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RESUME

Les HAPs ont été largement étudiés, puisqu’ils sont présents dans presque tous les €cosystémes
et sont trés toxiques. Du fait de leur forte hydrophobicité, laquelle est liée a la présence de cycles
aromatiques, ces molécules s'adsorbent fortement aux matieres particulaires des sols, des
sédiments ou-des boues, ce qui les rend peu accessibles a la biodégradation. ’Dans le cadre de
cette recherche, les performéﬁces de différents procédés de traitement des boues ont été évalués
pour I’élimination de 11 HAPs (5.5 mg de chaque HAP kg MS) préalablement additionnés a
des boues d’épuration. Deux procédés biologiques (la digestion aérobie mésophile (MAD) et le
procédé simultané de digestion des boues et de lixiviation des métaux (METIX-BS)) ont ¢té
testés afin d’évaluer leur capacité de biodégrader les HAPs. En paralléle, deux procédés
chimiques (METIX-AC et STABIOX) et un procédé électrochimique (ELECSTAB) ont été
testés afin de mesurer I’élimination des HAPs par ces procédés oxydatifs. De plus, la
solubilisation des HAPs a partir des boues suite a [’addition d’un surfactant non-ionique (Tween
80) a aussi été explorée. Les meilleurs rendement d’élimination des HAPs ont été obtenus par les
procédés biologiques (MAD et METIX-BS) avec plus de 95% d’enlévement des HAPs a 3
cycles aprés une période de traitement de 21 jours. L’ajout de Tw80 lors de I’opération du
procédé MAD a permis de hausser le taux d’enlévement des HAPs a 4 cycles. De plus, plus de
45% des HAPs a 3 cycles ont €té enlevés a partir des boues d’épuration par METIX-AC et
approximativement 62% d’enlévement des HAPs a 3 cycles par le processus ELECSTAB.
Cependant, peu d'enlévement (< 35%) pour des HAPs a 3 cycles par STABIOX. Aucun des
procédés testés ne s’est avéré efficace pour 1’élimination des HAPs a haut poids moléculaire (> 5

cycles) a partir des boues d’épuration.






ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) have been widely studied due to their presence in all
the environmental media and toxicity to life. These molecules are strongly adsorbed on the
particulate matters of soils, sludges or sediments because of their strong hydrophobicity which
makes them resistant to biodegradation. Various treétment processes of sewage sludge were
tested to evaluate their performance for PAHs removal from sewage sludge prealably doped with
11 PAHs (5.5 mg each PAH kg™ DM). Two biological processes (mesophilic aerobic digestion
(MAD) and simultaneous sewage sludge digestion and metal leaching (METIX-BS)) were tested
in order to evaluate PAHs biodegradation in sewage siudge. In parallel, two chemical processes
(METIX-AC and STABIOX) and one electrochemical process (ELECSTAB) were tested to
measure PAHs femoval by these oxidative processes. Moreover, PAHs solubilisation from
sludge by addition of a nonionic surfactant (Tween 80) was also tested. Best PAH removal yields
have been obtained by biological processes (MAD and METIX-BS) with more than 95% of
removal for acenaphtene (ACN), fluorene (FLU) and phenanthrene (PHE) after a 21-day
treatment period. Tw80 addition during MAD treatment increased 4-ring PAHs removal rate. In
addition, more than 45% of 3-ring PAHs were removed from sludge by METIX-AC and during
ELECSTAB process were quiet good with approximately 62% of 3-ring PAHs removal.
However, little weaker removal of 3-ring PAHs (< 35%) by STABIOX. None of the tested
processes were efficient for the elimination of high molecular weight PAHs (> 5-ring) from

sewage sludge.
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I. Synthese francaise

1. SYNTHESE FRANCAISE

1.1. Introduction

Les boues d'épuration sont les déchets incontournables du traitement des eaux usées. Elles sont
riches en matiéres organiques, éléments nutritifs comme 1’azote, le phosphore et le potassium,
composants prinéipaux des engrais agricolgs. Au cours des derniéres années, le recyclage des
boues comme fertilisant a bien été¢ étudié. Aujourd'hui, environ 40% des boues d’épuration
produites dans le monde sont utilisées pour la fertilisation des sols (Webber ef al., 1996; Recyc-

Quebec, 2002).

Dans bien des cas, les boues d’épuration ne peuvent pas étre directement appliquées sur les sols
puisqu'elles contiennent une trés grande variété de pathogene, certains métaux lourds (comme le
cadmium, zinc, cuivre, etc.) et des polluants organiques (comme les biphényls polychlorés
(BPCs), les dioxines et furannes (PCDDs/PCDFs), les hydrocarbures aromatiques polycycliques
(HAPs) etc.). Ces polluants peuvent étre toxiques pour I'humain, les animaux ou les plantes.
L'utilisation des boues d'épuration en agriculture est interdite lorsque la concentration d'un ou

plusieurs polluants dépasse une valeur limite.

Les HAPs sont des composés organiques neutres, constitués exclusivement de carbone et
d’hydrogéne et dont la structure moléculaire comprend au moins deux cycles benzéniques. Ces
composés sont considérés comme les polluants organiques classiques les plus importants dans
I’environnement. De plﬁs, étant hydrophobes, liposolubles et pour la plupart non-volatils, les
HAP tendent a s’adsorber a la matiére organique ainsi qu’aux particules solides dans les sols, les

sédiments ou les boues. Ces HAPs présentent un risque toxicologique important méme a de
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faibles concentrations pour les microorganismes, les animaux ou les hommes. Plusieurs HAPs

sont considérés cancérigénes et mutagénes.

Les HAPs proviennent de sources naturelles et anthropiques. Les sources anthropiques incluent
les activités industrielles comme les usines pétrochimiques, les usines de gazéification du
charbon etc., mais aussi des sources reli¢es au domaine du résidentiel et du transport. Les HAPs

peuvent également se former naturellement lors de feux de foréts ou d'éruptions volcaniques.

En Europe, la limite de concentration pour total des 11 HAPs' dans les boues d’épuration ne
devrait pas excéder 6 mg kg de boues séches si celles-ci sont destinées a étre utilisées pour des

¢pandages agricoles (EU, 2000).

Actuellement, plusieurs groupes travaillent sur différentes méthodes d’extraction (USEPA, 1982;
1990b; Chen et Pawliszyn, 1995; Camel, 2000), de purification (Mangas et al., 1998; Harmsen et
al., 2003) et de mesures des HAPs dans les sols (USEPA, 1998; Khim et al., 1999). A linverse,
le méme type d’études sur I’extraction et ’analyse des HAPs dans les boues d’épuration est

beaucoup plus rare.

La plupart des HAPs sont peu biodégradables du fait de leur faible solubilité dans I’eau et de leur
fort pouvoir adsorbant (Goyer et al, 1995). Diverses approches ont été explorées pour
I’élimination des HAPs dans les sols contaminés. Ces technologies comprennent notamment : la
biodégradation par les bactéries (Cerniglia, 1992), la photodégradation (Mill ef al., 1981; Fukﬁda

et al., 1988; Sigman et al., 1991, 1996, 1998), I’oxydation chimique (Yao et Masten, 1992) et la

"11 HAP: acénaphthéne (ACN), phénanthréne (PHE), fluoréne (FLU), fluoranthréne (FLR), pyréne
(PYR), benzo(bjk)fluoranthéne (BJK), benzo(a)pyréne (BAP), indeno(1.2.3-cd)pyréne (INP) et
benzo(ghi)peryléne (BPR).
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solubilisation par les surfactants (Bury et Miller, 1993; Volkering ef al., 1995; Doong et al.,

1996).

Un certain nombre de procédés tels que METIX (Blais er al., 1992, 2004, 2005), STABIOX
(Blais et al., 2003) et ELECSTAB (Drogui et al., 2005) ont été testés avec succeés pour
I’enlévement des métaux toxiques ou la stabilisation (€limination des pathogenes et des odeurs)
des boues .d’épuration municipales et industrielles. Toutefois, aucune étude ne s’est portée sur la
possible application de ces procédés, ou d’autres technologies de traitement des boues, pour

I’élimination des HAPs présents dans les biosolides issus du traitement des eaux usées.

D’un point de vue analytique, le suivi des HAPs dans les boues a été réalisé par la technique
d’extraction Soxhlet et saponification, suivi par une purification sur gel de silice et ’analyse des

par GC-MS.

En terme de décontamination, divers types de technologies ont été évaluées afin d’identifier les
filieres de traitement les plus prometteuses. Ces technologies comprennent deux procédés
biologiques (METIX-BS et digestion aérobie mésophile (MAD)), deux précédés chimiques
(STABIOX, METIX-AC) et un procédé électrochimique (ELECSTAB). L’étude a également
porté sur la possible utilisation de surfactant (Tween-80) pour I’enlevement des HAPs des boues
d’épuration. Enfin, des combinaisons comprenant 1’utilisation d’un surfactant avec un procédé

~ biologique (MAD) ou chimique (METIX-AC) ont également été explorées.
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1.2. Démarche méthodologique

1.2.1 KEchantillonnage des boues

Les boues de 1’usine d’épuration des eaux usées municipales de Haute-Bécancour (Black Lake,
QC, Canada) ont été choisies. Ces boues sont générées par des réacteurs biologiques séquentiels
(RBS). Les boues ont été conservées a 4 °C dans des contenants de polypropyléne jusqu’a leur
utilisation aprés avoir été échantillonnées en mai 2005. La teneur en solides totaux (ST) de ces
boues a été ajustée a 18.0 et 30.0 g ST L™ pour I’ensemble des expériences. Les teneurs en
métaux et en nutriments (mg kg" de matiére séche (MS)) des boues étaient les suivantes: Al
(19 000 £ 400), Ca (13 900 £ 200), Cd (3,0 £ 0.1), Cr (139 = 4), Cu (1 800 =+ 40), Fe (37 100 +
900), K (7 200 + 200), Mg (17 100 + 200), Mn (468 £+ 7), Na (4 700 = 100), Ni (134 + 3), P

(19 900 = 400), Pb (87 £ 1), S (5 000 + 200), Zn (620 + 10).
1.2.2 Méthode de dopage des boues

Avant les experiences, les boues ont été dopées avec 5 mg kg™ MS de chacun des 11 HAPs par
ajout de solutions standards Mix 44 (1 000 mg 1" dans CH,Cl-benzéne) et benzo(j)fluoranthéne
(2000 mg L dans CH,Cl,-benzéne). Ces solutions standards ont été obtenues chez Sigma-
Aldrich Canada Ltd (Oakville, ON, Canada). Les boues ont ét¢ mélangées mécaniquement
(Mechanical shaker, Lab-Line Environ-Shaker, modéle 3528) pendant au moins 1h a la

température ambiante (20 £ 2 °C) et conservées a 4 °C pendant 24 h.
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1.2.3 Enlévement des HAPs dans les boues d'épuration

Au cours des traitements et aprés ceux-ci, des échantillons de boues (300 a 600 ml) bnt été
prélevés et les phases solide et liquide ont été séparées par centrifugation (2 050 x g pendant
30 min, Beckman Coulter Inc., modéle Allegra™ 6 centrifuge) ou filtration sous vide (membrane
Whatman No. 4, porosité de 15 & 20 um). Des étapes d’extraction et de purification des HAPs

ont ensuite été effectuées en triplicata sur ces phases solide et liquide.
1.2.3.1  Essais contréles

Dans un premier temps, afin de démontrer D'efficacité¢ de différents traitements pour
I’enlévement des HAPs dans les boues, trois essais controles ont été réalisés en utilisant trois
volumes d’approximativement 2 L de boues. Le premier controle comprenait les boues non-
dopées et non-traitées (NDC). Le second contrdle (DOC) a été préparé en utilisant en utﬂisant
des boues préalablement dopées, mais n’ayant subit aucun traitement. Un troisiéme contrdle
(DAC) a aussi été préparé en stérilisant (autoclavage a 121 °C, sous une pression de 15 psi et
pendant 15 min) les boues. Les boues stériles ont ensuite été réparties dans quatre erlenmeyers de
1 L de capacité et ont été dopées selon la procédure décrite précédemment. Par la suite, les boues
contenues dans un erlenmeyer ont été séparées par centrifugation. Les phases solide et liquide
ont été conservées pour les extractions et les analyses. Les boues présentes dans les trois autres
erlenmeyers ont été conservés a température ambiante pendant des périodes respectives de 7, 14
et 21 jours avant d’étre centrifugées. Les teneurs en HAPs dans ces boues contrdles sont

illustrées au Tableau 1.1.
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Teneurs en HAPs (mg kg MS) dans les boues non-dopées et dopées

HAPs Contrdle non-dopé Controles dopés
(NDC) (DOC)* (DAC)**

ACN 0,036 + 0,001 4,58 +£0,12 5,56 +£ 0,01
FLU 0,042 + 0,002 4,51 £0,12 5,56 £ 0,01
PHE 0,207+ 0,010 5,11x£0,17 5,73 £ 0,03
FLR 0,493 £ 0,012 4,92 £ 0,56 6,03 + 0,07
PYR 0,522 £ 0,028 5,07 £ 0,22 6,06 + 0,06
BIK 0,910 £ 0,084 16,82 + 0,30 17,72 £ 0,11
BAP 0,493 £ 0,012 4,94 £ 0,22 5,93 £ 0,06
INP 0,392 + 0,037 5,65 £ 0,45 6,14 £ 0,05
BPR 0,534 + 0,045 6,02 £ 0,16 6,07 £ 0,04
Total (11 HAPs) 3,586+ 0,214 57,84 +231 64,79 £ 0,43

* ST=18,0¢gl",
Hx ST=30,0gl".

Tableau 1.2  Conditions expérimentales des différents essais d’enlévement des HAPs
Traitements ST Durée Tw80 pH POR final

(gL") (gL") final (mV)

DAC 30,0 21d 0 7,16 -58
MAD 30,0 21d 0 7.08 +440
MAD+Tw80 30,0 21d 0.5 6,43 +446
METIX-BS 30,0 21d 0 1,42 +461
METIX-AC 18,0 4h 0 2,08 +326
METIX-AC+Tw80 30,0 4h 0,5 1,88 +370
STABIOX 18,0 80 min 0 4,00 +290
ELECSTAB 18,0 60 min 0 4,00 +171

Tw80-A 30,0 6h 0,5 6,60 -70

Tw80-B 30,0 4h 0,5 6,59 -83

Tw80-C 30,0 2h 2,0 6,62 -82
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1.2.3.2 Traitement par digestion aérobie mésophile (MAD)

Le procédé conventionnel de digestion aérobie mésophile a été évalué pour la biodegradation des
HAPs. Un volume de 3 L de boues dopées a été digéré en mode cuvee dans un réacteur de type
cuve agitée (5 L de capacité) & température ambiante. Quelques parametres opératoires
importants sont décrits au Tableau 1.2. Lors de I’opération du procédé, la teneur en oxygene
dissout a été maintenue > 2 mg L. Des échantillons ont été prélevés aux temps 3, 5, 7, 14 et
21 jours pour les extractions et les analyses de HAPs. Les phases solide et liquide ont été

séparées par centrifugation.
1.2.3.3 Traitement MAD+Tw80

Un ajout de Tween 80 (Tw80), un surfactant non-ionique, a été testé en combinaison au procédé
MAD. Une solution de 1,5 g Tw80 L' (750 ml) a été ajoutée a un volume de 1,5 L de boues
dopées et le mélange a été digéré dans un réacteur de type cuve agitée (5 L). Des échantillons ont
été prélevés aux temps 3, 5, 7, 14 et 21 jours pour les extractions et les analyses de HAPs. Les

phases solide et liquide ont été séparées par filtration.
1.2.3.4  Traitement METIX-BS

METIX-BS est un procédé de biolixiviation des métaux toxiques et de digestion des boues
utilisant le soufre élémentaire. Ce procédé exploite la présence d’une microflore indigéne
composée de thiobacilles capables d’oxyder le soufre élémentaire en acide sulfurique dans les
boues d’¢puration. Cette production d’acide cause une acidification importante des boues a des
valeurs de pH inférieures 4 2,0. Un volume de 3 L de boues dopées a été réparti en 15 volumes
de 200 ml dans des erlenmeyers de 500 ml de capacité. Une masse de 1,0 g de soufre élémentaire

en poudre a été ajoutée a chaque fiole, puis les boues ont été incubées pendant 21 jours, a une
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température de 28 + 2 °C, dans un agitateur gyratoire tournant a 150 rotations per minute (rpm).
Des échantillons ont été prélevés aux temps 3, 5, 7, 14 et 21 jours pour les extractions et les

analyses de HAPs. Les phases solide et liquide ont été séparées par centrifugation.
1.2.3.5  Traitement METIX-AC

Le procédé METIX-AC est une technologie efficace et économique pour I’enlévement des
métaux toxiques. Ce procédé est également en mesure d’éliminer les odeurs et les pathogénes par
utilisation d’agents oxydants, tels que le chlorure ferrique et le peroxyde d’hydrogeéne. Un
volume de 2 L de boues dopées a été acidifié a pH 2 avec de I’acide sulfurique (5 ml, 5 M) a
température ambiante dans un réacteur de type cuve agitée de 5 L de capacité. Par la suite, des
solutions de chlorure ferrique (12 ml, teneur en Fe** de 11% p p™') et de peroxyde d'hydrogéne
(10 ml, 3% p p'l) ont été ajoutées afin de maintenir un POR > 400 mV. Les boues ainsi traitées

ont été mélangées pendant 4 h. Les phases solide et liquide ont été récupérées par centrifugation.
1.2.3.6 Traitement METIX-AC+Tw80

L’ajout de Tw80 a également été testé en combinaison avec le procédé METIX-AC. Un volume
de 0,6 L de boues dopées a été acidifié a pH 2, dans un bécher de 2 L de capacité, avec 1’acide
sulfurique (4 ml, 5 M), suivi par 1’addition des solutions de chlorure ferrique (6 ml, 11% Fe** p
p et de peroxyde d’hydrogéne (5 ml, 3% p p™). Les boues ont été mélangées pendant 2 h &
température ambiante, puis une solution de 0,5 g Tw80 L™ (300 ml) a été ajoutée aux boues,
lesquelles ont ensuite &té mélangées a nouveau pendant une période de 2 h. Les phases solide et

liquide ont été récupérées par filtration.
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1.2.3.7 Traitement STABIOX

STABIOX est un procédé performant de stabilisation (¢limination des odeurs et destruction des
microorganismes pathogénes) et de conditionnement (amélioration de la déshydratabilité) des
boues d’épuration municipales et industrielles. Un volume de 2 L de boues dopées a été acidifié
a pH 4 avec de ’acide sulfurique (3,5 ml, 5 M) dans un réacteur de type cuve agitée de 5 L de
capacité. Par la suite, des solutions de chlorure ferrique (1,5 ml, 11% fe“ p p'l) et de peroxyde
d'hydrogéne (10 ml, 3% p p™') ont été ajoutées, puis les boues ont été mélangées a température

ambiante pendant 80 min. Les phases solide et liquide ont été récupérées par centrifugation.

1.2.3.8 Traitement ELECSTAB

Le procédé ELECSTAB permet de stabiliser (élimination des odeurs et destruction des
microorganismes pathogénes) et d’améliorer la déshydratabilité des boues d’épuration
municipales et industrielles. La capacité de ce procédé a détruire les HAP a donc été examinée
dans le cadre de cette recherche. Un volume de 5 L de boues dopées a été¢ déposé dans une
cellule électrolytique cylindrique, en plexiglas d’une capacité de 12 L (42 cm de haut et 25 cm de
diamétre), constituée de deux électrodes concentriques en métaux déployés (DSA : Dimensional
Stabilized Anode). L’anode fabriquée de titane (Ti) recouverte d’oxyde de ruthénium (RuO,)
avait une forme cylindrique de 28 cm de haut, 10 cm de diamétre et 2 mm d’épaisseur. La
cathode était une grille en titane déployé et avait une forme cylindrique de 28 cm de haut, un
diamétre de 18 cm et une épaisseur de 2 mm. La distance interélectrode était de 4 cm. L’anode
était placée au centre de la cellule et la cathode a la périphérie. Les électrodes, fixées

mécaniquement, ont ét€¢ disposées de fagon a assurer une bonne répartition de 1’eau dans la

cellule. Le courant électrique était fourni par une source d’alimentation stabilisée (XFR 40-70, 0-
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40 V, 1~70 A). Une addition de 12,5 g de sulfate de sodium (€lectrolyte) a été effectude et des
solutions d’acide sulfurique (13,5 ml, 5 M) et de peroxyde d'hydrogéne (45 ml, 3% p p™h) ont
également été ajoutces. Les boues ont €té traitées par voie électrochimique (8 A et 16 V) pendant
60 min & température ambiante. Les phases solide et liquide ont ensuite été récupérées par

centrifugation.
1.2.3.9  Traitement au surfactant non-ionique

Le surfactant nonionique (Tween 80) a été choisi pour augmenter la solubilit¢ des HAP dans les
boues d’épuration. Le Tween 80 a été utilisé avec succes pour la solubilisation de plusieurs
composés organiques toxiques présents dans des sols contaminés. Trois différentes procédures
(Tw80-A, -B, -C) ont été testées pour le traitement de boues en utilisant ce surfactant. Ces
expériences ont été réalisées avec des volumes de 200 ml de boues dopées déposés dans des
erlenmeyers de 500 ml de capacité munis de chicanes et de bouchons en acier inoxydable. Les
fioles ont ét¢ placées sur un agitateur gyratoire tournant a 150 rpm et gardé a température
ambiante. Une solution de 1,5 g Tw80 L' (100 ml) a été ajoutée aux boues lors de ’essai Tw80-
A. Apres le traitement d’une durée de 6 h, les phases solide et liquide ont été séparées par
centrifugation a différentes vitesses (500, 1 000, 2 000 et »3 000 x g pendant 30 min) et par
filtration sous vide. Des concentrations de 0,5 et 2,0 g Tw80 L ont été ajoutées aux boues lors
des essais Tw80-B et Tw80-C, respectivement. Aprés les traitements de 4 h (Tw80-B) et 2 h

(Tw80-C), les phases solide et liquide ont été obtenues par filtration.

10
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1.2.4 Extraction, purification et analyse des HAPs

1.2.4.1  Extraction Soxhlet pour échantillons solides

Dans cette étude, les HAP dans les fractions solides des boues ont été extraits par une méthode
modifiée du Centre d'expertise en analyse environnementale du Québec (Gouvernement du
Québec, 2002). Les échantillons solides traités (1 a 10 g) ont été placés dans des béchers
préalableﬁlent pesés précisément. La solution combinée d’étalons de recouvrement (250 pl d’une
solution a 100 mg L™ d’acénaphténe-do et de chryséne-di,,) a été ajoutée dans les boues solides.
Des ajouts de sulfate de magnésium anhydre ont été réalisés afin d’¢éviter la présence de traces
d’eau au sein des extraits. La totalit¢ des échantillons a été transférée dans une cartouche
d’extraction en cellulose (43 x 123 mm, Advance MFS Inc.) préalablement pré-décontaminée
(traiter dans du dichlorométhane pendant au moins 24 h). Les échantillons solides ont €té traités
dans un extracteur Soxhlet (Organomation Glassware Heaters, Electrothermal EME 30500/EX1,
avec 3 fioles de 500 ml) par 300 ml de CH,Cl, a un rythme d’environ 4 a 6 cycles h' pendant
24 h (MA. 400-HAP 1.1). Aprés cette période, I’ensemble a été refroidi et transféré dans un
ballon. L’extracteur était rincé & ’aide de CH,Cl, et le matériel de ringage transféré dans le
ballon: L’ensemble du contenu du ballon était évaporé sous vide a ’aide d’un évaporateur rotatif
(marque Biichi, modeéle Rotavapor-R) a une température ne dépassant pas 26 °C et ce, jusqu’a un

volume de 5 ml.
1.2.4.2  Saponification

Pour enlever efficacement les composées organiques interférant dans les extraits comme les

triacylglycérols, il est important de procéder a une étape de purification sur colonne. Au

11
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préalable a cette étape de purification, il est nécessaire de procéder a une étape de saponification.

Une solution d'hydroxyde de potassium (150 ml d’une solution de méthanol 0.5 M) a été ajoutée
dans un ballon (500 ml) qui a été chargé des extraits. Ensuite, un chauffage par bain d’eau a ét¢
opéré afin de maintenir les extraits sous reflux (80 °C) pendant 4 h (Mangas et al., 1998). Apres
refroidissement a température ambiante, 100 ml de saumure saturée préparée dans de I'eau milli-
Q-purifiée a été ajoutée dans ce systéme et le mélange a été extrait a I’aide de dichlorométhane
(3 x50 ml). La phase organique combinée a été séchée par MgSO4 (préchauffé a 650 °C pendant
12 h) et évaporée a sec sous vide grace a un évaporateur rotatif dont la température du bain ne
dépassait pas 26 °C. Un volume approximatif de 2 ml d’he);ane a été ajouté dans ce ballon pour

I’étape suivante.
1.2.4.3  Extraction rotative pour échantillons liquides

Des volumes connus d’échantillons liquides (de préférence S00 ml) ont été transférés dans des
bouteilles en verre pré-décontaminées (lavées a l'eau et rincées a l’aéétone). Ensuite, des
volumes de 200 ml de dichlorométhane et 100 ul de la solution combinée d’étalons de
recouvrement (acénaphtene-d;o et chryséne-d;; dans I’isooctane) ont été ajoutés dans les
bouteilles. Les échantillons liquides ont été extraits sur l'extracteur rotatif a une vitesse de
rotation de 6 rpm pendant 24 h a température ambiante. La phase organique a été séparée et
séchée par MgSO, (préchauffé a 650 °C pendant 12 h). Par la suite, la solution a été évaporée a
sec sous vide a I’aide d’un évaporateur rotatif dont la température de bain ne dépassait pas 26 °C.
Un volume approximatif de 2 ml d’hexane était ajouté dans ce ballon pour [’étape de

purification.

12
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1.2.4.4  Purification des extraits par chromatographie rapide sur colonne de gel de silice

Les extraits contenant les HAP ont été purifiés par adsorption dans des colonnes de verre (¢ 2,5
cm x 40 ¢m pour des échantillons solides; ¢ 1,0 cm % 20 cm pour des échantillons liquides)
contenant du gel de silice activé (60 g pour les échantillons solides, 15 g pour les échantillons
liquides). Des couches d’environ 1 cm de sulfate de magnésium anhydre ont été placées au-
dessus du gel de silice. Aprés ringage avec une solution d’hexane, les HAP adsorbés ont été élués
par un volume de 150 ml d’une solution d’hexane-dichlorométhane (3 : 2). Apres concentration
par évaporation, les HAP étaient repris dans des volumes finaux de 2 ml (échantillons liquides)
ou 5 ml (échantillons solides) d’isooctane. Les échantillons purifiés ont été conservés dans des

vials ambrés 4 <—10 °C avant leur analyse.
1.2.5 Méthodes analytiques

Les HAP ont été mesurés a ’'INRS en utilisant un appareil GC-MS (Perkin Elmer, modé¢le Clarus
500, colonne de type VF-5MS FS, 30 m x 0,25 mm x 0,25 pm) et chez Bodycote inc. (Québec,
QC, Canada) par un appareil GC-MS (Hewlett Packard, modéle 6890 muni d’un MS modéle HP

5973A, colonne de type DB-5, 30 m x 0,25 mm x 0,25 pm).

Le pH a ét¢ mesuré a environ 20 °C par un pH-metre digital Fisher Accumet (modéle 915)
équipé d’une €lectrode Cole-Palmer a référence interne Ag/AgCl et d’une double jonction de
verre. Les solides totaux (ST) ont été mesurés par la méthode 2540B de I’APHA et al. (1999).
Les échantillons liquides ont été filtrés sous vide a 1’aide de membranes Whatman 934-AH
(Whatman International Ltd, Maidstone, Angleterre), puis acidifiés avec une concentration de

5% (v v'') HCI et conserves a 4 °C avant les mesures de métaux et d’éléments en solution. Les

13
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boues ont été digérées par la méthode 3030 I de I’APHA et al. (1999) comprenant une attaque de
0,5 g de boues séches par HNO;, HF et HC1O4 et reprise finalement par 5% HCI. Les métaux et
¢léments en solution ont €t€¢ measures par spectrophotométrie a emission de plasma induit (ICP-

AES) avec un appareil Varian (modéle Vista-AX).
1.2.6 Produits chimiques

Les solvants organiques utilisés étaient de grade analytique et provenaient de la compagnie
Merck Frosst Canada Limitée (Kirkland, QC, Canada). Le chlorure de sodium, I’hydroxyde de
potassium et le sulfate de magnésium anhydre (grade analytique et pré-chauffé a 650 °C pendant
12 h avant utilisation) ont été obtenus de EMD Chemicals Inc (Gibbstown, NJ, USA). L’acide
sulfurique (95-98% réactif ACS) a été acheté chez Fisher Scientific Company (Ottawa, ON,
Canada). La solution de chlorure ferrique (11% Fe*™ p p') a été acquise de Eaglebrook
Environment Corporation (Varennes, QC, Canada). Le peroxyde d’hydrogene (33% v vl aété
acheté chez Laboratoire Mat (Beauport, QC, Canada). Le gel de silice 60 (230 ~ 400 mesh) a été
acquis de Silicycle (Québec, QC, Canada), alors que le Tween 80 a été acheté de ICI Americas
Inc (Wilmington, DE, USA). Les solutions standardisées de HAP comprenant la solution de
Mix 44, ainsi que les solutions de benzo(j)fluoranthéne, anthracéne-d;o, - lpyréné-dlo,
acénaphténe-d;o, chryséne-d,,, naphtaléne-ds, et phénanthréne-d;y ont été obtenues de Sigma-
Aldrich Canada Ltd (Oakville, ON, Canada). L’eau purifiée Milli-Q a été préparée a [’aide d’un

systeme Millipore Milli-Q (Millipore (Canada) Ltd, Nepean, ON, Canada).
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1.3. Résultats et discussion

1.3.1 Efficacité d’extraction et de purification des HAPs

L'efficacité de l'extraction Soxhlet avec saponification et purification des HAPs a partir des
boues d’épuration a ¢té évaluée par la récupération des étalons de recouvrement. Les
pourcentages de récupération ont varié entre 85 et 120% dans la plupart de cas pour chaque
étalon de recouvrement et lors de chaque extraction. Par exemple, les étalons de recouvrement
des HAPs a deux (acénaphténe-d;o) et trois (anthracéne-d;o) cycles aromatiques ont été récupérés
entre 85 et 110% dans la plupart des cas, alors que les étalons de recouvrement des HAPs a
quatre cycles (pyréne-dig et chryséne-d;q) ont été récupérés entre 90 et 120% dans la plupart des

cas.
1.3.2 Traitements biologiques (MAD et METIX-BS)

La biodégradation par les bactéries est une méthode qui a été largement étudiée pour
I’enlévement des HAPs a partir de matrices contaminées (Cerniglia, 1992). Les voies
métaboliques et les mécanismes de biodégradation ont été bien documentés (Komatsu et al.,
1993; Juhasez ef al., 1997; Volkering and Breure, 2003). Les recherches ont montré que les
HAPs de faible poids moléculaire (2, 3 et 4 cycles aromatiques) sont plus rapidement
biodégradés que les composés de haut poids moléculaire (5 cycles et plus) (Heitkamp et
Cerniglia, 1989; Cerniglia, 1993). Cependant, il existe trés peu de données concernant
I’efficacité d’élimination des HAPs par les technologies MAD et METIX-BS. Les Figures 1.1 a
1.3 présentent les cinétiques de biodégradation des HAPs en terme de rendement (%) lors du
déroulement des procédés MAD, MAD+Tw80 et METIX-BS. ACN, FLU et PHE sont

rapidement biodégradés avec ces trois procédés avec plus de 90% de réduction apres
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seulement deux semaines de traitement. La biodégradation des autres HAPs débute généralement

aprés une période de 5 jours et les rendements d’élimination sont plus faibles que pour ACN,

FLU et PHE.
100
80 —8- ACN
g —O-FLU
£ 60 - PHE
E -TFLR
S —A—PYR
= 40
eEa ——BJK
d
% —o— BAP
=
=20 ——INP
—X-BPR
0>
-20 1 T T T T T T T T
0 4 8 12 16 20
Temps (jours)
Figure 1.1 Variation temporelle de la dégradation des HAPs dans les boues lors du traitement

MAD
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Figure 1.2 Variation temporelle de la dégradation des HAPs dans les boues lors du traitement

MAD+TwS80
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Figure 1.3 Variation temporelle de la dégradation des HAPs dans les boues lors du traitement

METIX-BS

Le Tableau 1.3 ﬁlontre les concentrations finales de HAPs dans les boues et les rendements
correspondants d’enleévement de ces composés apres les différents traitements biologiques. Aprés
21 jours d’incubation, les boues contrdles stérilisées (DAC) ont montré que la volatilisation des
HAPs était modérée pour CAN, FLU et PHE avec des rendements d’enlévement de

respectivement 34,3, 32,8 et 18,7%. La volatilisation était faible (< 15%) dans le cas des autres

HAPs analysés.
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L’ajout d’un surfactant non-ionique (Tw80) lors du procédé MAD a causé une augmentation
substantielle de la biodégradation, particulierement pour FLR, PYR, BJK et BAP. Cependant,
aucun effet notable n’a été révélé dans le cas de INP et BPR. De maniére générale, I’ajout de
Tw80 a légérement augmenté I’élimination des HAPs, soit de 54,4 £ 2,9% (MAD) a 60,1 £2,0%

(MAD+Tw80).

Le procédé METIX-BS était trés efficace pour I’élimination de CAN, FLU et PHE, mais la
degradation de FLR et PYR était plus faible que pour MAD et MAD+Tw80. Cependant, les
HAPs de haut poids moléculaire (BAP, INP et BPR) ont ét¢ Iégérement mieux €liminés que pour
le procédé conventionnel MAD. Le rendement global d’enlévement des HAPs par le procédé
METIX-BS (51,8 + 3.0%) était pratiquement similaire a celui du procédé MAD. La dégradation
des HAPs observée avec le procédé METIX-BS s’explique probablement par des mécanismes
biologiques impliquant des microorganismes non-acidophiles (durant les premiers jours de
traitement) et acidophiles (lorsque le pH descend sous 4.0), ainsi que par une dégradation
chimique attribuable aux conditions acide et oxydante prévalentes dans les derniers jours du
traitement (pH 1.42 et POR +461 mV a la fin du traitement). Des études antérieures ont montré
que la levure Blastoschizomyces capitatus et une moisissure inconnue sont les organismes
dominants présents dans les boues a la fin du procédé METIX-BS et seraient, en partie,

responsables de la dégradation de la matiére organique (Gamache et al., 2001).

Le Tableau 1.4 montre les pourcentages de solubilisation des HAPs dans les boues lors de
Papplication des différents procédés. Globalement, les résultats révelent que la proportion de
HAPs présente dans la phase liquide est généralement tres faible (< 10% de chaque HAP). En

particulier, les 11 composés de HAPs dans la phase liquide ont été presque complétement
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¢liminés par les traitements MAD et MAD+Tw80, puisque que les concentrations de ces
compos¢s étaient aussi faibles que dans le cas des boues contrdles (DOC). Dans le cas du
procédé METIX-BS, seulement les composes de faible poids moléculaire (CAN, FLU et PHE)
ont ét¢ efficacement enlevés de la phase liquide. Les autres HAPs (4, 5 et 6 cycles) ont été
partiellement enlevés avec des concentrations finales plus élevées que les boues controles. Ces
résultats indiquent que les taux de désorption des HAPs lourds a partir des solides des boues sont

plus importants que les taux de dégradation correspondants avec le procédé METIX-BS.

