

To elute the trapped analyte, a syringe of 10 mL filled with methanol (elution solvent for all the studied solute) is fixed on the end of the cartridge. Given the very small quantity of trapped compound and in order to limit the dilution of the sample, the elution volume is generally less than 10 mL depending on the hydrophobicity of the molecule.

For all the studied compounds, we checked the absence of solute during an additional elution of the cartridge with 4 mL of solvent. Once the elution is complete, the cartridge is packaged for further use at a low flow of ultra-pure water and dried with pressurized nitrogen. As in the case of vapor pressure determination by inert gas saturation, the eluted solution is analyzed for quantification by HPLC-UV for 4-n-OP, 4-t-OP, 4-NP and DPP. is the relative uncertainty of the trapped mass of analyte; is the relative uncertainty of the volume of water.

The trapped mass of solute being determined by analysis, the relative uncertainty is as following:

(Equation 2.32) (Equation 2.33)

Where, mi is the mass of solute repeated analysis; is the mean mass of solute; is student factor at 95% confidence interval and a degree of freedom of 3. For four experimental determinations:

Nevertheless, the octanol-water partition coefficient is expressed in a logarithmic form.

Thus, the uncertainty of log should be adjusted accordingly as shown in equation 2.34:

(Equation 2.34)

Consequently, the relative uncertainty of log will be equal to equation 2.37:

(Equation 2.35)

Conclusion

The determinations of vapor pressures, solubility in the aqueous phase as well as the octanol-water partition coefficient require the analysis of very dilute solute. For this purpose we have developed and optimized two separating analytical techniques: the technical UHPLC-DAD-
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UV for the analysis of alkyphenols and DBP and GC MS technical SIM method for the analysis of DEHP.

Despite the great sensitivity of these techniques and in order to cross the quantification thresholds, it was essential to develop a technique of preconcentration of the sample based on the trapping of the solute by C8 bonded-silica cartridges. The elution of the trapped compound is then carried out with a minimum volume of solvent. In the case of the dynamic gas saturation method, the elution of the compound trapped in the cold tube of the device by a reduced volume of solvent helps in avoiding preconcentration.

Among the techniques described in the literature for the determination of low vapor pressures and solubilities in the aqueous phase, we have chosen the dynamic method because of its precision and its adaptation to measurements of very small magnitudes.

In the field of higher pressures we used the static method which is considered as a reference method.

Finally, for determination, shake-flask method was used for its higher reliability than the HPLC or GC chromatographic methods previously mentioned in this chapter.

CHAPTER 3: RESULTS AND DISCUSSION

This chapter gathers the experimental physicochemical properties of the aforementioned molecules of alkylphenols and phthalates. For each property, a comparison is settled and presented with literature data when available as well as with predicted values through thermodynamic models. Furthermore, we discuss the outputs (enthalpies, entropies…) calculated from the experimental vapor pressure, aqueous solubility and octanol water-partition coefficient measurements.

3.1 Vapor pressure

Experimental results using dynamic gas saturation method

As defined previously in Chapter 2, vapor pressure measurements of alkylphenols and dipentylphthalate were obtained using dynamic gas saturation method. Each experiment is repeated similarly four times to ensure repeatability and accuracy. As previously mentioned ( Chap2) the studied compound, swept by the gas and condensed in the cooling system, is dissolved in methanol to be quantified by UHPLC-DAD-UV or GC-MS technics. Vapor pressure of DEHP was not determined due to its low vapor pressure: the concentration in methanol was found to be lower than the LOQ.

Table 3.1 shows the experimental vapor pressures of 4-n-OP, 4-t-OP, 4-NP and DPP along with the percent relative uncertainty, u(P)P %.

The compounds present a low vapor pressure in the range, down to 10 -3 Pa at 298.15 K with an average relative uncertainty of 3.8%. However, the vapor pressure of 4-NP at 298.15 K was calculated from Clausius-Clapeyron's fitting parameters and not experimentally determined due to the difficulty of quantification. In fact, the concentration of the eluate was lower than the value of the LOD that prevents an accurate quantification. , K. The fitting parameters available in Table 3.2 allow deducing vapor pressures at any temperature in the studied range in order to compare with literature values. 

Phase

Experimental results using static method

To extend the vapor pressure measurements, we used the static method. The apparatus is situated in the Laboratoire des Multimatériaux et Interfaces (UMR 5615) at the University of Claude Bernard Lyon 1. Beside 4-n-OP and 4-t-OP, we studied 4-pentylphenol and 4-hexylphenol.

The measurement range of the static apparatus is between 1 Pa and 200 kPa.

Table 3.3 shows the experimental vapor pressures. They were correlated using Antoine equation as shown in equation 3.2:

(Equation 3.2) Correlation parameters from Antoine's equation are given in Table 3.4. To check the consistency of the data, we plotted the vapor pressures of the four homologues alkylphenols versus the number of carbons in Figure 3.2. As expected, a straight line is obtained for each temperature, which confirms the consistency of the results. On the other hand, the deviations range between 1% and 20% with literature data [START_REF] Verevkin | Thermochemistry of phenols: Quantification of the ortho-, para-, and meta-interactions in tert-alkyl substituted phenols[END_REF]. These authors used a so-called transpiration method that is similar to the dynamic method. [START_REF] Verevkin | Thermochemistry of phenols: Quantification of the ortho-, para-, and meta-interactions in tert-alkyl substituted phenols[END_REF] Vapor pressures of 4-NP and DPP were only determined by the dynamic method. No literature data for comparison were found in the studied experimental range.

Enthalpies of vaporization/sublimation at 298.15 K

As previously mentioned in Chapter 1, Van't Hoff's equation applied to Clausius-Clapeyron fitting parameters of Table 3.2 leads to the vaporization and sublimation enthalpies at the mean temperature of measurement whereas in the literature these quantities are given at 298.15K.

Based on Kirchhoff's equations in chapter 1, the estimation of and are carried out using the developed equation by [START_REF] Chickos | Enthalpies of vaporization of organic and organometallic compounds, 1880-2002[END_REF].

Enthalpy of vaporization was calculated using equation 1.30 already mentioned previously: Table 3.6 shows the calculated enthalpy of vaporization and the enthalpy of sublimation at 298.15 K. The comparison of of 4-t-OP at 298.15 K with literature value [START_REF] Verevkin | Thermochemistry of phenols: Quantification of the ortho-, para-, and meta-interactions in tert-alkyl substituted phenols[END_REF] displays a very good agreement with calculated value: relative deviation of 0.25%. No enthalpy of sublimation of 4-n-OP was found in the literature. For DPP, a relative deviation of 16% is observed with [START_REF] Mackay | Handbook of physical-chemical properties and environmental fate for organic chemicals[END_REF] enthalpy of vaporization at 298.15 K and no data for comparison was found for the enthalpy of vaporization of 4-NP.

Triple point determination

The triple point of a substance is the temperature and pressure at which the three phases (gas, liquid, and solid) coexist in thermodynamic equilibrium. Its graphical determination is obtained at the intersection point between vaporization and sublimation curves by plotting Ln P = f (1/T) (Figure 3.5). The triple point of 4-n-OP (319 K) is close and slightly higher than its melting point (316 K). For (4-t-OP and 4-NP), the triple point is much more higher that the melting point, respectively 358 K and 315 K. It is well-known that most compounds present a lower triple point than the melting point.

This approximate estimation of the triple point is due to the small difference of the vaporization and sublimation slopes and to the limited number of experimental points, Figure 3.5.

As a conclusion: we determined one of the most important parameters for risk assessment, vapor pressures. To assess the risks of food contamination by packaging products (alkylphenols and phthalates), it is necessary to determine their solubility in water (the food consisting mainly of water). This is the purpose of the work presented in the following paragraph.

Aqueous Solubility

Experimental results and comparisons with literature

Aqueous solubility was determined using dynamic saturation method developed by (May, Wasik, and Freeman, 1978). The method is well suited to organic compounds that have very low solubility, down to 10 -8 mole fraction. The measurements were executed between 298.15 K and 328.15 K and repeated similarly at least four times for accuracy. Table 3.8 shows the experimental values of aqueous solubility of 4-n-OP, 4-t-OP and 4-NP along with the relative uncertainty, u(Xsol)/Xsol.% (Chapter 1). The mean relative uncertainty is 3.6%. Temperature uncertainty: +/-0.1K.

Table 3.9 displays the aqueous solubility of two molecules of phthalates: di-npentylphthalate (DPP) and Bis (2-ethylhexyl) phthalate (DEHP). The trapped compound, dissolved in methanol or dichlormethane, was determined by UHPLC-UV for DPP and GC-MS for DEHP.

The solubility mean relative uncertainty is 4.5%

We already described in chapter 2, the difficulties encountered in both experimental and quantification steps while studying DEHP due to the low aqueous solubility data at 298.15 K, Xsol = 10 -11 (where DPP has a solubility of X = 10 -8 ). In a second step we used Heidman et al. correlation between the solubility of the organic compound and its temperature, [START_REF] Heidman | High-temperature mutual solubilities of hydrocarbons and water. part II: Ethylbenzene, ethylcyclohexane, and noctane[END_REF], equation 3.3:

(Equation 3.3)
Where, is the mole fraction solubility; T is the temperature in Kelvin, A, B and C are characteristic constants for each compound. These parameters depend on the nature of the compound and its interactional environment.

In Table 3.10 are reported the fitting parameters A, B and C of the alkylphenols and the two phthalates. They allow the estimation of the aqueous solubility at a specific temperature. As shown in Figure 3.6 and in accordance with literature, the aqueous solubility of 4-n-OP displays a lower aqueous solubility (in the range of 10 -7 in mole fraction at 298.15 K) comparing to its isomer 4-t-OP. Obviously, 4-NP being the heaviest alkylphenol molecule, has the lowest aqueous solubility due to its more important hydrophobic character. Aqueous solubility of 4-n-OP at 298.15 K (Xsol= 2.87 10 -7 ) was compared with literature data. Our value is in a good agreement with (US EPA screening level hazard characterization:

Alkylphenols category.2009), relative deviation of 6.3% whereas a high relative deviation (above 50%) appears when compared to the value from [START_REF] Varhanickova | Aqueous solubilities of alkylphenols and methoxyphenols at 25 C[END_REF].

From the Heidman's parameters, Table 3.12, we estimated the aqueous solubility of 4-t-OP at 295.15 K. The calculated value (Xsolute = 1.26 10 -6 ) shows a relative deviation of -20% comparing to the value of US EPA (US EPA screening level hazard characterization: Alkylphenols category.2009).

The determination of the aqueous solubility of 4-NP is difficult due to its low value (Xsol = 4.06 10 -8 ), hence it is difficult to find an experimental value for comparison in the literature. For this reason we compared our data with "estimated" values from literature [START_REF] Brix | Solubility of nonylphenol and nonylphenol ethoxylates. on the possible role of micelles[END_REF] and (Ahel & Giger, 1993a). A relative deviation above 50% is observed.

Figure 3.7 shows the relative difference of aqueous solubility of DPP at 298.15 K with different experimental and predicted measurements [START_REF] Mackay | Handbook of physical-chemical properties and environmental fate for organic chemicals[END_REF]. The relative difference varies between 48 % for the experimental measurement using shake-flask GC method and between -40 to -49 for 2 calculated values using UNIFAC and QSPR respectively. 

Gibbs energy (∆solG 0 ), molar enthalpy (∆solH 0 ) and molar entropy of dissolution (∆solS 0 )

Based on Heidman's parameters in Table 3.10, thermodynamic properties can be determined: Gibbs energy (∆solG 0 ), molar enthalpy (∆solH 0 ) and molar entropy of dissolution (∆solS 0 ) using Equations 3.4, 3.5 and 3.6 for each output, Table 3.11.

(Equation 3.4) (Equation 3.5) (Equation 3.6)

Where,

is the Gibbs energy of dissolution in J mol -1 ; ∆solH 0 is the molar enthalpy of dissolution in J mol -1 ; ∆solS 0 is molar entropy of dissolution in J mol -1 K -1 ; R is the gas constant 8.314 in J mol -1 K -1 ; T is the temperature in Kelvin; is the solubility in mole fraction.

As shown in Table 3.11, all calculated Gibbs energy values are positive (∆solG 0 > 0). It indicates that all the processes, at constant temperature and pressure, are non-spontaneous. In this case, dissolution reactions of alkylphenols and phthalates in water are considered as endergonic reactions since they require energy in order to take place.

The molar enthalpy of dissolution (∆solH 0 ) expresses the energy released or absorbed per mole of solute being dissolved in water. The positive values of the molar enthalpy of dissolution (∆solH 0 > 0) indicate that dissolution reactions are endothermic.

In the majority of cases, negative entropy of dissolution (∆solS 0 < 0) is observed. It is probably due to the constitution of the water molecule cavity and the increased order in the structure of its order while surrounding the solute [START_REF] Schwarzenbach | Environmental organic chemistry[END_REF]. 

Henry's constant and air-water partition coefficient KA/W

As previously indicated in chapter 1, is used to assess the tendency of a product to volatilize or migrate from the state dissolved in water to the gaseous state. The higher the KH, the more the product will tend to volatilize.

At a specific fixed temperature and as shown in Table 3.12, Henry's law constant KH is calculated using the data measurements of vapor pressure and aqueous solubility (equation 3.7):

(Equation 3.7)

Where,

is the vapor pressure of the solute in kPa; X is the aqueous solubility in mole fraction.

We observe that for DPP, the variation of H with temperature is moderate comparing to the alkylphenols. For DPP, the variation of H with temperature is moderate comparing to the alkylphenols. For a complete study of the contaminants behavior, it is necessary to study the water/octanol partition coefficient, Kow, which is the subject of the study of the next part of this chapter. Kow indicates the hydrophobic character of the pollutants and its lipid affinity to the fat part of the food.

Octanol-water partition coefficient

Experimental results and comparisons with literature

The octanol-water partition coefficient Kow is determined at 298.15 using shake-flask method for alkylphenols molecules: 4-n-OP, 4-t-OP and 4-NP and the phthalate: DPP. Each experiment is repeated similarly at least 3 times to ensure accurateness.

The octanol-water partition coefficient log Kow obtained in Table 3.13 is calculated using equation 3.8: (Equation 3.8) Where, C0 and Cw are the experimental concentrations in the organic and aqueous phase respectively at infinite dilution.

Due to the very low solubility in the aqueous phase, it is considered that the concentration of the solute in octanol phase remains equal to the concentration of the mixture solute-octanol saturated previously with water prepared by weighing.

For the quantification of the solute, we adopted the UHPLC-DAD-UV using external calibration curve for all the studied molecules.

Table 3.13: The average octanol-water partition coefficient of 4-n-OP, 4-t-OP, 4-NP and DPP at 298.15 K.

Molecule

)/ 4-n-OP 5.43 1.9 4-t-OP 4.60 2.9 4-NP 5.46 4.9 DPP 6.12 2.5

. Figure 3.9 shows the good agreement between our value of 4-n-OP and the calculated data from literature: the relative deviation is less than 5%. On the other hand, a deviation of 32% is observed with [START_REF] Ahel | Behaviour of alkylphenol polyethoxylate surfactants in the aquatic environment-I. occurrence and transformation in sewage treatment[END_REF] data. As for 4-t-OP, the sole value reported Kow by [START_REF] Quintana | Multiresidue analysis of acidic and polar organic contaminants in water samples by stirbar sorptive extraction-liquid desorption-gas chromatography-mass spectrometry[END_REF] deviates by 19 % from our value.

Between the three studied molecules and as expected, 4-NP showed the highest octanolwater partition coefficient that confirms its hydrophobicity which is very consistent with its lower aqueous solubility (in the order of 10 -8 ) already mentioned in Table 3.11. It only varies by 5 and 7% with [START_REF] Itokawa | A quantitative structure-activity relationship for antitumor activity of long-chain phenols from ginkgo biloba L[END_REF] and [START_REF] Yoshioka | The estimation for toxicity of chemicals on fish by physico-chemical properties[END_REF] respectively. Higher relative deviation between 30 and 33% appears with [START_REF] Mcleese | Lethality and accumulation of alkylphenols in aquatic fauna[END_REF] and [START_REF] Geyer | Prediction of ecotoxicological behaviour of chemicals: Relationship between physico-chemical properties and bioaccumulation of organic chemicals in the mussel mytilus edulis[END_REF] values. 

Correlation results

Aqueous solubility using General Solubility Equation (GSE)

GSE is a simple correlation between the solubility in the aqueous phase and the octanol-water partition coefficient , (Equation 3.9):

(Equation 3.9)

Where, is the solute melting point in °C.

The use of the experimental octanol-water partition coefficients leads to the deviations of solubility in the aqueous phase indicated in Table 3.14.

GSE correlation leads to a systematic overestimation of the solubility with a relative deviation in log units between -20% and -37% depending on the compound. = the aqueous solubility in mol L -1 .

Octanol-air partition coefficient KOA

The octanol-air partition coefficient (KOA) is a very useful parameter to estimate the behavior of an organic pollutant between the air and the rest of the matrices of the ecosystems: soil, water, vegetation and aerosol particles [START_REF] Meylan | Estimating octanol-air partition coefficients with octanol-water partition coefficients and henry's law constants[END_REF]. It is suggested to be used as an alternative to vapor pressure, more difficult to obtain. Equation 3.10 is used to estimate this parameter from the octanol-water partition coefficient (KOW) and the air water partition coefficient (KAW):

(Equation 3.10) KOW is from experimental data and KAW is calculated using equation 1.9 from Chapter 1:

(Equation 1.9)

In Table 3.15 are reported the calculated log KOA. All alkylphenols as well as phthalate have a log KOA ≥ 5 and a log Kow ≥ 2; therefore they have efficient potential to biomagnify in terrestrial organisms (Guidance on information requirements and chemical safety assessment2017). For the isomers (4-n-OP and 4-t-OP), the linear molecule presents a higher log Kow (5.43 > 4.60) and higher log KOA (9.59>8.29).

On the other hand, our value differs by 14.5% from the calculated value using QSPR reported by [START_REF] Cousins | Correlating the physical-chemical properties of phthalate esters using the `three solubility' approach[END_REF].

3.5 Predicted results

Original and modified UNIFAC predictive models

UNIFAC Original, modified-UNIFAC-Dortmund and modified-UNIFAC liq-liq methods are from « Simulis Thermodynamics » software developed by PROSIM.

None of the studied compounds was present in the database. However, we had to create their profile using the function "creation of a new constituent" by introducing for each of the compounds the following characteristics:

-IUPAC name.

-CAS number.

-Chemical formula.

-Smiles formula for the decomposition of the compound into groups for the automatic calculation of the molar mass.

-Density at 25°C.

-Decomposition of the molecule into groups (Appendix 3). At this level, the software selects the involved binary interaction parameters and identifies the geometric parameters of the different groups forming the molecule. Hence, it is possible to calculate the combinatory and residual terms of the activity coefficients and so predict the composition of the phases in equilibrium.

Aqueous solubility by UNIFAC

Two methods could be used to predict aqueous solubilities by determining:

-The liquid-liquid equilibria of the binary system: solute-water.

-The activity coefficient at infinite dilution of the solute in water.

Aqueous solubility from liquid-liquid equilibria

It is possible to predict the reciprocal solubility of the two components and deduce the aqueous solubility from the study of the binary system solute-water.

The input quantities necessary for the phase equilibrium calculation are: the name of the constituents, the overall molar composition of the supposedly homogeneous mixture and the temperature and the pressure fixed at one bar.

The solute and water concentrations were set at 0.5 since mixture assumed to be homogeneous. The "stCALFllTP" function of the software calculates the molar ratio of the two phases and their composition at equilibrium.

By modifying the input concentrations, we checked that the mass ratio of the phases at equilibrium varied and not the concentrations of the calculated phases. On the other hand, the studied temperature range of alkylphenols is between [310 K-328 K] where the compounds are in the liquid state or subcooled state.

Table 3.16 reports the mean deviations (∆%) between the predicted and the experimental solubilities Xexp for the different compounds using the three versions of the UNIFAC method. The solubilities predicted by UNIFAC liquid-liquid model are remarkably close to the experimental values of 4-n-OP with an average deviation of -2% in log units. For 4-NP, the deviation is -13%. This negative value in log units corresponds to an estimated solubility five times greater than the experimental value approximately. For example at 318.15K, the experimental solubility of 4-NP is 1.35 10 -7 in mole fraction whereas the estimated solubility is 6.84 10 -7 .

Therefore, we can confirm that a difference of 13% in log units respects the order of magnitude of the solubility measurements.

For the two alkylphenols, the original UNIFAC model overestimates the aqueous solubility with an average deviation is -20%. On the other hand, the modified-Dortmund UNIFAC, improves the prediction with -13% as an average deviation.

Globally UNIFAC liquid-liquid gives better predictions; probably because the interaction parameters were determined on liquid-liquid binary data.

In the case of the alkylphthalates, the original UNIFAC model overestimates the solubilities while the modified-Dortmund UNIFAC leads to a significant underestimation of the solubility (average ∆% is +30%). For these compounds, it was not possible to make predictions by the UNIFAC liquid-liquid model due to the absence of the "ester" interaction parameter in the database.

Prediction of aqueous solubility using "activity coefficient at infinite dilution" model

The model is based on the following equation already mentioned in Chapter 1, (equation 3.11):

(Equation 3.11)

Where, are respectively the mole fraction and the activity coefficient of the solute i in phase I and phase II.

Assuming that water is insoluble in compound i constituting phase II (so that = and that the compound is very slightly soluble in the water constituting phase I, it comes:

(Equation 3.12) (Equation 3.13)

Where, represents the activity coefficient of the solute i at infinite dilution in water (phase I).

"SimulisThermodynamics" software for aqueous solubility prediction is based on the liquid-liquid binary system H2O (1) -solute (2).The activity coefficient is calculated using "stCALGammaL" function at a given temperature and pressure for a composition Xwater=1 and Xsolute =0. Two outputs values are obtained: and which represent the activity coefficient of water equal to 1 (since water is almost pure) and corresponds to the activity coefficient at infinite dilution of the solute in water calculated with the selected model.