La Figure 1.4 illustre Defficacité des procédés biologiques pour la dégradation des HAPs en
fonction du nombre de cycles aromatiques des molécules de HAPs. Premiérement, une
proportion modérée (28,6 + 3,7%) des HAPs a trois cycles (CAN, FLU et PHE) a été éliminée
des boues dopées et autoclavées (DAC), alors que pour les HAPs de quatre a six cycles, les
pourcentages d’élimination se situaient a 10-12%. La dégradation des HAPs a trois cycles était
presque similaire pour le procédé MAD (97,0 + 0,3%) et METIX-BS (95,5 &+ 0,7%), mais les
HAPs a quatre cycles (FLR et PYR) étaient significativement mieux éliminés dans le cas de
"MAD (56,6 + 1,8%) en comparaison a METIX-BS (29,9 +2,7%). L’ajout de Tw80 lors du
traitement'MAD a bien ét¢ monté d’enlévement des HAPs a quatre cycles (74,4 = 1,1%). Les
HAPs de plus haut poids moléculaire n’étaienf pas €liminés efficacement (< 40% enlévement)
par les deux procédés. L’ajout de Tw80 lors du traitement MAD a été seulement favorable pour
la dégradation des HAPs a cinq cycles (BJK et BAP) avec un rendement d’enlévement de
35,1 £ 3.4%, en comparaison a 21,3 +2,7% dans le cas de MAD et 32,7 + 5,6% dans le cas de

METIX-BS.
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Tableau 1.3  Concentrations (mg kg’ MS) et rendements finaux d’enlévement (%) des HAPs dans les boues aprés les différents

traitements biologiques

HAPs DAC MAD MAD+Tw80 METIX-BS

Conc. Enlévement Conc. Enlévement Conc. Enlevement Conc. Enlévement

(mg kg'") (%) (mg kg (%) (mg kg'') (%) (mg kg') (%)

ACN 3,65+0,27 34,349 0,11+0,01 97,9+0,1 0,18 0,00 96,5+0,1 0,17+ 0,01 96,9 +0,3
FLU 3,74 £ 0,16 328=+28 0,12£0,01 97,802 0,42 £0,03 92,4+0,6 0,27+ 0,02 952+04
PHE 4,66 = 0,19 18,7 £ 3,4 0,28 £0,03 95,106 0,51 £0,05 91,109 0,33 £ 0,08 94,313
FLR 5,59+0,12 7,2+ 1,9 2,29£0,07 62,1+11 1,65 £ 0,08 72,7+ 1,4 3,69+£0,14 38,8=0,2
PYR 5,28+0,12 128=+2,1 2,97+£0,14 51,1+24 1,51 £ 0,07 75,0+ 1,1 4,79 £ 0,15 21,024
BIK 15,57 £0,39 12,1£22 14,05 + 0,81 20,7 +4,6 11,86 £ 0,77 - 32,1 +44 13,14 £ 0,51 25,9+29
BAP 5,37+0,16 9.4+27 4,59 £0,34 22,658 3,72+0,14 37,2+23 3,78 £ 0,64 36,2+10,8
INP 5,25 +0,37 14,6 +6,1 4,64 +0,28 24,5+4,6 4,81+0,28 21,745 4,29+£0,11 302+1,7
BPR 5,30+0,14 12,624 4,98+ 0,42 17,970 4,77+ 0,16 21,427 4,40 +£ 0,43 27,570
Total 54,40 £ 1,22 16,0 + 3,0 34,01 £2.12 54,4+29 29,44+ 1,58 60,1 +2,0 34,85+ 1,95 51,830
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Tableau 1.4  Fraction solubile.(%) des HAPs dans les boues aprés les différents traitements biologiques, chimiques et électrochimiques

HAPs DOC MAD MAD METIX-BS METIX-AC METIX- STABIOX ELECSTAB
+ Tw80* AC+Tw80
ACN 4,54 + 0,21 0,48 + 0,00 0,03 + 0,00 0,51 £ 0,00 2,33 +£0,21 1,97 £0,17 3,19+£0,25 1,53 +0,42
FLU 4,74+ 1,24 0,55+ 0,10 0,02 £ 0,00 0,69 + 0,06 3,65 £ 0,65 2,00 £0,35 2,84 +£0,25 1,58 + 0,37
PHE 4,26+ 1,79 0,71 £0,26 0,02 £ 0,00 0,65+ 0,01 2,39+£0,25 1,48 + 0,03 1,48 £0,19 1,35+ 0,25
FLR 5,29+ 1,97 0,79 £0,38 0,11 £ 0,01 4,57 £ 0,33 3,20+0,35 7,19 £ 4,98 1,50 £ 0,22 1,96 £ 0,44
PYR 5,23+ 1,94 0,88 £0,39 0,13 £ 0,01 7,13 £0,48 3,21 £0,36 12,40 £ 0,10 1,53 +0,22 2,31 +£0,24
BIK 3,21+0,55 0,73 £ 0,11 0,05 £ 0,01 7,94+ 1,23 3,14 £ 0,71 4,22 £0,54 0,83 £0,05 3,89 £ 0,57
BAP 5,00+ 0,08 0,74 £ 0,30 0,03+0,00 - 10,06 +1,71 3,57+0,77 1,83 £0,36 1,23 £ 0,09 2,70 £0,77
INP 5,22+ 0,54 0,69 + 0,24 0,04 £ 0,00 10,11+ 1,49 4,09 £ 0,96 3,06 £0,54 1,11 0,05 2,23 £0,57
BPR 4,87 £0,41 0,72 + 0,31 4,05 +£0.,44 9,38+ 1,13 3,94 £ 0,89 2,86 + 0,68 1,03 £ 0,07 2,43 £ 0,61
Total 4,44 £0,70 0,71 £0,21 0,42 £ 0,04 6,32 + 0,84 3,28 £ 0,57 4,18 £ 0,47 1,44 £ 0,10 2,53 £0,49
* Apres une période de traitement de 3 jours.
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Figure 1.4 Rendements finaux d’enlévement des HAPs dans les boues aprés les différents

traitements biologiques en fonction du nombre de cycles aromatiques des HAPs
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1.3.3 Traitements chimiques (METIX-AC, STABIOX) et électrochimique (ELECSTAB)

Lors de I’opération des procédés METIX-AC et STABIOX de I'acide sulfurique est ajouté aux
boues, suivi par I’ajout séquentiel de peroxyde d’hydrogéne (H,O;) et d’ions ferriques (FeCls).
Ce systeme est comparable au réactif de Fenton, lequel a été étudié récemment pour le traitement
de composés organiques non-biodégradables dans les eaux usées (El-Morsi et al., 2002; Lee et
al., 2003). Le systéme Fe*"/H,0, peut produire des radicaux oxydatifs hydroxyl et perhydroxyl,
lesquels sont capables d’oxyder la plupart des substances organiques présentes dans les eaux
usées municipales. En plus des espéces radicalaires, le peroxyde d’hydrogene peut aussi former
en milieu acide du pcroxyde d’hydrogéne protoné. Ce coﬁposé (HOOH,") serait un

intermédiaire tres instable avec une forte activité oxydante.

Les concentrations et rendements finaux d’enlévement des HAPs par les différents procédés
chimiques et électrochimiques testés sont présentés au Tableau 1.5. De mani¢re générale, la
dégradation des HAPs était plus faible que dans le cas des procédés biologiques. Le procédé
METIX-AC a tout de méme permis d’atteindre des rendements intéressants pour ACN
(58,1 £6,9%), FLU (47,1 £ 7,1%) et PHE (41,5 + 11,2%), mais une trés faible dégradation des

HAPs ayant un haut poids moléculaire (< 35%).

L’ajout d’un surfactant non-ionique (Tw80) lors du procédé METIX-AC n’a pas été bénéfique
pour la dégradation des HAPs. En fait, les rendements globaux d’enlévement des HAPs étaient

plus faible pour les procédés METIX-AC (29,6 + 7,7%) et METIX-AC+Tw80 (11,6 £ 5,2%).

Les conditions moins acide et oxydante prévalantes lors de 1’opération du procédé STABIOX, en
comparaison au traitement METIX-AC, a causé une plus faible dégradation des HAPs avec un

rendement global d’enlévement des 11 HAPs de seulement 22,2 + 3,2%. Une étude de Pignatello
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a montré que la transformation des polluants organiques serait optimale a pH 2,7 ~ 2,8 par
Fe**/H,0, parce que la moitié¢ du fer serait présent sous forme de Fe(OH)**, lequel serait un
intermédiaire important dans la réaction de Fenton (Pignatello, 1992). Des travaux futurs
devraient donc étre réalisés afin d’optimiser les valeurs de pH lors de I’opération du procédé

METIX-AC pour un enlévement maximal combiné des métaux et des HAPs.

La dégradation des HAPs de faible poids moléculaire (ACN, FLU et PHE) lors du procédé
ELECSTAB était assez bonne avec environ 62% d’enlévement. Cependant, pratiquement aucune
élimination des HAPs de haut poids moléculaire n’a été mesurée suite a 1’application de ce

traitement électrolytique.

La proportion de HAPs présente dans la phase liquide n’a pas été modifiée de mani¢re notable
par les procédés chimiques et électrochimique. (Tableau 1.4). Ainsi, a la fin de chaque
traitement, les concentrations des 11 HAPs dans la phase liquide étaient presque semblables a

celles mesurées dans les boues controles (DOC).
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Tableau 1.5  Concentrations (mg kg’ MS) et rendements finaux d’enlévement (%) des HAPs dans les boues apreés les différents

traitements chimiques et électrochimiques

HAPs METIX-AC METIX-AC+Tw80 STABIOX ELECSTAB
Conc. Enlévement Conc. Enléevement Conc. Enlévement Conc. Enlévement
(mg kg™ (%) (mg kg™) (%) (mg kg™) (%) (mg kg™) (%)

ACN 2,33 £0,39 381+69 3,86 £ 0,20 30,5+£35 3,75 £0,09 32,4+16 1,78 £ 0,07 67,9+12
FLU 2,94 £ 0,40 47,1+ 7,1 4,53 £0,22 18,5+3,7 4,37 £0,12 21,421 2,30£0,07 58,7+13
PHE 3,35 +£0,64 41,5112 4,57+0,18 20,2 +3,2 3,26+0,11 43,0+19 2,26 +0,27 60,5 +4,7
FLR 4,01 0,55 335+94 6,47 £ 0,23 2,0+38 4,61 +0,32 23,5+35,3 5.81+0,45 3,6 £7.4
PYR 3,80 +0,53 37,2+8,9 6,04 +0,76 1,0+12,6 4,49 £0,32 25,9+5,4 5,80+ 0,29 4,2+49
BIK 15,36 + 0,39 13,3+28 15,49 +£0,23 126+13 14,04 £ 0,56 20,8 +3,2 17,55 + 0,88 1,0 £4,9
BAP 4,39+0,17 25,9+34 5,79+ 0,36 2,3+6,1 5,05 +0,10 148=1,7 5,66 £ 0,25 45+41
INP 6,03 £ 0,64 1,9+11,9 5,83 +£0,49 54 +£80 5,44 £0,30 11,4 +48 5,55 +0,21 9.6 +3,4
BPR 5,57 £0,69 82+114 5,24+0,29 13,7+48 5,65 £0,19 6,9+3,1 5,46 0,34 100+5.6
Total 47,70 £ 4,33 29,6 8,2 57.81+2,99 11,8 £5,2 50.67+2,10 . 22,2+3,.2 52,19+ 1,09 24,4 +4,2
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1.3.4 Traitement au surfactant non-ionique

Le Tableau 1.6 montre les rendements de solubilisation des HAPs a partir des boues dopées
aprés différents traitements avec [’agent d’extraction Tw80. De bons rendements de
solubilisation ont €été obtenus pour ACN (78,0+0,2%), FLU (72,3 +0,5%) et PHE
(69,3 = 1,0%) apres 6 h de traifement en présence of 0.5 g Tw80 L' (assai Tw80-A), alors que
les autres HAPs n’ont pas ét¢ efficacement extraits (enlevement < 25%) des boues. La baisse du
temps de traitement de 6 a 4 h (essai Tw80-B) a eu un effet négatif sur la solubilisation des
HAPs avec des rendements inférieurs a 40% et ce, pour tous les HAPs étudiés. L’augmentation
de la concentration de surfactant a 2,0 g Tw80 L' a permis, méme pour un court temps de
traitement (2 h), de hausser les rendements de solubilisation a plus de 90% pour CAN et PHE et
80% pour FLU. Les rendements d’extraction des autres HAPs sont toutefois demeurés faibles
(< 20%). 1l faut également noter que cette concentration de Tw80 42,0 g L, utilisée a I’échelle

laboratoire, ne pourrait étre envisagée a 1’échelle industrielle pour des raisons économiques.
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Tableau 1.6  Fraction solubile (%) des HAPs dans les boues aprés les différents traitements au surfactant

HAPs Tw80-A Tw80-B Tw80-C
Méthode de Filtration Centrifugation Filtration Filtration
séparation S/L 500x g 1000x g 2000 x g 3000xg

ACN 78,0+ 0,2 388+0,4 33,8+0,0 39,5+£23 483+ 1,3 36,6 3,6 91,1£0,8
FLU 72,3+0,5 39,5+3.4 31,9+22 372+3.9 436+1,3 352+4,7 79,2 £ 0,4
PHE 693+1,0 394=+1,8 36,3+0,5 37,015 47,5+0,7 21,9+53 90,6 £0,8
FLR 251+1,7 5,9+7,6 14,3+£5.9 -1,5+6,2 50+7,5 86+1,5 16,0 £4,0
PYR 94+4,0 12,1 +7,4 1,6 +£11,2 3,5+6,0 7.1+8,1 9,4+3,1 14,8+3,7
BJK , 14,8+11,9 15,0+7,2 22,7+5,6 20+8,4 4,5+87 11,1£6,0 0,2+13,8
BAP 9,9+6,3 43+47 5.4+17,1 1,8+2,7 6,0+37 10,1 £6,5 -0,5+ 13,5
INP 13,8 + 10,4 25+75 228+8,6 57+8.4 10,0 £5,0 82+7.9 6,0+9,6
BPR 14,6 +15,5 9,8+12,9 8,9+19,9 1,7+8.8 -52+4,5 11,4+4,1 5,1+11,0

Total 30,019 17,6 £4,2 21,019 11,5+1,5 15,5+4,2 15,6 +2,6 26,7+ 6,6
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La comparaison de la filtration et de la centrifugation en tant que méthodes de séparation S/L des
boues traitées avec un surfactant a démontré que la premiere option donne de meilleurs
rendements de récupération des HAPs dans la phase liquide. En fait, les HAPs solubilisés dans
les micelles de surfactant peuvent étre facilement séparés de la phase solide puisque les micelles
présents dans la phase liquide traversent aisément la membrane Whatman No. 4. D’un autre cOte,
la centrifugation, méme a faible vitesse, semble entrainer une séparation des micelles de la
fraction liquide et retournés ceux-ci dans le culot de centrifugation. Un comportement similaire a

également été observé (résultats non présentés) dans le cas de I’essai avec 2.0 g Tw80 L.

Aucun des traitements avec le surfactant ne s’est révélé efficace pour I’enlévement des HAPs
entre 4 et 6 cycles aromatiques a partir des boues. Ainsi, la combinaison du Tw80, ou d’un autre
surfactant, avec un traitement biologique (MAD ou METIX-BS) ou un traitement chimique
(METIX-AC) apparait &tre une voie plus intéressante que 1’utilisation seule de surfactant pour la
décontamination des boues d’épuration. Finalement, il est important de prendre en considération
que les HAPs extraits des boues par un surfactant se retrouvent dans la phase liquide (filtrat) et

doivent étre détruits, récupérés, ou gérés a des colits probablement tres €levés.

1.4. Conclusions

Dans cette étude, l'extraction Soxhlet suivie d’une saponification a été utilisée pour analyser les
HAPs présents dans des boues issues du traitement des eaux usées municipales. La purification
par gel de silice s’est avérée nécessaire pour éliminer d'autres composés organiques pouvant

interférer lors de l'analyse par GC-MS. Tel que discuté précédemment, I'efficacité de I'extraction
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Soxhlet suivie de la saponification et de la purification des HAPs & partir des boues d’épuration a
été évaluée par la récupération des étalons de recouvrement. Les pourcentages de récupération de

ceux-ci se situaient entre 85 et 110% dans la plupart des cas.

Des résultats prometteurs ont €té obtenus pour ’enlévement des trois HAPs a trois cycles
(acénaphthene, phénanthréne et fluoréne) et ce, par deux traitements biologiques (digestion
aérobie mésophile (MAD) et METIX-BS) et le traitement de MAD avec un ajout de Tw80.
L'addition de Tw80 lors de I’opération du procédé de MAD peut augmenter la vitesse de
biodégradation des HAPs a quatre (pyréne) et cinq (benzo(b,j,k)fluoranthéne) cycles. Toutefois,

I’enlévement des HAPs a six cycles est demeuré faible pour I’ensemble des procédés testés.

Les HAPs a trois cycles (acénaphthéne, phénanthréne et fluoréne) peuvent aussi étre enlevés des
boues d'épuration par deux traitements chimiques (METIX-AC et STABIOX) et le traitement
électrochimique (ELECSTAB). Les meilleurs résultats ont toutefois €té obtenus par les
traitements METIX-AC et ELECSTAB. Les conditions d’opération de ces procédés devraient

toutefois étre optimisées afin d’accroitre les rendements d’élimination des HAPs.

Les recherches devraient se poursuivre afin, notamment, de mettre au point des procédés
capables d’extraire ou de dégrader les HAPs les plus lourds (2 4 cycles). Les procédés
biologiques, tels que la digestion aérobie et le procédé combiné de digestion des boues et de
biolixiviation des métaux (METIX-BS) semblent les voies les plus prometteuses a explorer. Une
combinaison de traitements biologiques et chimiques pourrait également représenter une option

intéressante.
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2. INTRODUCTION

Sewage sludge, also known as biosolids, is an end product of wastewater treatment process. For
instance, using this material as a fertilizer can benefit the environment with turning the wastes
into valuable resources (Duvaud et al., 1999; USEPA, 1999). However, certain organic and
inorganic toxics present in the sewage sludge may threaten crop yields, long term soil quality,

cattle and wildlife health, and eventually human health (Gardiner et al., 1995; Lee et al., 1996).

Risks associated with pathogens in sewage sludge, such as bacteria, viruses, parasites, can be
reduced, for example, by biological or chemical stabilization techniques (USEPA, 1999; Spinosa
and Vesilind, 2001). Moreover, many remediation methods for heavy metals removal from
sludge have been proposed in the last fifteen years (Mercier et al., 2002; Chan et al., 2003).
However, the removal of persistant organic pollutants (POP) is much more difficult because of

their stable physical and chemical properﬁes.

Polycyclic aromatic hydrocarbons (PAHs) are an important class of the POP in causing
environmental problems due to their high potential of toxicity, mutagenicity, and carcinogenicity
to mammals and aquatic organisms (Wilson and Jones, 1993; Mangas et al., 1998). In the late
1980s, the United States Environmental Protection Agency (USEPA) specified 16 main PAHs
because of their known toxicity to mammals and aquatic organisms (USEPA, 1987). Currently,
the concentration limitations in sewage sludge were not released and enforced in North America
but they are in a few European countries. The maximum concentration of 11 main PAHs
compounds from acenaphtene (ACN) to benzo(ghi)perylene (BPR) in sewage sludge could not
exceed 6 mg kg DM if the sludge is designated to be applied on agricultural land. In France, the

recent regulation released on January, 8™ 1998 imposes a maximum acceptable limit for three
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most carcinogenic PAHs (fluoranthene (FLR), benzo(b)fluoranthene and benzo(a)pyrene (BAP))
and they are legislatively controlled to be lower than 5, 2.5 and 2 mg kg™ DM. Therefore, the
accurate determination of PAHs concentrations in sewage sludge has become a closely relevant

topic because of the release of the draft by the European Union (EU, 2000).

PAHs are considered among the most difficult POP to be treated because of their highly stable
physical-chemical characteristics and frequent occurrences (Volkering and Breure, 2003). In the
last years, different approaches have been studied for the removal of PAHs from contaminated
soils or solid wastes: biodegradation (Cerniglia, 1992; Chang et al., 2003; Stapleton et al., 1998),
chemical oxidation (Masten et Davies, 1997; Flotron et al., 2003a; N’Guessan ef al., 2004) and
photodegradation (Fukuda er al., 1988; Sigman er al., 1998; Miller and Olejnik, 2001). In
addition, some extraction methods using surfactants have been successfully applied for
remediation of PAH-contaminated soils or sediments (Volkering ét al., 1995; Guha ef al., 1998;

Kim et al., 2001; Li and Chen 2002; Zhou and Zhu, 2005).

2.1. Objectives

The aim of this study is to evaluate the potential of different sludge treatment processes for the
removal of PAHs from municipal sewage sludge. This notably includes two biological methods
(conventional mesophilic aerobic digestion (MAD) and simultaneous sludge digestion and metal
leaching process (METIX-BS or SSDML) (Tyagi et al., 1995; Blais et al., 2004)). In addition,
two chemical oxidation processes (chemical stabilization (STABIOX) (Blais et al., 2003) and
chemical metal leaching .(METIX-AC) (Blais et al., 2005; Mercier et al., 2002)), and one

electrochemical stabilization process (ELECSTAB) (Drogui ef al., 2005) will be investigated for
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PAHs degradation. The effect of a nonionic surfactant (Tween 80) on the solubilization and

biodegradation of PAHs in sewage sludge will also be explored.

2.2. Overview

The central theme in this work is quantitative analysis and removal of PAHs from sewage
sludge. There are four parts in this English version of the thesis. In Chapter 3, a brief literature
review including basic information of PAHs, methodologies for PAHs analysis in pollutants and
different PAHs removal technologies are given. In Chapter 4, methodologies and experimental
details are described. In Chapter 5, the results and discussion of PAHs determinations (Soxhlet
extraction-saponification and purification) and PAHs removal from contaminated sewage sludge
were presented. The major conclusions from this work and directions for the future work are

presented in Chapter 6.






3. Litterature review

3. LITTERATURE REVIEW

3.1. Polycyclic aromatic hydrocarbons (PAHs)

3.1.1 Definition and origin of PAHs
3.1.1.1  Structures of PAHs

PATs are a class of very stable organic molecules made up of only carbon and hydrogen. These
molecules are flat, with each carbon having three neighboring atoms much like graphite. They
are a relevant group of compounds classified as more than 100 chemicals which stick to solid
particles and can be concentrated in sediments, soils or sludges. These compounds have more
than 2 benzene rings and molecular weights from 128 g mol™ to 300 g mol”. The 11 major
PAHs compounds as an example were given in Tabl‘e 3.1, which presents in most pollution
sources and is restricts to a maximum total concentration not exceed 6 mg kg DM (dry matter)

in sewage sludge, if the sludge is designated to be applied on agricultural land (EU, 2000).
3.1.1.2  Sources of PAHs

PAHs are emitted into the environments from both natural and anthropogenic sources. Forest
fires, volcanic eruptions and decaying organic matters are all natural sources of PAH. Industrial
processes such as pharmaceuticals, dyes, plastics, and pesticides making, aluminum production
using old technology and iron smelting, petroleum refining, coal coking, thermal power
generation, tar paper production, and wood preservation operations using creosote, are all
examples of major human sources. Beside a small amount from natural occurrence, most PAHs
are resulted from industrial process and other human activities (Neff, 1979; WHO, 1998). Many

useful products such as mothballs, blacktop and creosote wood preservatives contain PAHS, and
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they are also found at low concentrations in some special-purpose skin creams and anti-dandruff

shampoos which contain coal tars (Revised, 2000).
3.1.2 Physical and chemical properties of PAHs

The physical and chemical properties of PAHs are governed by their large number of carbon
atoms and shape (ring linkage pattern) of each individual molecule. All of the completely
unsaturated PAHs are solid at room temperature and have relatively high melting and boiling
points. The pure PAHs usually are coyl\g{‘l‘ess, white, or pale yellow-green. They describe the
physical assets of a specific compound such as: solubility, vapor pressure, octanol-water

coefficient (Kow) and Henry’s Law constants etc. (Mackay et al., 1992).
3.1.2.1  Solubility and vapor pressure of PAHs

PAHs are generally insoluble in water but can be readily dissolved in organic solvents. Solubility
(S) and vapor pressure (Vp) characteristics of PAHs are the major physical factors that control
their distribution between the soluble and particle components of the atmosphere, hydrosphere
and biosphere. The aqueous solubility and the vapor pressure of PAHs are inversely proportional

to the number of rings it contains and decrease with increasing the molecular size.
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11 PAHs in sewage sludge restricted by EU (EU, 2000)

Chemical names Abbreviation  Molecular formula Structure Molecular weight
()
Acenaphtene ACN CizHpo O. 154
Fluorene FLU CisHio Q.O 166
Phenanthrene PHE CHyo OGO 178
Fluoranthene FLR Ci6Hip ‘ O’/g 202
Pyrene PYR CisHyo OO\“ 202
Benzo(b)fluoranthene B(B)F CyoHy; 0‘0‘0 252
Benzo(j)fluoranthene B(J)F CyoH), OO’ O 252
/)
Benzo(k)fluoranthene B(K)F CyoHps 0008 252
(0
Benzo(a)pyrene BAP CyoHi2 Q—'Q 252
-
Indeno(1,2,3-cd)pyrene INP CyoHy, O%?‘ 276
v,
Benzo(ghi)perylene BPR CpHp, 276
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3.1.2.2 Octanol-water coefficient

The octanol-water coefficient (Kow) is the ratio of concentration of a specific chemical in an
octanol-water mixture. It is a measure of the hydrophobicity of organic chemical and it can be
used to determine the partitioning and fate of PAHs in the environment. The PAHs constituents

ranges from moderately to highly lipophilic, having logKow of 3.37-6.75.

, concentration of chemical in octanol
Kow =

concentration of chemical in water
3.1.2.3  Henry’s Law constants

Henry’s Law constants (Hc) in a liquid-vapor system are the ratio of gas pressure to liquid
concentration of the chemical in question. Volatilization is potentially important for some PAHs
with He greater than 10 (Table 3.2) even if it is somehow limited by adsorption onto organic

matter particles.

o = Pressure of chemical in vapor phase

concentration of chemical in liquid phase
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Physical properties of 11 PAHs (Volkering ef al. 2003)
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PAH

Color

Physical
state

Density
(g em™)

MP
o)

BP SHIO Vp
(C) (mgl') (Pa)

log
Kow

He (Pam?
mol ™)

Organic
solvent

ACN

FLU

PHE

FLR

PYR

B(B)F

BO)F

B(K)F

BAP

INP

BPR

white

white

colorless

pale
yellow

colorless
/pale
yellow

colorless
yellow
/orange

pale
yellow

pale
yellow

yellow

pale
yellow-
green

needle

plate

plate

needle,
plate

plate

needle,
plate

needle

needle

needle,
plate

needle,
plate

plate

1.225
(0°C)

1.203
(0°C)

0.980 -
#C)

1.252
(0°C)

1271
(23°C)

1271
(23°C)

96

116

101

111

156

168

166

217

175

164

277

277 3.8 03

295 .9 0.09

339 1.1 0.02

375 026  0.00123

360  0.132  0.0006

6.70
x 10°
1.50
x 10

481  0.0015

- 0.00068

5.20

481 . 0.0008 < 10°

7.00

495 - 0.0038 <107

1.30

533 0.062 <10*

1.03

550  0.00026 < 101

3.92

4.18

4.57

522

5.18

5.80

6.00

6.04

6.60

6.50

8.4

7.87

3.24

1.037

0.92

0.016

0.046

0.075

ethanol,
methanol,
propanol,
chloroform
benzene,
toluene,
acetic acid
ethanol,
methanol,
acetone,
benzene,
toluene,
acetic acid
ethanol,
methanol,
acetone
chloroform
benzene,
acetic acid
ethanol,
ether
benzene,

“acetic acid

ethanol,
methanol,
acetone
chloroform
benzene,
acetic acid
benzene
acetone
ethanol
acetic acid
ethanol
benzene
acetone
acetic acid
methanol
benzene,
toluene
xylene
cther
ethanol,
methanol,
acetone
chloroform
benzene,
toluene,
acetic acid
ethanol
benzene
CH,Cl,

*MP, melting point at normal pressure; BP, boiling point at normal pressure; S (water solubility) and Vp at 20 °C.
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3.1.3 PAHs in the environments

PAHs are monitored worldwide in a wide range of environmental matrices, including
atmosphere, drinking water, waste water, furnace emissions, soils and hazardous waste extracts.
Because of the characteristics of PAHs, they tend to accumulate in sediments and other organic
phases, and the sedimentary concentrations of total PAHs vary depending on the locations in a
range from a few ng g”' to several ug ¢! (Richardson and Sajwan, 2001). PAHs enter air mostly
on their releases from volcanoes, forest fires, burning coal, and automobile exhaust attaching
tightly to dust particles. PAHs enter water directly from air with dust and precipitation, or on
particles washed from the soils by runoff. The solubility of PAHs in water is inversely
proportional to the number of rings it contains. As a result, large molecule (more than 3-ring)
PAHs are almost exclusively bound to particulate matter, but for smaller molecular weight (2- or
3- ring) PAHSs can be found dissolved in water. Furthermore, PAHs tends to have low vapor
pressures, except that some PAHs particles can readily evaporate into the atmosphere from soils
or surface waters. The large molecular PAHs are almost adsorbed onto the particular matters in
atmosphere, but for the smaller molecular weight PAHs can be found free in the atmosphere and

bound to particulates (ToxProbe Inc., 2002).
3.1.4 Health effects

By breathing air containing PAHs in the workplace of coking, coal-tar, asphalt production plants,
municipal trash incineration facilities, wood smoke and vehicle exhausts, humans may be
exposed to PAHs. Today, the effects of breathing high concentrations of PAHs have not been

studied. Animal studies have shown that PAHs can cause harmful effects on the skin, body fluids
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and ability to fight disease after their both short- and long-term exposure. However, these effects
have not been observed in people. PAHs may be attached to dust or ash causing lung irritation,
and skin contact with PAHs may cause redness, blistering and peeling (Information on Toxic
Chemicals, 2000). These molecules may be highly carcinogenic and metabolically activated by
organisms, directing their reactivity towards the nucleophilic groups of cellular macromolecules.
Metabolic activation of PAHs to DNA adducts is considered as a crucial event in chemical
carcinogenesis, involving covalent binding between the chemical carcinogen (PAHs) and DNA
(Wilson and Jones, 1993). BAP is the most intensively studied PAHs in experimental animals
and best known to be considered as one of the most toxic PAHs having carcinogenicity (Scheme
3.1) to humans and animals (Miller and Miller, 1981). Currently, few reference on human
exposure to any single pure PAHs are known. There is just one report available on accidental
exposer to pure naphthalene, and some data are from defined short-term studies of volunteers.
All other reports are of exposure to the mixtures of PAHs, which also contained other potentially

carcinogenic chemicals, in occupational and environmental situations (NEPM, 2003).

Scheme 3.1 Induced carcinogenesis by formation of DNA adduct

O“OO enzymes
—_—
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3.1.5 Directive products of PAHs

A number of researches have demonstrated that PAHs are susceptible to photo-chemical
oxidation under simulated atmospheric conditions. The chemistry of the atmosphere activated by
ultraviolet wave in the sun light results in formation of oxidant ozone (Os3) and in formation of
many radical species such as hydroxyl (‘OH) and nitrate radical (‘NO;) etc. (Scheme 3.2)
(Graedel and Crutzen, 1993) all of which will react with organic compounds, including PAHs

(Atkinson, 1994).

Scheme 3.2 Photochemical formations of reactive radicals and ozone

I

Hydroxyl radical formation: Nitrate radical formation:  Ozone formation:

hy hv

0; 0, +0('D) NO + 0; — NO, + O, 0, OC’P) + OCP)

A :290-335 nm
o('D) + H,0 — 2 -OH

N02 + 03 N NO3 + 02 O(SP) + 02 — 03

O('D): high energy oxygen atom; OCP): low energy oxygen atom.

Among the products described herein are the highly mutagenic nitro-PAHs and nitro-PAHs
ketones (Scheme 3.3) (Atkinson and Arey, 1994; Arey, 1998). Although the PAHs present in
atmosphere have a general lifetime of less than one day which limits their range of impact, the
reaction with HO- will result in products which may have an adverse effect on human health and

ecological consequences.

Normally, the directive products of PAHs have larger polarity than the corresponding precursors
because of introduction of one or more polar functional groups. Therefore, they are easy to

condense and become particle-associated.
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Scheme 3.3 PAHs derived products
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3.2. Technologies for analysis of PAHs in pollutants

The hydrophobicity of PAHs make them difficult to analyze in aqueous phase, especially in
wastewater samples. Generally, the chemical analysis of PAHs can be described with the

following steps:
e Sample preparation (Pretreatment of a sample and preparation of the test portion);
e Extraction from the collected sample;
¢ (lean up to remove interfering compounds;

* Identification and quantification by instrumental analysis.
3.2.1 Sample pretreatment

Pretreatment is a very important process, which makes the samples homogeneous and even, and
in the meantime reducing water to less than 25%. Without sample pretreatment, the results of
concentrations obtained in the experiments are irreproducible because the accumulation of PAHs
in soils or in sludges through irregular absorption on particles makes the sedimentary
concentration of PAHs totally dependent on the sampling location. This procedure depends on
the sample to be treated and is necessary for soils, sludges and mixed waster samples prior to the
extraction proéess. Typically, vigorously mechanical stirring and/or grinding can make the
sample homogeneous and even. Water can be removed by freeze drying method, or other simple

treatments such as centrifugation and filtration etc. (Harmsen ez al., 2003).
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3.2.2 Extract PAHs from the pollutants

Due to that PAHs are always adsorbed on particles in soils or sediments, the extraction efficiency
of PAHS from pollutants might be influenced by several factors, such as pollutants moisture, the
polar properties of solvents used, the concentration of PAHs in pollutants and the texture of
pollutants etc. (Letellier et al., 1999). Hence, to achieve high extraction rate, the choice of a

proper extraction technique and organic solvent is important for different samples.

A brief summary of different extraction methods were made according to current literatures as

below.
3.2.2.1 Soxhlet extraction

PAHs are extracted from various matrices by Soxhlet extraction’, a traditional method showed in
Methods 8310 (USEPA, 1982). This method is very effective and can achieve high extraction
rate with almost quantitative extraction of PAHs. Amongst the currently different extraction
methods reported in the literatures, Soxhlet extraction with dichloromethane as solvent is always

a better choiée for PAHs extraction.