The solubilities of the three models deduced from equation 3.13, (Table 3.17) are close to those obtained by the previous liquid-liquid equilibrium study (Table 3.16). The slight less good prediction of solubilities, obtained by the activity coefficient at infinite dilution model, may result from the assumption that water is insoluble in the studied compound (Eq.3.12). Consequently, the study of the (4-n-OP/water) liquid-liquid equilibrium at 328.15K by the original UNIFAC predicts a solubility of water in 4-n-OP of 0.36 in mole fraction which is very far from a zero value. In the case of phthalates, UNIFAC Original model gives the same results with both methods (activity coefficient at infinite dilution and liquid-liquid equilibria). The predicted solubility of water is about three times lower than in the case of alkylphenols, thus the assumption of insolubility of water in the compound is better respected.

Predicted KOW results by UNIFAC original and UNIFAC modified methods

In the same way, Kow could be predicted by two methods:

-The liquid-liquid equilibria of the ternary system: octanol-water-compound.

-The activity coefficients at infinite dilution of the solute in water and in octanol.

Prediction of the KOW by studying the ternary liquid-liquid octanol-water-compound

At first, we tested the three UNIFAC models on the binary system octanol-water and checked that the calculated concentrations for each phase at constant temperature are independent of the concentrations introduced to initialize the calculations. At ambient pressure and at 25°C, the experimental solubility of water in octanol is 0.275 and that of octanol in water is 7.5 10 -5 in mole fraction [START_REF] Marcus | Structural aspects of water in 1-octanol[END_REF]. The three models correctly predict the composition of the organic phase with a deviation from the experimental value between 0.7% and 1.4% depending on the model. On the other hand, the octanol content in the aqueous phase is overestimated by a factor of 2 by the UNIFAC liquid-liquid model and by a factor of 4 for the two remaining models. However, the order of magnitude is respected.

Despite the very low solubility of octanol in water, the good predictions of the organic and aqueous phase come from the fact that water is a well-defined unto itself group in the UNIFAC model. Additionally, octanol has a simple chemical structure that considerably reduces the uncertainties resulting from the group contribution when calculating the interactions between molecules.

The prediction of Kow involves studying the liquid-liquid equilibrium of the ternary system water-octanol-solute. The use of the "stCALFllTP" function gives the composition of the two phases in equilibrium. The Kow is deduced by calculating the ratio .

The calculations were initialized with mole fraction close to 0.5 for the two main constituents and increasingly lower for the solute, down to 10 -4 in mole fraction.

As expected, a variation of Kow as a function of the initial solute concentration is observed with a tendency to stabilize when its dilution increases (Appendix 3). It is concluded that the models give a good representation of the observed phenomena in the partitioning equilibria of a solute between two phases.

For high solute concentrations, molecular interactions modify the Kow. To obtain correct values, it is necessary to carry out the experimental determinations as well as the predictions at concentrations lower than 0.01. The deviations of log Kow between the predicted and experimental data are reported in Table 3.18. . As shown in Table 3.18, an overestimation of log Kow appears for all the studied compounds with a deviation between 5.4% and 26% except for DPP when using UNIFAC Dortmund that leads to a of 50% deviation. Among all compounds, the Kow of 4-n-OP is the best predicted: relative deviations vary between 5.4% and 13% according to UNIFAC models.

This overestimation is due to a very low calculated concentration of the solute in water associated with a relatively high-calculated concentration of the solute in the organic phase;

therefore, the modeling attributes to the solute a hydrophobic character greater than reality.

Since CH2 groups of the solute are mainly responsible of the hydrophobic character, we can conclude that UNIFAC models overestimate the interactions due to these groups. It may be due to the long alkyl chain of the solutes that are more or less "folded" so that some CH2 groups may be less accessible to hydrophobic interactions with other groups such as OH. According to this assumption, the predicted log Kow of 4-n-heptylphenol by the three models, are very close to the experimental log Kow of the 4-n-OP (with one more CH2 group): deviations between 0.9% and 5.2%. (Equation 1.15)

Where, are respectively the activity coefficient of the solute i in the water phase and octanol phase at infinite dilution.

The molar volume ratio octanol/water at 298 K is equal to 0.151 [START_REF] Ishak | Experimental measurements and thermodynamic modelling of aqueous solubilities, octanolwater partition coefficients and vapor pressures of dimethyl phthalate and butyl benzyl phthalate[END_REF].

The activity coefficient of the solute i in the water at infinite dilution phase has already been determined to estimate solubility in water ( § 3.5.2.2). As previously, "stCALGammaL" function of the software was used to determine the activity coefficient of the solute i in the octanol phase at infinite dilution, .. However, in this case the calculation is based on the liquid-liquid ternary system [compound (1) -octanol (2) -water (3)] with [ = 0, = 0.725 and = 0.275] so as the water content in the organic phase could be taken into account. Consequently, from , Kow is determined, Equation1.15.

The results of the modeling are shown in Table 3.19. The three alkylphenols, show a very good agreement between the estimated and the experimental data. Since the method of activity coefficients at infinite dilution used previously for predicting aqueous solubilities did not give good agreement, it could be that a phenomenon of "compensation" takes part during the calculation of the ratio thus improving the predictions.

For DPP, the prediction is improved in the case of the original UNIFAC method whereas the calculation by the modified UNIFAC Dortmund method did not converge. 3.20). Ha: Hartree atomic units (computational chemistry). 1 Ha = 27.211 eV.

COSMO RS prediction properties

We used COSMO-RS to predict vapor pressures of pure compounds, water solubility and octanol-water partition coefficient for the three molecules of alkylphenols and for the two phthalates.

Vapor pressure prediction

It is possible to predict the vapour pressures of pure compounds using equation 3.14:

(Equation 3.14)
Where, is pure compound's chemical potential in the gas phase; is pure compound's chemical potential in the pure liquid.

The accuracy of the predicted VLE data was compared to the experimental VLE data using relative average deviation of log P in percentage as represented in equation 3.15:

(Equation 3.15)

Where, n is the number of points in the data; is the predicted value; is the experimental value.

As seen in Table 3.21, vapor pressures predicted by COSMO-RS, at TZVP and TZVP-FINE level of theory, showed mean relative deviations, RAD, between 8 and 34 % comparing to experimental values. 

Molecule
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For DPP, TZVP and TZVP-FINE level give noticeably different results as shown in Figure 3.15. TZVP-FINE level of theory gives better results than those generated using TZVP level of theory (RAD%TZVP=34% and RAD%TZVP-FINE=16%), Table 3.21. The comparison between experimental and predicted data is reported in Table 3.22. For the two levels of theory, the relative deviation is between 0 and 15%. Therefore, UNIFAC modified Dortmund and UNIFAC Liquid-Liquid give better prediction of Kow than COSMO-RS. 

Conclusions

In this chapter, we determined fundamental physiochemical properties of five pollutants 4n-OP, 4-t-OP, 4-NP, DPP and DEHP.

The vapor pressures were obtained using two techniques: dynamic gas saturation and static method. A large range of pressures was explored, between 10 -3 Pa and 1 kPa. The sole comparison found is from (Verevkin, 1999). The literature suffers from a lack of data in the field of low vapor pressures, below 1 kPa.

For the determination of low aqueous solubilities, we adopted the dynamic method. A preconcentration step using adequate cartridges was necessary in order to reach the limit of quantification of the studied compound. These experimental measurements are considered unique and original as no data for comparison was found in the literature.

The octanol/water partition coefficients were determined using classic shake-flask method that allows a physical partition between the two phases unlike other existing techniques. The Kow values are mostly greater than 5 revealing the significant hydrophobicity of the compounds.

Knowing that experimental determinations require time and very specific apparatuses, it is useful to test the quality of the thermodynamic models. For this purpose, we used predictive methods: three versions of the UNIFAC method (original, modified Dortmund 95 and modified liq-liq) and the COSMO-RS method. The latter was operated at two theoretical level of quantum calculation: TZVP and TZVP-FINE. Accordingly, we conclude that the majority of predicted models give only an order of magnitude of the physicochemical properties with sometimes deviations of up to two decades. A remarkable prediction of the Kow of alkylphenols appeared by the three variants of the UNIFAC method with a relative deviation lower than 8%.

The acquired data could be used by the scientific community, the environmental researchers and by the Lebanese national authorities in order to assess the health risks of these molecules by the time of its identification in food packaging (pre-consumption). Therefore, this process will scientifically support the decision of Food Contact Material laboratories as well as the local packaging companies to correlate faster the package's type to the adequate food content. 

Type of FCM-food contact

Three main factors can influence the type of contact between the FCM and the food content: the physical properties of the food, the size and shape of the pack and the presence of barrier layers. More practically, liquid food has more wide-ranging contact with FCMs than solid ones. In addition, the presence of several layers obstructs the migration of organic contaminants into foodstuff [START_REF] Castle | 1 -chemical migration into food: An overview[END_REF]. Consequently, these strands can be used to limit or control the chemical migration process.

Temperature of contact

Temperature if a major factor in the migration process since FCM can be stored or used at different temperatures from deep frozen storing to baking in the package. Consequently, the higher the temperature is, the faster the migration process occurs like all physico-chemical processes accelerated by heat (Bhunia, Sablani, Tang, & Rasco, 2013).

Duration of contact

The duration of contact between FCMs and foodstuff can goes from minutes for take-away foods to few days for fruits and vegetables to even months and years for canned foods.

Accordingly, the increase of this duration accelerates the process of migration as the kinetics of migration increases according to square root of the time of contact [START_REF] Nguyen | The ubiquitous issue of cross-mass transfer: Applications to single-use systems[END_REF].

Physicochemical properties of the chemical migrant

Types of migration

Migration can occur via different pathways. Contact migration happens when the migrant transfers from the FCM into the food directly whereas the transfer of the volatile form of it through the airspace between food and packaging by diffusion is entitled gas phase migration [START_REF] İçöz | Selection of food packaging material, migration and its effects on food quality İŞCAN[END_REF].

The penetration pathway ensure the transfer of the chemical from the printed surface of the FCM to the food contact surface of the packaging than transferred to the food content by contact or gas phase migration. However, if chemicals are initially stacked in the printed side of the FCM then the pathway is called set-off migration (Barnes et al., ).

Finally, condensation or distillation migration includes the transfer of chemical from FCM to the foodstuff during heating procedures. These latter's involves sterilization, heating using the values in Table 1. The calculations were carried out adopting initial concentrations close to 0.5 for water and 1-octanol and decreasing by the power of 10 for 4-n-OP. We observe that log Kow converges towards the value of 6.14 with a deviation of 13% comparing to experimental value when decreasing the concentration of 4-n-OP.

Furthermore, the water concentration of the organic phase converges towards a calculated molar fraction of 0.271, which is a very close value to the experimental data of the binary 1octanol-water: 0.275. On the other hand, the molar fraction in 1-octanol of the aqueous phase converges towards 2.5 10 -4 , a value approximately 3 times higher than the experimental data of the liquid-liquid binary 1-octanol/water.
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  to three parameters among the twelve, which are required by the European Regulation REACH "Registration, Evaluation and Authorization of Chemicals" since first of June 2007 EC 1907/2006 whose main objective is to improve the knowledge of the environmental and health properties of existing chemicals (Figure 0.1) (Bergkamp, 2013b).

Figure

  Figure 0.1:The link between physicochemical properties recommended by REACH regulations and their relations with human environmental risk assessment(Bergkamp, 2013a).
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  Council in the United States (National Research Council (U.S.) Committee on the Institutional Means for Assessment of Risks to Public Health, 1983) (Figure 1.1).
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 11 Figure 1.1: The four steps for human health risk assessment.
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 12 Figure 1.2: The different steps constituting TKTD model process. 1.1.1.3 Mode of action It refers to a series of processes from the contact of the xenobiotic inside the organism with the hosting cell to the formation of the toxic effect such as carcinogenic tumor. It is established based on physical, chemical, and biological data that describes the impact of the chemical in the development of the harmful effect (Notice of availability of draft guidelines for human exposure assessment: Extension of public comment period.2016). 1.1.1.4 Weight of evidence The evaluation of the weight of evidence in hazard identification is very imperative. It describes the potential of a xenobiotic in affecting harmfully the human body. It includes significant threshold level of confidence such as 'Suggestive evidence of carcinogenic potential' (National Research Council (U.S.) Committee on the Institutional Means for Assessment of Risks to Public Health, 1983).
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 13 It develops a long-range vision for an effective Human Health Risk Assessment (Notice of availability of draft guidelines for human exposure assessment.2016).
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 13 Figure 1.3: Exposure assessment process.

  Risk characterization estimates the risk initiated by a chemical based on the assessment of hazard identification, exposure and dose-response. As per EPA's Risk Characterization Policy, four principles must be respected to obtain a reliable risk characterization in human health and ecological risk assessment: Transparency, Clarity, Consistency and Reasonableness (TCCR) (U.S. Environmental Protection Agency | US EPA, 2021) 1.1.4.1 Transparency Transparency is mandatory in risk characterization for ensuring an explicit risk assessment process. It guarantees an obvious comprehension in methods, key assumptions, logic, uncertainties, and decisions in each step in the assessment for any reviewer (Figure 1.4) (Science policy council handbook.2000).
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 14 Figure 1.4: Risk characterization transparency achievements (Science policy council handbook.2000).1.1.4.2 ClarityClarity is reached by using documents with simple language for EPA risk managers and reviewers with nonprofessional terms as well as comprehensible tables, graphics, and equations (U.S. Environmental Protection Agency | US EPA, 2021).

  the Environmental Protection Agency, EPA, we have seen the different criteria to follow and apply in order to assess the risks to human health and the environment of chemicals, in particular xenobiotics compounds such as alkylphenols and

  ) and alkylphenol ethoxylate (APEO) are part of the ingredients of many products, such as detergents, dry cleaning, plastics, including PVC plumbing pipes, paintings and pesticides. They are used as emulsifiers, foaming agents in metals, textiles, fuels, coating, paper production and in many cosmetics products: shaving cream, shampoos, hair dyes, cleansers for the face… However, the main source of Alkylphenols (AP) comes from alkylphenol ethoxylate (APEO) biodegradation (Figure1.5)[START_REF] Månsson | Sources of alkylphenols and alkylphenol ethoxylates in Wastewater-A substance flow analysis in stockholm, sweden[END_REF].
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 15 Figure 1.5: Aerobic degradation pathway of alkylphenol ethoxylates (APEO) into Alkylphenols (AP) processes[START_REF] Ying | Environmental fate of alkylphenols and alkylphenol ethoxylates-a review[END_REF].
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 16 Figure 1.6: Chemical structure of Tris(nonylphenyl) phosphite (TNPP).

  ) are esters of phthalic acid. They are composed of a benzene ring and two ester groups placed in ortho configuration. The size of the alkyl chain varies, Figure1.7.
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 17 Figure 1.7: Topological formula of phthalate.They are used principally as plasticizers in a large number of consumer products since 1930[START_REF] Giuliani | Critical review on the presence of phthalates in food and evidence of their biological impact[END_REF].Plasticizers act by weakening the intermolecular cohesive forces and thus make it possible to move segments of macromolecular chains relative to each other. It has the effect of reducing the rigidity of the molecular structure and give flexibility to the plastic. They are mainly available in materials made from polyvinyl chloride (PVC) and/or polyethylene terephthalate (PET).
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 18 Figure 1.8: Mechanism of action of endocrine disruptors' molecules (EU Policy on endocrine disruptors, 2013).
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 19 Figure1.9: Toxicological effect of endocrine disruptor molecules on different functional systems[START_REF] Yang | Endocrine -disrupting chemicals : Review of toxicological mechanisms using molecular pathway analysis[END_REF].
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 110 Figure 1.10: Toxicological effect of APs on liver, kidney and heart (İŞCAN, UĞUZ, & TOGAN, 2009). 1.3.2.2 Toxicological effect of phthalates The toxicity of phthalates has been well recognized for many years affecting different function systems and processes in the organism. However, the studies were done for the majority on animals in laboratories and not directly on humans. Human studies emphasizes the adverse effect of phtalates esters (PAEs) on the reproductive system (Committee on the Health Risks of Phthalates, National Research Council, Board on Environmental Studies and Toxicology, & Division on Earth and Life Studies, 2008).Figure 1.11 shows the toxicological health effect of
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 1 Figure 1.11: Toxicological effect of PAEs on human health. Conclusion: In view of the toxicological results of alkylphenols and phthalates, several states have decided to submit to regulations their use.

1. 4

 4 Studied compounds1.4.1 Selected AlkylphenolsIn February 2000 and March 2001, at the 13th and 22nd meetings of the scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE), a specific opinion was communicated on the importance of the toxic assessment of 4-n-nonylphenol[START_REF] Fernandes | Determination of 4-octylphenol and 4nonylphenol congeners in composite foods[END_REF]. Subsequently, 4-NP has been added to the European Regulation on Cosmetic Products (Regulation EC 1223/2009) in 2009 to forbid its use whereas 4-n-octylphenol and 4-toctylphenol are not added despite their confirm harmful effect on human body[START_REF] Miralles | Determination of phenolic endocrine disruptors in cosmetics by high-performance liquid chromatography mass spectrometry[END_REF].
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 1 Figure 1.12: Chemical structure and CAS number of 4-n-octylphenol (4-n-OP), 4-t-octylphenol (4-t-OP), 4-NP (4-nonylphenol), 4-hexylphenol and 4-pentylphenol.
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 1 Figure 1.13: Chemical structure and CAS number of the selected phthalates.

Figure 1 .

 1 Figure 1.14: A Framework to Inform Government and Industry Decisions settled by the Committee on the Design and Evaluation of Safer Chemical Substitutions, with a highlight on step 5 (Council & Studies, Division on Earth and Life, 2014).
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 115 Figure 1.15: Thermodynamic triangle combining three partition coefficients (K), solubilities (C S ), liquid vapor pressure (P S L), fugacity (f), and activity coefficient (ℽ) for a liquid chemical at a given temperature (Cole & Mackay, 2000).

Figure 1 .

 1 Figure 1.16 resumes the physicochemical properties and human-environmental risk assessment.
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 1 Figure 1.16: The link between physicochemical properties recommended by REACH regulations and their relations with human environmental risk assessment.

  1.6.1.1 Clausius-Clapeyron equationThe Clausius-Clapeyron is one of the earliest fundamental contributions in thermodynamic indicating the relation between the saturated vapor pressure P and the enthalpy of vaporization .It has been developed in 1850 based on Van't Hoff's equation 1.20: latter equation, we can plot Ln P against 1/T and calculate from the slope of the graph the enthalpy of vaporization (or sublimation) at the mean temperature of the experimental range.1.6.1.2 Antoine equationIn 1888, Antoine presented its equation to describe the relation between vapor pressure and temperature of pure substances. It is derived from Clausiusand C are specific coefficient determined experimentally for each compound, T/K.1.6.1.3 Enthalpy of vaporization / sublimationThe enthalpy of vaporization is defined as the quantity of energy needed to convert one mol of a liquid into gaz at a specific temperature. The enthalpy of sublimation refers to the amount of energy required to change 1 mole of a solid substance into gas at given temperature and pressure.The determination of the enthalpy of vaporization and sublimation of chemicals are important in chemical industries, for separation processes as well as in the estimation of other several physicochemical properties.The enthalpy of vaporization and sublimation are related by the equation 1
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 1 Figure 1.17: A thermodynamic cycle for adjusting vaporization enthalpies to T= 298.15 K.
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 118 Figure 1.18: Illustration of endergonic (a) and exergonic (b) reactions[START_REF] Baker | Gibbs energy analysis of phase equilibria[END_REF].

Figure 1 .

 1 Figure 1.19: Illustration of the endothermic and exothermic reactions.

  a number of computational techniques, such as the quantitative structure activity relationship model (QSAR), quantitative structure property permeability relationships (QSPRs), molecular connectivity indices (MCI)… have been developed to predict the physicochemical properties of chemical products. In the case of fluid phase equilibria of multicomponent systems, the methods of modelling could be classified into symmetrical and asymmetrical groups: -In the symmetrical methods, the different phases in equilibrium are represented by the same equation of state.-In the asymmetrical methods, two separated models are used: one for the liquid phase (representation by activity coefficients), the other for the vapor phase (ideal model if the pressure is low, determination of the fugacity by virial equation or equation of state if the pressure is higher).Asymmetric methods are themselves classified into predictive and semi-predictive methods. In the semi-predictive methods, the parameters of the thermodynamic models are adjusted on the experimental data of the phases in equilibrium. They allow the calculation of thermodynamic quantities in the experimental field explored and in slight extrapolation. The most used models, allowing the representation of liquid-vapor and liquid-liquid equilibria, are the Non-

  takes into account deviations from ideality due to entropic effects resulting from the mixing of molecules of different size. It only depends on the composition and the sizes and shapes of the molecules. It only requires pure components data, equation 1.39, 1mole fraction of component I; ri and qi are respectively the molecular van der Waals volumes and molecular surface areas; and are respectively the area fraction and the volume fraction.

  . & Schüürmann, 1993) developed the COnductor-like Screening MOdel (COSMO) in 1993, based on a "dielectric continuum solvation approach". The solute molecule is assumed to be placed inside a solvent cavity in a continuum medium characterized by its dielectric constant. The quantum calculation of the molecular orbitals ensures the distribution of charges on the surface of the solute molecule. Due to the electrostatic interaction, the charges are distributed at the surface of the solvent cavity: in front of positive charge of the molecule appears, by electrostatic influence, a negative charge at the surface of the cavity and vice-versa, Figure1.20.

Figure 1 .

 1 Figure1.20: An illustration of conductor like screening model process. In the top left of the picture molecule is in its original form. In the middle picture, the molecule is being placed inside a molecular shape cavity in a continuum medium. Top right pictures represents screening charges on the cavity surface due to electrostatic interaction between the molecule and its medium[START_REF] Mullins | Sigma-profile database for using COSMO-based thermodynamic methods[END_REF].