? Soxhelt extractor is a type of laboratory glassware invented in 1879 by Franz von Soxhelt and it was
originally designed for the extraction of lipid from a solid test material, but can be used whenever it is
difficult to extract any compound from a solid.
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) —» water out

condenser ————

water in —» {

D
thimble f
(+sample) — -«——— Soxhlet apparatus

round bottom flask
(containing CH,Cl,
and a stirrer)

Figure 3.1  Procedure for Soxhlet extraction
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Typically, a dry sample is placed in a thimble (Figure 3.1). The extractor is attached to a flask
~ containing organic solvent and a condenser. The solvent is heated to boiling, then, the hot solvent
vapor rise through the thimble and into the condenser, where the solvent vapor condenses into
liquid and drips down onto the sample. The thimble containing sample slowly fills with warm
solvent until almost full, whereupon, it is emptied by siphon action back down to the flask. This
cycle should be allowed to repeat as many times as necessary. During each cycle, a portion of the
organic compounds dissolves in the organic solvent and the organic compounds can fall down
with the solvent into flask. At the end of the extraction, the excess solvent can be removed using

a rotary evaporator.
3.2.2.2 Ultrasonic extraction

An inexpensive and fast method for PAHs extraction was developed by the USEPA Methods
3550A (revision) (USEPA, 1990b) with organic solvent in an ultrasonic bath for 30 min. This
method can be divided into two sections based on the expected concentration of organic
compounds in sample. The lower concentration method (for each organic compound expected at
less than 20 mg kg DM) uses a larger quantity sample and the sample is extracted with solvent
three times using ultrasonic extraction. The higher concentration method (for individual organic
compound expected at more than 20 mg kg' DM) uses a small{ quantity of sample and one

extraction. The extract is separated from the sample by vacuum filtration or centrifugation.

However, the result shows that this method is only suitable for the samples with higher
concentrations of organic pollutants. Because, this method involves ultrasonic agitation and polar

solvents, hence, it can not be applied in the extraction of materials like plastic and bitumen.
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3.2.2.3  Microwave-assisted solvent extraction (MAE)

Microwave-assisted solvent extraction (MAE) was first reported by Ganzler (Ganzler et al.,
1986). It is a technique using an organic solvent as the extractant heated with microwave energy.
As compared to classical heating, microwave energy heafs all the sample simultaneously but
without a vessel. This method has been successfully tested for rapid extraction of PAHs from
solid samples (Camel, 2000). The extractors are now commercial available and all fun;:tion at

frequenciesy of 2.45 GHz to avoid serious hazards such as the flaming of organic solvents.

There are two technologies used to extract PAHs from solid environmental matrices: PMAE
(pressurized microwave-assisted solvent extraction: with closed vessels: under controlled
pressure and temperature) or FMAE (focused microwave-assisted solvent extraction: with open
vessels: under atmospheric pressure). These two techniques were compared for the extraction of
PAHs from soils. The pressurized MAE of PAHs from spiked soils with hexane-acetone (1:1, v
v’ at 115 °C for 5 min were successfﬁlly tested (Chee et al., 1996). To compare with the
technique of PMAE, FMAE has also been tested for extracting PAHs from environmental
matrices with acetone, hexane-acetone (1:1, v v'') or dichloromethane among which acetone is

the most efficient (Lopez-Avila and Benedict, 1996).
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3.2.2.4  Supercritical ﬂuid3 extraction (SFE)

Supercritical fluid extraction (SFE) has been applied only recently to sample preparation on an
analytical scale. It was studied by Hawthorne, and used as a rapid alternative to conventional
solvent extraction from polyurethane foam absorbents (Hawthorne et al., 1989). This technique
is quite similar to Soxhlet extraction except using a supercritical fluid as solvent. This extraction
method could avoid use of organic solvents because the fluid can provide a broad range of useful
properties. In addition, the rate of extraction can be enhanced with less degradation of solutes
occurs due to the lipids have the high diffusion coefficients in supercritical fluids (Tavlarides et

al., 2000).
3.2.2.5  Solid phase extraction (SPE)

Solid phase extraction (SPE) is an extraction method that uses a solid phase and a liquid phase to
isolate one, or one type of analyte from a solution. The general procedure is to load a solution
onto the SPE phase, wash away undesired components, and then wash off the desired analytes
with another solvent into a collection tube. A traditional SPE method utilizes bonded silica or
resin solid sorbents packed into disposable plastic or glass cartridges or imbedded into Teflon or
glass fiber disks. In SPE procedures, a solid sorbent material, typically an alkyl bonded silica, is
packed into a cartridge or imbedded in a disk and performs essentially the same function as the

organic solvent in liquid-liquid extraction. For example, reverse-phase SPE is employed to

3 Supercritical fluid is a substance above its critical temperature and critical pressure. The critical
point represents the highest temperature and pressure at which the substance can exist as a vapor
and liquid in equilibrium. It is increasingly replacing the organic solvents that are used in
industrial purification and recrystallization operations because of regulatory and environmental
pressures on hydrocarbon and ozone-depleting emissions.
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extract non-polar compounds, pesticides for instance, from polar samples such as water generally
utilizing a solid sorbent containing non-polar functional groups such as octadecyl (Cig) or octyl
(Cg) bonded silica gels. Aqueous samples are pumped or pulled through a cartridge or disk while
organic compounds in samples will interact with non-polar functional groups on the sorbent and
thus are effectively extracted from the target sample. Organic compounds in the original aqueous
sample, therefore, can be eluted from the cartridge or disk with a small volume of organic
solvent (USEPA, 1990c). However, SPE extraction method is usually used for the determination
of organic analytes in aqueous samples and it has been developed and approved in monitoring

compliance purposes for the Safe Drinking Water Act (SDWA).
3.2.2.6  Solid phase micro-extraction (SPME)

Solid-phase micro-extraction (SPME) utilizes a small segment of fused silica fiber coated with
an appropriate material and mounted on syringe-like device for extraction of analyses from
various matrices and introduction to a chromatographic system without use of solvents in the
process. Analysis of extraction and pre-concentration are combined in a single step. It can
eliminate a significant number of undesirable steps associated with conventional sample
preparation techniques. It was first described by the group of Pawliszyn in trace analysis with
more recent initial work in SPME-HPLC demonstrating the fast and easy determination of PAHs.
(Chen and Pawliszyn, 1995). The extraction time is typically 15 h with stirring at 1 000 rotations
per minute (rpm). However, this method was just developed for the analysis of water samples.
The Energy & Environmental Research Center (EERC), University of North Dakota is now
‘combining a subcritical water extraction with SPME to allow a very rapid and organic solvent-

free method for determining organic pollutants on soils or sludges.
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3.2.2.7 Conclusions

Table 3.3 gives the comparison of different extraction methods. The suitable technique could be

chosen depending on the form of samples and recoveries or duration of the extraction.
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Table 3.3 Comparison of different extraction methods

Method  Sample Time  Vol.gpent Advantages Disadvantages
(mL)

e Easy to handle

. . e [ong time for extraction
e Filtration free & S

Soxhlet S0 1228 150500 e Effective ® Large volume solvent
Sludge h . . . ® Heating to boiling
e Higher matrix capacity
. ; e Non-automatable
o Inexpensive equipment
Soil e Filtration
- E 1
Sonication  Sludge 11(1)1510 50-200 : Inzsz Zon:ia:/r;dee dipment e Large volume solvent
' Clay p quip o Non-automatable
o Filtration
o Fast ® Polar solvent
| - ° . .
PMAE SlSu zlge 121510 10-40 e Multiple cells e Careful handling
e Moderate volume solvent e Change of rupture membrane
for each extraction
® Filtration free -~ @ The solvent must absorb
Soil 10-30 o Moderate solvent volume microwave (except water)
oi - N . .
FMAE Sludge  min 30-70 ® Possibility of using multiple o Careful handling to the use

system

e Safer than PMAE of microwave

: ; ® Expensive equipment
e Filtration free P quip

i . j jth
10-60 80112d ;rap. ¢ Smalll volume solvent * }Il’ir(;zbif;ntiozgjet;ltces W
SFE  Sediments . . T ® Multiple cells &
min  Liquid trap: . . .. ® Elevated pressure
® Possible high selectivity .
30-60 , . . e Compression of solvent
® Possible coupling to instrument
o Lower temperature
o Fast and easy to handle o Low recovery
10-30 e Less amount of solvent ® High variability
SPE Solution m-in 30-60 e Higher concentration factor ® Poor reproducibility
e High selective extraction ® Change cartridge for each
e Easy for automatisation extraction
o Careful handling
e Solvent free o Currently, only for water
® Heating free sample
SPME Water 15h 0 o Efficient and versatile o Fiber coatings required
® Possible coupling to instrument  (fibers are very vulnerable
e Easy automatisation to mechanical damage and

relatively expensive)
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3.2.3 Clean-up samples

The samples obtained by extraction are required to be purified in order to remove unwanted
contaminants, which could interfere with the subsequent analytical results. If there is no or
negligible interfering substances in the extract, clean-up is not necessary. In most cases,
depending on the interfering substances to be removed, different methods can be used. Before
application of the clean-up to real samples, it must be ensured that the recoveries after using this
method for clean-up are at least 80% for all of the target PAHs compounds. Washing with watér
or clean-up by aluminum oxide or silica gel can remove some polar compounds. However, it is
difficult to adjust water content by using aluminum oxide (Harmsen et al., 2003). Silica gel has
been widely used as column sorbents._ The samples are usually purified by flash column
chromatography to eliminate interferences from both polar and non-polar compounds. Activated
silica gel clean-up and deactivated silica gel clean-up methods were investigated by Mangas, and
the results showed that clean-up using activated silica g¢l gave the better result (Mangas ef al.,

1998).

3.2.4 Instrumental analysis of PAHs

After clean-up, the samples are ready for instrumental analysis. Currently, the literature shows
that the analysis of PAHs by different instruments is listed as follows.

3.24.1 Gas Chromatography with Mass Spectrometry (GC-MS)

Gas chromatography with mass spectrométry (GC-MS) is a most common method for
identification and quantification of PAHs (USEPA, 1998; Khim et al., 1999). The compounds

that need to be analyzed are introduced into the GC-MS by an injection of the sample extract into
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a GC with a narrow-bore fused-silica capillary column. The temperature-programmed GC
column is responsible for the separation of the each compound, which is then identified by MS

connected to the GC.

With GC-MS, the peak identification is not only achieved through retention time of each
compound, but also confirmed by their mass spectrum characteristic peaks with comparison to
the data base. So, once separated by chromatography, the mass spectrum of each compound is
then compared with an authentic mass spectra in library data base and a match was obtained.
Deuterated internal standards have to be used in the quantification with a calibration curve
having at least 4 points and a blank. If fewes calibration points are used, the calibration has to be

limited to the linear part of the curve.
3.2.4.2 Gas Chromatography with Flame Ionization Detection (GC-FID)

Gas chromatography with flame ionization detection (GC-FID) (USEPA, 1986; Simpson et al.,
1995; USEPA, 2003) is another commonly used method for identifying and quantifying PAH.
Similar to GC-MS, after separation of each compound by GC column, the compounds are then
detected with flame ioni’zation detecter (FID). Then PAHs coming out of the GC column,
effluent (carrier gas and any organic compounds) is ignited in a flame made from hydrogen and
air. The compounds, as they are burning, produce ions which conduct electricity. Changes in
current within the flame are measured and sent to the computer to be shown in the form of peaks
on the chromatogram. FID is a good and general detector for organic compounds, and is able to

detect at the nanogram level.
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3.2.4.3  High Performance Liquid Chromatography (HPLC)

Another commonly used technique for determination of PAH molecules is high performance
liquid chromatography (HPLC) with fluorescence detecter (USEPA, 1982; Beltran et al., 1996;
Kayali-Sayadi et al., 1999) or with ultraviolet (UV)-visible detecter (USEPA, 1990a, c). After
the sample extraction or purification, a portion of the extract is injected onto a reversed-phase.
HPLC column. The PAHs eluted with a gradient water/acetonitrile are detected using UV

absorbance or fluorescence detecter.
3.2.4.4 Conclusions

With GC-MS, the peak identification is achieved through both retention time and mass spectrum
of each peak which corresponds to a single compound if not overlaped. GC-MS with use of
selected ion monitoring (SIM), the limits of detection can be reduced to 1/5-1/10, approaching
that of HPLC. However, this is a specialized technique which few laboratory can offer. As
compared to GC-MS, GC-FID is a more sensitive technique for the determination of PAHs but
subject to background interferences from other carbonaceous sources. HPLC is generally the
most sensitive but expensive method and subject to interferences. Therefore, it is not as widely

used as compared to GC-MS and GC-FID (Dionex, 1994).

3.3. Removals of PAHs from polluted matrix

During the last decade, the number of references on PAHs removal from contaminated
substances are in thousands though the PAHs are considered more difficult to be treated because

of their stable physical-chemical characteristics and frequent occurrence.
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The traditional waste treatment processes such as biological treatments (aerobic and anaerobic),
chemical treatments using chlorine, ozone, hydrogen peroxide and high-energy ultraviolet light
in removal of PAHs from soils or sediments have been investigated. In addition, the oxidation of
PAHs using heterogeneous photocatalysis on metal oxide semiconductor particles and
solubilization of PAHs by surfactants have been shown to be an effective means for removing

PAHs from soils.
3.3.1 Biological treatments

The hydrophobicity of PAHs limits their solubility in aqueous phase resulting in a low
bioavailability to bacterial biodegradation, particularly for the high molecular weight compounds
(Aitken et al., 1997). The natural biodegradation rates of PAHs are very slow in soils or in
sewage sludges (Genney et al., 2004) as compared to those in the atmosphere with half lives of

5-30 days (Veety Mc and Hites, 1988).

Although PAHs are not easily treated by biological means, they are known to be biodegradable.
The bioremediation is often considered as an option in treating PAH-contaminated soils or
sewage sludges. A number of different techniques are available for the biodegradation of PAHs
by bacteria in contaminated soils and sediments (Sims and Overcash, 1983; Wang et al., 1990;
Cerniglia, 1992; Nales et al., 1998; Kanaly and Bartha, 1999; Juhasez and Naidu, 2000; Haeseler
et al., 2001). However, the removals of PAHs by microorganisms are incomplete, particularly for
the high molecular weight compounds because of their large and complex molecular structure.
All but one of these bacteria were able to degrade a wide range of 2-, 3- and 4-ring PAHs and, in

some cases, the 5-ring PAHs like compound benzo(a)pyrene (Aitken ef al., 1997).
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The most popular mechanism for PAHs biodegradation is metabolic dissimilation, which could
cause the complete degradation to CO, and H,O. The microorganism could obtain energy from
oxidation of organic compounds like PAH. The biodegradation could occur with two necessary

factors: a sufficient quantity of microorganisms and bioavailable substrate.
3.3.1.1  Aerobic degradation

Aerobic degradation is a biological conversion process in which micro-organisms breathe in
oxygen to digest/decompose organic compounds. Some researches have been conducted on the .
aerobic degradation of PAHs in soils focusing on species of mesophilic (room temperature) and
neutrophilic (neutral pH: 6 ~7) micréorganisms. For example, several species of algae, bacteria
and fungi are known to have the enzymatic capability to oxidize PAHs (Cerniglia, 1992). To
date, a significant number of mesophilic, aerobic and acidophilic bacteria, which can utilize
PAHs as energy sources, have also been found in environments (Stapleton ef al., 1998). There
are two main hydroxylation mechanisms of eukaryotic and prokarybtic microorganisms. As an
example given in Scheme 3.4, the first step is the bacterial or fungal benzene catabolism. In the
fungi attack of the aromatic ring, epoxide is usually formed and then forming a
dihydroxybenzene by epoxy ring opening and further oxidation, however, in the bacterial attack
of the aromatic ring, a dihydrodiol is formed and then undergo oxidation to form the same

product at the end (Volkering and Breure, 2003).
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Scheme 3.4 Initial steps in the microbial catabolism of homocyclic aromatic compounds
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An overview of the biodegradation of some low molecular weight PAHs compounds such as
naphthalene, phenanthrene and anthracene are shown in Scheme 3.5 (Komatsu ef al., 1993). For
high molecular PAHs, the use as sole source of carbon and energy has been reported for FLR,
BAP, pyrene, chrysene, coronene, etc (Weissenfels ef al., 1991; Boldrin et al., 1993; Juhasez et

al., 1997).
3.3.1.2  Anaerobic degradation

Anaerobic degradation is a biological conversion process performed by microorganisms in the
absence of oxygen to digest/decompose biodegradable organic compounds. The biodegradation.
of PAHs in anaerobic methanogenic systems has only been shown to be able to occur in recent
years (Christensen et al., 2004). In contrast to the acrobic degradation, little is known about the
mechanism of anaerébic degradation (Chang et al., 2002) bécause it is difficult fo obtain direct
proofs from the anaerobic PAHs degradation in sediments. According to the theory of Volkering,
under anaerobic conditions, chemorganotrophic bacteria could obtain energy from the transport
of electrons from PAHs to inorganic electron acceptors other than oxygen, such as nitrate,
Fe(Ill), Mn(IV), sulfate and carbonate (Volkering and Breure, 2003). A few researchers have
found that a number of two or three rings PAHs can be degraded anaerobically (Bregnard ef al.,
1996; Coates ef al., 1996; Langenhoff et al, 1996; Chang et al., 2001). In 2002, Chang
investigated the degradation of pyrene (4-ring PAH) under anaerobic conditions (Chang et al.,
2002). More results were obtained by Trably and his coworker in 2003. They studied the
anaerobic degradation of 13 PAHs with a higher molecular mass (3-6 rings) in continuous stirred
tank reactors fed with sewage' sludges (Trably et al, 2003). Temperature and pH values

influence the removal efficiency of anaerobic degradation of PAHs. The optimal incubation
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condition was noted as pH 8.0 and temperature at 30 °C by Chang et al. (2002). A subsequent
study by Trably and Christensen showed that the biological removal of PAHs was significantly
enhanced by increasing the temperature from 35 °C to 55 °C. They also found that the variation
of pH value (5.0 ~9.0) has a minor influence on the degradation rates. The optimal pH was

found at a weak basic condition (pH 8.0) (Trably et al., 2003; Christensen et al., 2004).

In conclusion, the capability to biodegrade PAHs is influenced by the kind of pollutants (e.g.,
clay soils can adsorb contaminants making them unavailable to the microorganisms); oxygen
supply; moisture content (the suitable moisture level is in range of 20 to 80%); nutrient supply
required for cell growth (N, P, K, S, Mg, Ca, Mn, Fe, Zn, and Cu etc.); pH value, temperature
and the species of microorganisms (having been discussed briefly above); the concentration of
the contaminants (high concentration may be toxic to the microorganisms) and the presence of

toxic substances to the microorganisms (e.g.: mercury or inhibitors of the metabolism).
3.3.2 Chemical treatment

3.3.2.1  Photodegradation of PAHs

The photodegrédation of PAHs has been extensively studied over the last several years (Zepp
and Schlotzhauer, 1979; Mill et al., 1981; Fukuda et al., 1988; Sigman et al., 1991, 1996, 1998).
PAHs can be degradated by direct or sensitized photochemical reactions. Most PAHs can absorb
surface solar radiation to allow the possibility of direct photodegradation. Some researchers have
proved that a number of PAHs could be degradated when irradiated Witn 313 and 366 nm light in
pure water (Zepp and Schlotzhauer, 1979; Mill ef al., 1981; Fukuda ef al., 1988; Fasancht and

Blough, 2002). However, the mechanism of the direct photodegradation remains unclear.
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There are three kinds of primary reactions that have been proposed for photoionization which is
the initial step in photodegradation (Scheme 3.6) (Mill er al., 1981; Vialaton ef al., 1999; Miller
and Olejnik, 2001). The photoionization involves ejection of an electron from PAHs (P) by
absorption of a photon (Scheme 3.6, eq 1). In aerated solutions, this electron will be rapidly
captured by an O, to form a superoxide radical (O;7) (Scheme 3.6, eq 6) (Blough and Zepp,
1995). The résulted PAHs cation radical (P™") can react with water (or hydroxide ion, Scheme
3.6, eq 2’ & 3') to form a second radical intermediate (Scheme 3.6, eq 2), which, after evolution
of a proton (Scheme 3.6, eq 3), can form a stable product (PH,-OH). Further oxidation of these
products will become easier to give many other derivatives (Scheme 3.6, eq 4) (Steenkén et al.,

1990; Sigman et al., 1998; Vialaton et al., 1999).

One electron transfer from PAHs to O, under light irradiation in a ground state has been
proposed for pyrene (Scheme 3.6, eqs 5 and 10) (Sigman et al., 1998). The resultant charge-
transferred complex [P™*--0,""] may undergo solvolysis forming P and 02 (Scheme 3.6, eq 8),
or react within the collision complex to form products (Scheme 3.6, eq 11). The excited singlet
PAHs ('P*) and triplet >P* may be diffusionally quenched by O (Scheme 3.6, eqs 12 and 13) to

produce the complex [P™--O,”] identical to that formed via eqs 5 and 10.

Finally, the photodegradation could be initiated by the direct reaction of O, with P* to form a
[3P"‘--3 0,] complex (Scheme 3.6, eq 15) which then form a [P--'0,] complex by energy transfer
from *P* to >0, within the collision complex (Scheme 3.6, eq 16). Due to spin restriction, the
reaction of 0, with 'P* to form products directly should not occur (Turro, 1991) but as indicated

the above could proceed through a [P™"--O,"] complex (Scheme 3.6, eq 12).
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Scheme 3.6  Proposed pathways of PAHs photodegradation
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Semiconductors” (e.g. TiO,, ZnO, Fe,0;, CdS, and ZnS) can act as sensitizers for light-induced
redox processes because of their electronic structure, which is characterized by a filled valence
band and an empty conduction band (Hoffmann et al., 1995). Therefore, the semiconductor can
catalyze the photodegradation by transformation of one electron in the catalysis cycle under light
irradiation. To photocatalyze oxidation of organic pollutants by oxygen, the semiconductor

sensitizer must meet the following requirements (Hoffmann et al., 1995):
1. Highly photoactive;

2. Be able to utilize visible and/or near UV light;

* A semiconductor is a material whose valence band and conduction band are separated by an
energy gap or bandgap. When a semiconductor molecule absorbs photons with energy equal to
or greater than its bandgap, electrons in the valence band can be excited and jump up into the
conduction band and thus charge carriers are generated.
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3. Biologically and chemically inert;
4. Photo stable (e.g.: not liable to photo anodic corrosion);
5. Not expensive.

By common consent, the semiconductor titanium dioxide (TiO,) satisfies the criteria from 1 to 5
and is proved to be one of the best semiconductors for sensitization. TiO, has been studied by a
number of researchers as a frequently used photocatalyst (Mills and LeHunte, 1997) because
TiO, is non-toxic and chemically stable, and possesses relatively high photocatalytic activity.
Studies in laboratory have demonstrated that biomass and organic compounds such as alcohols,
carboxylic acid, phenolic derivatives, chlorinated aromatics and PAHs can be readily
mineralized by TiO, into harmless carbon dioxide, water, and simple mineral acids, using

molecular oxygen as primary oxidant.

The first example (reaction 1) is the oxidation of biomass (including grass, wood, algae,
seaweed, cockroaches, urine and glucose) with the concomitant reduction of water to hydrogen

(Sakata and Kawai, 1981):

TiO,/Pt

Biomass + H,O CO, + H,

hv>Ea (1)
The second example is the semiconductor-sensitized photo mineralization of organic substrates
by molecular oxygen. A variety of organic molecules can be photocatalytically oxidized and
eventually mineralized according to the following general reactions. In the last decade, a number
of references on toxic and hazardous compounds removal by heterogeneous photocatalytic

degradations from water and air (Herrmann, 1999).
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semiconductor
—_—_—

Organic pollutants + O, CO, + H, + mineral acids

v>FEa (2)

The mechanism of photocatalytic oxidation mediated by TiO; is still under discussion, but the

most widely accepted mechanism is illustrated in Figure 3.2 (I).
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*Where Ti'"" OH represent the primary hydrated surface functionality of TiO,

Figure 3.2 Mechanism of TiO; catalyzed photodegradation process

The electrons located in the valence band at ambient temperatures, when illuminated with UV or
the sun rays (A < 380 nm), can be excited from the valence band to the empty conduction band to
form current. Prior to recombination with the hole (® ) by releasing energy, the excited electrons
and holes are trapped at the surface of TiO, by their encounter electron acceptors (0,—0,", C in
Figure 3.2) and donors (Ti'VOH—Ti'VOH", 4 in Figure3.2) which involve in the redox half-
reactions. In the next step, there are two possibilities for the organic molecules to be oxidized
(Heller, 1995): I), The Ti'VOH"™ formed from the surface-trapping by the valence band hole will

oxidize organic molecules by gain of one electron. The organic pollutants can be oxidized by
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Ti"YOH"™. And, 1), The superoxide radical (O,), formed from trapping the electron excited from
the valence band, which may also participate in the degradation reactions of the organic
molecules, or will further react with water to form very reactive chemical species such as HOO:,
HOO", H,0,, HO: etc which will oxidize organic pollutants in formation of water and carbon
dioxide as final products and HCI if the organic molecule contains chlorine (C—D—E). The
hydroxyl radical (HO-) in II) can also be generated from transformation of one electron from a

hydroxyl group (HO") to the electron deficient hole (F).
3.3.2.2  PAHs oxidation by chemical reagents

PAHs can be oxidized by ozone (O3) or HO- radical, hence, O3 and hydrogen peroxide (H,O,)
are always used as oxidants for chemical oxidations of PAHs (Yao and Masten, 1992). For
instance, pyrene, naphthalene, chrysene and phenanthrene in soils can be oxidized by ozone at a
dosage of 500 mg kg™'. The studies showed that 81% pyrene was removed (Masten and Davies,

1997).

Since the 1940s, the pulpand paper industry has used organic peroxy acids as oxidants to alter
chemical structures (Johnson, 1980; Poppius et al., 1989). Organic peroxy acids are formed by
insitu mixing organic acids (e.g. acetic acid, propionic acid, etc.) and hydrogen peroxide. They
are relatively selective oxidizing agents with activity that can be targeted towards electron dense
rich structures found in aromatic rings, double and triple bonds without the fear of unwanted

competing reactions such as with sugars.
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Figure 3.3 Proposed oxidation of PAHs by organic peroxy acid

In the catalytic cycle, H,O, reacts with an organic acid in solution to form a peroxy organic acid
(4, Figure 3.3). The peracid in turn may react directly with organic compounds (B) or may
generate a hydroxyl cation [HO"] which oxidizes the organic pollutants (C). However, the real
mechanism is not well understood yet and still under investigation. A preliminary investigation
by N'Guessan, in oxidation of benzo(a)pyrene with an organic peroxy acid may be a promising
development of new advanced oxidation process as a fast acting, relatively low cost, remediation

technique for PAHs contaminated sediments (N'Guessan ef al., 2004).
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In addition to organic peroxy acids that can oxidize organic pollutants, Fenton's reagent’
(Fe?*/H,0, system) a combination of hydrogen peroxide (H,O,) and ferrous irqn (Fe™) is
capable of oxidizing various organic compounds. This reagent, in aqueous medium, allows
formation of hydroxyl radicals, which are very reactive and nonselective oxidants. Flotron and
his coworkers showed that Fenton's reagent could oxidize PAHs in sewage sludges, but
inefficient in removal of various PAHs because of the oxidation of PAHs is limited by the
competition from the organic matter and their strong adsorption on particles. From their
experimental results, the removal efficiency of three PAHs degradation was in the order of BAP

> FLR > B(J)F (Flotron ef al., 2003a,b).
3.3.3 Enhanced solubilization of PAHs by surfactants

As known, it is difficult to remove PAHs from subsurface environment using traditional
technologies for decontamination of sewage sludges (Li and Chen, 2002; Prak and Pritchard,
2002). Solubilization of PAHs by surfactant can be used for removing PAHs from contaminated

substances.

Surfactant (surface active agent) molecules contain hydrophilic (water-loving) head and long
hydrophobic (water-hating or oil-loving) tail. The surfactants are able to reduce the surface
tension of watér by adsorbing at the air-water interface, and can also reduce the interfacial
tension between water and organic phase by adsorbing at the liquid-liquid interface. Hence, they

are typically soluble in both organic and water phases. Surfactants can form micelles over a

* Fenton's reagent: The reactivity of this system was first observed in 1894 by its inventor H.J.H. Fenton,
but its utility was not recognized until the 1930’s once the mechanisms were identified.
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certain aqueoué concentration which called the critical micelle concentration (CMC). The formed

surfactant micelles can sequester PAHs which are sorbed to soils or sludges.

Surfactants can be classified into three types by the ionic characteristics of hydrophilic head
group: anionic, cationic and nonionic. Many studies conducted showed that surfactants can
enhance the solubility of PAHs in aqueous phase from soils (Bury and Miller, 1993; Volkering et
al., 1995; Doong et al., 1996). When choosing a surfactant for remediation PAHs, a number of
factors must be considered such as removal efficiency of recovery and reusage, effect of

solubilization, surfactant sorption, biodegradation and effect on biota.

As might be expected, charged surfactants (anionic and cationic) appear to have a greater
denaturing effect than nonionic surfactants. Especially, cationic surfactants also appear to be the
most toxic to both freshwater and marine species of algae, invertebrates and fish and they have
high sorption tendency on the negative charged surface of soils (Lewis, 1991). Anionic
surfactants are usually chosen by researchers due to their lower degree of adsorption than
cationic and nonionic surfactants. The nonionic surfactants are chosen becaﬁse they are generally

economical and their solubilization capacities are high (West and Harwell, 1992).

The mechanism of using surfactants to enhance the solubility of PAHs has been studied by
Edwards (1994). Figure 3.4 shows a solid-aqueous phase system containing surfactant, PAHs
(represented by acenaphtene) and a soil particles of moderate organic carbon content. As
illustrated in this figure, the surfactants as dissolved monomers can reach the surface of the soil
particles with formation of micelles around PAHs molecules exposed on the solid-water
interface. The PAHs solubilized in surfactant micelles will be brought to the aqueous phase of

the surfactants.
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Figure 3.4  Enhanced solubilization of PAHs by surfactants

In recent years, various surfactants have been employed with attempts to increase the
concentrations of PAHs in aqueous phase in order to enhance the biodegradation of PAHs from
soil particles. Three types of surfactants were investigated in solubilizing and mobilizing PAHs
from soils by Sun, The results showed that a nonionic surfactant (Brij 30) started transporting
PAHs from soil to water phase at concentrations below its apparent CMC. If increasing its
concentration, Brij 30 was able to transport more PAHs to the aqueous phase from soil.
Therefore, Brij 30 presented a great potential in remediation of PAH-contaminated soils. In
contrast, the tested anionic surfactant (SDS: sodium dodecylsulfate) and cationic surfactant
(DTAB: dodecyltrimethylammonium bromide) did not show any solubilization effect until the
concentrations reached their apparent CMCs (Sun and Puri, 1997). In equilibrium, the

concentration of solubilized PAHs linearly depends on the surfactant concentration above the
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CMC (Edwards et al, 1991; Bury and Miller, 1993; Tiehm, 1994; Tsomides et al., 1995;
Volkering et al., 1995; Doong et al., 1996; Guha et al., 1998). Concerning the effects of
surfactants on the solubility and PAHs biodegradation were studied by Kim and his coworker
(Kim et al., 2001). Surfactants have been applied successfully for remediation of sewage sludge
or soil-bound PAHs by many researchers (Li and Chen, 2002; Prak and Pritchard, 2002; Chu and

Chan, 2003; Zhu and Feng, 2003; Jessica et al., 2004; Zhou and Zhu, 2004).

Now, mixed surfactants are of great interest in scientific and industrial application. Some
surfactant combinations exhibit synergistic properties: they show considerable decrease in
surface tension and a lower CMC value than each of the individual members (Holland, 1986).
Mixed surfactants could be used over a wider range of temperature, salinity and hardness
condition than the individual surfactant. A few studies have been conducted on the solubilization
of PAHs on mixed surfactants. As an example, Zhou and his co-workers have investigated the

solubilization of pyrene in some anionic-nonionic mixed surfactants (Zhou et al., 2004, 2005).

Recently, the removal characteristics of PAHs from soil using a surfactant-enhanced
electrokinetic process were investigated. This technology can effectively remove organic
pollutants from fine-grained soil (Saichek and Reddy, 2003). Although surfactant-enhanced
remediation technology has been developed for relatively permeable subsurface contaminated’by
PAHs, it is not often directly applicable to fine-grained soil and sediments due to the low
permeability and high resistance to hydraulic flow through these types of porous media (Yang et

al., 2005).
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4. MATERIALS AND METHODS

4.1. Sewage sludge sampling and characteristics

Biological sewage sludge (from sequential batch reactor) was collected from the municipal
- wastewater treatment plant of Haute-Bécancour (Black Lake, QC, Canada) on May, 2005, and
stored in a polypropylene container at 4 °C. Total solids (TS) content of the sludge was adjusted
to 18.0 and 30.0 g L™ for all experiments. Metal and nutrient contents (mg kg! of dry matter
(DM)) of the sludge were as follows: Al (19 000 = 400), Ca (13 900 + 200), Cd (3.0 + 0.1), Cr
(139 £ 4), Cu (1 800 < 40), Fe (37 100 + 900), K (7 200 + 200), Mg (17 100 + 200), Mn (468 +
7), Na (4 700 £ 100), Ni (134 + 3), P (19 900 + 400), Pb (87 + 1), S (5 000 + 200), Zn (620 +

10).

4.2. Procedure of sludge HAP-spiking

Before experiments, the sludge was spiked with 5 mg kg DM of each of 11 PAHs by adding
standard solutions Mix 44 (1 000 mg L in CH,Cly-benzene) and benzo(j)fluoranthene (2 000
mg L in CH,Cl-benzene). These standard solutions have been obtained from Sigma-Aldrich
Canada Ltd (Oakville, ON, Canada). The sludge was successively mixed by being vigorously
stirred (Mechanical shaker, Lab-Line Environ-Shaker, model 3528) for at least 1 h at room

temperature (20 = 2 °C) and then kept at 4 °C for 24 h.

4.3. Sludge treatments

During and after treatment processes, sludge samples (300 to 600 ml) have been taken and solid

and liquid phases have been separated by centrifugation (2 050 x g for 30 min, Beckman
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Coulter Inc., model Allegra™ 6 centrifuge) or vacuum filtration (Whatman No. 4 membrane,
porosity : 15 to 20 um). HAPs extraction and purification steps have been caried out in triplicate

on these solid and liquid phases.

4.3.1 Control assays

At first, to illustrate the removal efficiency of PAHs by different treatments, three control tests
were carried oui using three volumes of approximately 2 L of sludge. The first control was the
sludge without doping and treatment (NDC). The second (DOC) control was prepared by using
the prealably doped sludge. A third control (DAC) was prepared using sterilized (autoclaving
under 15 psi at 121 °C for 15 min) sludge. The sterilized sludge was averaged over four 1 L
Erlenmeyer flasks and was aseptically doped according to the procedure previously described.
The doped sludge in one flask (DAC) was separated into solid and liquid phases by
centrifugation. Both phases were used for PAHs extraction and analysis. PAH concentrations in
these sludge controls are given in Table 4.1. The other three flasks were kept at room
temperature (20 + 2 °C) for 7, 14 and 21 days respectively before separation into solid and liquid

phases.
4.3.2 Mesophilic aerobic digestion (MAD) treatment

Mesophilic conventional aerobic digestion process has been evaluated for PAHs biodegradation.
A volume of 3 L of doped sludge was digested in batch mode in a stirred tank reacéor S L
capacity) at room temperature. Some important operating parameters are described in Table 4.2.
During the whole process, dissolved oxygen was kept > 2 mg L. Samples were taken after 3, 5,

7, 14 and 21 days for PAHs extraction and analysis. Solid and liquid phases were separated by
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centrifugation (room temperature, 2 050 x g for 30 min, Beckman Coulter Inc., model Allegra™

6 centrifuge).