Figure 1 . 21 :

 121 Figure 1.21: Flow chart of COSMO-RS (Klamt, Andreas & Eckert, 2000b).

Figure 1 . 22 :

 122 Figure 1.22: Illustration of the σ-profile of water molecule(Klamt, Andreas, 2005). Red areas indicates the strongly negative parts of the molecular surface and the strongly positive values of σ for the cavity. Blue marks indicates the strongly positive surface regions thus strongly negative σ and green indicates non-polar surface.

  vials each. It offers minimal gradient delay and extra column volume for high-efficiency separations and wide injection volume flexibility. It also provides sample thermostating to protect thermally any sensitive analytes (UltiMate 3000 well plate autosampler series.) The system operates according the split-loop injection principle in which the needle itself is part of the sample loop. While the injection valve is in the Load position, the syringe draws the sample through the needle into the sample loop. When the injection valve is switched into the Inject position, the solvent flow through the sample loop (including the needle) onto the separation column. In this way an exact and reproducible volume is injected. The Rapid Separation RS Column compartment is characterized by its wide temperature range from 5°C to up to 110°C for reliable separations at elevated, ambient, and sub ambient temperatures. It can holds up to 12 columns depending on column length to facilitate automated method development. The detector entitled Rapid Separation Diode Array Detector (RS-DAD) supports UHPLC applications with eight channels (UV Visible Spectrophotometers) of single-wavelength data acquisition, a 1024-element diode array, and an excellent noise and drift performance of a forwardoptic detector. Diode array detection allows full spectrum acquisition at speeds up to 200Hz.Comprehensive three-dimensional data tools in Thermo Scientific Dionex Chromeleon Chromatography Data System software makes it easy to process and report your results (Thermo scientific dionex UltiMate 3000 pumps the benchmark in LC solvent delivery.). Chromeleon software Chromatography Data System (CDS) as a software linked to the UHPLC. It is utilized to sequence set-up, data processing and result calculations comfortably fast.

  recorded in chromatograms where the appropriate peaks are integrated automatically using the Chromeleon CDS software. It determines the peak area proportionally to the concentration of the analyte in the sample. Figures 2.1 shows the chromatographic output based on the analytical conditions of the UHPLC inTable 2.2.

Figure 2 . 1 :

 21 Figure 2.1: Chromatogram illustrating 4-n-OP, 4-t-OP, 4-NP and DPP.

Figure 2 . 2 :

 22 Figure 2.2: Appropriate Selected Ion Monitoring (SIM b) with the Total Ion Courant (TIC a) chromatogram of DEHP.

Figure 2 .

 2 Figure 2.2 and Table2.3 show the selected m/z of the characteristic ions of DEHP.

  tests, we notice the presence of abnormal peaks before the target peak (framed in red in Figure2.3). After several investigations, we recognized that the problem is due to the liner pollution situated in the injector. Replacing it solved the problem.

Figure 2 . 3 :

 23 Figure 2.3: Chromatogram of DEHP with undesirable peaks (framed in red).

Figure 2 . 4 :

 24 Figure 2.4: Overlapping chromatogram comparing between a first chromatogram (in black) and a second where the concentration of DBP is adjusted (in black) a et b.

Figure 2 . 5 :

 25 Figure 2.5: External calibration curve of surface area of DEHP.
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Figure 2 .

 2 Figure 2.6 describes the experimental setup of this method.

Figure 2 . 6 :

 26 Figure 2.6: Dynamic gas saturation method for vapor pressure measurements.

Figure 2 . 7 :

 27 Figure 2.7: Saturation cell of the dynamic gas saturation device.

Figure 2 . 8 :

 28 Figure 2.8: Static apparatus for vapor pressure determination.

2. 3 . 3 . 1

 331 Preliminary steps to vapor pressures measurements 2.3.3.1.1 Calibration of the sensors The calibration of the thermocouple K is carried out using a platinum resistance thermometer connected to a high precision Leeds & Northrup Mueller bridge, G2 model. It consists on measuring the electromotive force E transported by the thermocouple as a function of the temperature T (°C) recognized by the available platinum resistance thermometer. The uncertainty of the temperature is estimated to be 0.05 K.

Figure 2 . 10 :

 210 Figure 2.10: Schematic figure of the static apparatus.

Figure 2 . 11 :

 211 Figure 2.11: Dynamic saturation apparatus for low aqueous solubility determination.

  10 micron) in order to avoid the entrainment of the support by the aqueous flow. The connectors ensure the link with the capillary tubing (outer diameter of 1/16'') of water inlet/outlet. Once impregnated by the sample, the cell is connected to the device and placed in the oven (Figure2.12).

Figure 2 . 12 :

 212 Figure 2.12: Saturation cell placed in the oven.

Figure 2 . 13 :

 213 Figure 2.13: Dynamic saturation apparatus with distinction of the place of the trapping cartridge.

Figure 2 . 14 :

 214 Figure 2.14: Overlapping chromatogram issued from two different elutions using C2 and C8 respectively.

Figure 2 .

 2 Figure 2.15: Shake-flask method double coated vessel.

Figure 2 .

 2 Figure 2.16: Elution process of the shake-flask method for determining the octanol-water partition coefficient.

  )/P %:percent relative uncertainty = . *extrapolated value. Temperature uncertainty: +/-0.1K.As shown in Figure3.1, the experimental data are well presented using Clausius-

Figure 3 . 1 :

 31 Figure 3.1: Vapor pressure of 4-n-OP, 4-t-OP, 4-NP between 298.15 K and 423.15 K (vaporization and sublimation curve) and vaporization curve of DPP between 323.15 and 423.15 K using Clausius-Clapeyron equation 3.1.

Figure 3 . 2 : 3

 323 Figure 3.2: Consistency of the vapor pressure measurements of the 4 alkylphenols: nonyl, octyl, hexyl, pentyl phenol at ×, 370K; , 400K.

Figure 3 . 3 :

 33 Figure 3.3: Relative deviation of 4-n-OP vapor pressures from values obtained using Antoine's equation as a function of temperature T/K: •, the static measurements; ˟, dynamic results

Figure 3 . 4 :

 34 Figure 3.4: Relative deviation of 4-t-OP vapor pressures from values obtained with the Antoine equation as a function of temperature T/K: Δ, the static measurements; •, dynamic results; ×, from[START_REF] Verevkin | Thermochemistry of phenols: Quantification of the ortho-, para-, and meta-interactions in tert-alkyl substituted phenols[END_REF] 

Figure 3 . 5 :

 35 Figure 3.5: Triple point graph determination of 4-n-OP, 4-NP and 4-t-OP. The values of the triple point are determined by the equality of the vaporization and sublimation equations of Clapeyron, Table 3.7. The highest triple point (373 K; 97 Pa) belongs to 4-t-OP has followed by 4-NP (359 K; 3 Pa).

Figure 3 . 6 :

 36 Figure 3.6: Aqueous solubility in mole fraction of 4-n-OP, 4-t-OP and 4-NP between 298.15 and 328.15 K.

Figure 3 . 7 :

 37 Figure 3.7: Relative Difference between the experimental aqueous solubility and values from literature using different methods of DPP at 298.15 K.
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Figure 3 . 8 :

 38 Figure 3.8: Variation of the Henry's law constant KH of 4-n-OP, 4-t-OP and 4-NP

Figure 3 . 9 :

 39 Figure 3.9: Comparison of the octanol-water partition coefficients (log KOW) of 4-n-OP at 298.15 K with different values from literature: • (Computed by XLogP3 3.0.2019); ▲(EPA office of pollution prevention toxics and syracuse research company. EPI suite™ [computer program]. version 3.10. U.S. EPA.2001); × (Daylight chemical information systems inc. CLOGP. calculation of hydrophobicity as log P(o/w).2002); ■ (Calculated using advanced chemistry development (ACD/labs) software V11.02.). ○ (Ahel & Giger, 1993b).

Figure 3 .

 3 Figure 3.10 shows the relative deviation of the Log Kow of 4-NP with values from literature.

Figure 3 . 10 :

 310 Figure 3.10: Comparison of the octanol-water partition coefficients (log KOW) of 4-NP at 298.15 K with different values from literature: • (McLeese et al., 1981); ▲ (Geyer et al., 1982); × (Yoshioka et al., 1986); ■ (ITOKAWA et al., 1989); ■ (Ahel & Giger, 1993b); • (Jaworska & Schultz, 1993).

3. 5 . 3 . 2

 532 Prediction of Kow from the activity coefficients at infinite dilution of the compound in water and octanol The prediction of Kow from the activity coefficient at infinite dilution is deduced from equation 1.15 already mentioned in Chapter 1:

  in Chapter 1, quantum calculations performed at BP-TZVP or TZVP-FINE level of theory leads to sigma profiles. These latter are then used to calculate the chemical potential of the constituents in the gas phase and in the solvent . The thermodynamic quantities are determined from the chemical potential. The sigma profiles of the studied molecules are an essential step in the prediction of calculations with COSMO-RS. They provide information about the molecular polarity distribution; their observation indicates how molecules may interact in presence of specific solvents in solution. In order to understand the behavior of the molecules in the solvents, σ-profile plots (TZVP basis) of alkylphenols including the 1-octanol and water are represented in Figure 3.11. It can be noted that alkylphenols shows asymmetric charge distributions due to OH groups while water shows a symmetric distribution. Hence, they have a tendency to favor solvents having the same type of charge distributions, such as 1-octanol (Loschen & Klamt, 2012).As expected, most of the molecular surface of the studied compounds has a zero charge density (green zone) due to the numerous alkyl groups Figure3.11.

Figure 3 .

 3 Figure 3.11: Sigma profile and COSMO geometries of alkylphenols, 1-octanol and water (TZVP basis).

Figure 3 .

 3 Figure 3.12: Sigma profile of DPP and DEHP (TZVP).

Figure 3 . 13 :

 313 Figure 3.13: Sigma profile of DPP and DEHP (TZVP-FINE). TZVPD-FINE basis performs the calculations with a new hydrogen bond interaction term and a new van der Waals dispersion term that explains the slight difference observed in the sigma profiles.

Figure 3 .

 3 Figure 3.14 represents the vapor pressures predicted by COSMO-RS at TZVP-FINE level of the studied alkylphenols between 298.15 and 423.15 K compared to experimental values. As expected, the temperature trend versus the vapor pressure is well reproduced by COSMO-RS especially between 355 and 420 K but the model overestimates the low vapor pressures (T < 355K).

Figure 3 . 14 :

 314 Figure 3.14: Vapor pressures temperature of :×, 4-n-OP; ◊, 4-t-OP; and ∆, 4-NP. Comparison between COSMO-RS predicted values at BP-TZVP-FINE level and experimental values.

Figure 3 . 15 :

 315 Figure 3.15: Vapor pressures of DPP. Comparison between experimental and predicted data by COSMO-RS.

  Due to the cost, time-consuming, ecotoxicological effect of an experimental study and the need to have suitable equipment, we tested the validity of two predictive models with different variants: the UNIFAC model (original UNIFAC, modified DORTMUND 1995 and modified liquid-liquid) and the COSMO-RS model (TZVPNE level of theory and TZVP-FINE level of theory). Consequently, these models lead to the same order of magnitude than the experimental values. Moreover, our study has shown that the vapor pressures and aqueous solubilities are quite well modeled by COSMO-RS in view of the low data. Accordingly, it would be interesting to adjust the model on existing experimental vapor pressure data and validate the prediction of other physicochemical properties in a different temperature range. It would also be interesting to test the prediction validity of the COSMO-SAC model differently from the COSMO-RS model by taking into account the entropic contribution term in the expression of the activity coefficient and by using parameters of interactions that are not determined by quantum calculations but inferred from experimental data.