Table 4.1 PAHs concentrations (mg kg DM) in no doped and doped sewage sludge

PAHs No doped control Doped control
(NDC) (DOC)* (DAC)**
ACN 0.036 £ 0.001 458 £0.12 ‘ 5.56 £0.01
FLU 0.042 £ 0.002 4.51+0.12 5.56 +0.01
PHE 0.207 £0.010 5.11£0.17 5.73+£0.03
FLR 0.493 £0.012 492 £0.56 6.03 £ 0.07
PYR 0.522 +£0.028 5.07+0.22 6.06 £ 0.06
BJK 0.910+0.084 16.82 £ 0.30 17.72 £ 0.11
BAP 0.493 £0.012 494 +0.22 5.93+0.06
INP 0.392 £0.037 5.65+£0.45 6.14 £0.05
BPR 0.534 +0.045 6.02+£0.16 6.07 £0.04
Total (11 PAHs) 3.586+0.214 57.84 231 64.79 £ 0.43
* TS=18.0gL".
o TS=30.0gL™"
Table 4.2 Experimental conditions of the different assays of PAHs removal
Treatments TS Duration Tw80 Final Final ORP
1) (gL pH (mV)
DAC 30.0 21d 0 7.16 -58
MAD 30.0 21d 0 7.08 +440
MAD+Tw80 30.0 21d 0.5 6.43 +446
METIX-BS 30.0 21d 0 1.42 +461
METIX-AC 18.0 4 h 0 2.08 +326
METIX-AC+Tw80 30.0 4h 0.5 1.88 +370
STABIOX ©18.0 80 min 0 4.00 +290
ELECSTAB 18.0 60 min 0 4.00 +171
Tw80 — A 30.0 6h 0.5 6.60 -70
Tw80-B 30.0 4h 0.5 6.59 -83
Tw80 —C 30.0 2h 2.0 6.62 -82
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4.3.3 MAD+TwS80 treatment

Addition of Tween 80 (Tw80), a nonionic surfactant, was tested in combination with the MAD
process. A concentration of 1.5 g Tw80 L' (750 ml) has been added to a volume of 1.5 L of
doped sludge and the mixture was digested in a stirred tank reactor (5 L). Samples were taken
after 3, 5, 7, 14 and 21 days for PAHs extraction and analysis. Solid and liquid phases have been

separated by filtration.
4.3.4 METIX-BS treatment

METIX-BS technology is a biological process for simultaneous sludge digestion and metal
bioleaching with addition of elemental sulfur. This process can remove toxic metals, eliminate
odor and destruct pathogens. The oxidation of elemental sulfur, which is a energy source of the
indigenous sludge thiobacilli, into sulfuric acid causes a sludge acidification with lowering the
pH value below 2.0. A volume of 3 L of doped sludge was divided into fifteen 200 ml fractions
(in 500 ml Erlenmeyer flasks with stainless cap). To each flask was added 1.0 g elemental sulfur
and then the Erlenmeyer flasks were placed on a rotary shaker at 150 rotations per minute (rpm)
at 28 £2°C. Samples were taken and centrifuged after 3, 5, 7, 14 and 21 days for PAHs

extraction and analysis. Solid and liquid phases have been separated by centrifugation.
4.3.5 METIX-AC treatment

METIX-AC is a chemical process to remove toxic metals from sludge. This process is also able
to eliminate odors and pathogens by using oxidizing agents such as ferric chloride and hydrogen
peroxide. A volume of 2 L of doped sludge was acidified to pH 2 by addition of sulfuric acid
(5 ml, 5 M) at room temperature in a 5 L stirred tank reactor. Solutions of ferric chloride (12 ml,

Fe’* content of 11% w w' basis) and hydrogen peroxide (10 ml, 3% v v'') were sequentially
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added in order to maintain an oxidoreduction potential (ORP) value (> 400 mV). The sludge was
vigorously stirred for 4 h at room temperature. Then solid and liquid phases were separated by

centrifugation.
4.3.6 METIX-AC+TwS80 treatment

Addition of Tw80 was also tested in combination with the METIX-AC process. A volume of 0.6
L of doped sludge was acidified to pH 2 in a beaker (2 L) by addition of sulfuric acid (3 ml, 5 M)
prior to the addition of solutions of ferric chloride (6 ml, 11% Fe** w w') and hydrogen peroxide
(5ml, 3% v v') in sequence. After the sludge was successfully mixed by stirring at room
temperature for 2 h, a concentration Tw80in 1.5 g L (300 ml) was added. After adjustment the
pH to 2 by addition of sulfuric acid (1 ml, 5 M), and the sludge was agitated for another 2 h at

room temperature. The sludge solid and liquid phases were separated by filtration.
4.3.7 STABIOX treatment

STABIOX is a sludge stabilization and conditioning process allowing to reduce odor, destroy
pathogens and to increase the dewatering properties of municipal and industrial sludge. A
volume of 2 L of doped sludge was acidified to pH 4 by addition of sulfuric acid (3.5 ml, 5 M) in
a 5 L stirred tank reactor. Solutions of ferric chloride (1.5 ml, 11% Fe>™ w w™') and hydrogen
peroxide (10 ml, 3% v v')) were then added in sequence. The sludge was then mixed for 80 min

at room temperature. The sludge solid and liquid phases were separated by centrifugation.
4.3.8 ELECSTAB treatment

ELECSTAB is an electrochemical stabilization and conditioning process having an efficient
antiseptic effect and allowing to improve the dewatering properties of sludge. A volume of 5 L

of doped sludge was charged into a 12-L capacity electro-reactor (42 cm height, 25 cm diameter)

75



4. Methodology and experiment

consisting of a cell, two concentrical electrodes (Anode: Ti/RuO,, Cathode: Ti) and a DC power
supply (XFR 40-70, 0-40 V, 1~70 A). The interelectrode distance was 4 cm. Sodium sulphate
(12.5 g, electrolyte), sulfuric acid (13.5 ml, 5 M) and hydrogen peroxide (45 ml, 3% v v were
added sequentially. Electrical treatment was applied (8 A and 16 V) at room temperature for

60 min. The treated sludge was separated into solid and liquid phases by centrifugation.
4.3.9 Non-ionic surfactant treatment

Three different procedures (Tw80-A, -B, -C) were used for the treatment of sewage sludge using
Tw80 as PAH-extracting ageht. These experiments were carried out using volumes of 200 ml of
doped sludge (in 500 ml Erlenmeyer flasks with stainless cap). The flasks were placed on a
rotary shaker at 150 rpm at room temperature. A concentration of Tw80in 1.5 g L' (100 ml) was
added to the sludge and the sludge was agitated for 6 h during the assay Tw80-A. After
treatment, the solid phase and liquid phase were separated by centrifugation at different speeds
(500, 1 000, 2 000 and 3 000 x g for 30 min) and by vacuum filtration. Final concentrations of
Tw80 in 0.5 ¢ L' and Tw80 in 2.0 g L' were used to treat the sewage sludge for 4 h and 2 h
during assays Tw80-B and Tw80-C. After treatment, the solid and liquid phases were separated

by filtration.

4.4. PAHs extraction, purification and analysis

4.4.1 Soxhlet extraction for solid samples

In this study, PAHs were extracted from sludge samples using a modified method of Centre
d'expertise en analyse environnementale du Québec (Gouvernement du Québec, 2002).

Dichloromethane was used as solvent for all extractions of PAHs from both solid and liquid
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samples. A solution of a surrogate standard spiking (as recovery; acenaphtene-d10 and chrysene-

d; ini isooctane 100 mg L) was used during extraction.

The solid samples were dried with anhydroﬁs MgSOy; (pre-heated at 650 °C for 12 h in oven
before using). The powder-like samples were transferred into pre-decontaminated cellulose
extraction thimbles (43 x 123 mm, Advance MFS Inc.) dipped in dichloromethane at least for
24 h before using. The solid samples were Soxhlet extracted (Organomation Glassware with
three flasks (500 ml) Heaters, Electrothermal EME 30500/EX1) for 24 h at rate of 4-6 cycles h
(MA. 400-HAP 1.1). After the extraction was complete, the extracts were allowed to cool to
room temperature and then concentrated to approximately 5 ml by rotary evaporation (Biichi,

model Rotavapor-R) at lower than 26 °C.
4.4.2 'Saponification

Potassium hydroxide solution (0.5M in methanol) was added to the extracts from the Soxhlet -
extraction. The mixtures were refluxed for 4 h at 80 °C in a water-bath (Mangas et al., 1998).
After cooling to room temperature, volume of 100 ml of saturated brine in milli-Q-purified water
was added and the mixture was exacted with dichloromethane (3 x 50 ml). The combined
organic phase was dried by filtration over anhydrous MgSOy (pre-heated at 650 °C for 12 h in
oven before using) and then evaporated to near dryness on a rotary evaporator at lower than 26

°C. The residues were dissolved in 2 ml hexane for the purification step.
4.4.3 Rotating extraction for liquid samples

The liquid samples were extracted using dichloromethane by rotating extraction at a rate of 6

cycles min™ for 24 h at room temperature. The separated extracts were then concentrated nearly
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to dryness by rotary evaporation at lower than 26 °C, and the residues were dissolved in hexane

(1 ml) for the purification step.
4.4.4 PAHs purification by silica gel column flash chromatography

In the clean-up step, a recovery solution of anthacene-d;q and pyrene-d;o (100 mg I in
isooctane), a glass column and a certain quantity (1/6, Wsi/Wary solid sample, 10 g for for the extracts

from liquid samples) activated silica gel were used. A typical procedure was shown below.

Activated silica gél (60 g) was packed in a glass column with a pad of anhydrous magnesium
sulfate (ca 1 cm) on top for clean-up extracts. The silica gel was rinsed with hexane (100 ml)
before loading the extract and the recovery onto the column and eluted with hexane-
dichloromethane (3:0, 100 ml — 3:2, 150 ml). The second elute containing PAHs was collected
and concentrated to approximately dryness by rotary evaporation at loWer than 26 °C. Then the
purified sample was quantitatively transferred into a 5 ml volumetric flask isooctane and this
purified samples in isooctane must be protected from light and stored in sealed amber vials at <—

10 °C until analysis.

4.5. Analytical methods

PAHs were quantified using GC-MS (Perkin Elmer, model Clarus 500, with column type of VF-
SMS FS, 30 m x 0.25 mm x 0.25 pm) at Institut National de la Recherche Scientifique (INRS)
and GC-MS-SIM (selected ion monitoring; Hewlett Packard 6890 series GC equipped with a HP
5973A series mass spectrometer detector; with column type of DB-5, 30 m x 0.25 mm x

0.25 pm) at Bodycote (Québec, QC, Canada).
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The pH was determined using a pH-meter (Fisher Acumet model 915) equipped with a double-
junction Cole-Palmer electrodes with Ag/AgCl reference cell. Total solids were measured
according to the method 2540B (APHA et al., 1999). To determine metal concentrations, the
samples were first filtered on Whatman 934-AH membrane (Whatman International Ltd,
Maidstone, England) under vacuum, then the filtrates were acidified with concentrated nitric acid
(5% v v') and kept at 4 °C until analysed. The digestion method of the sludge was executed by
digesting 0.5 g dry samples in presence of HNOs, HF and HC1Os, in a final solution of 5% HNO3
(method 3031 1; APHA et al., 1999). The metal concentrations were determined by plasma
emission spectroscopy with a simultaneous ICP-AES (Inductively Coupled Plasma, Varién

company, Vista model).

4.6. Chemicals

Organic solvents were analytical grade reagents from Merck. Sodium chloride, potassium
hydroxide and anhydrous magnesium sulfate (analytical grade and pre-heated at 650 °C for 12 h
in oven before using) were supplied by EMD Chemicals Inc. Sulfuric acid (95%-98% ACS
reagent) was purchased from Fisher Scientific. Ferric chloride solution (Fe®* content of 11% w
w basis) was provided by Eaglebrook Environment Corporation (Varennes, QC, Canada).
Hydrogen peroxide (33% v v'! basis) was obtained from Laboratoire Mat (Beauport, QC,
Canada). Silica gel 60 (230 ~ 400 mesh) was bought from Silicycle (Québec, QC, Canada), and
Tween 80 was purchased from ICI Americas Inc. Sewage sludge doping reagents, standardr
references for analysis including Mix 44 (44 PAHs mixture), benzo(j)fluorantene, anthracene-
djo, pyrene-dyo, acenaphtene-djo, chrysene-d;;, naphtalene-dg, and phenanthrene-dio were

commercially available from Sigma-Aldrich Canada Ltd (Oakville, ON, Canada). Milli-Q
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purified water was prepared by further purification of de-ionized water on a Millipore Milli-Q

system.

80



5. Results and discussion

5. RESULTS AND DISCUSSION

5.1. Efficiency of PAHs extraction and purification

The efficiency of sequential Soxhlet extraction, saponification and purification for the recovery
of PAHs from solid sludge samples was assessed with a surrogate spiking standard. The recovery
percentages obtained were between 85 and 120% in most cases for each surrogate spiking
recovery standard in each extraction with different number of aromatic rings and molecule
weights of PAHs. For example, the recoveries of 3-ring acenaphtene-do and anthracene-do
ranged from 85 to 110% in most cases, and the recoveries of 4-ring pyrene-dioand chrysene-dio

ranged from 90 to 120% in most cases.
5.1.1 Biological treatments (MAD and METIX-BS)

Research has been focused on the investigation of the microorganisms which have the ability to
metabolize PAHs (Cerniglia, 1993). The biochemical pathways and the mechanisms of
biodegradation have been well documented (Komatsu et al, 1993; Juhasez et al., 1997,
Volkering and Breure, 2003). The lower weight PAHs (2, 3 and 4 aromatic rings) were found to
be biodegraded more rapidly than the higher weight (5 and more aromatic rings) compounds
(Heitkamp and Cerniglia, 1989; Cerniglia, 1993). However, there is very little information

available for the removal efficiency of PAHs by MAD or METIX-BS from sewage sludge.

Figures 5.1 to 5.3 present the kinetic of the PAHs biodegradation in term of removal (%) during
the MAD, MAD + Tw80 and METIX-BS processes. ACN, FLU and PHE are rapidly

biodegraded in all three cases with more than 90% of reduction after only two weeks of

81



3. Results and discussion

treatment. The biodegradation of others PAHs begins generally after a 5-day period and the final

removal yields are weaker than for ACE, FLU and PHE.

Table 5.1 gives the final PAH concentrations in the sludge and the corresponding removal yields
after the different biological treatments. After 21 days of incubation, the sterilized control (DAC)
showed that volatilization of PAH was moderated for ACN, FLU and PHE with 34.3, 32.8 and
18.7% of removal, respectively. Volatilization was not important (< 15%) in the case of the

~ others PAHs analyzed.

Addition of nonionic surfactant (Tw80) during MAD treatment has caused a significant increase
of the biodegradation, particularly for FLR, PYR, benzo(b,j,k)fluoranthene (BJK) and BAP.
However, no effect was detected in the case of INP .and BPR. Overall, the addition of Tw80 has
slightly increased the total PAHs removal from 54.4 +£2.9% (MAD) to 60.1 +£2.0% (MAD +

Tw80).

METIX-BS process was very efficient for ACN, FLU and PHE removal, but degradation of FLR
and PYR were lower than for MAD or MAD + Tw80. However, high molecular weight PAHs
(BAP, INP and BPR) were slightly more eliminated than for conventional MAD. Total PAHs
removal yield by METIX-BS (51.8 + 3.0%) was almost similar to MAD. PAHs degradation
observed during METIX-BS process is probably explained by biological mechanisms involving
non-acidophilic (during the first days of treatment) and acidophilic microorganisms (when the
sludge pH decreases under 4.0) and by chemical degradation due to the acidophilic and oxidative
conditions under the last days of treatment (pH 1.42 and ORP +461 mV at the end of the
experiment). Previous studies have shown that the yeast Blastoschizomyces capitatus and a non-

identified fungus are the dominant organisms present in the sludge at the end of the METIX-BS
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process and would be, in part, responsible of the organic matter degradation (Gamache ef al.,

2001).

Table 5.2 shows the percentages of PAHs solubilized from the sludge during the different.
processes tested. Overall, the results reveal that the portion of the PAHs present in the liquid
phase is generally very weak (< 10% of each PAH). In particular, 11 PAH compounds in the
liquid phase have been almost completely removed by MAD and MAD + Tw80 treatments
because the concentrations of these compounds were as low as in the control sludge (DOC). In
the case of METIX-BS, only low weight compounds (ACN, FLU and PHE) have been efficiently
removed from the liquid phase. Others PAHs (4-, 5- and 6-ring PAH) were partially removed
because the concentrations of these PAHs were higher than the control. These results indicate
that the desorption rates of the larger PAHs from the solid sludge was fastef than their

corresponding degradation rates in METIX-BS.

Figure 5.4 illustra?es the efficiency of the biological processes for the degradation of PAHs in
relation to the number of aromatic rings. First, a moderate proportion (28.6 + 3.7%) of the 3-ring
PAHs (ACN, FLU and PHE) was eliminated in the doped and autoclaved control sludge (DAC),
whereas for 4 to 6-ring PAHs, the percentage of removal was stabilized to approximately 10-
12%. Degradation of the 3-ring PAHs was almost similar for MAD (97.0 = 0.3%) and METIX-
BS (95.5 £ 0.7%), but 4-ring PAHs (FLR and PYR) was significantly mofe removed in the case
of MAD (56.6 + 1.8%) in comparison to METIX-BS (29.9 + 2.7%). Higher molecular weight
PAHs were not efficiently eliminated (<40% removal) by both processes. Addition of Tw80

during the MAD treatment was only beneficial for the degradation of the 5-ring PAHs (BJK and
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BAP) with a removal yield of 35.1 + 3.4%, in comparison to 21.3 + 2.7% in the case of MAD

and 32.7 + 5.6% in the case of METIX-BS.
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Figure 5.1 Time variation of the PAHs degradation in the sludge during MAD treatment
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Figure 5.2 Time variation of the PAHs degradation in the sludge during MAD+Tw80

treatment
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Figure 5.3 Time variation of the PAHs degradation in the sludge during METIX-BS treatment
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Table 5.1 Final PAHSs concentrations (mg kg DM) and removal yields (%) in the sludge after different biological treatments
PAHs DAC MAD MAD+Tw80 METIX-BS

Conc. Removal Conc. Removal Conc. Removal Conc. Removal

(mg kg™) (%) (mg kg'") (%) (mg kg'") (%) (mg kg'") (%)
ACN 3.65+£0.27 34.3+49 0.11+0.01 97.9+0.1 0.18 +:0.00 96.5 +0.1 0.17+0.01 96.9+0.3
FLU 3.74+£0.16 32.8+28 0.12 £ 0.01 97.8+0.2 0.42 +£0.03 92406 0.27+0.02 95.2+04
PHE 4.66 £0.19 18.7+£3.4 0.28 +0.03 95.14+0.6 0.51+0.05 91.1+09 0.33 £0.08 943+13
FLR 5.59+0.12 7.2%19 2.29+0.07 62.1+1.1 1.65+0.08 72714 3.69+0.14 38.8+0.2
PYR 5.28+0.12 12821 2.97+0.14 51124 1.51+£0.07 75.0x1.1 4.79£0.15 21.0+£24
BIK 15.57 £0.39 12.1+2.2 14.05 £ 0.81 20.7 £4.6 11.86 £ 0.77 32144 13.14 £ 0.51 259+£29
BAP 5.37x0.16 94£27 4.59+0.34 226+58 3.72+0.14 37.2+23 3.78+0.64 36.2+10.8
INP 5.25+0.37 146 £6.1 4.64 £0.28 24.5+4.6 4.81+0.28 21.7+4.5 429+0.11 302+1.7
BPR 530+0.14 126+24 4,98 +0.42 17.9+7.0 4.77+£0.16 214+27 4.40+0.43 27.5+£7.0
Total 54.40+1.22 16.0+3.0 34.01+£2.12 544+29 29.44 +1.58 60.1+2.0 3485+1.95 51.8+£3.0
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Table 5.2 PAHs solubilization yields (%) from the sludge after different biological, chemical and electrochemical treatments
PAHs DOC MAD MAD METIX-BS METIX-AC METIX- STABIOX ELECSTAB
+ Tw80* AC+TwS80
ACN 4.54+0.21 0.48 £ 0.00 0.03 £0.00 0.51+0.00 2.33+0.21 1.97 £0.17 3.19+0.25 1.53 £0.42
FLU 4.74 £ 1.24 0.55+£0.10 0.02 + 0.00 0.69 £0.06 3.65+£0.65 2.00 £0.35 2.84 £0.25 1.58 +0.37
PHE 426+1.79 0.71 £0.26 0.02 = 0.00 0.65 £0.01 2.39+0.25 1.48 £0.03 1.48 £0.19 1.35+£0.25
FLR 529197 0.79 £ 0.38 0.11 £0.01 4.57+0.33 3.20+£0.35 7.19+4.98 1.50+£0.22 1.96 £ 0.44
PYR 523 +1.94 0.88 +0.39 0.13+£0.01 7.13 £0.48 3.21+0.36 12.40 £ 0.10 1.53+0.22 2.31+£0.24
BIK 3.21+0.55 0.73 £0.11 0.05+0.01 7.94 +£1.23 3.14 £ 0.71 422 +0.54 0.83 £0.05 3.89+0.57
BAP 5.00£0.08 0.74 £0.30 0.03 £0.00 10.06 = 1.71 3.57+£0.77 1.83 £0.36 1.23 £0.09 270 +£0.77
INP 522 +0.54 0.69 £0.24 0.04 £0.00 10.11+1.49 4.09 +0.96 3.06+0.54 . 1.11 £ 0.05 2.23 £0.57
BPR 4.87+0.41 0.72+0.31 4.05+0.44 9.38 £1.13 3.94 £0.89 2.86 +0.68 1.03 £0.07 243 £0.61
Total 4.44 £ 0.70 0.71 £0.21 0.42£0.04 6.32+0.84 3.28 £0.57 4.18 +0.47 1.44+£0.10 2.53 +0.49

*

After a 3-d period of treatment.
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Figure 5.4 Final PAHs removal yields in the sludge after different biological treatments in

relation to the number of aromatic rings

5.1.2 Chemical (METIX-AC and STABIOX) and electrochemical (ELECSTAB)

treatments

- During METIX-AC and STABIOX processes, sulfuric acid was added to acidify the sewage
sludge followed by sequential addition of hydrogen peroxide (H,O,) and férric ion (FeCl;), a
system similar to Fenton’s reagent, which had been investigated recently in treatment of toxic
non-biodegradable organic compounds in wastewater (El-Morsi et al., 2002; Lee et al., 2003).

The Fe**/H,0, system could produce highly oxidative hydroxyl, perhydroxyl radicals, which are
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able to oxidize most of the complex organic materials, presented in municipal wastewaters.
Beside the reactive radical species, hydrogen peroxide could also form protonated hydrogen
peroxide in acidic milieu. The protonated HOOH," is believed to be a very unstable intermediate

with highly oxidative activity.

Final PAH concentrations and removal yields by chemical and electrochemical treatments are
presented in Table 5.3. In general, PAH degradation was lower than for biological processes.
METIX-AC process gave interesting removal yields for ACN (58.1 £ 6.9%), FLU (47.1 = 7.1%)

and PHE (41.5 + 11.2%), but very weak degradation of high molecular weight PAHs (< 20%).

Addition of nonionic surfactant (Tw80) during METIX-AC treatment was not beneficial to
PAHs degradation. In fact, the removed amounts of PAHs by this combinative treatment
METIX-AC + Tw80 (11.6 +5.2%) were less than the independent treatment of METIX-AC
(29.6 £ 7.7%). Because the double bond in the lipid chain of Tw80 would be easily cleaved by
Fenton-like reagent since the oxidation of an isolate double bond occurs more easily than the
conjugated © bond of PAHs on one hand. On the other hand, once the double bond was cleaved,
Tw80 completely lost its function as a surfactant. To avoid this defection, similar surfactants

with saturated lipophilic side chain could be a possible solution in future work.

Less acidic and oxidative conditions prevailing during STABIOX in comparison to METIX-AC
treatmént gave weaker degradation of PAHs with a global removal yield for the 11 PAHs of only
22.2 £ 3.2%. Pignatello’s study supports that the transformation of organic pollutants can give
the best result at pH 2.7 ~ 2.8 by Fe**/H,0, because half of the iron could be transformed into

Fe(OH)*" form which was the pivotal intermediate to keep the Fenton reaction at the optimal pH
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value (Pignatello, 1992). Future work should be conducted on optimization of pH value during

METIX-AC for combined removal of both heavy metals and PAHs.

Degradation of low weight PAHs (ACN, FLU and PHE) during ELECSTAB process were quiet
good with approximately 62% of removal. However, practically no reduction was observed in

the concentration of high molecular weight PAHs.

Proportion of PAHs presents in the liquid phase was not greatly affected by the chemical and
electrochemical process (Table 5.2). At the end of each treatment, the concentrations in liquid

phase of the 11 PAHs, were almost similar to the control sludge (DOC).
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Tableau 5.3  Final PAHs concentrations (mg kg' DM) and removal yields (%) in the sludge after different chemical and

electrochemical treatments

HAPs METIX-AC METIX-AC+Tw80 STABIOX ELECSTAB

Conc. Removal Conc. Removal Conc. Removal Cone. - Removal

(mg kg'') (%) (mg kg™ (%) (mg kg™') (%) . (mgkg) (%)

ACN 233+0.39 581+6.9 3.86 +0.20 30.5+£35 3.75+£0.09 32416 1.78 £ 0.07 67.9+12
FLU 2.94 +£0.40 47.1+7.1 4.53+0.22 185+3.7 437+0.12 21.4+21 2.30+0.07 587+ 1.3
PHE 3.35+0.64 41.5+11.2 457+0.18 20232 3.26+0.11 43.0+ 1.9 2.26+0.27 60.5 4.7
FLR 4014055 33.5+94 6.47+0.23 2.0+38 4.61+0.32 235+53 5.81+0.45 3.6 £7.4
PYR 3.80+0.53 37.2+89 6.04+0.76 1.0+12.6 4.49 +0.32 259+54 5.80+0.29 4.2+49
BIK 1536 +0.39 13.3+28 15.49+0.23 126+ 1.3 14.04 £ 0.56 20.8+3.2 17.55+0.88 1.0 £4.9
BAP 439+0.17 259+34 5.79+0.36 2.3+6.1 5.05+0.10 14.8+1.7 5.66 = 0.25 45+4.1:
INP 6.03 £0.64 19+119 5.83+0.49 5.1+£80 5.44+0.30 11.4+48 5.55+0.21 9.6 3.4
BPR 5.57+0.69 82+114 5.24+0.29 13.7+4.8 5.65+0.19 6.9+3.1 5.46 +£0.34 10.0+5.6
Total 47.70 +4.33 29.6 8.2 57.81+£2.99 11.8+5.2 50.67+2.10 222432 52.19+1.09 24.4+42
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5.1.3 Non-ionic surfactant treatments

Table 5.4 shows the. PAH solubilization yields from sewage sludge after different treatments
using Tw80, as an extracting agent. ACN (78.0+0.2%), FLU (72.3+0.5%) and PHE
(69.3 + 1.0%) were efficiently solubilized after 6 h of treatment in presence of Tw80 in 0.5 g I
(assay Tw80 — A), whereas others PAHs were not extracted well (removal < 25%) from the
sludge. The decrease of treatment time from 6 to 4h (assay Tw80 - B) resulted in the
significative reduction of the PAHs removal with less than 40% removal for each PAH. The .
increase of surfactant concentration to Tw80 in 2.0 g L™ allowed, even for a short treatment time
(2 h), to increase the solubilization yields to more than 90% for ACN and PHE and 80% for
FLU. However, extraction yields for others PAHs remain weak (<20%). However, this
concentration of Tw80 in 2.0 g L can be only used in laboratory study and not at industrial
scale because of the economical aspect. Moreover, too much Tween 80 used can also cause

environmental problems.

Comparison of filtration and centrifugation as S/L separation methods for surfactant-treated
sludge has shown that thé first one gives better recovery of the PAHs in the liquid phase. In fact,
solubilized PAHs in surfactaﬁt micelles can be easily separated ffom the solid phase since the
micelles in aqueous phase can pass through Whatman No. 4 filter paper. On the other hand,
centrifugation, even at low speed, pelleted out micelles from aqueous phase, and makes the
micelles back into solid phase giving a decrease of separation efficiency. A similar behavior has
also been observed (results not shown) in the case of the experiment carried out with a

concentration of Tw80in 2.0 g L.



3. Results and discussion

None of the surfactant treatments tested were effective in removal of 4- to 6-ring PAHs from the
sludge solids. These results coincide with what Ko and his co-workers found that surfactants are
not directly applicable in treatment of fine-grained soils and sediments due to the low
permeability and high resistance to hydraulic flow through these types of porous media (Ko et
al., 2000). Therefore, the combination of Tw80, or another surfactant, with biological treatment
(MAD or METIX-BS) or chemical treatment (METIX-AC) appears more promising than the use
of only this type of chemical for sewage sludge decontamination. Finally, it is important to take
into consideration thaf extracted PAHs from the sludge and found in liquid phase (filtrate) should

be destroyed, recovered or managed at probably high costs.
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Table 5.4 PAHs solubilization yields (%) from the sludge after different surfactant treatments

PAHs Tw80-A Tw80-B Tw80-C
S/L separation Filtration Centrifugation Filtration Filtration

method 500 x g 1000xg 2000x g 3000xg
ACN 78.0+0.2 388+04 33.8+0.0 395+23 483+ 1.3 ‘ 36.6 £3.6 91.1+0.8
FLU 72.3+0.5 39.5+3.4 319+22 372+£3.9 43.6+1.3 352+4.7 792+04
PHE 69310 394+1.8 36.3+0.5 370+ 1.5 47.5+0.7 219453 90.6 + 0.8
FLR 25117 5.9+7.6 143 +35.9 -1.5+6.2 50x7.5 8.6x1.5 16.0+4.0
PYR 9.4+£4.0 121+74 11.6+11.2 35+£6.0 7.1 +£8.1 9.4+3.1 14.8 £3.7
BJK 148+ 11.9 150+7.2 22.7+5.6 20=x84 45+8.7 11.1+6.0 02+13.8
BAP 9.9+£6.3 43+47 54+£17.1 1.8+£2.7 . 6.0+£3.7 10.1 £6.5 -0.5+13.5
INP 13.8+104 - 25+75 22.8+ 8.6 57+84 10.0+5.0 82+79 . 6.0+£9.6
BPR 14.6 £15.5 98129 8.9+199 1.7+8.8 -52+4.5 114+4.1 5.1£11.0
Total 300+1.9 17.6 £4.2 21.0+£1.9 11.5+£1.5 15.5+4.2 156 +2.6 26.7+6.6
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6. CONCLUSIONS

In this study, a typical procedure involving Soxhlet extraction (dichloromethane) plus
saponification was modified to be suitable for achieving a high efficient extraction of PAHs from
sewage sludge samples. The purification with activated silica gel flash chromatography was
necessary to remove other organic compounds which can interfere with the result of GC-MS

analysis.

Biological, chemical and electrochemical treatments have been compared for PAHs removal
from prealably doped sewage sludge. The PAHs removal efficiency from sewage sludge by
different treatments varies with the properties of different PAHs. The tendency is that low

molecular weight PAHs were more easily removed than larger molecule in all treatments.

Excellent results were obtained for 3-ring (ACN, FLU and PHE) PAHs removal by two
biological treatments (MAD and METIX-BS) and one combinative treatment MAD + Tw80. The
use of Tw80 with MAD enhances the biodegradation rate of low weight PAHs. Moreover, the
corﬁb_ination of MAD- + Tw80 was the most efficient process for the removal of 4-ring PAHs

(PYR) and 5-ring PAHs (BJK), but no gains were observed for the removal of 6-ring PAHs.

The 3-ring PAHs can be also partially removed from sewage sludge by two chemical (METIX-
AC and STABIOX) and one electrochemical (ELECSTAB) treatments. However, best
conditions and addition of the suitable surfactant in process METIX-AC or ELECSTAB for

treatment of PAHs are needed in the future.

Further study on more effective removal of larger PAHs (> 4-ring) is still necessary. Biological
methods, like the conventional aerobic digestion or the new simultaneous sewage sludge

digestion and metal leaching process (METIX-BS/SSDML), seem the most encouraging ways to
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explore. A combination of chemical and biological treatments could also be an advantageous

alternative.

98



7. References

7. REFERENCES

Aitken, M.D., Grimberg, S.J., Nagel, J., Nagel, R.D, and Stringfellow, W.T. (1997) Bacterial
biodegradation of polycyclic aromatic hydrocarbons (PAH) and potential effects of
surfactants on PAHs bioavailability. Department of Environmental Sciences and
Engineering, University of North Carolina, Chapel Hill, North Carolina, ESE Notes,

http://www.sph.unc.edu/envt/publications/esenotes/spr97/aitken.htm.

APHA, AWWA, and WPCF (1999) Standards methods for examination of water and
wastewaters, 20th Edition. American Public Health Association, American Water Works

Association and Water Pollution Control Federation, Washington, DC.

Arey, J. (1998) Atmospheric reactions of PAHs including formation of nitroarenes. In: PAHs and
related compounds — chemistry. A.H. Neilson, Volume (Ed.), The handbook of
environmental chemistry, Volume 3, Anthropogenic compounds Part I. Hutzing O.,

Series (Ed.), Springer-Verlag, Berlin, Germany, pp. 347-385.

Atkinson, R. (1994) Gas-phase tropospheric chemistry of organic compounds. J. Phys. Chem.

Ref. Data Monograph 2: 1-216.

Atkinson, R., and Arey, J. (1994) Atmospheric chemistry of gas-phase polycyclic aromatic
hydrocarbons: formation of atmospheric mutagens. Environ. Health Perspectives 102:

117-126.

Beltran, J.L., Ferrer, R., and Guiteras, J. (1996) Determination of polycyclic aromatic
hydrocarbons by HPLC with spectrofluorimetric detection and wavelength programming.

J. Lig. Chromatogr. Related Technol. 19: 477-488.

99



7. References

Blais, J.F., Mercier, G., and Drogui, P. (2003) Procédé de stabilisation et conditionnement des
boues d’épuration municipales et industrielles. International patent pending No.

PCT/CA02/01808.

Blais, J.F., Meunier, N., Mercier, G. Drogui, P., and Tyagi, R.D. (2004) Pilot plant study of
simultaneous sewage sludge digestion and metal leaching. J. Environ. Eng. Div. ASCE

130: 516-525.

Blais, J.F., Meunier, N., Sasseville, J.L., Tyagi, R.D., Mercier, G., and Hammy, F. (2005) Hybrid
chemical and biological process for decontaminating sludge from municipal sewage. U.S.

patent No. 6,855,256 B2.

Blais, J.F., Tyagi, R.D., and Auclair, J.C. (1992) Bioleaching of metals from sewage sludge by

sulfur-oxidizing bacteria. J. Environ. Eng. Div. ASCE 118: 691-707.

Blough, N.V., and Zepp, R.G. (1995) Reactive oxygen species in natural waters. In: Active
oxygen in chemistry. Foote, C.S., Valentine, J.S., Greenberg, A., and Liebman, J.F. (Ed.),

Chapman and Hall, New York, NY, pp. 280-333.

Boldrin, B., Tiehm, A., and Fritzsche, C. (1993) Degradation of phenanthrene, fluorene,
fluoranthene and pyrene by a Mycobacterium sp. Appl. Environ. Microbiol. 59: 1927-

1930.

Bregnard, T.P.A., Hohener, P., Haner, A., and Zeyer, J. (1996) Degradation of weathered diesel
fuel by microorganisms from a contaminated aquifer in aerobic and anaerobic

microcosms. Environ. Toxicol. Chem. 15: 299-307.

100



7. References

Bury, S.J., and Miller, C.A. (1993) Effect of micellar solubilization on biodegradation rates of

hydrocarbons. Environ. Sci. Technol. 27: 104-110.

Camel, V. (2000) Microwave-assisted solvent extraction of environmental samples. Trends Anal.

Chem. 19: 229-248.

Cerniglia, C.E. (1992) Biodegradation of polycyclic aromatic hydrocarbons. Biodegradation 3:

351-368.

Cerniglia, C.E. (1993) Biodegradation of polycyclic aromatic hydrocarbons. Curr. Opinion

Biotechnol. 4: 331-338.

Chan, L.C., Gu, X.Y., and Wong, J.W.C. (2003) Comparison of bioleaching of heavy metals
from sewage sludge using iron- and sulfur-oxidizing bacteria. Adv. Environ. Res. 7: 603-

607.

Chang, B.V., Chang, J.S., and Yuan, S.Y. (2001) Anaerobic degradation of phenanthrene in river
sediment under nitrate-reducing conditions. Bull. Environ. Contam. Toxicol. 67: 898-

905.

Chang, B.V., Shiung, L.C., and Yuan, S.Y. (2002) Anaerobic biodegradation of polycyclic

aromatic hydrocarbon in soil. Chemosphere 48: 717-724.

Chee, K.K., Wong, M.K., and Lee, HK. (1996) Optimization of microwave-assisted solvent
extraction of polycyclic aromatic hydrocarbons in marine sediments using a microwave
extraction system with high-performance liquid chromatography fluorescence detection

and gas chromatography-mass spectrometry. J. Chromatogr. A 723: 259-271.

101



7. References

Chen, J., and Pawliszyn, J. (1995) Solid phase microextraction coupled to high performance

liquid chromatography. Anal. Chem. 67: 2530-2533.

Christensen, N., Batstone, D.J., He, Z., Angelidaki, 1., and Schmidt, J.E. (2004) Removal of
polycyclic aromatic hydrocarbons (PAH) from sewage sludge by anaerobic degradation.

Water Sci. Technol. 50: 237-244.

Chu, W., and Chan, K.H. (2003) The mechanism of the surfactant-aides soil washing system for

the hydrophobic and partial hydrophobic organics. Sci. Total Environ. 307: 83-92.

Coates, J.D., Anderson, R.T., Woodward, J.C., Phillips, E.J.P., and Lovley, D.R. (1996)
Anaerobic hydrocarbon degradation in petroleum-contaminated harbor sediments under
sulfate-reducing and artificially imposed iron-reducing conditions. Environ. Sci. Technol.

30: 2784-2789.

Dionex (1994) Application note 95: Polycyclic aromatic hydrocarbon determination by reversed-
Phase  high-performance liquid chromatography.  http://www1.dionex.com/en-

us/webdocs/4449 an95.pdf.

Doong, R.A., Lei, W.G., Chen, T.F., Lee, C.Y., Chen, J.H., and Chang, W.H. (1996) Effects of
anionic surfactants on sorption and micellar solubilization of monocyclic aromatic

compounds. Water Sci. Technol. 34: 327-334.

Drogui, P., Bureau, M.A., Blais, J.F., and Mercier, G. (2005) Procédé électrochimique de
stabilisation et pré-conditionnement des boues d’épuration municipales et industrielles.

Canadian patent pending No. 2.511.091.

102



7. References

Duvaud, E., Mugnier, E., Gazzo, A., Aubain, P., and Wiart, J. (1999) Situation du recyclage
agricole des boues d’épuration urbaines en Europe et dans divers autres pays du monde.

ADEME Editions, Paris, France, 134 p.

Edwards, D.A., Adeel, Z., and Luthy, R.G. (1994) Distribution of nonionic surfactant and

phenanthrene in a sediment/aqueous system. Environ. Sci. Technol. 28: 1550-1560. -

Edwards, D.A., Luithy, R.G., and Liu, Z. (1991) Solubilization of polycyclic aromatic
hydrocarbons in micellar nonionic surfactant solutions. Environ. Sci. Technol. 25: 127-

133.

El-Morsi, T.M., Emara, M.M., Abd El Bary, HM.H., Abd-El-Aziz, A., and Friesen, K.J. (2002)
Homogeneous degradation of 1.2.9.10-tetrachlorodecane in aqueous solutions using

hydrogen peroxide, iron and UV light. Chemosphere 47: 343-348.

EU (2000) Working document on sludge, 3rd draft. ENV.E.3/LM. Appendix IV: Limit value for
concentrations of organic compounds and dioxins in sludge for use on land. European.

Union, Brussels, Belgium, http://ec.europa.ew/environment/waste/sludge/sludge_en.pdf.

Fasancht, M.P., and Blough, N.V. (2002) Aqueous photodegradation of polycyclic aromatic

hydrocarbons. Environ. Sci. Technol. 36: 4364-4369.

Flotron, V., Delteil, C., Bermond, A., and Camel, V. (2003a) Remediation of matrices
contaminated by polycyclic aromatic hydrocarbons: Use of Fenton's reagent. Polycyclic

Aromatic Compounds 23: 353-376.



7. References

Flotron, V., Houessou, J., Bosio, A., Delteil, C., Bermond, A., and Camel, V. (2003b) Rapid
determination of polycyclic aromatic hydrocarbons in sewage sludges using microwave-
assisted solvent extraction. Comparison with other extraction methods. J Chromatogr A

999: 175-184.

Fukuda, K., Inagaki, Y., Maruyama, T., Koujima, H.I., and Yoshida, T. (1988) On the photolysis

of alkylated naphthalenes in aquatic systems. Chemosphere 17: 651-659.

Gamache, M., Blais, J.F., Tyagi, R.D., and Meunier, N. (2001) Microflore hétérotrophe
impliquée dans le procédé simultané de biolixiviation des métaux et de digestion des

boues d’épuration. Can. J. Civ. Eng. 28(1): 158-174.

Ganzler, K., Salgo, A., and Valko, K. (1986) Microwave extraction a novel sample preparation

method for chromatography. J. Chromatogr. A 371: 299-306.

~ Gardiner, D.T., Miller, R.W., Badamchian, B., Azzari, A.S., and Sisson, D.R. (1995) Effects of
repeated sewage sludge applications on plant accumulation of heavy metals. Agric.

Ecosyst. Environ. 55: 1-6.

Genney, D.R., Alexander, 1.J., Killham, K., and Meharg, A.A.’ (2004) Degradation of the
polycyclic aromatic hydrocarbon (PAH) fluorene is retarded in a scots pine

ectomycorrhizosphere. New Phytologist 163: 641-649.

Gouvernement du Québec (2002) MA.400-HAP 1.1, Méthode d'analyse: Détermination des
hydrocarbures aromatiques polycycliques: dosage par chromatrographie en phase gazeuse
couplée un spectrométre de masse. Centre d'expertise en analyse environnementale du

Québec, Sainte-Foy, QC.

104



7. References

Goyer, S., Jaouich, A., Morency, M., and Couillard, D. (1995) Techniques de restauration de
sites contaminés par les hydrocarbures aromatiques polycycliques (HAP) I- Fondements

et procédés biologiques. Vecteur Environ. 28: 43-53.

Graedel, T.E., and Crutzen, P.J. (1993) Atmospheric change: An earth system perspective. WH

Freeman and Company, New York, NY, 446 p.

Guha, S., Jaffe, P.R., and Peters, C.A. (1998) Solubilization of PAHs mixtures by a nonionic

surfactant. Environ. Sci. Technol. 32: 930-935.

Haeseler, F., Blanchet, D., Werner, P., and Vandecasteele, J.P. (2001) Ecotoxicological
characterization of metabolites produced during PAHs biodegradation in contaminated
soils. In: Bioremediation of energetics, phenolics, and polycyclic aromatic hydrocarbons.

Magar, VS, Ong, J.G., and Leeson, A (Ed.), Battelle Press, Columbus, OH.

Harmsen, J., T, W., Lepom, P., and Lehnik-Habrink, P. (2003) PCB in sludge, waste, soil and
sediment. Ad-hoc group of TC292 and TC308 on analysis of PCB in solid material, Oslo,

Norway.

Hawthorne, S.B., Krieger, M.S., and Miller, D.J. (1989) Supercritical carbon dioxide extraction
of polychlorinated biphenyls, polycyclic aromatic hydrocarbons, heteroatom-containing

polycyclic aromatic hydrocafbons, and n-alkanes from polyurethane foam sorbents. Anal.

Chem. 61: 736-740.

Heitkamp, M.A., and Cerniglia, C.E. (1989) Polycyclic aromatic hydrocarbon degradation by a
Mycobacterium sp. in microcosms containing sediment and water from a pristine

ecosystem. Appl. Environ. Microbiol. 55: 1968-1973.

105



7. References

Heller, A. (1995) Chemistry and applications of photocatalytic oxidation of thin organic films.

Acc. Chem. Res. 28: 503-508.

Herrmann, J.M. (1999) Heterogeneous photocatalysis: fundamentals and applications to the

removal of various types of aqueous pollutants. Catalysis Today 53: 115-129.

Hoffmann, M.R., Martin, S.T., Choi, W., and Bahnemann, D.W. (1995) Environmental

applications of semiconductor photocatalysis. Chem. Rev. 95: 69-96.

Holland, P.M. (1986) Nonideality at interfaces in mixed surfactant systems. In: Mixed surfactant
systems. Holland, P.M., and Rubingh, D.N. (Ed.), American Chemical Society,

Symposium Series 501, Washington, DC, pp. 327-341.

Information on Toxic Chemicals, (2000) Polycyclic aromatic hydrocarbons (PAH).

http://www.dhfs.state.wi.us/eh/ChemFS/pdf/pah.pdf.

Jessica, L., Rosario, 1., and Torres Luis, G. (2004) Washing of soil contaminated with PAHs and
heavy petroleum fraction using two anionic and one ionic surfactant: effect of salt

addition. Environ. Sci. Health., Part A 39: 2293-2306.

Johnson, D. (1980) Lignin reactions in delignification with peroxyacetic acid. In: Chemistry of
delignification with oxygen, ozone and peroxides. Gratzl, J.N., and Singh, R.P. (Ed.), Uni

Publishers Co., Ltd.,Tokyo, Japan, pp. 217-228.

Juhasez, A.L., and Naidu, R. (2000) Bioremediation of high molecular weight polycyclic
aromatic hydrocarbons: a review of the microbial degradation of benzo(a)pyrene. Int.

Biodeterioration Biodegradation 45: 57-88.

106



7. References

Juhasez, A.L., Britz, M.L., and Stanley, G.A. (1997) Degradation of benzo(a)pyrene,
dibenzo(ah)anthracene and coronene by Burkholderia cepacia. Water Sci. Technol. 36:

45-51.

Kanaly, R.A., and Bartha, R. (1999) Cometabolic mineralization of benzo(a)pyrene caused by

hydrocarbon additions to soil. Environ. Toxicol. Chem. 18: 2186-2190.

Kayali-Sayadi, M.N., Rubio-Barroso, S., Cuesta-Jiménez, M.P., and Polo-. Diez, L.M. (1999) A
new method for the determination of selected PAHs in coffee brew samples by HPLC
with fluorimetric detection and solid-phase extraction. J. Liq. Chromatogr. Relat.

Technol, 22: 615-627.

Khim, J.S., Villeneuve, D.L., Kannan, K., Lee, K.T., Snyder, S.A., Koh, C.H., and Giesy, J.P.
(1999) Alkylphenols, polycyclic aromatic hydrocarbons(PAH), and organochlorines in
sediment from Lake Shihwa, Korea: Instrumental and bioanalytical characterization.

Environ. Toxicol. Chem. 8: 2424-2432.

Kim, LS., Park, J.-S., and Kim, K.-W. (2001) Enhanced biodegradation of polycyclic aromatic

hydrocarbons using nonionic surfactants in soil slurry. Appl. Geochem. 16: 1419-1428.

Ko, S.0., Schlautman, M., and Carraway, E. (2000) Cyclodextrin-enhanced electrokinetic

removal of phenanthrene from a model clay soil. Environ. Sci. Technol. 34: 1535-1541.

Komatsu, T., Omori, T., and Kodama, T. (1993) Microbial degradation of the polycyclic
aromatic hydrocarbons acenaphthene and acenaphthylene by a pure bacterial culture.

Biosci. Biotechnol. Biochem. 57: 864-865.

107



7. References

Langenhoft, A.A.M., Zehnder, A.J.B., and Schraa, G. (1996) Behaviour of toluene, benzene and

naphthalene under anaerobic conditions in sediment columns. Biodegradation 7: 267-274.

Lee, J., Rounce, J.R., Mackay, A.D., and Grace, N.D. (1996) Accumulation of cadmium with
time in Romney sheep grazing ryegrass-white clover pasture: effect of cadmium from'

pasture and soil intake. Aust. J. Agric. Res. 47: 877-894.

Lee, Y., Lee, C., and Yoon, J. (2003) High temperature dependence of 2.4-

dichlorophenoxyacetic acid degradation by Fe**/H,0, system. Chemosphere 51: 963-971.

Letellier, M., Budzinski, H., Charrier, L., Capes, S., and Dorthe, A.M. (1999) Optimization by
factorial design of focused microwave assisted extraction of polycylic aromatic

hydrocarbons from marine sediment. Fresenius' J. Anal. Chem. 364: 228-237.

Lewis, M.A. (1991) Chronic and sublethal toxicities of surfactants to aquatic animals: a review

and risk assessment. Water Res. 25; 101-113.

Li, J.-L., and Chen, B.-H. (2002) Solubilisation of polyaromatic hydrocarbons by non-ionic

surfactants. Chem. Eng. Sci. 57: 2825-2835.

Lopez-Avila, V., and Benedict, J. (1996) Microwave-assisted extraction combined with gas

chromatography and enzyme-linked immunosorbent assay. Trends Anal. Chem. 15: 334-

341.

Mackay, D., Shiu, W.Y., and Ma, K.C. (1992) Illustrated handbook of physical-chemical
properties and environmental fate for organic chemical, Vol. II, Polycyclic aromatic
hydrocarbons, polychlorinated dioxins and dibenzofurans. Lewis Publisher, Boca Raton,

FL.

108



7. References

Mangas, E., Vaquero, M.T., Comellas, L., and Broto-Puig, F. (1998) Analysis and fate of
aliphatic hydrocarbons, linear alkylbenzenes, polychlorinated biphenyls and polycyclic

aromatic hydrocarbons in sewage sludge-amended soils. Chemosphere 36: 61-72.

Masten, S., and Davies, S. (1997) Efficacy of in situ ozonation for the remediation of PAHs

contaminated soils. J. Contaminant Hydrology 28: 327-335.

Mercier, G., Blais, J.F., Hammy, F., Lounés, M., and Sasseville, J.L. (2002) A decontamination
process to remove metals and stabilise Montreal sewage sludge. Sci. World J. 2: 1121-

1126.

Mill, T., Mabey, W.R., Lan, B.Y., and Baraze, A. (1981) Photolysis of polycyclic aromatic

hydrocarbons in water. Chemosphere 10: 1281-1290.

Miller, E.C., and Miller, J.A. (1981) Searches for ultimate chemical carcinogens and their

reactions with cellular marcromolecules. Cancer 47: 2327-2345.

Miller, J.S., and Olejnik, D. (2001) Photolysis of polycyclic aromatic hydrocarbons in water.

Water Res. 35: 233-243,

Mills, A., and LeHunté, S. (1997) An overview of semiconductor photocatalysis. J. Photochem.

Photobiol. A 108: 1-35.

Nales, M., Butler, B.J., and Edwards, E.A. (1998) Anaerobic benzen biodegradation : a

microcosm survey. Bioremedation J. 2: 125-144.

Neff, J.M. (1979) Polycyclic aromatic hydrocarbons in the aquatic envirinment, souces, fates and

biological effects. Applied Science Publishers, London, UK.

109



7. References

NEPM (2003) PAHs health review. National Environment Protection Measures, Environment
Protection and Heritage Council Secretariat, National Environment Protection Council
Service  Corporation,  Adelaide, South  Australia,  http://www.ephc.gov.au/

pdf/Air_Toxics/PAH_Health Review.pdf.

N'Guessan, A.L., Levitt, J.S., and Nyman, M.C. (2004) Remediation of benzo(a)pyrene in

contaminated sediments using peroxy-acid. Chemosphere 55: 1413-1420.

Pignatello, J.J. (1992) Dark and photoassisted Fe**-catalyzed degradation of chlorophenoxy

herbicides by hydrogen peroxide. Environ. Sci. Technol. 26: 944-951.

Poppius, K., Sundquist, J., and Wartiovaara, 1. (1989) Chemical pulping of birch and pine chips
by the three stage peroxyformic acid method. In: Wood processing and utilization.
Kennedy, J.F., Phillips, G.O., and Williams, P.A. (Ed.), Ellis Horwood Limited, West

Sussex, England, pp. 87-92.

Prak, D.J.L., and Pritchard , P.H. (2002) Solubilization of polycyclic aromatic hydrocarbons

mixtures in micellar non-ionic surfactant solutions. Water Res. 36: 3463-3472.

Recyc-Quebec (2002) Bilan 2000 de la gestion des matiéres résiduelles au Québec: vers une

collectivité outillée, organisée et informée. Recyc-Québec, Québec, QC, 23 p.

Revised, P. (2000) Polycyclic aromatic hydrocarbons (PAH). Wisconsin Department of Health

and Family Services Division of Public Health, http://www.dhfs state.wi.us

/eh/ChemFS/pdf/pah.pdf.

Richardson, J.P., and Sajwan, K. (2001) Baseline monitoring and analysis of health of the salt

ecosystem of Fort Pulaski National Monument, using sediment, oysters and water

110



7. References

samples. Savannah Sate University, Savannah, Georgia, http://www.nps.gov/fopu/

pulaskion/Water quality/ WATER.HTM.

Saichek, R.E., and Reddy, K.R. (2003) Effects of system variables on surfactant enhanced
electrokinetic removal of polycyclic aromatic hydrocarbons from clayey soils. Environ.

Technol. 24: 503-515.

Sakata, T., and Kawai, T. (1981) Hydrogen production from biomass and water by photocatalytic

process. Nouv. J. Chim. 5: 279.

Sigman, M.E., Chevis, E.A., Brown, A., Barbas, J.T., Dabestani, R., and Burch, E.L. (1996)
Enhanced photoreactivity of acenaphthylene in water: a product and mechanism study. J.

Photochem. Photobiol. A 94: 149-155.

Sigman, MLE., Schuler, P.F., Ghosh, M.M., and Dabestani, R.T. (1998) Mechanism of pyrene
photochemical oxidation in aqueous and surfactant solutions. Environ. Sci. Technol. 32:

3980-3985.

Sigman, M.E., Zingg, S.P., Pagni, R.M., and Burns, J.H. (1991) Photochemistry of anthracene in

Water. Tetrahedron Lett. 32: 5737-5740.

Simpson, C.D., Cullen, W.R., Quinlan, K.B., and Reimer, K.J. (1995) Methodology for the
determination of priority pollutant polycyclic aromatic hydrocarbons in marine

sediments. Chemosphere 31: 4143-4155.

Sims, R.M., and Overcash, M.R. (1983) Fate of polynuclear aromatic compounds (PNAs) in soil-

plant systems. Residue Rev. 88: 1-68.

111



7. References

Spinosa, L., and Vesilind, P.A. (2001) Sludge into biosolids: Processing, disposal and utilization.

Spinosa, L., and Vesilind, P.A. (Ed.), IWA Publishing, London, UK, 394 p.

Stapleton, R.D., Savage, D.C., Sayler, G.S., and Stacey, G. (1998) Biodegradation of aromatic
hydrocarbons in an extremely acidic environment. Appl. Environ. Microbiol. 64: 4180-

4184.

Steenken, S., Warren, C.J., and Gilbert, B.C. (1990) Generation of radical cations from
naphthalene and some derivatives, both by photoionization and reaction with SOy :

formation and reactions studied by laser flash photolysis. J. Chem. Soc., Perkin Trans. 2:

335-342.

Sun, X., and Puri, R.K. (1997) Surfactant-enhanced solubility and mobility of polycyclic
aromatic. hydrocarbons in soil. In: Proceedings of the 12th Annual Conference on

Hazardous Waste Research, Kansas City, KS, May 19-22.

Tavlarides, L.L., Zhou, W., and Anitescu, G. (2000) Superitical fluid technology for remediation
of PCB/PAH-contaminated soils/sediments. In: Proceedings of the 2000 Conference on

Hazardous Waste Research, Denver, CO, May 23-25.

Tiehm, A. (1994) Degradation of polycyclic aromatic hydrocarbons in the presence of synthetic

surfactants. Appl. Environ. Microbiol. 60: 258-263.

ToxProbe Inc. (2002) Ten carcinogens in Toronto: Benzo[a]pyrene and other polycyclic
aromatic hydrocarbons. Prepared for Toronto Public Health. http://www.toronto.ca/

health/pdf/cr_appendix_b_pah.pdf.

112



7. References

Trably, E., Patureau, D., and Delgenes, J.P. (2003) Enhancement of polycyclic aromatic
hydrocarbons removal during anaerobic treatment of urban sludge. Water Sci. Technol.

48: 53-60.

Tsomides, H., Hughes, J., Thomas, J.M., and Ward, C.H. (1995) Effect of surfactant addition on

phenanthrene biodegradation in sediments. Environ. Toxicol. Chem. 14: 953-959.
Turro, N.J. (1991) Modern molecular photochemistry. University Science Books, Sausalito, CA.

Tyagi, R.D., Blais, J.F., and Auclair, J.C. (1995) Semi-continuous bacterial leaching process.

U.S. patent No. 5.454.948.

USEPA (1982) Method 8310: Determination of polynuclear aromatic hydrocarbons (PAH) by

HPLC. U.S. Environmental Protection Agency, Washington, DC.

USEPA (1986) Method 8100: Determination of polynuclear aromatic hydrocarbons (after
appropriate extraction techniques) by direct injection gas chromatography. U.S.

Environmental Protection Agency, Washington, DC.

USEPA (1987) Quality criteria for water 1986. U.S. Environmental Protection Agency, EPA440-

5-86-001, Washington, DC.

USEPA (1990a) Method 8310: Polynuclear aromatic hydrocarbons. U.S. Environmental

Protection Agency, Washington, DC.

USEPA (1990b) Method 3550A: Sonication extraction of water-insoluble and slightly water-
soluble organics from solid samples. U.S. Environmental Protection Agency,

Washington, DC.



7. References

USEPA (1990c) Method 550.1: Determination of polycyclic aromatic hydrocarbons in drinking
water by liquid-liquid extraction and HPLC with coupled ultraviolet and fluorescence

detection. U.S. Environmental Protection Agency, Washington, DC.

USEPA (1998) Method 8270A: Determination of semi-volatile organics by capillary column

GC/MS. U.S. Environmental Protection Agency, Washington, DC.

USEPA (1999) Biosolids generation, use and disposal in the United States. U.S. Environmental
Protection Agency, Office of Solid Waste and Emergency Response, EPA530-R-99-009,

Washington, DC.

USEPA (2003) Method 8015D: Nonhalogenated organics using GC/FID. U.S. Environmental

Protection Agency, Washington, DC.

Veety Mc, B.D., and Hites, R.A. (1988) Atmospheric deposition of polycyclic aromatic
hydrocarbons to water surfaces: A mass balance approach. Atmospheric Environ. 22:

511.

Vialaton, D., Richard, C., Baglio, D., and Paya-Perez, A.B. (1999) Mechanism of the
photochemical transformation of naphthalene in water. J. Photochem. Photobiol. A:

Chem. 123: 15-19.

Volkering, F., and Breure, A.M. (2003) Biodegradation and general aspects of bioavailability. In:
PAH: An ecotoxicological perspective. Douben, P.E.T. (Ed.), Wiley & Sons, New York,

NY.

114



7. References

Volkering, F., Breure, A.M., Andei, J.G.A., and Rulkens, W.H. (1995) Influence of nonionic
surfantants on bioavailability and biodegradation of polycyclic aromatic hydrocarbons.

Appl. Environ. Microbiol. 6: 1699-1705.

Wang, X., Yu, X., and Bartha, R. (1990) Effect of bioremediation on polycyclic aromatic

hydrocarbon residues in soil. Environ. Sci. Technol. 24: 1086-1089.

Webber, M.D., Rogers, H.R., Watts, C.D., Boxall, A.B.A., Davis, R.D., and Scoffin, R. (1996)
Monitoring and prioritisation of organic contaminants in sewage sludge using specific

chenmical analysis and predicitive non-analytical methods. Sci. Tot. Environ. 185: 27-44.

Weissenfels, W.D., Beyer, M., LKlein, J., and Rehm, H.-J. (1991) Microbial metabolism of
fluoranthene: Isolation and identification of ring fission products. Appl. Microbiol.

Biotechnol. 34: 528-535.

West, C.C., and Harwell, J.H. (1992) Surfactants and subsurface remediation. Environ. Sci.

Technol. 26: 2324-2330.

WHO (1998) Environmental health criteria 202: Selected non-heterocyclic polycyclic aromatic

hydrocarbons. Geneva, Switzerland, 883 p.

Wilson, S.C., and Jones, K.C. (1993) Bioremediation of soil contaminated with polynuclear

arromatic hydrocarbons (PAH): a review. Environ. Pollution 81: 229-249.

Yang, J.-W., Lee, Y.-J., Park, J.-Y., Kim, S.-J., and Lee, J.-Y. (2005) Application of APG and
Calfax 16L-35 on surfactant-enhanced electrokinetic removal of phenanthrene from

kaolinite. Eng. Geology 77: 243-251.

115



7. References

Yao, J.J., and Masten, S.J. (1992) Use of ozone for the oxidation of PAHs in dry soils. In: 24th
Mid Atlantic Industrial and Hazardous Waste Conference. Morgantown, WV, July 14-17,

pp. 642-651.

Zepp, R.G., and Schlotzhauer, P.F. (1979) In: Polynuclear aromatic hydrocarbons. Jones, P.W.,

and Leber, P. (Ed.), Ann Arbor Science Publishers, Ann Arbor, MI, pp. 141-158.

Zhou, W.J., and Zhu, L.Z. (2004) Solubilization of pyrene by anionic-nonionic mixed

surfactants. J. Haz. Mater. 109: 213-220.

Zhou, W.J., and Zhu, L.Z. (2005) Solubilization of polycyclic aromatic hydrocarbons by anionic-
nonionic mixed surfactant. Colloids Surfacfant A: Physicochem. Eng. Aspects 255: 145-

152.

Zhu, L., and Feng, S. (2003) Synergistic solubilisation of polynuclear aromatic hydrocarbons by

mixed anionic-nonionic surfactants. Chemosphere 53: 459-467.

116



8. Annexes

8. ANNEXES

8.1. Metal concentrations determination

TO, determine metal concentrations, the samples were first filtered on Whatman 934-AH
membrane (Whatman International Ltd, Maidstone, England) under vacuum, then the filtrates
were acidified with concentrated HCI (5% v v'') and kept at 4 °C until analysed. The digestion
method of the soil was executed by digesting 0.5 g dry samples in presence of HNOs3, HF and

HCIQy, in a final solution of 5% HCI (method 3031 [; APHA et al., 1999).

The metal concentrations were determined by plasma emission spectroscopy with a simultaneous

ICP-AES (Inductively Coupled Plasma, Varian company, Vista model).

8.2. Extractions, purification and analysis of PAHs

Generally, the experiment of extraction, purification and analysis of PAHs after different

treatments which mentioned above were designed as shown in Figure 8.1.
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‘ Solid sample or liquid samplel

@ <:' [ Total solids}

Extraction |

@ == (Saponiﬁcation]
Clean-up I

<

| Concentration/dilution l

Detection |<: {Standards, calibration]
‘ Quantitation, statistical analysis l

Figure 8.1 Experiments designed for extraction, purification and analysis of PAH
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8.2.1 Soxhlet extraction plus saponification for solid samples

8.2.1.1  Dry weight determination of the solid samples

Before any extraction of PAHs from solid samples, dry weight must be determined followed this
general procedure. A small amount (300—600 mg) of solid sample was put into labeled and pre-
weighed aluminum weighing dishes in triplicate. These dishes containing the solid sample were
weighed and then placed into a drying oven at 105 °C for 24 h. All of the samples were allowed
to cool to room temperature (~ 10 min) in a desiccator before they were weighed. When the
sample results are to be calculated on a dry weight basis, the same residual samples should be

weighed at the same time as the portion used for extraction in next step.
8.2.1.2 . Soxhlet extraction

In this study, the PAHs were extracted from sludge samples using a modification of method of
Centre d'expertise en analyse environnementale du Québec (Gouvernement du Québec, 2002).
Dichloromethane was used as solvent for all extractions of PAHs from both solid and liquid

samples.

A solution of surrogate standard spiking (as recovery; acenaphtene-d;o and chrysene-d;; in
isooctane 100 mg L™, 250 pl) was added to a beaker (200 ml) containing a pre-weighed solid
sample (from 1 to 10 g scale) for extraction. The solid sample was then dried with ca 10-fold
anhydrous MgSO, (pre-heated at 650 °C for 12 h in oven before using) with cooling in a cold
water bath. The powder-like sample was transferred into a pre-decontaminated cellulose
extraction thimble (43 x 123 mm, Advance MFS Inc.) dippedk in dichloromethane at least for

24 h before using. The solid sample was Soxhlet extracted (Organomation Glassware with three
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flasks (500 ml) Heaters, Electrothermal EME 30500/EX1) for 24 h using 300ml of
dichloromethane at a rate of 4-6 rings h' (MA. 400-HAP 1.1). After the extraction was
complete, the extracts were allowed to cool to room temperature and then concentrated to
approximately 5 ml by rotary evaporation (Biichi, model Rotavapor-R) under reduced pressure in

a water bath at lower than 26 °C.
8.2.1.3 Saponiﬁt:ation6

Besides PAHS, various organic compounds coexisted in sludge samples could also be extracted
with dichloromethane by Soxhlet extraction. These interfering organic compounds will, when
subject to GC-MS analysis, overlap with the targeted PAHs peaks because they have similar or
the same retention times on GC capillary column. Of all these organic compounds,
triacylglycerols’ are a major group of interfering esters since it is very difficult to remove these
compounds from the extract by silica gel column flash chromatography. To efficiently remove
these triacylglycerols from the extract in the clean-up step, it was necessary to transfer them into

more polar glycerol and carboxylates by carrying out a saponification step prior to the clean-up.

To a solution of potassium hydroxide (0.5 M in methanol, 150 ml) in a flask (500 ml) was

charged the extract from the Soxhlet extraction. The mixture was refluxed for 4 h at 80 °C in a

® Saponification is a alkaline hydrolysis of the fatty acid esters (triacylglycerols included) to
corresponding alcohols and carboxylates. The carboxylate ion produced is very uncreative
toward nucleophilic substitution because it is negatively charged. Base-promoted hydrolysis of
an ester, as a result, is an essentially irreversible reaction.

" Triacylglycerols are the oils of plants or the fats of animal origin. They include such common
substances as peanut oil, soybean oil, butter, lard and tallow etc. They are liquids at room
temperature are generally called oil, those that are solids are called fats. These matters can very
easily enter sewage sludges.
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water-bath (Mangas ef al., 1998). After cooling to room temperature, 100 ml of saturated brine in
milli-Q-purified water were added. The mixture was exacted with dichloromethane (3 x 50 ml).
The combined organic phase was dried by filtration over anhydrous MgSO, (pre-heated at 650
°C for 12 h in oven before using) and then evaporated to near dryness on a rotary evaporator
under reduced pressure at lower than 26 °C. The residue was dissolved in 2 ml hexane for next
clean-up. The saponification reaction was shown in Scheme 8.1 and the mechanism was

presented in Scheme 8.2.

Scheme 8.1 Hydrolysis of fats or oils®

O
Il
—C—R! -
CH>0 8 R CH,OH RICOO
Il -1
CHO—C—R2 HO™ in Iizﬂ(?l;r MeOH o CHOH + EERE
O
1" ' -
CH,0—C—R3 CH,OH R3COO
Triacylglycerol Glycerol Carboxylate ion

¥ The groups R', R? and R’ in Scheme 8.1 are usually long-chain alkyl groups containing one of
more carbon-carbon double bonds, and may be different from one another.
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Scheme 8.2 Mechanism for base-promoted hydrolysis of lipids

C:O
SIS

ROH

8.2.2 Rotating extraction for liquid samples

After transformation of liquid phase (500 ml) to a pre-decontaminated glass bottle (washed with
water and rinsed with acetone), dichloromethane (200 ml) and a solution of recoveries standard
(acenaphtene-d;p and chrysene-d;, in isooctane 100 mg L'l, 100 ul) were added. The liquid
sample was extracted by rotating extraction at a rate of 6 rings/min for 24 h at room temperature
(Figure 8.2). The separated extracts were then concentrated nearly to dryness by rotary
evaporation under reduced pressure (lower than 26 °C), and the residue was dissolved in hexane

(1 ml) for the next clean-up step.
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Figure 8.2  Rotating extraction for liquid samples

8.2.3 Clean-up of the PAHs

8.2.3.1  Identification of PAHs using thin layer chromatography (TLC)

Thin layer chromatography’ (TLC, silica gel 60 pre-coated plate, 0.25 mm in thickness) as one of

the widely used simple means in identification of organic compounds was used to identify PAHs

’ Thin layer chromatography (TLC) as a one of the powerful analytical tools. It is a simple, quick, and
inexpensive that gives us a quick answer as to how many components are in a mixture and it is also used
to support the identity of a compound in a mixture when the R¢ of a compound is compared with the R¢ of
a known compound (preferably both run on the same TLC plate).

R = Distance from start to centre of substance spot
¥ Distance from start to solvent front
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in this study, and so as to determine the polarity of the eluent used for the next chromatography

clean-up step (Figure 8.3).