Figure 1 :

 1 Figure 1: Group values for estimating Cpl and Cpc at 298.15 K.

Figure 2 :

 2 Figure 2: Functional groups of 4-n-OP.

Figure 2

 2 Figure 2 represents the decomposition of 4-n-OP molecule as per its functional groups for the calculation of the heat capacities of vaporization and sublimation of 4-n-OP all depending of
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Table 1 .1: Exposure

 1 parameters necessary for estimating potential receptor exposures for the exposure routes: ingestion, inhalation and absorption.

	Exposure route	Parameters
		Concentration of chemical in consumed material: water, food,
		drugs/medicines, soils…
		Amount of chemical-based material ingested each day: water and food
	Ingestion	ingestion rate…
		Fraction of ingested chemical absorbed through the gastrointestinal tract
		Exposure duration, frequency, and averaging time
		Airborne chemical concentrations: showering and other uses of chemical
		based consumer products
		Variation in air concentrations over time
	Inhalation	Amount of contaminated in breathed air
		Fraction of inhaled chemical absorbed through lungs
		Breathing rate
		Exposure duration, frequency, and averaging time
		Concentration of chemical in contacted material: cosmetics and water
		Amount of daily skin contact: cosmetics
		Fraction of chemical absorbed through skin during contact period
	Absorption	Period of time spent in contact with chemical-based material
		Average contact rate
		Receptor's contacting body surface area
		Exposure duration, frequency, and averaging time

Table 1 . 3

 13 

: TCCR principles, interpretation, and criteria.

Table 1 .

 1 

4: Food products containing APs.

Table 1 . 6 :

 16 Recommendations settled for the usage of APs and APEs between 1986 and 2013.

	Year	Regulations	References
		Switzerland bans use of nonylphenol	(RENNER, 1997)
	1986	ethoxylates in laundry detergents.	
		Several European Union countries ban or	(RENNER, 1997)
	1990-2000	restrict the use of APEs (including	
		nonylphenol ethoxylates) and nonylphenol.	

The European Food Safety Authority has confirmed the presence of a risk caused by phthalates in the list of FCMs plastic regulations. After that in 2008, the plastic FCM's in the european community settled a catalogue for the prohibited use of specific phthalates in plastic materials and products intended to come into contact with food. It included Dibutyl phthalate (DBP), Butylbenzyl phthalate (BBP), Di-IsoNonylPhthalate (DiNP), Di-IsoDecylPhthalate (DiDP) and Di-(2-ethylhexyl) phthalate (DEHP)

[START_REF] Petersen | Phthalates in soft PVC products used in food production equipment and in other food contact materials on the danish and the nordic market 2013-2014[END_REF]

.

For other phthalates used in FCMs, specific regulations are placed in terms of Specific Migration Limits (SML) of phthalates in mg per kilogram of food simulant and Quantum maximum (Qm) as being the maximum authorized residual contents phthalates in weight % in the FCMs

[START_REF] Alp | Phthalate ester migration into food: Effect of packaging material and time[END_REF]

. In 2011, the official food simulant for FCM contact with fatty foods have strengthened the control of the migration limits for phthalates according to the Plastics Regulation (EU) No 10/2011. Consequently, each product produced, imported or sold in the European Market must be compliant with the EU regulations, requirements and restrictions

(EU, 2011)

.

Table 1 . 7 :

 17 List of regulations settled in different countries in focus on Phthalates.

	Nation Agency	Regulation		Status
	EU	ECHA	Regulation (EC) No 1907/2007	Restrict DEHP, DBP, BBP in all
			Registration,	Evaluation,	articles starting July 2020
			Authorization, and Restriction of
			Chemicals (REACH)
		ECHA	(EC) No 1223/2009 Cosmetic	Prohibit DPP, DMEP, BBP in
			Products Regulation; Decision	cosmetic products
			2006/257/EC	Inventory	and
			nomenclature for ingredients in
			cosmetic products
		EFSA	(EC) No 1935/2004 Food Contact	Authorized for use of some
			Materials (FCM): (EU) No	phthalates with limitations (non-
			10/2011 on plastic materials and	fatty foods) and exceptions
			articles intended to come into
			contact with food	
	Canada ECCC	Canadian	Environmental	Phthalates were added to the
			Protection Act (CEPA), 1999 (S.C.	CMP Environmental Monitoring
			1999, c. 33)		and Surveillance Program (2017-
					2018)
		HC	Cosmetics Regulations (C.R.C., c.	A list of prohibited phthalates for
			869), enabled by the Food and	the usage in cosmetics
			Drugs Act (R.S.C., 1985, C. F-27)
	USA	US FDA	Federal Food, Drug, and Cosmetic	A compulsory declaration of
			Act		phthalates adopted
		In order to protect the human health, more concerns are needed from nations, human risk
	assessment agencies and research institutions. Accordingly, the European Chemicals Agency,

Table 1 .

 1 

		4-n-OP	4-t-OP	4-NP	4-hexylphenol 4-pentylphenol
	Molecular formula C14H22O	C14H22O	C15H24O C12H18O	C11H16O
	Molecular weight	206.32	206.32	220.35	178.27	164.24
	(g mol -1 )					
	Boiling point (°C)	113-114	158	180-181 270	342
	Melting point (°C)	42-43	84-85	42	32	23-35
	Density (g/cm 3 )	0.94	0.89	0.93	0.92	0.96
	1.4.2 Selected Phthalates				
	As mentioned in the literature, the most widespread used phthalate having the highest
	molecular weight (390.56 g mol -1 ) is bis-(2-ethylhexyl) phthalate (DEHP). DEHP is mainly
	utilized in the production of PVC products such as food contact materials, containers and medical
	devices (Cirillo, Fasano, Esposito, Montuori, & Amodio Cocchieri, 2013). The other group of
	lower molecular weight are used as solvents in cosmetics, lotions, fragrances and other daily use
	products. This group includes many phthalates like di-n-pentylphthalate (DPP), diethyl phthalate
	(DEP)…					

8: Experimental physicochemical properties of 4-n-OP, 4-NP, 4-t-OP, 4-hexylphenol and 4pentylphenol.

Table 1 .

 1 

	Molecular formula	C18H26O4	C24H38O4
	Molecular weight (g mol -1 )	306.40	390.56
	Boiling point (°C)	342	230
	Melting point (°C)	<-55	-55

9: Physicochemical properties of phthalates DPP DEHP

Table 1 . 10 :

 110 Thus, through the regulations of the US EPA Office of Toxic Substances and the European Community (REACH), physicochemical properties of any chemical substance are fundamental for any human exposure and environmental assessment. They are also fundamental to evaluate any potential for bioconcentration and bioavailability, to predict the partition of the chemical between different environmental media and to find out chemicals that are likely to show signs of toxicological dangers(Council & Studies, Division on Earth and Life, 2014). Significance level of influence of the main physicochemical properties (Design and Evaluation of Safer Chemical Substitutions, A Framework to Inform Government and Industry Decision Committee, Technology, Board on Chemical Sciences and, Toxicology, Board on Environmental Studies and, Studies, Division on Earth and Life,[START_REF] Council | A framework to guide selection of chemical alternatives[END_REF].

	Physicochemical properties include vapor pressure/volatility, aqueous solubility, octanol-
	water partition coefficient	, hydrolysis and photochemical reactivity in the air, in water
	(Klöpffer, Rippen, & Frische, 1982) (Table 1.10).
	Physicochemical property	Significance level
	Melting and boiling point	Partition behavior of a chemical between different phases
	Vapor pressure	Environmental fate and transport
		Potential bioavailability
	Aqueous solubility	Partition into aquatic domains
	Octanol-water partition coefficient Human/mammalian oral and skin bioavailability
		Bioconcentration
	Henry's law constant	Environmental partitioning and transport

Table 2 . 1 :

 21 Chemical compounds used during this study.

	Compound CAS #	Formula	Molecular Weight g.mol -1	Structure	Purity	Supplie r
	4-n-octylphenol 1806-26-4	C14H22O 206.32		Analytical standard	Sigma Aldrich
	4-tert-octylphenol 140-66-9	C14H22O 206.32		Analytical standard	Sigma Aldrich
	4-nonylphenol 104-40-5	C15H24O 220.35		Analytical standard	Sigma Aldrich
	4-hexylphenol 2446-69-7	C12H18O 178.27		Analytical standard	Sigma Aldrich
	4-pentylphenol 14938-35-3	C11H16O 164.24		Analytical standard	Sigma Aldrich
	di-n-pentylphtalate 131-18-0	C18H26O4 306.4		Analytical standard	Sigma Aldrich
	Bis(2ethylhexyl)phtalate 117-81-7	C24H38O4 390.56		Analytical standard	Sigma Aldrich
	Methanol 67-56-1	CH4O	32.04		≥99.9%	Riedel-de Haën
	Acetonitrile 75-05-8	C2H3N	41.05		≥99.9%	Riedel-de Haën
	n-octanol 111-87-5	C8H18O	130.23		≥99.5%	Sigma Aldrich

Table 2 . 2 :

 22 Analytical conditions for the quantification of 4-n-OP, 4-t-OP, 4-NP and DPP using UHPLC-DAD.

Table 2 . 3

 23 

: m/z ions selected for the SIM mode of DEHP.

Table 2 . 4 :

 24 Operating conditions for DEHP determination.

		HP-5MS 5% Phenyl Methyl Siloxane
	Column	30.0 m x 250 μm x 0.25 μm nominal
	Injection volume (μL)	1	
	Gas flow (mL min -1 )	1.1	
	Injection mode	Splitless	
	Injection temperature (℃)	280	
	Detector Temperature (℃)	300	
	Oven temperature program:		
	℃/min	T(℃)	t (min)
		100	1.00
	15.00	200	12.00
	30.00	280	8.00
	30.00	310	1.00
	2.2.3.3 Quantification		

Table 2 . 5 :

 25 LOD &LOD values in ppm of the studied molecules of alkylphenols and phthalates.

	Alkylphenols		Phthalates	
	4-n-OP	4-t-OP	4-NP	DnPP	DEHP
	LOD/ppm 0.012	0.024	0.018	0.057	0.048
	LOQ/ppm 0.035	0.073	0.055	0.17	0.15
	2.3 Vapor pressure determination			
	2.3.1 Determination methods			
	Several methods exist for experimental determination of vapor pressure. They could be
	mainly divided into dynamic, static and effusion methods.	

Table 2 . 6 :

 26 Mass of analyte in milligrams of 4-n-OP, 4-t-OP, 4-NP and DPP dissolved in 50 ml of methanol.

Table 2 .7:

 2 Control of the pressure sensors by comparison with literature data.

			n-Dodecane	
	T/K	P/Pa	%RD (1)	%RD (2)
	288.6	8.10	1	6
	303.5	28.8	0.1	7
	318.5	85.6	2	2
	333.5	233	2	2
	348.4	568	0	2
	363.1	1263	1	1

Table 3 . 1 :

 31 Vapor and sublimation pressures and percent relative uncertainty issued from dynamic gas saturation method of 4-n-OP, 4-t-OP and 4-NP between 298 and 423 K and of DPP between 323 and 423 K.

	Phase	T/K	P/Pa	u(P)/P %
		4-n-OP		
		298	2.8 10 -3	2.1
	solid	308	2.2 10 -2	5.7
		333	7.0 10 -1	4.2
		353	4.8	4.2
	liquid	373	24.2	1.3
		393	108	0.9
		423	638	0.5
		4-t-OP		
		298	3.6 10 -2	4.2
		308	1.4 10 -1	3.1
	solid			
		333	2.7	7.2
		353	15.8	8.0
		373	91.6	3.1
	liquid	393	330	4.0
		423	1197	0.9
		4-NP		
		298	3.9 10 -3 *	
	solid	308	1.3 10 -2	8.1
		313	2.7 10 -2	2.6
		333	2.80 10 -1	2.9
		353	2.0	0.9
	liquid	373	10.6	3.7
		393	47.3	1.4
		423	308.0	1.5

Table 3 .1(continue):Vapor pressure

 3 and percent relative issued from dynamic gas saturation method of 4-n-OP

Table 3 . 2 :

 32 Fitting parameters A and B using Clausius-Clapeyron's equation 3.1 for 4-n-OP, 4-t-OP, 4-NP and DPP.

	Molecule	Temperature range (K)	A (SD)	B (SD)	R 2
	4-n-OP	298.15-308.15 (solid)	59.51 (0.39) 19503 (118)	0.9999
		333.15-423.15 (liquid)	31.51 (0.19)	10581 (74)	0.9994
	4-t-OP	298.15-353.15 (solid)	35.92 (0.31)	11695 (99)	0.9916
		373.15-423.15 (liquid)	26.34 (0.60)	8120 (236)	0.9992
	4-NP	303.15-313.15 (solid)	33.90 (0.60) 11757 (186)	0.9993
		333.15-423.15 (liquid)	31.72 (0.15)	10973 (58)	0.9995
	DPP	323.15-423.15 (liquid)	34.25 (0.94) 12604 (347)	0.9966
	SD: Standard deviation.			
	R 2 : coefficient of determination.			

Table 3 . 3 :

 33 Vapor pressures of 4-n-OP, 4-t-OP, 4-pentylphenol and 4-hexylphenol issued from static apparatus.

	T/K		P/Pa	T/K	P/Pa
	4-n-OP		4-pentylphenol
	362.48		10	341.54	20
	362.49		10	341.55	20
	372.49		21	351.55	42
	382.39		42	361.67	86
	382.44		42	371.69	165
	401.75		145	371.70	165
	411.89		263	381.66	303
	411.89		261	412.16	1495
	411.90		260	412.17	1498
	421.32		424	422.06	2375
				422.07	2377
	4-t-OP		4-hexylphenol
	351.59		18	341.57	9
	361.76		38	351.59	20
	361.76		37	351.59	20
	371.74		73	361.75	41
	371.74		74	371.73	82
	381.73		138	371.73	82
	381.74		138	381.70	155
	401.57		428	381.71	155
	401.58		430	391.67	281
	411.58		717	391.67	484
	411.59		717	401.51	484
	421.47		1157	401.52	1323
	421.49		1158	421.29	1326
	Mean relative uncertainty:	/	.	
	Temperature uncertainty: +/-0.05K.		

Table 3 .

 3 

	4: Antoine coefficients of 4-n-OP, 4-t-OP, 4-pentylphenol and 4-hexylphenol (T/K, P/Pa) and the
	absolute mean pressure deviation	in percentage.		
	Molecule	Temperature/K	A	B	C	%
	4-n-OP	362.48-421.32		25.36	6942	-61.33	0.36
	4-t-OP	351.59-421.49		22.37	4999	-95.07	0.23
	4-pentylphenol	341.24-422.07		22.35	4758	-95.86	0.21
	4-hexylphenol	341.57-421.29		23.08	5294	-88.27	0.18

Table 3

 3 

	.6: Calculated enthalpy of sublimation	and enthalpy of vaporization
	and of 4-n-OP, 4-NP, 4-t-OP and DPP.	
	4-n-OP	162.4±0.2	96.8±3.6
	4-t-OP	98.1±1	78.3±2.2
	4-NP	-	100.8±4.3
	DPP	-	115.2 ±5.2

Table 3 .

 3 

	7: Triple point (	determination of 4-n-OP, 4-NP and 4-t-OP.
	4-n-OP	319	0.2
	4-t-OP	373	97
	4-NP	359	3

Table 3 . 8 :

 38 Mean aqueous solubility value Xsol in mole fraction and relative uncertainty of 4-n-OP, 4-t-OP and 4-NP between 298.15 K and 328.15 K.

	T/K	Xsol	u(Xsol)/Xsol.%
		4-n-OP	
	298.15	2.87 10 -7	0.6
	303.15	3.40 10 -7	2
	310.15	4.69 10 -7	3.3
	318.15	6.40 10 -7	3
	328.15	8.45 10 -7	2.4
		4-t-OP	
	298.15	1.32 10 -6	3.3
	303.15	1.55 10 -6	3.4
	310.15	1.91 10 -6	3.7
	318.15	2.52 10 -6	1.2
	328.15	3.83 10 -6	0.2
		4-NP	
	298.15	4.06 10 -8	8.9
	303.15	4.61 10 -8	0.2
	310.15	7.03 10 -8	5.5
	318.15	1.35 10 -7	13
	328.15	2.00 10 -7	3.2

Table 3 . 9 :

 39 Mean aqueous solubility value Xsol in mole fraction, and relative uncertainty of DPP and DEHP.

	T/K	Xsol	u(Xsol)/Xsol.%
		DPP	
	298.15	3.91 10 -8	4.6
	303.15	4.80 10 -8	6.8
	310.15	5.29 10 -8	6.8
	318.15	6.42 10 -8	4.1
	328.15	8.10 10 -8	2.1
		DEHP	
	298.15	3.18 10 -11	5
	303.15	4.26 10 -11	2.3
	318.15	1.94 10 -10	6.2
	328.15	2.04 10 -10	2.9
	Temperature uncertainty: +/-0.1K.	

Table 3 . 10 :

 310 Heidman's equation* parameters for 4-n-OP, 4-t-OP, 4-NP, DPP and DEHP.

		A	B	C
	4-n-OP	-43.37	-1623.2	5.93
	4-t-OP	-565.13	22669	83.47
	4-NP	-396.99	13025	59.01
	DPP	-44.06	-747.9	5.18
	DEHP	-12.24	-910.5	-1.26

*

.

Table 3 .

 3 NP has the highest H between 298.15 and 318.15 K thereby this alkylphenol has the most tendency to volatilize from water into the air and be dispersed into higher spaces. Conversely, at 328.15 K, 4-n-OP shows the highest H value.

	T (K)	298.15	303.15	310.15	318.15	328.15
			4-n-OP			
	H	9.50	23.60	73.08	260.3	1277
			4-t-OP			
		27.77	45.17	87.56	171.3	345.5
			4-NP			
		97.40	164.4	258.7	349.4	727.3
			DPP			
		8.38	13.70	31.78	72.75	192.8
	/ % = 4.5.					
	The graph of the Figure 3.8 shows the variation of the Henry's law constant KH of the three
	alkylphenols between 298.15 and 328.15 K.			

12: Henry's constant KH in kPa of 4-n-OP, 4-t-OP, 4-NP and DPP.

Table 3 .

 3 14: Calculated solubility data, Cw, using GSE equation and relative deviation.

	Molecule			
	4-n-OP	-6.54	-5.11	-22
	4-t-OP	-5.88	-4.70	-20
	4-NP	-7.39	-5.13	-31
	DPP	-7.41	-4.67	-37
	DEHP	-10.50	-7.44	-29

Table 3 .15:

 3 Estimation of the Octanol-air partition coefficient at 298.15 K.

	Molecule	log KOW	KAW	log KOA
	4-n-OP	5.43	6.91 10 -5	9.59
	4-t-OP	4.60	2.02 10 -4	8.29
	4-NP	5.46	7.08 10 -4	8.61
	DPP	6.12	6.09 10 -5	10.34

Table 3 .

 3 16: Mean relative deviation between experimental and predicted aqueous solubility X in mol L -1 by UNIFAC using liquid-liquid equilibria.

	Molecule	Δ% UNIF original	Δ% UNIF Dortmund Δ% UNIF Liquid-Liquid
	4-n-OP	-21	-13	-2
	4-t-OP	-20	-11	-6
	4-NP	-23	-15	-13
	DPP	-8	33	
	DEHP	-8.1	27	
		.		

Table 3 .

 3 17: Relative deviation between experimental and predicted aqueous solubility X in mol L -1 by UNIFAC using the activity coefficient at infinite dilution model.

	Molecule	Δ% UNIF original	Δ% UNIF Dortmund Δ% UNIF Liquid-Liquid
	4-n-OP	-24	-15	-7.9
	4-t-OP	-23	-12	-8
	4-NP	-26	-17	-15
	DPP	-9	33	
	DEHP	-8.6	27	

Table 3 .18: log

 3 Kow modeling by three UNIFAC models: determination from liquid-liquid equilibrium of the ternary system octanol-water-solute. calculated based on log Kow exp of 4-n-OP. **unavailability of the ester group (COO) in the decomposition of group.

			UNIFAC original	UNIFAC Dortmund	UNIFAC Liquid-
							Liquid	
	Molecule			Δ%		Δ%		Δ%
	4-n-HP		5.71	5.2* 5.38	-0.9* 5.28	-2.7*
	4-n-OP	5.43	6.13	13	5.88	8.3	5.76	5.4
	4-t-OP	4.6	5.80	26	5.42	18	5.62	22
	4-NP	5.46	6.56	20	6.38	17	6.23	14
	DPP	6.12	7.40	21	9.15	50	**	**

*

Table 3 .

 3 19: Determination of log Kow by three UNIFAC models using activity coefficients at infinite dilution method.

			UNIFAC original	UNIFAC Dortmund UNIFAC Liquid-
							Liquid	
	Molecule			Δ%		Δ%		Δ%
	4-n-OP	5.43	5.34	-1.7 5.02	-7.5 5.44	0.19
	4-t-OP	4.6	5.00	8.8	4.59	-	4.83	4.9
						0.27		
	4-NP	5.46	5.77	5.7	5.51	1.04 5.43	-0.51
	DPP	6.12	5.33	-13	*		**	**

*no convergence in the calculation. **unavailability of the ester group (COO) in the decomposition of group.

Table 3 .

 3 20: Gas phase energy predicted by COSMOThermX QM calculation using TZVP or TZVP-FINE basis.

	Molecule	TZVP Energy, Ha	TZVP-FINE Energy, Ha
	4-n-OP	-622.2032	-622.2263
	4-t-OP	-622.1881	-622.21045

Table 3 .

 3 21: Relative average deviation RAD in percentage for each studied molecule.