In order to obtain an imaginary start line, make two notches with pencil on each side of the TLC
plate. The start line should be 0.5 cm from the bottom of the plate. Using a drawn-out capillary
tube, spot the samples on the plate so that they line up with the notches you etched and then the
plate is developed in hexane-dichloromethane (3:2, v v'') in a development chamber. When the
solvent has reached the top of the notch, the plate is removed from the developing chamber,
dried, and the separated components of the mixture are visualized with CAM"’ (Ceric-sulfate

Ammonium Molybdate).

v R = 0.66

" Eluent:
Hexanes—CHzClz:

£ 3:2 (v/v)

)

extract mix 44

Figure 8.3  Identification of PAHs using TLC

0 caM: 4 g CeSOy4 (Ceric sulfate), 75¢g (NH4)6M07024>-4H20 (Ammonium Molybdate) in
aqueous H,SO4 (10%, 500 ml).
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8.2.3.2  Purification of PAHs by silica gel flash chromatography

In the clean-up step, the extracts from solid samples, a recovery solution of anthacene-d;o and
pyrene-djo (100 mg I'! in isooctane, 250 pl), a glass column (¢ 2.5 cm x 40 cm) and a certain
quantity (1/6, Wsi/Wary solid sample) activated silica gel were used. One typical procedure was shown

below.

Activated silica gel (60 g) was packed in a glass column with a pad of anhydrous magnesium
sulfate (ca 1 cm) on top for clean-up extract from dry solid sample (10 g). The silica gel was
rinsed with hexanes (100 ml) before loading the extract and the recovery onto the column and
eluted with hexane-dichloromethane (3:0, 100 ml — 3:2, 150 ml). The second elute containing
PAHs was collected and concentrated to approximately dryness by rotary evaporation at lower
than 26 °C. Then the purified sample was quantitatively transferred into a 5 ml volumetric flask
(2 ml for liquid samples) with isooctane. The volumetric flask was filled to final volume with
isooctane. The flask was stopped, swirled and inverted several times to ensure thorough mixing
of the solution. The purified sample in isooctane must be protected from light and stored in

sealed amber vials at <—10 °C until analysis.
8.2.4 Quantitative analysis of PAHs by GC-MS

8.2.4.1 Conditions of the instruments

PAHs were quantified using GC-MS (Perkin Elmer, model Clarus 500, with column type of VF-
5MS FS, 30 m x 0.25 mm x 0.25 um) at Institut National de la Recherche Scientifique (INRS)
and GC-MS-SIM (selected ion monitoring; Hewlett Packard 6890 series GC equipped with a HP

5973A series mass spectrometer detector; with column type of DB-5, 30 m x 0.25 mm X

125



0.25 um) at Bodycote (Québec, Québec). The temperature programs involved are listed in

8. Annexes

Table 8.1.
Table 8.1 Optimized conditions for the analysis of PAHs by GC-MS
GC-MS Characteristics INRS Bodycote
Temperature (°C) 200 250
Mode spitless spitless
. Purge (min) 1.0 1.0
Imector Bpe Const Flow ON ON
Flow (ml min™) 1.1 1.1
Volume for injection (pl) 1 1
Temperature (°C) 80 (2 min) 75 (1 min)
Program 1 (°C min™") 15 20
Temperature (°C) 220 (0 min) 220 (0 min)
Program 2 (°C min'l) 5 .30
Column Temperature (°C) 320 (5 min) 280 (0 min)
Program 3 (°C min'l) - 10
Temperature (°C) - 325 (5.25 min)
Gas vector Helium Helium
Flux (ml min™) 1.1
Type MS - MS
Detector Temperature (°C). 280 280
Solvent Delay (min) 4.00 4.00
Acquiring mode SIM SIM
8.2.4.2  Preparation of sample solutions and calibration standards

8.2.4.2.1 Preparation of sample solutions

The internal standards (25 mg 1", 50 pl) were added to each sample (450 pl). Each purified
sample from the solid samples in isooctane were prepared in triplicate for GC-MS analysis as

shown in Table 8.2: (F), the purified sample in isooctane (450 uL) was measured directly; (F>),
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the purified sample in isooctane (225 ul) was diluted with isooctane (225 ul) and, (Fs) the
purified sample in isooctane (90 pl) was diluted with isooctane (360 pl). Each purified sample
from the liquid samples in isooctane was prepared similarly to that of the solid samples in

duplicate as shown in Table 8.2: (F}) and (F2).

Table 8.2 Preparation of sample solutions
Sample Factor of Purified sample Isooctane 25 mg L™ Internal
dilution (F) (M) (uh) standards (ul)
1(F) 450 0 50
Solid 2 (F) 225 225 50
5 (F5s) 90 360 50
1 (F 450 0 50
Liquid ()
2 (Fy) 225 225 50

8.2.4.2.2 Preparation of calibration standards

The standard solutions were prepared in volumetric flask (100 mg 1", 5 ml) as below in Table 8.3

and stored at <—10 °C. They must be prepared and used within 6 months.
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Table 8.3 Preparation of standard solutions

PAH Mix44 B()F Anthacene-d;g PYR-djg ACN-djy Chrysene-d;; Isooctane

ok
[(i?g(f']‘l) 1000 2000 1000 1000 1000 1000 ]
V‘Ziﬁgne 500 250 500 500 500 500 ~ 4250
Eri‘;nl‘fl])f 100 100 100 100 100 100 i

*solutions in CH,Cl,-benzene (1:1, v V'l).

The quantitations are accomplished by comparing the response of a major (quantitative) ion
relative to an internal standard (naphthalene-ds and phenanthrene-dig) using a five-point
calibration curve for each target PAH. The calibration standards were prepared at 0 (blank), 0.1,
0.5, 1.0, 2.5 and 5.0 mg L from the standard solution (100 mg L™). The internal standards
(25mg L, 50 ul) were added to each standard sample (450 ul) to result a mid-level (2.5 mg LY
standard solution for calibration concluding the analysis sequence (Table 8.4). The calibration

verification standards should be prepared weekly and stored at < 4°C.

The concentrations based on individually resolved peaks were summed to obtain the total PAHs
concentration. Standards and samples are warmed to room temperature prior to the injection for

GC-MS analysis. Blank, calibration standards and the samples are injected sequentially.
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Table 8.4 Preparation of calibration standard solutions
Calibration standards 5 mg/L standards Isooctane 25 mg/L internal standards

(mg L") (kD) (uD) (kD)

5.0 450 0 50

2.5 225 225 50

1.0 90 360 50

0.5 45 405 50

0.1 - 9 441 50

0 0 450 50

The calibration curves were constructed for all target compounds analyzed in the samples. When
the conditions of instrument (GC-MS) were changed, a calibration verification of the curve is

necessary.
8.2.4.3  Measurement of limits of detection (LD)I !

LD of GC-MS analysis in SIM mode were obtained (Table 8.5) allowing to illustrate the lowest

concentration of each monitored PAHs presented in the sewage sludge samples.

"' The limits of detection (LD) are estimates of concentrations at which we can be fairly certain
that the compound is present. They are usually determined on "clean" samples. Concentrations
below this limit may not be detected. Concentrations above this limit are almost certainly
detected in the analysis. Using statistics, the certainty of detection can be quantified as 99%.
Therefore, "not detected" indicates that the analyte may be present below the LD.
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Table 8.5 Target compounds and their parameters
Limits of detection
Tons of Retention time Observe
PAH Nature quantification ¢ e? K.m) Solid Liquid windows
(m/z) min sludge sludge (min)
mgkg' (mgL")
Internal " oo
Naphtalene-dg standard 134, 136 5.30 .- - 4'1-6'8
Acenaphtene-do Recovery 162, 164 8.13 - - 69-85
Acenaphtene PAH 153, 154 8.17 0.055 0.013
Fluorene PAH 165, 166 9.02 0.091 0.022 8'5-10'3
Phenanthrene-dy Internal 184, 188 10.47 i i
standard

Phenanthrene PAH 176, 178 10.51 0.091  0.022 102-11'0
Anthracene-d; Recovery 184, 188 10.55 - -
Fluoranthene PAH 200, 202 12.57 0.116 0.028
Pyrene-do Recovery 208,212 12.99 - - 12'4-13"2
Pyrene PAH 200, 202 13.04 0.127 0.031
Chrysene-d,, Recovery 236, 240 16.86 - - 16'5-17'5
Benzo(b)fluoranthene PAH 250, 252 21.57 0.119 0.028
Benzo(j)fluoranthene PAH 250,252 21.57 0.119 0.028 21'4-22'5
Benzo(k)fluoranthene PAH 250,252 21.66 . 0.119 0.028
Benzo(a)pyrene PAH 126, 250, 252 23.03 0.125 0.030 22'5-23'S
Indeno(1.2.3-cd)pyrene PAH 138,274,276 28.59 0.163 0.039 58'0-30'0
Benzo(ghi)perylene PAH 138,274,276 29.72 0.272 0.065

8.2.5 Calculation of the PAHs concentrations in samples

The result of analysis was obtained by using the method of internal standard. Relative response
factors (RRFs) for each analyte are calculated from the calibration standard peak areas using

equation (3):
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Ca Cist
a J std istd J std

Where:

C, : The known concentration of calibration standard injected (mg M

X, : The calibration standard's peak area

Cisua: The known concentration of the appropriate internal standard (mg 1’1)

Xisia: The internal standard's peak area

The concentration of each PAHs contained in dose sample was checked by internal standards and
can be calculated from the RRF,, and the internal standard response in the sample by the
following equation (4). The quantitation report can be calculated by the software kit in the

GC-MS workstation. The data files and quantitation results can be stored automatically.

A=X

sample

C,
X RRFstd X (_ﬂj (4)
sample

istd

Where:

A: The concentration of each target PAHs contained in sample (mg ™M

131



8. dnnexes

Xsample: The peak area of each target PAH's in the sample;
Cista:  The concentration of internal standard spiked into the sample;

Xisw:  The internal standard's peak area in the sample.

The concentration of PAHs in mg 1" was calculated by the followed equation:

o AXv )
V
Where:
c: The concentration of each target PAHs contained in sewage sludge (mg 1™);
A: The concentration of each PAHs contained in dose sample (mg 1, a value can be

calculated by GC-MS workstation);
v: The total volume of the sample solution for GC-MS after dilution (450 ul);

v The volume of the sample from purified sample solution for GC-MS before

dilution (ul).

%: the factor of dilution (F) (6)
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At last, the value of concentration (mg 1) changed the dimension with mg/kg dry matter:

Where:

_cXVO

(7

The concentration of each PAHs contained in sewage sludge (mg kg™);
The concentration of each target PAHs contained in sewage sludge (mg L
The volume of the sample concentrated after clean-up (solid: 5 ml, liquid: 2 ml);

The mass of the total solids in each sludge sample (g) for Soxhlet extraction.
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8.3. Chromatography of GC-MS for the extract
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8.4. Results of the PAHs removal assays from sewage sludge
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Totale (11 HAP)

Essais (Fraction solide) Code Déshydratation Twst ST Temps pH POR (mV) Concentration - fraction solide (mg/kg) l Enlévement (%)
(gL) L) {h) final initial final A B C Moyenne  Ecart-type  C.V. (%) Moyenne _ Ecart-type
ntrole non-dopé et non-traité (NDC) NDC [Centrifugation 0 18 © 647 -270 23 3,765 3,630 3.286 3,560 0247 6,95% e
(Contréle dopé et non-traité (DOC) DOC Cenrifugation [} 18 0 637 270 2717 54940 51,997 51,368 54,768 3318 6,06% 0,00% 0,00%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 613 250 1 33519 33,559 33,595 33.558 0,038 011% 38,73% 0.07%
METIX-BS METIX-BS Centrifugation 0 18 240 157 27 398 33,705 35,627 36474 35,269 1419 402% 35.60% 2,59%
METIX-AC METIX-AC Centrifugation 0 18 4 2,08 -34s 326 46,470 43,651 47912 46,011 2,167 471% 15,99% 3.96%
STABIOX STABIOX Centrifugation [ 18 133 4,00 -4t 290 50,613 49,403 49.652 49,889 0,639 1.28% 8.91% 1,17%
ELECSTAB ELECSTAB Centrifugation [ 18 1 4,00 -172 171 51,220 49,577 50912 50,570 0873 1.73% 7.67% 1,59%
Tween 80 (essai A) Twso - A Filtration 0.5 30 6 44,769 43,704 46,163 44,879 1,233 275% 30,03% 1,92%
Tween 80 (essai A) Tws0 - A Centrifugation (500 x g) 05 30 6 49,773 54,932 53,738 52,814 2,701 541% 17,66% 421%
[ Tween 80 (essai A) Tws0 - & Centrifugation (1000 x g) 0,5 30 6 684 6,60 -120 10 50,483 49,500 51,946 50,643 1231 243% 21,04% 192%
[Tween 80 (essai A) Tw0 -4 [Centrifugation (2000 x g) 0.5 30 6 55,822 57,706 56,707 0947 1,67% 11.59% 1,48%
[Tween 80 (essai A) Tws0 - A [Centrifugation (3000 x g) 0,5 30 6 52,939 57,219 54,136 92 497% 15,60% 4,20%
Tween 80 (¢ssai C) Twso - C Filtration 20 30 2 42417 50,435 46,956 9.05% 26,79% 6.62%
Tween 80 {essai C) Twio - C Centrifugation (500 x £) 20 30 2 64 662 2 © 47,875 54,236 51,424 631% 19,83% 5.06%
Tween 80 (essai C) Twdo - C Centrifugation (1000 x g) 20 30 2 51425 55839 53,854 4,16% 16,04% 349%
Tween 80 (essai ©) Twst - C Centrifugation (2000 x g 20 30 2 52,775 56,795 56,453 6,23% 11,99% 5.49%
[ Tween 80 (essai B) Twso - B Filtration 05 30 4 684 6,59 -120 K 52,429 55,748 54,049 54075 3.07% 15,69% 2,59%
Metix-AC + Tween 80 METIX-AC+Tws0  [Filtration 05 30 4 7,53 1,88 58 370 55939 55,062 53,996 54999 177% 14.25% 1,52%
Contrdlle dopé et autoclavé (DAC) DAC Centrifugation 0 30 o 711 699 79 -80 64,295 63.607 64,519 64,140 0,74% 0.00% 0,74%
Contrdle dopé et autuclavé (DAC) DAC Centrifugation 0 30 168 711 7.01 79 -66 62,540 63,898 64,331 63,590 1,47% 0,86% 1,46%
(Contrdie dopé et autuclavé (DAC) DAC Centrifugation 0 30 336 71 721 19 -62 55,120 57,099 59,847 57,356 4,14% 10,58% 3,70%
(Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 71 7.16 EX) -58 56,627 54811 53,866 55.101 2.55% 14,09% 2,19%
Digestion aéroble mésophite (MAD) MAD Centrifugation v 30 7 816 8,08 5 9% 53,289 50,389 52,609 52,096 291% 18.78% 2,36%
Digestion aérobie mésophile (MAD) MAD Centrifugation o 30 120 816 8,56 5 225 46417 45,107 40,767 44,097 671% 31,25% 4,61%
Digestion aérobie mésophile (MAD) MAD Centrifugation o 30 168 816 8,60 5 275 40,683 37,917 35233 37,944 7.18% 40,84% 425%
Digestion aérobie mésophile (MAD) MAD Centrifugation o 30 336 816 5,80 5 361 34,683 32,928 32,235 33,282 3,79% 48,11% 197%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 504 8,16 7.08 5 440 34,087 33572 34277 33,979 1,07% 47,02% 0,57%
Digestion aéroble mésophile (MAD) + Tween 30 MAD + Tw80 Filtration 05 30 7 8,16 8,12 5 106 45,604 45,899 44134 45,212 0946 2,09% 29,51% 1,47%
Digestion aéroble mésophile (MAD) + Tween 30 MAD + Tw80 Filtration 05 30 120 8,16 3,48 5 153 41417 38,300 37,800 39,172 1,960 5,00% 38,93% 3,06%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 168 8,16 845 5 190 39,233 33,754 34,643 35,877 2,941 8,20% 44,07% 459%
Digestion aérobic mésophile (MAD) + Tween 80 MAD + Tw80 Filtrution 05 30 336 816 6,06 5 333 33,984 31,317 30,589 31,963 1,787 5,59% 50,17% 279%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 0,5 30 504 816 643 5 446 31,167 31326 29,183 30,559 1194 391% 52,36% 1,86%
METIX-BS METIX-BS Cenrifugation [ 30 7 7,19 313 -51 294 57235 56,904 58,924 57.688 1,083 1,88% 10,06% 1,69%
METIX-BS METIX-BS Centrifugation 0 30 120 719 27 -51 310 51,417 49,144 48,752 49,771 1,439 289% 22,40% 2,24%
METIX-BS METIX-BS Centrifugation 0 30 168 719 215 -51 397 47816 43,444 45,038 45,433 2213 487% 29,47% 3.45%
METIX-BS METIX-BS Centrifugation 0 30 336 719 1,83 -51 425 36230 33,198 35,050 34,826 1.528 439% 45,70% 238%
METIX-BS METIX-BS Centrifugation 0 30 504 719 142 -s1 461 35390 33338 31153 33.294 2,119 636% 48.09% 3.30%




HAP 2 3 cycles (ACN, FLU, PHE)

Enlévement (%)

Essais (Fraction solide) Code Déshydratation Tw80 ST Temps pH POR (mV) Concentration - fraction solide (mg/kg)
@L) @L) (h) final final A B c Moyenne  Ecart-type
[Contréle non-dopé et non-traité (NDC) NDC Centrifugation ] 18 o 640 647 283 0,308 0,286 0,276 0,290 0,016
Contréle dopé et non-traité (DOC) DOC Centrifugation ) 1% 0 640 637 217 13,487 13,871 12,861 13,406 0,510
Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 13 504 631 613 1 0,403 0,404 0,431 0413 0,016
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 398 0,554 0,648 0,669 0,624 0,061
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 208 326 8,162 8,134 8,456 8,251 0,179
STABIOX STABIOX Centrifugation [ ‘1% 133 678 4,00 290 1,292 11,032 10,833 11,052 0,230
ELECSTAB ELECSTAB Centrifugation 0 18 1 7.00 4,00 171 6,396 5735 6,153 6,095 0,335
[Tween 80 (essai A) Two - A Filtration 05 30 6 4,566 4,400 4,542 4,503 0,090
[Tween 80 (essal A) Two - A [Centritugation (500 x g} 05 30 6 9,933 10,550 10,125 10,203 0,316
[Tween 80 (essal &) Twdo - A [Cemrifugation (1000 x g) 0,5 30 6 6384 6,60 -120 -70 10,908 11,183 11,126 1,072 0,145
[Tween 80 (essal &) Twi0 - A [Centrifugation (2000 x g) 0.5 30 6 10,500 10,783 10,000 10,428 0,397
[Tween 80 (essai A) Tw30 - A Centrifugation (3000 x g) 05 30 6 9,067 8,833 9,042 8,981 0,128 1,43%
[Tween 80 (essai C) Tw) - C Filtration 20 30 2 2,108 2,150 2,292 2183 0,096 4,40%
[Tween 80 (essai C) Twsd - C Centrifugation (500 x g) 20 30 2 654 6.62 120 & 6,850 6517 6,583 6,650 0,176 2,65%
[Tween 80 (essai Cy Twid - C Centrifugation (1000 x g) 20 30 2 - i 2,817 10,250 10,202 10,119 0,263 2,60%
[Tween 80 essai C) Tw80 - C [Centrifugation (2000 x ) 20 30 2 10,508 10,416 10,500 10,475 0,051 0,49%
Tween 80 essai B) Tw80 - B Filtration 0.5 30 4 6,84 6,59 -120 3 12,286 11,610 10,786 11,561 0,751 6,50%
[Metix-AC + Tween 80 METIX-AC + TwB0  [Filtration 0.5 30 4 753 1,88 58 370 12,825 12,796 12,361 12,661 0,260 2,08%
(Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 711 699 79 80 16,831 16,745 16,778 16,785 0,043 0,26%
[Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 -66 16,857 16,033 16,438 16,443 0,412 2,51%
(Controle dopé et autoclavé (DAC) DAC Centrifugation 1 30 336 kAN 721 79 -62 12,963 13,354 13,458 13,258 0,261 1,97%
[Contrdle dopé et autoclavé (DAC) DAC Centrifugation 1 30 504 71 7,16 75 -58 12,651 12,042 11,444 12,046 0,603 5,01%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 816 808 s 96 6,567 6,626 7,184 6,859 0,310 4,52%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 s 225 4,000 3,933 3,600 3,844 0214 5,57%
Digestion aérobie mésophile (MAD) MAD Centrifugation 4 30 168 3,16 8,60 s 275 2,517 2417 2,400 2444 0,063 2,58%
Digestion arobie mésophile (MAD) MAD Centrifugation [ 30 336 3,16 5,80 s 36 0,983 1417 1,367 1,256 0,237 18,88%
Digestion aérobie mésophile (VAD) MAD Centrifugation o 30 504 816 7.08 5 440 0,420 0,404 0431 0418 0,013 3,15%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw30 Filtration 05 30 7 816 812 5 106 3,000 2,725 2,584 2,770 0,212 7.64%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw$0 Filtration 0,5 30 120 816 £48 5 153 1,750 1,467 1,633 1617 0,142 8,81%
Digestion aérobic mésophile (MAD) + Tween 80 MAD + Twso Filtrution 05 30 168 8,16 8,45 s 190 1,400 1,350 1,333 1,361 0,035 2,55%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw( Filtration 05 30 33 .16 6,06 H 333 1,150 1,158 1,125 1,144 0,017 1,50%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twii Filtration 0,8 30 504 8,16 643 5 446 1,050 1,091 0,929 1,023 0,084 8,25%
METIX-BS METIX-BS [Centrifugati 0 30 7 719 303 51 294 11,675 11,033 12,126 11,611 0,549 4,73%
METIX-BS METIX-BS Centrifugation ) 30 120 719 271 -51 310 9,667 9,000 8,667 9,111 0,509 5,59%
METIX-BS METIX-BS Centrifugation ) 30 168 7.19 2,15 51 397 9,286 8,167 8,594 8,682 0,565 8.50%
METIX-BS METIX-BS Centrifugation 0 30 336 719 1,83 51 425 0,778 0,698 0,717 0,731 0,042 5,69%
METIX-BS, METIX-BS | Centrifugation 0 30 S04 7.19 142 =51 464 0723 0,672 0,653 0,683 0,036 5,32%

Moyenne
=

0,00%

96.92%
95,35%
38.45%
17,56%
54,54%
7317%
39,21%
34,03%
37.87%
46,50%
86,99%
60,38%
39.71%
37,59%
31,12%
24,57%
0,00%

2,04%

2101%
28,23%
59,14%
77.10%
8544%
92,52%
97.51%
83.50%
90,37%
91,89%
93,18%
93,90%
30,82%
45,72%
48,.27%
95,65%
95,93%

art-type
«v

0,00%
0,12%
0,46%
1,33%
1,72%
2,50%
0,53%
1,88%
0,86%
2,36%
0,76%
0,57%
1,05%
1.57%
0,30%
4,47%
1,55%
0,26%
2,46%
1,56%
3,50%
1,85%
1,28%
0,38%
141%
0,08%
126%
0,85%
0,21%
0,10%
0,50%
3,27%
3,0%
3,36%
9,25%
0,22%




HAP 4 4 cycles (FLR, PYR)
Essais (Fraction solide) Code Déshydratation Twso ST Temps pH POR (mV) Ci ian - fraction solide (mg/kg) | Enlévement (%)
/L) (g/L) (h) initial final initial final A B C Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

[Contréle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 0 640 647 270 283 1,045 1,041 0,987 1,024 0,033 3,18% T

[Contrile dopé et non-traité (DOC) DpOC Centrifugation 0 18 0 6,40 637 270 277 9,026 10,014 8,438 9,159 0,796 8,70% 0,00% 0,00%
Digestion acrobie mésophile (MAD) MAD Centrifugation ) 18 504 631 613 250 1 5,024 5314, 5,115 5,151 0,148 2,88% 43,76% 1,62%
METIX-BS METIX-BS Centrifugation 0 18 240 637 157 277 398 7639 7473 8,187 7,766 0,374 4,81% 15.21% 4,08%
METIX-AC METIX-AC Centrifugation 0 18 4 669 2,08 -345 32 7,085 6,731 8,748 7,522 1,077 14,32% 17,88% 11.76%
STABIOX STABIOX Centrifugation 0 18 133 678 4,00 41 290 8,976 8,881 9,033 8,963 0,077 0,86% 2,14% 0,84%
ELECSTAB ELECSTAB Centrifugation o 18 1 7.00 400 -7 171 11,964 10,620 11,503 11,362 0,683 8,01% -24,05% 7.46%
[Tween 80 (essai &) Twd0 - A Filtration 05 30 6 9,550 10,117 10,167 9,044 0,343 3,44% 17,23% 2,85%
[Tween 80 (essai &) Twh - A Centrifugation (500 x g) 05 30 6 9,917 11,250 11,626 10,931 0,898 8.21% 9,02% 7.47%
[Tween 80 (essai &) Twho - A Centrifugution (1000 x g) 05 30 3 684 6,60 -120 B 10,883 10,847 9,545 10,459 0,792 7.57% 12,95% 6,59%
[Tween 80 (essai &) Tws0 - A Centrifugation (2000 x g) 05 30 6 11,050 12,300 12,333 11,8%4 0,732 6,15% 1.00% 6,09%
Tween 80 (ssai A) Tws0 - A Centrifugation (3000 x g) 0.5 30 6 10,256 11,533 12,083 11,202 0,936 8.20% 8,02% 7.79%
Tween 80 (evsai € Twid - C Filtration 20 30 2 9,667 10,250 10,583 10,167 0,464 4,56% 15.,38% 3,86%
[ Tween 80 (essai C) Twso - C [Centrifugation (500 x g) 20 30 2 o84 662 130 5 10,225 10,983 11,500 10,903 0,641 5,88% 9,26% 5,34%
[Tween 80 (essal C) Tws0 - C [Centrifugation (1000 x g) 20 30 2 > i 10,175 11,283 11,458 10,972 0,696 6.34% 8,68% 5,79%
[Tween 80 (essai C) Two - C Centrifugation (2000 x &) 20 30 2 10,633 11,183 9,917 10,578 0,635 6,00% 11,96% 5,29%
Tween 80 (essai B) Tws0 - B Filtration 05 30 4 684 6,59 -120 83 10,857 11,122 10,821 10,933 0,164 1,50% 9,00% 1.37%
Metix-AC + Tween 80 METIX-AC + Tw0  [Filiration 05 30 4 753 1,88 -58 370 12,285 10,536 10,771 11,197 0,948 8,48% 6,81% 7.90%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 [} 71 699 79 80 12,138 12,029 11,877 12,015 0,131 1,09% 0,00% 1,09%
[Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 701 19 -66 12,286 13,043 13,356 12,895 0,550 4,27% 7,33% 4,58%
Contrale dopé et autaciavé (DAC) DAC Centrifugation 0 30 336 711 721 KL -62 11,420 11,801 13,333 12,185 1,013 831% -1.41% 8,43%
(Controle dopé et autoclavé (DAC) pAC Centrifugation 0 30 504 701 7,16 =79 -58 11,145 10,733 10,741 10,873 0,235 2,17% 9,51% 1,96%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 ke 8,16 208 5 9% 11,331 11,164 11,007 1,171 0,157 141% 7,03% 131%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 120 816 8,56 5 225 10,700 11,200 9,667 10,522 0,782 7.43% 12,42% 6,51%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 .60 5 275 8,167 10,500 7,500 8,722 1,675 18,06% 27,40% 13,11%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 336 8,16 5,80 5 361 6,200 4,833 5,000 5,344 0,746 13,95% 55,52% 6.21%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440 5,200 5314 5115 5210 0,100 1,92% 56,64% 0,83%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 7 8,16 812 5 106 12,071 11,533 11,033 11,546 0,519 4,50% 3,90% 4,32%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 120 816 848 5 153 9,833 8,833 9,000 9,222 0,536 581% 23,24% 4,46%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twib Filtration 05 30 168 816 845 5 190 8,667 7,500 7,500 7,889 0,674 8,54% 34,39% 5,61%
[Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twid Filtration 05 3 336 8,16 6,06 5 333 4,833 4,737 4,464 4,678 0,191 4,09% 61,06% 1,59%
[Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw0 Filtration 0,5 30 504 8,16 6,43 5 446 3,183 2,909 3,143 3,078 0,148 4,81% 74,38% 1,23%
METIX-BS METIX-BS Centrifugation 0 30 7 749 3,13 -51 294 1,725 11,854 11,823 11,801 0,067 0,57% 1,78% 0,56%
METIX-BS METIX-BS Centrifugation 0 30 120 719 2,71 -51 310 11,333 1,167 10,667 14,056 0,347 3,14% 7.98% 2,89%
METIX-BS METIX-BS [Centrifugation 0 30 168 719 215 -51 397 10,714 10,500 9,688 10,301 0,542 5,26% 14,27% 451%
METIX-BS METIX-BS Centrifugation [ 30 336 7,19 183 -5t 425 7,937 9,000 9,500 8812 0,798 9,06% 26,66% 6,65%
METIX-BS METIX-BS Centrifugation [ 30 504 719 142 51 461 8,167 8,167 7,667 8,000 0,289 3,61% 3342% 2,40%



) HAP 3 5 cycles (BJK, BAP)
Essais (Fraction solide) Code Déshydratation Twso ST Temps pH POR (mV) Concentration - fraction solide (mg/kg) [ Enlévement (%)
. (/L) (/L) (1)) initial final final A B [ Moyenne  Ecarttype  C.V.(%) | Moyenne art-type
[Contrale non-dopé et non-traité (NDC) NDC Centrifugation [ 18 [ 6,40 6,47 -283 1423 1375 1,162 1,320 0,139 10,51% % 7
(Contrdle dopé ot non-traité (DOC) DOC Centrifugation 0 18 4 640 637 277 20,835 22,140 19,750 20,908 1,197 5.72% 0,00%
Digestion acrobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 1 18,859 17,842 18,687 18,463 0,544 2,95% 11,70% 2,60%
METIX-BS METIX-BS Centrifugation 0 13 240 837 1,57 398 14,887 16,625 17,304 16,270 1,250 7.66% 2218% 5,98%
METIX-AC METIX-AC Centrifuigation 0 18 4 6,69 208 326 18,848 18,710 19,734 19,097 0,555 2,91% 8,66% 2,66%
STABIOX STABIOX Centrifugation © 18 133 678 4,00 290 19,651 18,501 18,561 18,904 0,647 3,42% 9,59% 3,10%
ELECSTAB . ELECSTAB Centrifugation 0 18 1 7,00 400 171 21,686 22,732 22,712 22,376 0,598 2,67% -7.02% 2,86%
[Tween 80 (essai A) Tweo - & Filtration 0,5 30 6 22,056 8,368 20,014 20,146 1,847 9,17% 13,53% 7,93%
[Tween 80 (essai 4) Tws0 - A [Centrifugation (500 % ) 05 30 6 18,852 20,644 21784 20,426 1,478 7.24% 12,33% 6,34%
[Tween 80 (essai A) Twi0- A Centrifugation (1000 x g) 0,5 30 6 684 6,60 -120 70 17,958 18,453 20,686 19,032 1,453 7,63% 18,31% 6,24%
[Tween 80 (essai 4) Tws0 - A [Centrifugation (2000 x g) 05 30 6 23,524 21,206 23,796 22,842 1,423 6,23% 1.96% 6,11%
[Tween 80 (essai A) Tw80 - A [Centrifugation {3000 x g) 0,5 30 6 22,324 20,409 23,766 22,166 1,684 7,60% 4,86% 7,23%
Tween 80 (essui C) Tw80 - C Filtration 2,0 30 2 20,117 23,233 26,500 23,283 3,192 13,71% 0,08% 13,70%
[Tween 80 (essai C) Tws0 - C Centrifugation (500 x g) 2,0 30 2 684 662 120 5 20317 23,450 24,963 22,910 2,370 10,34% 167% 10,17%
[Tween 80 (essai C) . Tws0 - C Contrifugation (1000 x g} 20 30 2 g . 20,450 21,250 22,200 21,300 0,876 41% 8.58% 3,76%
[Tween 80 (essai C) Tw80 - C Centrifugation (2000 x g) 20 30 2 20817 24,957 24,151 23,308 2,195 9,42% -0,04% 9,42%
Tween 80 (essai B) Twso - B Filtration 0,5 30 4 684 6,59 120 83 19,143 21,713 21439 20,765 1,411 6,80% 10,87% 6,06%
[Metix-AC + Tween 80 METIX-AC + Tw80  [Filtration 0,5 30 4 753 1,88 N 370 20,736 20,225 20,333 20431 0,270 1,32% 1231% 1,16%
(Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 [ 711 699 79 -80 23,370 23,395 23,130 23,208 0,146 0,63% 0,00% 0,63%
(Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 71 701 79 -66 22,286 23,641 23,288 23,072 0,703 3,05% 0987% 3,02%
[Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 Al 721 19 -62 20,679 21,429 22,083 21,397 0,703 3,28% 8,16% 3,02%
[Contrdle dupé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 716 79 -58 21,386 20,681 20,741 20,936 0,391 1,87% 10,14% 1,68%
Digestion acrohie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 808 5 9% 23,675 21,584 23,767 23,008 1,235 5,37% 1,24% 5,30%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 816 8,56 5 25 21,567 20,273 18,833 20,224 1,367 6,76% 13,19% 587%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 860 5 275 20,000 16,500 16,833 17,778 1,932 10,87% 23,69% 8,29%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,50 5 361 18,000 17,500 17,000 17,500 0,500 2,86% 24,89% 2,15%
Digestion aérabic mésophile (MAD) MAD Centrifugation 0 30 504 816 7,08 5 440 17,800 17,542 18,487 17,043 0,488 2,72% 22,99% 2,10%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twi0 Filtration 0,5 30 7 816 8,12 5 106 20,533 20,500 20217 20417 0174 0,85% 1237% 0,75%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 120 8,16 848 5 153 19,167 18,667 18,167 18,667 0,500 2,68% 19,88% 2,15%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 19,333 16,167 16,833 17,444 1,669 9.57% 25,13% 717%
Digestion aérobie mésophite (MAD) + Tween 80 MAD + Tw30 Filtrution 05 30 336 8,16 6,06 5 333 18,000 16,316 15,714 16,677 1,185 7.10% 28,42% 5,09%
Digestion nérobie mésophite (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 6,43 5 446 15,667 16,061 14,464 15,397 0,832 5,40% 3391% 3,57%
METIX-BS METIX-BS Centrifugation [ 30 7 7,19 3.3 -51 294 21,733 22,767 23,342 22,614 0,815 3.61% 2,94% 3,50%
METIX-BS METIX-BS Centrifugation 0 30 120 739 271 -5t 310 20,333 18,167 19,167 19,556 0,674 3,44% 16,06% 2,89%
METIX-BS METIX-BS Centrifugation 0 30 168 719 2,15 -5t 397 18,143 16,000 17.031 17,058 1,072 6,28% 26,78% 4,60%
METIX-BS METIX-BS Centrifugation o 30 336 719 1y3 51 425 18,095 15,333 16,500 16,643 1,386 8,33% 28,57% 5,95%
METIX-BS IMETIX-BS Centrifugation [ 30 504 7.19 142 -51 461 17,667 16,000 15,167 16,278 1,273 7.82% 30,13% 5.46%




HAP 4 6 cycles (INP, BPR)

Essais (Fraction solide) ‘Code Déshydratation Tw80 ST Temps pH POR (mV) C - fraction solide (mg/kg) [ Eniévement (%)
(g/L) (g/L) h initial final initial final A B [+] Moyenne  Ecart-type  C.V. (%) Moyenne

[Contrdle non-dopé et nou-traité (NDC) [NDC [Centrifugation o 18 ¢ 640 6,47 270 283 0,920 0,929 0,861 0,926 0,065 6,98% 7
Controle dopé et non-traité (DOC) noC Centrifugation o 18 o 640 637 -270 277 11,592 11,973 10,319 11,205 0,866 7.67%
Digestion uérobie mésophile (MAD) MAD Centrifugation o 18 504 63t 613 -250 1 9,233 9,998 9,363 9,531 0,409 4,30% X
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 -m 398 10,632 10,881 10,314 10,609 0,284 2,68% 6.07% 2,52%
METIX-AC METIX-AC Centrifugation 0 18 ) 6,69 2,08 345 326 12,374 10,076 10,973 11,141 1,158 10,40% 1,36% 10,26%
STABIOX STABIOX Centrifugation 0 18 133 678 4,00 N 290 10,684 10,989 1,225 10,969 0,268 2.42% 288% 2,35%
ELECSTAB ELECSTAB Cenrifugation 0 18 1 7,00 400 172 171 1,174 10,491 10,545 10,736 0,380 3.54% 4,94% 3,36%
Tween 80 (essai A) Twso - A Filtration 05 30 6 8,597 10,818 11,440 10,285 1,495 14,54% 14,59% 12,41%
[ Tween 80 (essai A) Twg0- A Centrifugation (500 x g) 05 30 6 11,071 12,489 10,204 11,255 1,153 10,25% 6,54% 9,58%
[Tween 80 fessai A} TwB0 - A Centrifugation (1000 x g) 05 30 6 684 6,60 -120 -0 10,733 8917 10,591 10,080 1,010 10,02% 16,30% 8,39%
[Tween 80 (essai A) Tw80 - A Centrifugation (2000 x g) 05 30 6 10,749 12,305 11,577 11,543 0,779 8,75% 4,15% 6.47%
[Tween 80 (essai A) Twio - A Centrifugation (3000 x g) 05 30 6 11,290 11,475 12,328 11,698 0,554 4,73% 2,86% 4,60%
[Tween 80 (essai C) Tws - C Filtrution 20 30 2 10,525 11,983 11,460 11,323 0,738 6,52% 5,98% 6,13%
[ Tween 80 (essai C) Twio - C [Cenrifugation (500 x g) 20 30 2 6x4 662 6 ™ 10,483 11,211 11,188 10,961 0414 3,78% 8,98% 3,44%
[ Tween 80 (essai C) Tws - C Centrifugation (1000 x g) 20 30 2 " i 10,983 11,513 11,890 1,462 0,455 3,97% 4,82% 3,78%
[ Tween 80 (essai € Twso - C [Centrifugation (2000 x g} 20 30 2 10,816 13,232 12,227 12,092 1,214 10,04% -0,41% 10,08%
Tween 80 (¢ssai B) Tws0 - B Filtration 05 0 4 6,84 659 -120 -83 10,143 11,303 11,003 10,816 0,602 557% 10,18% 5,00%
Metix-AC + Tween 80 METIX-AC + Twh0  [Filtration 05 30 4 753 1,88 58 370 10,093 11,506 10,531 10,710 0,723 8,75% 1107% 6,01%
[(Contrdle dopé et autoclavé (DAC) Centrifugation 0 30 o kAN 699 79 -80 11,956 11,438 12,734 12,043 0,652 542% 0,00% 5,42%
[Contrile dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 71 701 79 -66 1,111 11,160 1,250 11,180 0,069 0,62% 7,16% 0,58%
Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 7.21 -9 -62 10,059 10,515 10,972 10,515 0457 " 4,34% 12,68% 3,79%
Contrile dopé et autoclavé (DAC) DAC Centrifugation 0 30 S04 701 716 79 -58 11,447 11,355 10,940 1,247 0,270 2,40% 6,60% 2,24%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 7 8,16 808 5 9 1,717 10,816 10,841 11,058 0,577 5,22% 8,18% 4,79%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 5,56 5 225 10,150 9,700 8,667 9,506 0,761 8,00% 21,07% 6,32%
Digestion aérobie mésophile (MAD) MAD Centrifugation 4 30 168 8,16 8,60 5 275 10,000 8,500 8,500 9,000 0,866 9,62% 2527% 7.19%
Digestion aévobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 9,500 9,178 8,868 9,182 0,316 3.44% 23,75% 2,62%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 16 7.08 5 440 10,667 10,311 10,245 10,408 0,227 2,18% 13,58% 1,88%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 n .16 812 5 106 10,000 11,141 10,300 10,480 0,592 5,65% 12.97% 4,91%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 120 8,16 848 s 153 10,667 9,333 9,000 9,667 0,882 9,12% 19,73% 7,32%
[Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twsd Filtrution 0,5 30 168 8,16 845 s 190 9,833 8,737 8,976 9,182 0,577 6,28% 23,75% 4.79%
Digestion aérobie mésaphile (MAD) + Tween 80 MAD + Tw80 Filtration 0.5 30 336 8.16 6,06 5 33 10,000 9,107 9,286 9,464 0,473 5,00% 21,41% 3,93%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 504 8,16 643 s 446 1,267 1,265 10,647 41,060 0,357 3,23% 8,16% 2,97%
METIX-BS METIX-BS Centrifugation 0 30 n 7,19 3,43 -51 294 12,102 11,250 11,633 11,662 0427 3,66% 3,16% 3,54%
METIX-BS METIX-BS Centrifugation o 30 120 719 27 -51 310 10,083 9,810 10,262 10,048 0,223 2,22% 16,56% 1,85%
METIX-BS METIX-BS Centrifugation 4 30 168 719 215 -51 397 9,673 8,778 8,725 9,302 0,533 5,67% 22,01% 4,42%
METIX-BS METIX-BS Centrifugation [ 30 336 719 1,83 K| 425 9,421 8,167 8,333 8,640 0,681 7,88% 28,25% 5,65%
METIX-BS METIX-BS Centrifugation 0 30 504 7,19 1,42 51 461 8,833 8,500 7,667 8,333 0,601 7.21% 30,80% 4,99%




Tw80 ST T H POR (mV] Acénaphténe (ACN)
Essais (Fraction solide) Code Déshydratation w emps P (mV) Concentration - fraction solide (mg/kg) | Enlévement (%)
(g/L) (@L) ()] initial final initial final A B 3 Moyenne  Ecart-type  C.V.(%) | Moyenne Ecart-type
[Contrale non-dapé et non-traité (NDC) NDC [Centrifugation 0 18 0 6,40 6,47 270 283 0,035 0,036 0,036 0,036 0,000 1,14% | e
(Contrale dopé et non-traité (DOC) poC Centrifugation 0 18 ° 6,40 637 -270 277 4,265 4,261 4,450 4325 0,108 2,50% 0,00%
Digestion aéroble mésophile (MAD) MAD Centrifugation ) 18 504 631 613 -250 1 0,075 0,090 0,080 0,082 0,008 9,48% 98,11% 0,18%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 - 398 0,093 0,103 0,108 0,101 0,008 7.76% 97,66% 0,18%
METIX-AC METIX-AC Centrifugation 0 18 4 669 2,08 345 326 2,566 1,815 2310 2,230 0,382 17,12% 4843% 8,83%
STABIOX STABIOX Centrifugation [ 18 133 678 4,00 41 290 3,688 3,606 3,532 3,609 0,078 2,16% 16,55% 181%
ELECSTAB ELECSTAB [Centrifugation o 18 1 7.00 4,00 -172 171 1,716 1,650 1,727 1,698 0,042 2,45% 60.74% 0,96%
Tween 80 (essai A) Tws0 - A Filtration 0.5 30 6 1,233 1217 1,208 1,219 0,013 1,04% 77.97% 0,23%
[Tween 80 (essai A) Tw80 - A [Cenrifugation (500 x g) 05 30 6 3,375 3417 3,375 3,389 0,024 0,71% 38,78% 0,43%
Tween 80 (essai A) Tw0 - A Centrifugation (1000 x g) 0,5 30 6 684 6,60 -120 70 3,667 3,667 3,667 3,667 0,000 0,00% 33,77% 0,00%
[Tween 80 (essai A) Tw0 - A Centrifugation (2000 x g) 0,5 30 6 3,392 3450 3,208 3,350 0,126 3,77% 39,49% 2,28%
[Tween 80 (essai 4) Tws0 - A Centrifugation (3000 x g) 0.5 30 6 2,883 2,783 2,917 2,861 0,069 2,43% 48,32% 1,25%
[Tween 80 (essai C) Tws0 - C Filtration 20 30 2 0,458 0,483 0,542 0,494 0,043 8,66% 91,07% 0,77%
[Tween 80 (essai C) Tw80-C Centrifugation (500 x g) 2 30 2 654 66 iz ™ 2,075 1,900 1,917 1,964 0,097 4,92% 64,52% 1,74%
[Tween 80 (essai C) Twsd - C Centrifugation (1000 x g) 2 30 2 ’ - 2,900 3,000 3,125 3,008 0,113 3,75% 45,66% 2,04%
Tween 80 (essai C) Tws - C Centrifugation (2000 » g) 20 30 2 3,342 3,333 3,958 3,544 0,359 10,12% 35,98% 6,48%
Tween 80 (essai B) Tw80 -B Filtration 05 30 4 684 6,59 120 43 3714 3,500 3,321 3512 0,197 561% 36,57% 3.56%
[Metix-AC + Tween 80 METIX-AC+Tw80  Filtration 05 30 4 753 1,88 EN 370 3,842 3,802 3,532 3755 0,195 5,19% 32,16% 3.52%
(Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 [ 71 699 79 -80 5,535 5,531 5,542 5,536 0,006 8,10% 0,00% 0,10%
(Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 71 7.0 79 -66 5429 5,163 5,137 5,243 0,161 3,08% 5,30% 291%
(Controle dopé et nutoclavé (DAC) DAC Centrifugation 0 30 336 71 721 79 -62 3,704 4,037 3,667 3,803 0,204 5,37% 3131% 3,69%
(Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 36 504 701 7,16 79 -58 3,916 3,665 3,370 3,650 0,273 7.48% 34,08% 4,93%
[Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 7 8,16 8,08 5 9% 1,633 1,767 1,917 1772 0,142 8,02% 67,99% 2,57%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 856 5 25 0,950 0,800 0,817 0,889 0,067 7,56% 83,94% 1.22%
Digestion aérobi phile (MAD) MAD Centrifugation 0 30 168 8,16 2,60 5 275 0,517 0,467 0,483 0,489 0,025 5,21% 91,17% 0,46%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5.80 5 361 0,217 0,333 0,300 0,283 0,060 21.21% 94,88% 1,08%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 9,100 0,090 9,080 0,080 0,010 1,10% 98,37% 0,18%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 7 8,16 812 5 106 0,408 0,358 0,342 0,369 0,034 9.32% 93.33% 0.62%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filiration 05 30 120 816 848 5 153 0,267 0,250 0,300 0,272 0,025 9,35% 95.08% 0,46%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 0,5 30 168 8,16 845 H 190 0,217 0,200 0,200 0,208 0,010 4,68% 96,29% 0,17%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw8d Filtration 0,5 30 336 8,16 6,06 5 333 0,200 0,193 0,214 0,202 0,011 5,36% 96,34% 0,20%
Digestion aérabie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 36 504 8,16 643 5 446 0,167 0,167 0,161 0,165 0,003 2,09% 97,03% 0,06%
METIX-BS METIX-BS Centrifugation 0 30 7 7,19 313 51 294 3,275 3483 3,217 3,325 0,140 4.21% 39.94% 2,53%
METIX-BS METIX-BS Centrifugation 0 30 120 7,19 271 -51 310 2,833 2,833 2,667 2,778 0,096 3,46% 49,82% 1,74%
METIX-BS METIX-BS Centrifugation 0 30 168 719 215 -51 397 2,57 2,333 2,500 2,468 0,122 4,95% 5541% 2.21%
METIX-BS METIX-BS Centrifugation 0 30 336 719 1,83 -51 425 0,190 0,165 0,167 0,174 0,014 8,19% 96,86% 0,26%
[METIX-BS METIX-BS Centrifugation 0 30 504 719 1,42 51 461 0,157 0,138 0,137 0,144 0,011 7.71% 97.40% 0,20%




N N Fluoréne (FLU)
Essais (Fraction solide) Code Déshydratation Tw8o ST Temps pH POR (mV) Concentration - fraction solide (mg/kg) 1 Enlévement (%)
(@/L) (/L) (h) final initial final A B [ Moyenne  Ecart-type  C.V. (%) Moyenne

[Controle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 0 647 270 283 0,056 0,041 0,044 0,047 0,008 1640% [ 7

Contrile dopé et non-traité (DOC) DOC Centrifugation 0 18 0 640 637 270 277 4,448 4122 4,084 4218 0,200 4,75% 0,00% 0,00%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 250 1 0,086 0,092 0,092 0,080 0,003 3,66% 97,86% 0,08%
METIX-BS METIX-BS Centrifugation 0 18 240 637 157 277 398 0,165 0,191 0,180 0,179 0,013 7.28% 95,76% 031%
METIX-AC METIX-AC Cenifugation 0 18 4 669 2,08 -345 326 2,849 2,365 3,148 2,784 0,400 14,38% 34,01% 9.49%
STABIOX STABIOX Centrifugation 0 18 133 678 4,00 -41 290 4,200 4,320 4,129 4,249 0,104 2,46% -0,74% 2,48%
ELECSTAB ELECSTAB Centrifugation [ 18 1 7.00 4,00 -172 17 2,233 2,149 2,246 2,209 0,053 2,38% 47,63% 1,25%
[Tween 80 essai &) Tws0 - A Filtration 05 30 6 1,558 1,500 1,642 1,533 0,030 1,95% 72,33% 0,54%
[Tween 80 (essai A) Tws0- A Centrifugation (500 x g) 05 30 6 3,200 3,567 3,202 3,353 0,191 5,69% 39,50% 3,44%
[Tween 80 (essai A) Tw80 - A Centrifugation (1000 x g) 05 30 6 684 6.60 120 70 3,633 3,850 3,833 3,772 0,121 3,20% 31,94% 2,18%
[Tween 80 (essai A) Tw80 - A Centrifugation (2000 x g) 05 30 6 3,442 3,717 3,202 3,483 0,218 6,19% 37,15% 3,89%
[Tween 80 (essai 4) Twsl - A Centrifugation (3000 x £) 05 30 6 3,208 3,083 3,083 3,125 0,072 2,31% 43,61% 1,30%
Tween 80 (essai C) Twi - C Filtration 2,0 30 2 1125 1167 1,167 1,153 0,024 2,00% 79,20% 0,43%
[Tween 80 (essai ) Tws0-C [Centrifugation (500 x g 20 k0] 2 x4 662 6 " 2,467 2433 2,375 2425 0,046 1,91% 56,24% 0,84%
[ Tween 80 (essai C) Twso - C Centrifugation (1000 x g) 20 30 2 "’ : 3,200 3,500 3,458 3,386 0,163 4,80% 38,90% 2,93%
[Tween 80 essai C) Twho - C [Centrifugation (2000 x g) 20 30 2 3417 3,383 3,000 3,267 0,232 7,09% 41,06% 4,18%
Tween 80 essai B) Tw80 - B Filtration 0.5 30 4 684 6,59 -120 -83 3,857 3,576 3,342 3,592 0,258 7.18% 35,18% 4,65%
Mutix-AC + Tween 80 METIX-AC +Tws0  [Filtration 0.5 30 4 753 1.8% 58 3% 4,408 4,629 4,221 4419 0,204 4,62% 20,26% 3,69%
[Contrdle dupé et autoclavé (DAC) DAC Centrifugation 4 30 0 711 699 -9 -80 5,551 5,536 5,540 5,542 0,008 0,14% 0,00% 0,14%
[Contrble dupé et autaclavé (DAC) . DAC Centrifugation 4 30 168 7.1 7.0 B -66 5429 5,163 5,479 5357 0,170 3,17% 334%  307%
[Contrdle dapé et autoclavé (DAC) DAC Centrifugation 0 30 336 71t 720" 79 -62 4,012 4,037 3,958 4,003 0,040 1,01% 2778% 7 0,73%
Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.1 7.16 79 -58 3916 3,665 3,630 3,737 0,156 417% 32,57% 2,81%
Digestion aévobie mésophile (MAD) MAD Centrifugution 0 30 72 816 8,08 5 9% 2,767 2,767 2,975 2636 0,120 4,23% 48,82% 217%
Digestion aérobie mésophile (MAD) MAD Centritugation 0 30 120 816 8,56 5 25 1,667 1,600 1,267 1511 0,214 14,18% 72,73% 3,87%
Digestion aérobie mésophile (MAD) MAD Centrifugation ) 30 168 3,16 8,60 s 275 0,883 0,800 0,817 0,833 0,044 5,29% 84,96% 0,80%
Digestion aérobie mésaphile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 s 361 0,333 0517 0,500 0450 0,101 22,53% 91,88% 1,83%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 816 7.08 s 440 0,120 0,092 0,092 0,101 0,016 15,98% 98,17% 0,29%
Digestion arobie mésophile (MAD) + Tween 80 MAD + Twg0 Filtration 0,5 30 7 816 8,12 s 106 1,650 1,350 1,367 1,456 0,169 11,58% 73.73% 3,04%
Digestion arobie mésophile (MAD) + Tween 80 MAD + Twg0 Filtration 0,5 30 126 8,16 848 s 153 0,650 0,633 0,700 0,661 0,035 5,25% 88,07% 0,63%
Digestion arobie mésophite (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 168 8,16 845 5 190 0,517 0,500 0,450 0,489 0,035 7.10% 91,18% 0,63%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 336 8,16 6,06 5 333 0,433 0,456 0,446 0,445 0,011 2,57% 91,97% 0,21%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 0.5 30 504 816 6,43 5 446 0,383 0424 0,357 0,388 0,034 8,71% 92,99% 0,61%
METIX-BS METIX-BS Centrifugation 0 30 7 719 313 -51 294 4,058 4,058 4417 4,178 0,207 4,96% 24,62% 3,74%
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 51 310 3,333 3,167 3,000 3,167 0,167 5,26% 42,86% 3,01%
METIX-BS METIX-BS Centrifugation 0 30 168 719 2,15 -51 397 3,000 2,833 2,969 2,934 0,089 3,02% 47,06% 1,60%
METIX-BS METIX-BS Centrifugation o 30 336 719 1,83 -5t 425 0,270 0,250 0,250 0,267 0,011 4,46% 95,37% 021%
|METIX-BS METIX-BS |Centrifugation [ 30 504 7,19 142 =51 461 0.250 0,233 0,233 0,239 0,010 4,03% 95,69% 017%




Phénanthréne (PHE)

Essais (Fraction solide) Code Déshydratation Tws0 ST Temps pH POR (mV) Concentration - fraction solide (mg/kg) Enlévement (%)
L) L) () final initial final A B [ Moyenne ~_ Ecart-type  C.V. (%) Moyenne

Contrdle nun-dopé et non-traité (NDC) NDC Centrifugation ) 18 [ 647 270 283 0,217 0,209 0,196 0,207 0,010 5,06% 7

Contréle dopé et non-traité (DOC) DpOC Centriugation 0 18 4 637 270 2an 4,774 5488 4,327 4,863 0,586 12,04% 0,00% 0,00%
Digestion aérobie mésophile (MAD) MAD Cenirifugation 0 18 S04 613 -250 1 0,241 0,222 0,259 0,241 0,019 7,75% 95,05% 0,38%
METIX-BS METIX-BS Centrifugation [ 18 240 1,57 277 398 0,296 0,354 0,381 0,344 0,043 1251% 92,93% 0,88%
METIX-AC METIX-AC Centrifugation ° 18 4 2,08 -345 326 2,747 3,964 2,999 3,237 0,642 19.84% 33,44% 13,20%
STABIOX STABIOX Centrifugation [ 18 133 4,00 -41 290 3,308 3,106 3,171 3,194 0,101 3,17% 34,32% 2,08%
[ELECSTAB ELECSTAB Centrifugation o 18 1 4,00 172 171 2,448 1,936 2,180 2,188 0,256 1.70% 55,01% 5,26%
[Tween 80 (essai A) Twho - A Filtration 05 30 6 1775 1,683 1,792 1,750 0,058 3,34% 69,33% 1,02%
[Tween 80 (essai A) Tws - A Centrifugation (500 x g) 05 30 6 3,356 3,567 3,458 3461 0,104 3,01% 39,35% 1,83%
[Tween 80 (essai A) Twso - A [Centrifugation (1000 x g) 05 30 6 684 6,60 -120 70 3,608 3,667 3,625 3633 0,030 0,83% 36,33% 0,53%
[ Tween 80 (essai A) Tws0 - A Centrifugation (2000 x g) 05 30 6 3,667 3617 3,500 3594 0,086 2,38% 37,01% 1,50%
Tween 80 (essai A) Twso - A Centrifugation (3000 x g) 0.5 30 6 2,975 2,067 3,042 2,994 0,041 137% 47,53% 0,72%
Tween 80 (essai ) Tw80 - C Filtration 20 30 2 0,525 0,500 0,583 0,536 0,043 7.97% 80,61% 0,75%
Tween 80 (essai C) Tw80 - C Centrifugation (500 x g) 20 30 2 684 062 12 " 2,308 2,183 2,292 2,261 0,068 3,00% 60,38% 115%
[ Tween B0 (essai C) [Tw80 - C Centrifugation (1000 x g) 20 30 2 " N 377 3,750 3,708 3,725 0,022 0,59% 34,73% 0,39%
Tween 80 (essal C) Twso - C Centrifugation (2000 x g) 2,0 30 2 3.750 3,700 3,542 3,664 0,108 2,96% 35,79% 1,90%
[Tween 80 (essai By Tws0 - B Filtration 0.5 30 4 684 6,59 120 83 4714 4,534 4123 4,457 0,303 6.80% 21,90% 531%
Metix-AC + Tween 80 METIX-AC + Twg0  [Filtration 0.5 30 4 753 188 5% 370 4,575 4,215 4,608 4,486 0,183 4,09% 21,39% 3.22%
Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 71 699 79 -80 5,745 567¢ 5,696 5707 0,034 0,60% 0,00% 0,60%
Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7.0 79 -66 6,000 5,707 5,822 5843 0,148 2,53% -2,3%% 2,59%
Contrile dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 721 ] -61 5,247 5,280 5,833 5453 0,330 £,04% 444% 5,78%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7,11 7.16 79 -58 4,819 4,712 4,444 4,659 0,193 4,14% 18.37% 3,38%
Digestion aérobic mésophile (MAD) MAD Centrifugation 0 30 7 816 8,08 s 96 2,167 2,202 2,292 2,250 0,072 3.21% 80,57% 1,26%
Digestion aérobic mésophile (MAD) MAD Cenuifugation 0 30 120 816 8,56 s 225 1,383 1433 1,517 1444 0,067 4,66% 74.69% 1,18%
Digestion arobie mésophile (MAD) MAD Centrifugation 0 30 168 816 8,60 5 275 1,117 1,150 1,100 1122 0,025 2.21% 80,33% 0,45%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 336 8,16 5,80 5 361 0,433 0,567 0,567 0,522 0,077 14,74% 90,85% 1,35%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 16 7,08 5 440 0,200 0,222 0,259 0,227 0,030 13,15% 96,02% 0,52%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw30 Filtration 05 30 ) 8,16 812 5 106 0,942 1,017 0,875 0,945 0,071 7.52% 83,45% 1,24%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 120 816 A8 5 153 0,833 0,583 0,633 0683 0,132 19,36% 88,03% 2,32%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw§0 Filtration 05 36 168 8,16 8,45 5 190 0,667 0,650 0,683 0,667 0,017 2,50% 88,32% 0,29%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 336 8,16 6,06 5 333 0,517 0,509 0,464 0,487 0,028 5.69% 91,30% 0,49%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twg0 Fiitration 0,5 30 504 8,16 643 s 446 0,500 0,500 0411 0,470 0,052 10,96% 91,76% 0,90%
METIX-BS METIX-BS Centrifugation 0 30 72 7,19 3,13 51 294 4,342 3,492 4,482 4,100 0,539 13,12% 28,00% 9.45%
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 51 310 3,500 3,000 3,000 3,167 0,289 9,12% 44,51% 5,06%
METIX-BS METIX-BS Centrifugation 0 30 168 7,19 2,15 -51 397 3,714 3,000 3125 3,280 0,381 11,63% 42,53% 6,68%
METIX-BS METIX-BS Centrifugation 0 30 336 7,19 1,83 -51 425 0,317 0,283 0,300 0,300 0,017 5,68% 94,74% 0,30%
METIX-BS METIX-BS Centrifugation 0 30 504 7.19 142 =51 461 0,317 0,300 0,283 0.300 0,017 5,56% 94.74% 0,29%




Fluoranthéne {FLR)

Essais (Fraction solide) Code Déshydratation T80 ST Temps pH POR (m¥) Concentration - fraction solide (mg/kg) Enlévernent (%)
L) (/L) h initial final final A B8 [+ Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

[Contréic non-dopé et non-traité (NDC) [NDC [Centrifugation ] 18 ¢ 640 647 283 0,505 0,505 0,482 0497 0,013 2,68% :

(Contrble dopé et non-traité (DOC) poc Centrifugation [} 18 [ 640 637 217 4,491 5114 4,200 4,602 0,467 10,15% 0,00% 0,00%
[Digestion aérobie mésophile (MAD) MAD Centrifugation 0 ® 504 631 613 1 2,186 2,262 2,267 2,238 0,045 2,02% 51,36% 0,98%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 398 3,649 3,608 3772 3,676 0,085 2,32% 20,11% 1,86%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 326 3,621 3475 4,497 3,864 0,553 14,30% 16,03% 12,01%
STABIOX STABIOX Centrifugation [ 18 133 6,78 400 290 4,192 4,659 4775 4,542 0,308 6.79% 130% 6,70%
ELECSTAB ELECSTAB Centrifugation [ 18 1 700 400 171 6,126 5,282 5,681 5,696 0,422 741% -23,78% 9,17%
Tween 80 (essai A} Twso - A Filtation 05 30 6 4,367 4,550 4,542 4,486 0,104 2,31% 25,13% 1,73%
Tuveen 80 (essai A) Twst - A Cenirifugation (500 x £ 05 30 6 5117 5833 5,958 5,636 0,454 8,06% 594% 7,58%
Tween 80 {essai A) Twso - A Cenirifugation (1000 x g) 05 30 6 684 6,60 -120 70 5,542 4,964 4,905 5,137 0,352 6,85% 14,27% 5,87%
Tween 80 (essai A) Twso - A [Centrifugation (2000 x g) 05 30 6 5,650 6,300 6,202 6,081 0,373 6,13% -1,48% 6,22%
Tween 80 (essal A) Tws0 - A [Centrifugation (3000 x g) 05 30 6 5,200 5,800 6,083 5,694 0,451 7.92% 4,97% 7,63%
Tween 80 (essai ©) Tws0 - C Filtration 2.0 30 2 4,775 5,083 5,250 5,036 0,241 4,79% 15,95% 4,02%
[ Tween 80 (essai C) Twd) - C Centrifigation (500 x g) 20 30 2 osd 662 130 & 5,002 5533 5,875 5,500 0,393 7.14% 821% 6,55%
Tween 80 (essai €) Twho - C Contrifugation (1000 x g) 2,0 30 2 ” - 5,308 5783 5,875 5,656 0,304 5,38% 562% 5,08%
I Tween 80 (essai €) Twdt - C Centrifugation (2000 x g) 20 30 2 5,500 5,667 4,792 5,320 0,464 8,73% 11,22% 7.75%
[Tween 80 (essai B Twso - B Filtration 05 30 4 684 659 -120 8 5571 5,468 5,389 5476 0,091 167% 861% 153%
Metix-AC + Tween 80 METIX-AC+Tw80  [Filtration 0,5 30 4 7,53 188 58 370 5,114 5,657 5,947 5,906 0,231 3,91% 143% 3,85%
Controle dopé et autoclavé (DAC) AC Centrifugation 0 30 ¢ 711 6,99 9 80 6,062 5,993 5,921 5,992 0,071 1,18% 0,00% 1,18%
Contrdle dopé et autoelavé (DAC) DAC Centrifugation 0 30 168 71 70 19 66 6,000 6,793 6,507 6433 0,402 6.25% -1.37% 671%
Controle dopé et autoclavé (DAC) DAC Céntrifugation 0 30 336 AT 721 79 62 5,858 6211 6,667 6,247 0,402 6,44% -4,26% 6,72%
Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 716 79 58 5723 5497 5,556 5,592 0,417 2,09% 6,68% 1,95%
Digestion aérobic mésuphile (MAD) MAD Centrifugation [ 30 7 816 3,08 5 96 5714 5,589 5,550 5618 0,086 1,53% 6.25% 1.43%
Digestion aérobie mésophile (MAD) MAD Contrifugation 4 3¢ 120 %16 8,56 5 225 5,533 5833 5,000 5,456 0,422 7.74% 8,95% 7.04%
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 4,167 5,667 3,833 4,556 0,977 21,44% 23,97% 16,30%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 3,150 2,000 2,167 2,439 0,621 25,48% 59,30% 10,37%
Digestion atrobie mésophile (MAD) MAD Centrifugation 0 30 504 8.16 7.08 H 440 2,200 2,262 2,267 2,243 0,037 1,66% 62,57% 0,62%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twd Filtration 0,5 30 7 .16 8,12 H 106 6,038 5,733 5,450 5,740 0,204 512% 4,20% 4,91%
Digestion aérabie miésophile (MAD) + Tween 80 MAD + Twg0 Filtration 0,5 30 120 3,16 848 5 153 5,000 4,500 4,500 4,667 0,289 6,19% 22,12% 4,82%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twsd Filtration 05 30 168 8,16 845 5 190 4,333 3,833 3,833 4,000 0,289 7.22% 33.24% 4,82%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twsd Filtration 05 30 336 816 6,06 5 333 2,500 2456 2,321 2,426 0,003 3,84% 59,52% 1,55%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 816 6,43 5 446 1,667 1615 1,643 1,608 0,081 5,07% 73,16% 1,36%
METIX-BS METIX-BS Centrifugation 0 30 7 749 3,13 -1 294 5,900 5979 5,998 5,959 0,052 0,87% 0,55% 0,87%
METIX-BS METIX-BS Centrifugation 0 30 120 719 2,71 -1 310 5,833 5,833 5,500 5722 0,192 3,36% 4.50% 3,21%
METIX: METIX-BS Centrifugation 0 30 168 719 2,15 -5t 397 5,571 5,500 5,000 5,357 0311 581% 10,60% 5,20%
METIX- METIX-BS Centrifugation [ 30 336 719 183 -5t 425 3,651 4,667 5,000 4439 0,703 15,83% 25,92% 1,73%
METIX. METIX-BS Centrifugation [ 3¢ 504 7,19 142 51 461 3,667 3,500 3,333 3,500 0,167 4,76% 41,59% 2,78%




Pyréne (PYR)

Essais (Fraction solide) Code Déshydratation Tw80 ST Temps pH POR (mV) Concentration - fraction selide (mg/kg) Enlévement (%)
| (glL) {g/L) (h) initial final initial final A B [3 Moyenne  Ecarttype  C.V. (%) Moyenne

[Contrdle non-dopé et nou-raité (NDC) NDC [Centrifugation 0 18 o 640 6,47 270 283 0,540 0,536 0,505 0,527 0,019 3,66%

[Controle dopé et non-traité (DOC) DpoC Centrifugation 0 18 0 6,40 637 270 27 4,534 4,900 4,238 4,557 0,332 7,28% ,00% 0,00%
Digestion aérobic mésophile (MAD) MAD Centrifugation 0 18 504 631 613 ~250 1 2,838 3,052 2,848 2913 0,121 4,15% 36,09% 2,65%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 217 398 3,989 3,865 4415 4,090 0,288 7.05% 10,26% 6,33%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 3,464 3,256 4,252 3,658 0,525 14,36% 19,74% 11,53%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 -4l 290 4,783 4,222 4,259 4421 0,314 7,10% 2,99% 6,89%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 -172 1M 5,838 5,338 5,822 5,666 0,284 5,02% -24,32% 6,24%
[Tween 80 (essai &) Tw80 - A Filtration 05 30 6 5,183 5,567 5,625 5,458 0,240 4.40% 9.37% 3,98%
[Tween 80 (essai A) Tws0 - A [Centrifugation (500 x g) 05 30 6 4,800 5417 5,667 5,294 0,446 8,43% 12,00% 7,41%
[Tween 80 (essai A) Tws - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 70 5,342 5983 4,640 5322 0,672 12,63% 11,64% 11,16%
[ Tween 80 (essai A) Tws0 - A [Centrifugation (2000 x g) 0.5 30 6 5400 6,000 6,042 5814 0,359 6,18% 347% 5,96%
[Tween 80 (essai A) Tw80 - A Contrifugation (3000 x g) 0,5 30 5 5,058 6733 6,000 5,597 0,485 8,67% 7.07% 8,06%
[Tween 80 essai C) Tw80 - C Filiration 20 30 2 4,892 5,167 5333 5131 0223 4,35% 14,81% 3,70%
[Tween 80 essai C) Tws0-C Centrifugation (500 x g) 20 30 2 684 66 120 % 5,133 5,450 5,625 5,403 0,249 461% 10,29% 4,14%
[Tween 80 essai C) Tws0 - C Centrifugation (1000 x g) 20 30 2 ’ 4 4,867 5,500 5,583 5,317 0,382 7.37% 14,72% 6,51%
ITween 80 (essai C) Tw80 - C Centrifugation (2000 x g) 20 30 z 5,133 5517 5,125 5,258 0,224 4,26% 12,69% 3,72%
Tween 80 (essai B) Tws0 - B Filtration 05 30 4 6,84 659 -120 -83 5,286 5,654 5432 5457 0,185 3,40% 9,39% 3,08%
Metix-AC + Tween 80 METIX-AC+Tw80  [Filtration 0,5 30 4 753 188 -58 370 6,171 4,878 4,824 5,291 0,763 14,41% 12,15% 12,66%
Contréte dopé et autoclavé (DAC) DAC Centrifugation ) 30 [ 711 699 -79 -80 6,076 6,036 5,957 6,023 0,060 1,00% 0,00% 1,00%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 19 66 6,266 6,250 6,849 6,462 0,336 5.20% 7,28% 5,56%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 741 721 79 -62 5,556 5,590 6,667 5,937 0,632 10,64% 142% 10,49%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 7,16 19 -58 5422 5236 5,185 5,281 0125 2,36% 12,32% 2,07%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 n 8,16 3,08 5 9% 5,617 5575 5,467 5,563 0,077 1,39% 7.80% 1,28%
Digestion aérohie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 s 5,167 5367 4,667 5,067 0,361 7.12% 15,88% 5,99%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 s 275 4,000 4,833 3,667 4,167 0,601 14,42% 30,82% 9,98%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 3,050 2,833 2,833 2,906 0125 4,31% 51,76% 2,08%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 3,000 3,02 2,848 2,967 0,106 3.57% 50,74% 1,76%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twsd Filtration 0.5 30 7 8,16 812 5 106 6,033 5,800 5583 5,805 0,225 3,88% 361% 3,74%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 816 8,45 5 153 4,833 4,333 4,500 4,556 0,255 5,58% 24,36% 4,23%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 8,45 5 190 4,333 3,667 3,667 3,889 0,385 9,90% 3543% 6,39%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 0,5 30 336 8,16 606 5 333 2,333 2,281 2,143 2,252 0,098 4,37% 62,60% 1,63%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 504 8,16 643 5 46 1517 1,394 1,500 1470 0,067 4,53% 75,59% 111%
METIX-BS METIX-BS Centrifugation 0 30 7 7,19 313 -51 294 5,825 5875 5,825 5,842 0,029 0,49% 3.01% 0,48%
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 51 310 5,500 5333 5,167 5333 0,167 3,13% 11,45% 277%
METIX-BS METIX-BS Centrifugation ) 30 168 719 2,15 51 397 5,143 5,600 4,688 4,943 0,233 4,71% 17,92% 3,87%
METIX-BS METIX-BS Centrifugation 0 30 336 719 1,83 -51 425 4,286 4,333 4,500 4373 0,113 2,57% 27,39% 1.87%
METIX-BS METIX-BS Centrifugation ) 30 504 7,19 142 =51 461 4,500 4667 4,333 4,500 0,167 3,70% 25,28% 277%