Table 3 .

 3 22:The octanol-water partition coefficient of alkylphenols at 298 K.

	Molecule					
				RAD		RAD
	4-n-OP	5.43	5.48	0.9	5.73	5.5
	4-t-OP	4.60	4.29	-6.7	4.42	-3.9
	4-NP	5.46	5.99	9.7	6.29	15
	DPP	6.12	5.18	-15	6.12	0
	DEHP		6.89	-	7.71	-

Table 1 :

 1 Detailed decomposition of 4-n-OP for the calculation of heat capacities Cpl and Cpc.

	Description	T Liquid	T solid	Number of
		(J mol -1 K -1 )	(J mol -1 K -1 )	group
	HO Alcohol group	53.1	23.5	1
	Quaternary aromatic Sp 2 C	15.3	8.5	6
	Secondary Sp 3 C	31.9	26.9	7
	Primary Sp 3 C	34.9	36.6	1
	Total	403.1	299.4	

Table 45 :

 45 log Kow calculation of 4-n-OP using UNIFAC original.

	Concentration of 4-n-OP 0.1	0.01	0.001	0.0001	0.0001
		5.399 6.013	6.128	6.141	6.142
		5.43 5.43	5.43	5.43	5.43
	Δ%	0.6	10.7	12.9	13.1	13.1
	.					

CHAPTER 2: MATERIALS & METHODS

In this chapter, we describe the experimental apparatuses and procedures adopted to determine the physicochemical properties of selected compounds and recall the main thermodynamic models used to predict these properties.

The experimental determination of physicochemical properties of solutes requires first the development of the analytical procedures for quantification of eluates. In view of that, we first present in this chapter the analytical procedures adopted for quantification, followed by the description of different apparatuses.

Introduction

Table 2.1 recalls the chemical compounds selected and used throughout this study. Ultrapure water was prepared on a milli-Q purification system from Millipore (18MΩ.cm).

(Equation 2.5) Where, P is the vapor pressure of compound in Pa; n is the amount of studied compound in mole calculated as following:

(Equation 2.6) Where, is the mass of compound in grams trapped; MW is the molecular weight of the compound in g.mol -1 ; R is the gas constant equal to 8.314 J.K -1 .mol -1 ; T is the temperature in Kelvin; is the volume of the vapor phase containing the compound in m 3 calculated as appears in equation 2.7:

Where, Q is the gas flow in m 3 .s -1 ; t is the trapping time in seconds.

Based on all the equations described previously, the detailed equation of the vapor pressure becomes as shown in equation 2.8:

The mass corresponding to the trapped mass of analyte is calculated from the volume and concentration of the sample dissolved in methanol:

(Equation 2.9)

Where, is the volume of methanol in Liter; is the concentration of the sample in the solution in g.L -1 .
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The measurements are carried out in the temperature range from 298.15 to 423.15 K for 4n-OP and 4-t-OP, from 303.15 to 423.15 K for 4-NP and from 323.15 to 423.15 K for DPP. Each experiment was repeated at least 4 times to ensure reproducibility of results. 

Vapor pressure measurement

Once the equilibrium temperature is reached, valve V1 and V2 are opened. The vapor phase of the compound is then in connection with the measuring part of the gage (Pm) whereas the reference part (Pr) is submitted to high vacuum, Figure 2.10.

(Equation 2.15) (Equation 2.16)

Where, and are respectively the mass molar of the solute and water in g mol -1 ; is the mass of solute trapped by the specific cartridge in gram; is the concentration of the solute in methanol solution in g L -1 ; is the volume of the flask of methanol in L; is the mass of saturated water in gram

Uncertainty of the solubility

The uncertainty of could be neglected, it comes from equations 2.14 to 2.16 that the relative uncertainty of the solute concentration is as following:

(Equation 2.17)

Where, is the relative uncertainty of the solubility; is the relative uncertainty of the concentration of the sample; is the relative uncertainty of the flask volume containing the solute diluted in methanol; is the relative uncertainty of the mass of saturated water.

Henry's law constant calculation

Once vapor pressures and solubility determined, Henry's constant is calculated using the following equation:

(Equation 2.18)

Where,

is the vapor pressure of the solute in Pascal; is the solubility in mole fraction; is Henry's constant in Pascal.

The relative uncertainty of the Henry's law constant is:

Where,

is the relative uncertainty of the pressure; is the relative uncertainty of the solubility.

2.6 Octanol-water partition coefficient determination

The different methods for determining the octanol-water partition coefficient

Three methods exists to determine the octanol-water partition coefficient: shake-flask, High-Pressure Liquid Chromatography (HPLC) and Gas Chromatography (GC) method.

2.6.1.1 Shake-flask method Shake-flask method consists of carrying out octanol-water partition in a thermostatically controlled cell equipped with a magnetic stirrer. When thermodynamic equilibrium is reached, each of the phases is analyzed. The is deduced directly from its defining relation:

(Equation 2.20)

Where, are respectively the molar concentration of the solute in the organic and the aqueous rich phase at infinite dilution.

Octanol-water partition coefficient calculation and uncertainty of propagation

The octanol-water partition coefficient log Kow is calculated using equation 2.29:

(Equation 2.29)

Where,

.are respectively the molar concentration of the solute in the organic rich phase and the aqueous rich phase at infinite dilution.

The analyte concentration in the aqueous phase is deduced from the following equation 2.30:

(Equation 2.30) here,

is the molar concentration of solute in the aqueous phase; is the mass of solute trapped by the cartridge determined by analysis after extraction in gram; M is the molar mass of solute in g mol -1 ; is the volume of extracted water in Liter.

At partition equilibrium, the solute concentrations in the aqueous phase being extremely low, the composition of the rich octanol phase C0 is considered unchanged. The latter having been determined by weighing, it is assumed that its uncertainty is negligible compared to the other sources.

Under these conditions, by neglecting the uncertainty on the molar mass, the relative uncertainty on is:

(Equation 2.31)

Where, (Equation 1.30)

Where, is the vaporization enthalpy at the mean temperature of measurement in J mol -1 ;

is the mean temperature of measurement for experiments conducted,; is the heat capacity of the liquid phase at T=298.15 K in J mol -1 K -1 determined by a group contribution method [START_REF] Chickos | Enthalpies of vaporization of organic and organometallic compounds, 1880-2002[END_REF]) (Appendix 2).

Enthalpy of sublimation , was calculated through equation 1.31:

(Equation 1.31)

Where, is the sublimation enthalpy at the mean temperature of measurement in J mol -1 ;

is the mean temperature of measurement for experiments conducted; is the heat capacity of the solid phase at T=298.15 K in J mol -1 K -1 . Determined by group contribution method [START_REF] Chickos | Enthalpies of vaporization of organic and organometallic compounds, 1880-2002[END_REF]) (Appendix 2).

Table 3.5 shows the estimated and of 4-n-OP, 4-t-OP, 4-NP and DPP used to calculate enthalpy of vaporization and the enthalpy of sublimation . They were estimation by a group contribution method based on the division of molecules into groups established on their substitution and hybridization patterns. 

CONCLUSION AND PERSPECTIVES

The work in this thesis was jointly supervised by Dr. Joseph SAAB at the Holy Spirit University of Kaslik -Lebanon and Dr. Ilham MOKBEL at the University Claude-Bernard Lyon 1 -France in the "Laboratoire des Multimatériaux et Interfaces" (LMI, UMR 5615).

The aim of this research is the determination of the physicochemical properties of chemical migrants available in food packaging materials (FCMs) and to check the quality of their prediction by thermodynamic models.

We focused on three molecules of alkylphenols and two molecules of phthalates: 4-noctylphenol (4-n-OP), 4-t-octylphenol (4-t-OP), 4-nonylphenol (4-NP), di-n-pentylphthalate (DPP) and bis-2-ethyhexyl phthalate (DEHP) identified as endocrine disruptors.

Three physicochemical properties are experimentally measured: vapor pressure, aqueous solubility and octanol-water partition coefficient responding to three parameters among the twelve required by the European Regulation REACH "Registration, Evaluation and Authorization of Chemicals".

Vapor pressures are determined using dynamic gas saturation method between 298 and 423 K and static apparatus; aqueous solubilities are measured between 298 and 328 K using dynamic saturation method and octanol-water partition coefficient using shake-flask method at 298.15 K.

The measured vapor pressures are very low (between 10 -3 Pa and 2,4 kPa). Except for 4-toctylphenol, no literature data were found for comparison.

In the same way, the measured aqueous solubilities are particularly low: between 10 -6 and 10 -11 in mole fraction. A good agreement is observed for two experimental points found in the literature.

The high value of the octanol-water partition coefficient, between 4.6 and 6.12 in log units, shows that the studied molecules have a high hydrophobicity due to their large hydrocarbon surface.

APPENDIX 1

1.1 Factors affecting the migration process

Since FCM is the source of release of a chemical migrant, thus it can affect the whole process of migration. Therefore, the knowledge of the exact chemicals available in each type of FCM studied is necessary [START_REF] Nguyen | The ubiquitous issue of cross-mass transfer: Applications to single-use systems[END_REF].

Type of food content

The type of food content affects the migration process for two main reasons:

incompatibility and solubility [START_REF] Castle | 1 -chemical migration into food: An overview[END_REF].

Incompatibility between the type of FCM and food can more promote the release of chemical substances. For example, fatty and oily foods placed in a plastic container leads to its swelling and shows then a huge release of migrants from it. Consequently, the match between the type of food and FCM should be as compatible as possible in order to reduce the migration of chemicals as much as possible [START_REF] Nabavi | Risk assessment in the federal government : Managing the process[END_REF].

Furthermore, the solubility of a chemical released from FCM is influenced by the nature of the foodstuff. However, this solubility affects the frequency of the migration. Table 1 shows the type of chemical that tends to migrate more readily comparing to the nature of the food in contact [START_REF] Castle | 1 -chemical migration into food: An overview[END_REF]. 2 shows concrete examples for each migration model described previously [START_REF] İçöz | Selection of food packaging material, migration and its effects on food quality İŞCAN[END_REF]. 

APPENDIX 2

Groups are defined based on their substitution and hybridization patterns. The functional groups are listed in Figure 1 where R terms represents the variable groups. Each molecule is fragmented into groups to which are assigned an estimated value of Cpl and Cpc at 298.15 K following both the same protocol.

APPENDIX 3

Decomposition of molecules into groups in UNIFAC models

Table 1 gives the breakdown into groups of the studied compounds adopted for each variant of UNIFAC model. 3.2 Calculation of the octanol-water partition coefficient Kow of 4-n-OP using UNIFAC model

Table 2 shows the calculation of Kow of 4-n-OP by UNIFAC original using the "Simulis Thermodynamics" software from "PROSIM". The calculation is based on the study of the liquidliquid balance of the ternary 4-n-octylphenol/water/1-octanol using the "stCALFllTP" function.

The input quantities are:

The name of the constituent.

The composition of the homogeneous mixture in molar fraction.

The temperature and pressure.

The calculated outputs are:

The phase partition rate expressed as a molar ratio of the two phases (useless in our case).

The composition of the "heaviest" phase: the aqueous phase.

The composition of the "lightest" phase: the organic phase.