(BJK)
Essais (Fraction solide) Code Déshydratation Tw80 ST Temps pH POR (mV) C ion - fraction solide (mg/kg) [ Enlévermnent (%)
@/L) (/L) (h) initial final initial final A B [ Moyenne  Ecart-typs  C.V. (%) Moyenne  Ecart-type

Contréle non-dopé et non-traité (NDC) (NDC [Centifugation ° 18 0 640 6,47 2270 283 1,007 0,963 0,813 0,528 0,102 10,95% 7 7
Contréle dopé et non-traité (BOCY DOC Centrifugation 0 18 0 640 637 270 21 16,068 17,367 15,343 16,259 1,026 6,31% 0,00% 0,00%
Digestion aérohic mésophile (MAD) MAD Cenrifugation 0 18 504 631 613 -250 1 14,691 13,109 13,958 13,919 0,792 5,69% 14,39% 4,87%
METIX-BS METIX-BS Centritugation 0 18 240 637 1,57 277 398 10,962 12,376 12,628 11,989 0,898 7.49% 26,26% 5,52%
METIX-AC METIX-AC Centrifugution 0 18 4 6,60 2,08 -345 326 14,709 14,584 15,316 14,870 0,391 2,63% 8,54% 2,41%
STABIOX STABIOX Centrifugation 0 18 133 678 4,00 -41 290 14,550 13,566 13,620 13,912 0,553 3,98% 14,44% 3.40%
3 ELECSTAB Centrifugation [ 18 1 700 4,00 172 171 15,986 17,433 17,201 16,874 0,777 4,61% -3,78% 4,78%
Tw0 - A Filtration 05 30 6 17,117 13,057 14,330 14,835 2,076 14,00% 14.77% 11,93%
Tween 80 (essai A) Tw0 - A Centrifugation (500 x ) 05 30 6 13529 14,801 16,033 14,788 1,252 847% 15,04% 7,19%
I Tween 80 (essai A) Twio - & [Centrifugation (1000 x g) 05 30 6 684 6,60 -120 -7 12,342 13,900 14,125 13,456 0,871 7.22% 22,70% 5,58%
[ Tween 80 (essai A) Tws - A [Centrifugarion (2000 x g) 05 30 6 17,592 15,406 18,176 17,058 1,460 8,56% 2,00% 8,39%
Tween 80 (essai A) Tw80 - A Centrifugation (3600 x g) 05 30 6 16,625 15,118 18,139 16,627 1,511 9,09% 447% 8,68%
Tween 80 (essai C) Tws0 - C Filtration 20 30 2 15,000 17,300 19,792 17,364 2,396 13,80% 0,24% 13.71%
80 (essai C) Twst - C Centrifugation (500 x g) 20 30 2 684 662 3 ™ 15,175 18,283 18,750 17,403 1,943 1,17% 0,02% 11,16%
80 (es39i €) Twso Centrifugation (1000 x g) 20 30 2 ” ) 15,292 15,083 17,083 16,819 1,099 6,95% 9,12% 6,32%
B0 (esswi ) Tw80 - [Centrifugation (2000 x g) 20 30 2 15,175 18,283 18,956 17.472 2,018 11,55% -0,38% 11,59%
[ Tween 80 (essai B) Tws0 - B Filtration 05 30 4 684 6,59 120 &3 14,286 16,239 15,876 15,467. 1,039 5,50% 11,14% 5.97%
[Metix-AC + Tween 80 METIX-AC+Tws0  |Filtration 05 30 4 7.53 1,88 58 370 14,686 14,558 15,009 14,751 0,233 1,68% 15,25% 1,34%
(Contrile dopé et autoclavé (DAC) DAC [Cenrifugation 0 30 0 711 6,99 19 -80 17,455 17,483 17,281 17,406 0,108 0,63% 0,00% 0,63%
(Contrile dopé et autoclavé (DAC) DAC [Centrifugation 0 30 168 711 7,01 19 -66 16,571 17,301 17123 17,029 0418 2,45% 217% 2,40%
(Contréle dopé et autoclavé (DAC) DAC Centrifugution 0 30 336 71 721 19 -62 15432 15,839 16,250 15,840 0,409 2,58% 9,00% 2,35%
[Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.0 716 ] -58 15,964 15,183 15,556 16,568 0,390 2,51% 10.56% 2,24%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 7 8,16 .08 5 9% 17,458 15,392 17,667 16,839 1,257 7.47% 3,26% 7,22%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 120 816 8,56 5 25 16,517 15,273 14,167 15,319 1,176 7.67% 11,99% 6,75%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 168 816 2,60 5 275 15,167 12,333 12,833 13,444 1,512 11,26% 2276% 8,69%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 816 5,80 5 361 13,333 12,833 13,000 13,056 0,255 1,95% 24,99% 1,46%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 13,400 13,109 13,958 13,489 0,431 3,20% 22,50% 2.48%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw30 Filtration 05 30 7 8,16 812 5 166 14,775 15,892 14,442 15,036 0,760 5,06% 13,61% 4,36%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 120 8,16 848 5 153 14,333 14,000 13,500 13,944 0,419 3,01% 19,89% 241%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 168 8,16 845 5 190 14,500 12,167 12,500 13,056 1,262 9,67% 24,99% 7.25%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 36 336 8,16 6,06 5 333 13,667 12,281 11,786 12,578 0,975 7.75% 27,74% 5.60%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 504 8,16 6,43 5 446 11,833 12424 10,893 "7 0,772 6,59% 32,69% 4,44%
METIX-BS METIX-BS Centrifugation 0 30 72 719 3,13 51 294 16,975 17,492 17,567 17,011 0,898 5,28% 2.21% 5,16%
METIX-BS METIX-BS Centrifugation 0 30 120 7,19 271 -51 310 15,167 14,333 14,333 14,611 0,481 3,20% 16,06% 2,76%
METIX-BS Centrifugation 0 30 168 719 . 2,15 -51 397 13,571 12,000 12,813 12,795 0,786 6,14% 26,49% 4,51%
S Centrifugation 0 30 336 7,19 1.83 -51 425 13,968 11,833 12,833 12,878 1,068 8,20% 26,01% 8,14%
Cenurifugadion [ 30 504 719 142 51 461 13,667 12,333 11,833 12,611 0948 7.51% 27,55% 5,44%




Benzo[a]pyréne (BAP)

Essais (Fraction solide) Code Déshydratation Tw8o ST Temps pH POR (mV) Concentration - fraction solide (mg/kg) Enlévement (%)
(g/L) (g/L) (h) initial final initial final A B [] Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type
Control dopé et non-traité (NDC) NDC [Centeifugation 0 13 0 640 6,47 270 283 0416 0412 0,349 0,392 0,037 9,54% '
Contrile dopé et non-traité (DOC) DOC Centeifugation 0 18 [ 640 637 270 a7 4,767 4,773 4,407 4,649 0,210 4,51% ,00%
Digestion aérobie mésophile (MAD) MAD Centrifugation ) 18 504 631 6,13 250 1 4,168 4,733 4,729 4544 0,326 7.15% 6,99%
METIX-BS METIX-BS Centrifugation o 18 240 637 1,57 277 398 3,918 4,249 4,675 4,281 0,380 8,87% 8,17%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 208 -345 326 4,138 4,126 4417 4,227 0,165 3,90% 3,54%
STABIOX STABIOX Centrifugation °. 18 1,33 678 4,00 -a1 290 5101 4,935 4,941 4,992 0,084 1,89% 2,02%
ELECSTAB ELECSTAB Centritugation 0 18 1 7.00 4,00 - 171 5,700 5,299 5510 5,503 0,201 3,65% -18,36% 4,32%
[ Tween 80 (essai A) Tws0 - A Filtation 0,5 30 6 4,939 5312 5,684 5312 0,372 7.01% 9,85% 6,32%
[ Tween 80 (essai A) Tw80 - A Centrifugation (500 x £) 0,5 30 6 5,323 5,842 5,751 5,639 0,277 4,92% 4,30% 471%
[Tween 80 (essai A) Tw80 - A [Centrifugation (1000.x g) 0,5 30 6 684 6,60 -120 -70 5,617 4,553 6,560 5577 1,005 18,01% 5,36% 17,05%
[Tween 80 (essai A) T80 - A Centrifugation (2000 x g) 0,5 30 6 5,932 5,800 5,620 5784 0,157 271% 1.84% 2,66%
[Tween 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 6 5,699 5,292 5,627 5,539 0217 3,92% 5,99% 3,69%
[Tween 80 (essai C} Tw80 - C Filtration 30 2 5117 5933 6,708 5,919 0,796 13,45% -0,46% 13,51%
[Tween 80 (essai C) Tw80 - C Centrifugation (500 x g) 30 2 654 662 1 ™ 5,142 5167 6,213 5,507 0,611 11,10% 6,54% 10,38%
[Tween 80 (essai C) Tw80 - C Centrifugation (1000 x g) 20 30 2 i y 5,158 6,167 5116 5480 0,595 10,85% 6,99% 10,09%
Tween 80 (essai C) Tw80 - C Centrifugation (2000 x g) 20 30 2 5,642 6,674 5,193 5,836 0,759 13.01% 0,95% 12,89%
[ Tween 80 (essai B) Tw80 - B Filtration 0,5 30 4 684 6,59 -120 -83 4,857 5474 5,563 5,298 0,384 7,26% 10,08% 6,52%
Metix-AC + Tween 80 METIX-AC+Tw80 [Filtration 0.5 30 ) 753 1,88 58 370 6,050 5,667 5,324 5,680 0,363 6,40% 3,50% 8,17%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 0 711 6,99 79 -80 5916 5912 5,849 5892 0,037 0,63% 0,00% 0,63%
Contréle dopé et autoclavé (DAC) DAC [Centrifugation [ 30 168 7.1 7,01 79 -66 5714 6,250 6,164 6,043 0,288 4,76% -2,56% 4,88%
Contréle dopé et autoclavé (DAC) DAC Centrifugation o 30 336 711 121 79 -62 5,247 5,590 5,833 5557 0,285 5,30% 5,69% 5,00%
Contrile dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 7,16 79 -58 5422 5,497 5,185 5,368 0,163 3,03% 8,89% 2,76%
Digestion aérabie mésaphile (MAD) MAD Centrifugation 0 30 72 8,16 £08 s 96 6,217 6,192 6,100 6,169 0,061 1,00% -4,71% 1,04%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 120 816 8,56 s 225 5,050 5,000 4,667 4,908 0,208 4,25% 16,74% 3,54%
Digestion aérobie mésophile (MAD) MAD Centrifugation 1 30 168 8,16 8,60 s 275 4,833 4,167 4,000 4333 0,441 10,18% 26,46% 7,48%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 4,667 4,667 4,000 4444 0,385 8,66% 24,57% 6,53%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440 4,400 4433 4,529 4,454 0,067 1,50% 24.41% 1,14%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw§0 Filtration 05 30 72 8,16 8,12 s 106 5,758 4,608 5775 5380 0,669 12,43% 8,69% 11,35%
Digestion aérobie mésophite (MAD) + Tween 80 MAD + Tws Filtration 0,5 30 120 8,16 848 5 153 4,833 4,667 4,667 4,722 0,096 2.04% 19,86% 1,63%
[Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 816 845 s 190 4,833 4,000 4,333 4,389 0419 9.56% 25,51% 7,12%
Digestion aérabie mésophile (MAD) + Tween 80 MAD -+ Twst Filtration 05 30 336 8,16 6,06 5 333 4,333 4,035 3,929 4,099 0,210 5,12% 3043% 3,56%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtrution 05 30 504 8,16 643 s 446 3,833 3,636 3,571 3,680 0,136 3,71% 37,54% 2,31%
METIX-BS METIX-BS Centrifugation 0 30 7 719 313 -51 294 5,758 5275 5,775 5603 0,284 5,07% 4.91% 4,82%
METIX-BS METIX-BS [Centrifugation [ 30 120 718 2,71 -51 310 5,167 4,833 4,833 4,944 0,182 3,89% 16,08% 3.27%
METIX-BS METIX-BS [Centrifugation 4 30 168 7.19 2,15 -51 397 4,571 4,000 4,219 4,263 0,288 6,76% 27,64% 4,89%
METIX-BS METIX-BS [Centrifugation o 30 336 719 1,83 51 425 4,127 3,500 3,667 3.765 0,325 8,63% 36,11% 5,51%
[METIX-BS METIX-BS Centrifugation 0 30 504 719 1,42 =51 461 4,000 3,667 3,333 3,667 0,333 9,00% 31.77% 5,66%




Indéna[1,2,3-cd]pyréne (INP}

Essais (Fraction solide) Code Déshydratation Tws0 ST Temps pH POR (m¥) Concentration - fraction solide (mg/kg) Enlévement (%)
(/L) L) (h) final initial final A B [ Moyenne  Ecart-type  C.V. (%) Moyenne ~ Ecart-type

[Contréle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 [} 640 6,47 270 283 0,534 0,503 0,461 0,499 0,036 7.29%

Contrble dopé et non-traité (DOC) DOC Centrifugation 4 i 0 640 637 270 - 5,261 6,007 4,730 5,333 0,642 12,03% 0,00%

Digestion aérobie mésophile (MAD) MAD Centrifugation [ 18 504 631 613 250 1 4,209 4,653 4,828 4,593 0,270 5,87% 13,87%

METIX-BS METIX-BS Contrifugation o 18 240 631 1,57 m 398 5125 5,254 5,183 5,187 0,065 1,24% 2,73%

METIX-AC METIX-AC Centrifugation [ 18 4 669 2,08 345 326 6,314 5,034 6,082 5810 0,682 11,74% -8,94%

STABIOX STABIOX Centritugation 0 18 133 678 400 - 290 5,050 5,609 5,402 5384 0,295 5,48% -0,96%

ELECSTAB ELECSTAB Centrifugation 0 18 1 700 4,00 -1 171 5,531 5215 5,510 5419 0,177 3,26% -1,61%

Tween 80 (essai A) Twd0 - A Filtration 05 30 6 4,483 5,631 5,491 5202 0,627 12,05% 13,79%

Tween B0 (essai A) Twdo - 4 Centrifugation (500 x g) 0.5 30 6 6,034 6,244 5,380 5,886 0,451 7.66% 245%

Tween 80 (essai A) Twdt - A Contrifugation (1000 x g) 05 30 6 684 6.60 -120 70 4128 4,683 5,167 4,658 0,521 11,19% 22,80%

Tween 80 (essal A) Tws0 - A Centrifugation (2000 x g) 05 30 6 5,487 6,267 5314 5,689 0,508 8,93% 571%

Tween 80 (essai A) Tws0 - A Centrifugation (3000 x g) 0.5 30 6 5,165 5375 5,756 5432 0,300 5,52% 9,98%

Tween 80 (essai C) Twso -C Filtration 20 30 2 5,542 6,300 5,168 5,670 0,577 10,17% 6,04%

Tween 80 (essai ©) Tws0 -C Centrifugation (500 x g) 2,0 30 2 s 662 a0 ™ 5,375 5,144 5,348 5,289 0,126 2,39% 12,35%

Tween 80 (essai ©) Tw80 -C Centrifugation (1000 x g) 2.0 30 2 ’ > 5375 5447 5,348 5,390 0,051 0,95% 10,68%

Tween 80 (evsai €) Twdo - C Centrifugation (2000 x g) 20 30 2 5,458 6,667 5,685 5,937 0,642 10,82% 1,62%

Tween 80 (essai B) Tws0 - B Filtration 05 30 4 684 659 -120 K5 5,000 5751 5,876 5,542 0,474 8,56% 8,15%

[Metix-AC + Tween 80 METIX-AC +Tw80  |Filtration 0,5 30 4 753 188 58 370 5125 6,109 5,693 5,642 0,494 8,76% 649%

(Contréle dopé et sutoclavé (DAC) DAC Centrifugation 4 30 [} 71 699 719 -80 6,086 6,003 6,013 8,034 0,045 0,75% 0,00%

Contrdle dapé et autoclavé (DAC) DaC Centrifugation [ 30 168 .41 7.0 19 -66 5,556 5,280 5417 5417 0,138 2,55% 10,22%

(Contrdle dopé et autoclavé (DAC) DAC Centrifugation [ 30 336 il 721 79 62 4,938 5,280 5417 5211 0,246 4,73% 13,63%

(Contrile dopé et autoclavé (DAC) DAC Centrifugation [ 30 504 7.1 7,16 19 58 5422 5,497 4,815 5245 0,374 7.13% 13,08%

Digestion aérobie mésophile {MAD) MAD Centrifugation [} 30 7 816 8,08 5 96 6,250 5925 5,808 5,994 0,229 3,82% 0,66%

Digestion aérabie mésophile (MAD) MAD Centrifugation 0 30 120 816 8,56 5 25 5,150 5,367 4,333 4,950 0,545 11,01% 1797%

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 5,167 4,000 4,000 4,389 0,674 15,35% 2727%

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 316 5,80 5 361 4,500 4333 4,333 4,389 0,096 2,19% 27.27%

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 H 440 4,800 4,653 4,828 4,760 0,004 197% 21,11%

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 7 16 812 5 106 5,000 6,308 5,633 5,647 0,654 11,58% 642%

Digestion aérobic mésophile (MAD) + Tween 80 MAD + Twg0 Fittration 05 30 120 8,16 848 5 153 5,667 4,667 4,500 4,944 0,631 12,76% 18,06%

Digestion aérobie mésophile (MAD} + Tween 30 MAD + Tw30 Filtration 05 30 168 816 8,45 5 190 5,000 4,000 4,333 4,444 0,509 11,46% 26,34% 8,44%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw30 Filtration 0.5 30 336 8.16 6,06 5 333 5,167 4,561 4,464 4,731 0,381 8,05% 21,60% 6,31%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw$0 Filiration 05 30 504 816 643 H 446 5,000 4,848 4464 4771 0,276 5,79% 20,93% 4,58%
METIX-BS METIX-BS Centrifugasion [ 30 n 719 3,13 51 294 5,936 6417 6,633 6,329 0,357 5,64% -4,88% 5,92%
METIX-BS METIX-BS Centrifugation [ 30 120 719 2,7 -5l 310 5,167 4,833 4,833 4,944 0,192 3,89% 18,06% 3,19%
METIX-BS METIX-BS Centrifugation [ 30 T 719 2,15 -5l 397 5,070 4,778 5,225 5,024 0,227 4,52% 16,73% 3,76%
METIX-BS METIX-BS Centrifugation 0 30 336 709 1,83 -5t 425 4,921 3,833 4,500 4418 0,548 1241% 26,78% 9,09%
IMETIX-BS METIX-BS Centrifugation [ 30 504 7.19 142 51 461 4,333 4,167 3,833 4,111 0,255 5,19% 31,87% 4,22%




éryléne (BPR)

Essais (Fraction solide) Code Déshydratation Twso ST Temps pH POR (mV) Concentration - fraction solide (mgfkg) [ Enlévement (%)
{g/L) L) ) initial final initial final A B [ Moyenne _ Ecart-type  C.V. (%) Moyenne

[Contrdle non-dopé et non-traice (NDC) NDC Centrifugation [ 18 0 6,40 647 EX) 283 0,456 0,425 0,399 0427 0,028 6,65%

[Contrile dopé et non-traité (DOC) DOC Centrifugation 0 18 0 6,40 637 270 277 6,331 5,965 5,569 5,962 0,371 8,22% 0,00% 0,00%
Digestion acrobie mésophile (MAD) MAD Centrifugation ) 18 504 631 6,13 250 1 4,934 5,345 4,536 4,938 0,405 8.20% 17,17% 6,79%
METIX-BS METIX-BS Centrifugution 0 i8 240 637 157 277 398 5,507 5626 5,131 5421 0,258 4,771% 9.07% 4,34%
METIX-AC METIX-AC Centrifugution 0 18 4 669 2,08 -345 326 6,061 5,043 4,891 5,331 0,636 11,93% 10,57% 10.67%
STABIOX STABIOX Centrifugation 0 18 133 678 4,00 a1 290 5,644 5,380 5,733 5,586 0,183 3,28% 631% 3,08%
ELECSTAB ELECSTAB Cenrifugation 0 18 1 700 4,00 172 17 5,642 5215 5,035 5,317 0,306 5,76% 10,81% 5,14%
[Tween 80 (essai A) Tw80 - A Filtrution 05 30 6 4114 5,188 5,949 5,084 0,922 18,13% 15,40% 15,34%
[Tween 80 (evsai 4) Twg0 - A [Centrifugation (500 x g) 0,5 36 4 5,087 6,244 4,824 5,368 0,766 14.27% 10,65% 12,75%
[Tween 80 (essui A) Tw0 - A [Centtifugation (1000 x g) 05 30 6 6,84 6,60 -120 -70 6,608 4,233 5,424 5422 1,188 21,90% 9,76% 19,76%
[Tween 80 (essai A) Twsd - A [Centrifugation (2000 x g) [IX] 30 6 5,261 6,038 6,263 5,854 0,525 8,98% 257% 8,74%
[Tween 80 (essai A) Twho - A Centrifugation (3000 x g) 05 30 6 6,125 6,100 8,572 6,266 0,266 4,24% -4,28% 4,42%
[Tween 80 (essai C) Tws0 - C Filtration 20 30 2 4,983 5,683 8,202 5,653 0,655 11,58% 5,92% 10,90%
[Tween 80 (essal C) Tws - C [Centrifugation (500 x £) 20 30 2 634 66 120 © 5,108 6,067 5,841 5672 0,501 8,83% 5,60% 8,34%
Tween 80 (essai C) Twio - C Centrifugation (1000 x g) 20 30 2 "’ 0 5,608 6,067 6,542 6,072 0,467 7,69% -1,06% 1.77%
Tween 80 (essai C) Twio - C Centrifugation (2000 x g) 20 30 2 5,358 6,566 6,542 6,155 0,690 1,22% 2.44% 11,49%
[Tween 80 (essai B) Twio - B Filiration 05 30 4 684 659 -120 £ 5,143 5,552 5127 5,274 0,241 4,57% 12.23% 4,01%
[Metix-AC + Tween 80 METIX-AC + Tw80  [Filiration 0.5 30 a 1,53 188 58 37 4,968 5,397 4,838 5067 0,292 5.77% 15,66% 4,87%
(Controle dopé et autoclavé (DAC) DaC Centrifugation 0 30 0 711 6,99 79 80 5870 5435 8721 6,009 0,654 10,88% 0,00% 10,89%
[Contrdle dopé et autoclavé (DAC) DAC Centrifugation 1 30 168 711 701 79 -66 5,566 5,901 5,833 5763 0,183 3,17% 4,08% 3,04%
(Contrdle dopé et autoclavé (DAC) DAC Centrifugation 1 30 336 AT 721 79 -62 5,120 5,236 5,556 5,304 0,225 4,25% 11,73% 3,75%
(Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 504 711 7,16 79 -58 6,025 5,858 6,125 6,003 0,135 2,25% 0,10% 2,25%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 k7 8,16 8.08 s 9 5,467 4,801 4,833 5,064 ' 0,350 6,92% 15,73% 5,83%
Digestion aérobic mésophile (MAD) MAD Cenrifugation 1 30 120 816 8,56 s 225 5,000 4,333 4,333 4,556 0,385 8,45% 24,18% 6.41%
Digestion aéroble mésophile (MAD) MAD Centrifugation 9 30 168 8,16 8,60 s 275 4,833 4,500 4,500 4611 0,162 417% 23,26% 3,20%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 816 5,80 5 361 5,000 4,845 4,535 4,793 0,237 4,94% 20,23% 3,94%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440 5,867 5,658 5417 5,647 0,225 3,99% 6,01% 3,75%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twag Filtration 05 30 72 8,16 812 5 106 5,000 4,833 4,667 4,750 0,118 2,48% 20,95% 1,96%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153 5,000 4,667 4,500 4722 0,255 5,38% 21,41% 4,24%
Digestion aérobie mésophile (VMAD) + Tween 80 MAD + Twi0 Filtration 05 30 168 8,16 845 5 190 4,833 4,737 4,643 4,738 0,095 2,01% 21,15% 159%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 336 816 6,06 5 333 4,833 4,545 4,821 4733 0,163 3.44% 21,22% 2.71%
Digestion aérobic mésophile (MAD) + Tween 80 MAD + Twgd Filtration 05 30 504 8,16 643 5 446 6,267 6417 6,183 6,289 0,119 1,89% -4.67% 1,97%
METIX-BS METIX-BS Centrifugation 0 30 7 7,19 313 51 294 6,167 4,833 5,000 5333 0,726 13,62% 11,24% 12,00%
METIX-BS METIX-BS Centrifugation 0 30 120 7,19 37 -51 310 4917 4,977 5,419 5,104 0274 5,37% 15,05% 4,56%
METIX-BS METIX-BS Centrifugation ] 30 168 7,19 2,15 -51 397 4,603 4,000 4,500 4368 0,323 7,39% 27.31% 5,37%
METIX-BS METIX-BS Centrifugation 0 30 336 7,19 1,83 -51 425 4,500 4,333 3,833 4222 0,347 8,22% 29.73% 5,77%
METIX-BS METIX-BS | Centrifugation 0 30 504 749 142 51 461 4,500 | 4333 3,833 4.222 0,347 8.22% 29,73% 5.77%




é téna-D10 (%) -
Essais {Fraction solide) Code Déshydratation Tw8d ST Temps pH POR (mV) Recouvrament Acénaphtan () - fraction solide
/L) @/L) (1)) initial final initial final A B c Moyenne  Ecarttype  C.V. (%)
[Controle non-dopé et non-traité (NDC) NDC [Centrifugation 0 18 0 6,40 6,47 270 283 71,90% 68,50% 61,10% 67,17% 5,52% 8.22%
[Contréle dopé et non-traité (DOC) DOC Centrifugation [ 18 0 640 637 270 2717 114,00% 78,30% 98,50% 96,93% 17,90% 18.47%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 250 1 102,20% 105,00% 112,40% 106.53% 5.21% 4,95%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 277 398 102,50% 104,20% 109,30% 106,33% 3,54% 3,36%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 208 345 326 119,00% 91,10% 105,90% 105,33% 13,96% 13,25%
STABIOX STABIOX Centrifugation 0 18 133 678 400 -4l 290 64,50% 110,30% 102,10% 92,30% 24,42% 26,46%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 400 -2 17 95,40% 107,00% 102,10% 101,50% 5,82% 5,74%
Tween B0 (essai A) Twso - A Filtration 05 30 6 133,60% 132,80% 127,00% 131,20% 3,67% 2,80%
Tween 80 (essai A) Tws0- A Centrifugation (500 x g} 0,5 30 3 106,20% 112,80% 111,00% 110,00% 3,41% 3,10%
[Tween 80 (essai 4) Twso- A Centrifugation (1000 x g) 0,5 30 6 6,84 6,60 -120 70 99,00% 103,20% 106,00% 102,73% 3,52% 343%
[Tween 80 (essai A) Tws0-A Centrifugation (2000 x g) 0,5 30 6 94,00% 100,80% 92,00% 95,60% 4.61% 4,83%
[ Tween 80 (essai A} Twi - A Centrifugation (3000 x g) 05 30 6 126,40% 128,00% 126,00% 126,80% 1,06% 0,83%
Tween 80 (essui C) Twso - C Filtration 20 30 2 61,60% 62,00% 60,00% £1,20% 1,06% 1,73%
Tween B0 (essai C) Tweo - C Centrifugution (500 x g) 20 30 2 684 662 120 e 81,00% 80,00% 78,00% 79.67% 153% 1,92%
Tween 80 (essai C) Twso - C Centrifugation (1000 x g) 20 30 2 i ) 90,80% 101,20% 106,00% 99,33% 7.77% 7.82%
Tween 80 (essai C) Twso - C Centrifugation (2000 x g) 20 30 2 81,80% 99,20% 93,00% 91,33% 8,82% 9,66%
Tween 80 (esssi B) Tws0- B Filtration 05 30 4 6,84 6,59 -120 83 71,00% 83,00% 79.00% 77.67% 8,11% 7.87%
Metix-AC + Tween 80 METIX-AC +Tws0  [Filtration 05 30 4 7,53 188 -58 3 105,00% 112,00% 118,10% 11,70% 6,56% 5,87%
(Controle dopé et autoclavé (DAC) DAC Centrifugation o 30 0 711 699 79 80 73,90% 68,50% 68,10% 70,50% 2,96% 4,20%
(Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 -6 99,40% 86,84% 80,33% 88,86% 9,69% 1091%
Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 721 19 -62 89,00% 79,23% 82,00% 86,74% 10,71% 12,34%
Controle dopé et autoclavé (DAC) pAC Centrifugation 0 30 504 7.1 7.6 79 -5% 80,86% 94,33% 90,80% 88,66% 6,99% 7.88%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96 86,00% 89,00% 98,00% 91,00% 6,24% 6,86%
estion aérobie miésophile (MAD) MAD Centrifugation 0 30 120 8,16 5,56 5 225 80,60% 75,60% 83,40% 79.87% 3.95% 4,95%
gestion aérobie mésophile (MAD) MAD Centrifugation 1 30 168 8,16 3,60 5 275 95,00% 116,00% 94,00% 101,67% 12,42% 12,22%
Digestion aérobie mésopbile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 36 119,08% 99,00% 99,20% 105,76% 1,54% 10,91%
Digestion aérabie mésophile (MAD) MAD Centrifugation 4 30 504 8,16 708 s 440 95,00% 91,28% 90,32% 92,20% 2,47% 268%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 2] 8,16 8,12 s 106 99,00% 79,00% 102,10% 90,55% 16,33% 18,04%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 120 8,16 848 s 153 77,34% 73,06% 72,50% 74,30% 2,65% 3,56%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 168 816 845 5 150 84,66% 86,30% 91,40% 87,45% 3,52% 4,02%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twt) Filtration 05 30 336 8,16 6,06 5 333 91,20% 98,91% 92,00% 94,04% 4,24% 4,51%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw§0 Filtration [ 30 504 8,16 643 5 446 89,83% 88,14% 86,63% 88,20% 1,60% 181%
METIX-BS METIX-BS Centrifugation 4 30 7 7,19 3,13 51 294 106,00% 88,00% 85,00% 93,00% 11,36% 12.21%
METIX-BS METIX-BS Centrifugation [ 30 120 7,19 2,71 Eil 310 91,10% 88,00% 91,98% 90,36% 2,09% 2,31%
METIX-BS METIX-BS Centrifugation 0 30 168 719 2,15 51 397 88,67% 84,60% 92,67% 88,64% 4,03% 4,55%
METIX-BS METIX-BS Centrifugation 0 30 336 7,19 1,83 51 425 92,48% 80,88% 74,25% 82,53% 9,22% 1,18%
METIX-BS METIX-BS Cenrifugation 0 30 504 7,19 1,42 =51 461 84,50% 76,10% 66,38% 75.66% 9.07% 11.99%




&ne-DA2 (%) - fraction soli
Essais (Fraction solide) Code Déshydratation Tws0 ST Temps pH POR (mV) Recouvrement Chrysine.D12 %) - fraction solide
(/L) (@/L) (h) initial final initial final A B c Moyenne  Ecart-type  C.V. (%)
Cantrile non-dopé et non-traité (NDC) NpC [Centrifugation 0 18 0 6,40 647 270 -2¥3 93,20% 96,00% 78,30% 89,17% 9,51% 1067%
Controle dopé et non-traité (DOC) poc Centrifugation 0 18 ° 6,40 637 270 277 117,00% 80,20% 82,10% 93,10% 20,72% 22.26%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 250 1 129,33% 123,80% 138,60% 130,58% 7,48% 5,73%
METIX-BS METIX-BS Centrifugation 0 18 240 637 157 277 398 113,00% 144,10% 149,10% 13540% 19.56% 14,45%
METIX-AC METIX-AC Centrifugation [ 18 4 6,69 2,08 345 326 122,40% 126,90% 153,70% 134,33% 16,92% 12,60%
STABIOX STABIOX Centrifugation [ 18 133 678 4,00 -41 290 126,80% 121,13% 108,40% 118,78% 9,42% 7.93%
ELECSTAB ELECSTAB Centrifsgation 4 18 1 7,00 400 -172 171 104,93% 113,67% 106,00% 108,20% 4,76% 4,40%
Tween 80 (essai A) Twi-A Filtcation 05 30 6 108,00% 104,00% 110,00% 107,67% 3,21% 2,99%
Tween 80 (essai &) Two - A Centrifugation (500 x g) 05 30 6 111,20% 109.20% 121,00% 113,80% 6,32% 5,65%
Tween 80 (essai A) Tws0- A Centrifugation (1000 x g) 05 30 6 6,84 660 -120 70 117,00% 129,60% 121,00% 122,53% 6.44% 5.25%
I Tween 80 (essui A) Tw80- A Cenurifugation (2000 x ) 05 30 6 130,00% 105,20% 121,00% 118,73% 12,55% 10,57%
Tween 80 (essai A) Tws0- A Centrifugation (3000 x g) 05 30 6 130,20% 108,00% 124,00% 120,73% 11,45% 9,49%
Tween 80 (essai C) Filtration 20 30 2 113,20% 124,80% 134,00% 124,00% 10,42% 841%
Tween 80 (essai C) Centrifugation (500 x g) 20 30 2 684 662 120 ™ 114,00% 124,80% 116,00% 118.27% 5,75% 4,86%
Tween 80 (essai C) Centrifugation (1000 x g) 20 30 2 ) N 110,80% 99,20% 92,00% 100,67% 9,49% 9,42%
Tween 80 {essai C) Centrifugation (2000 x g) 20 30 2 114,00% 92,40% 94,00% 100,13% 12,04% 12,02%
Tween 80 (essai B) Filtration 05 30 4 6,84 659 -120 3 97,00% 113,00% 97,00% 102,33% 9,24% 9,03%
Metix-AC + Tween 80 METIX-AC+Tw80  [Filtration 05 30 k) 7,53 188 £ 370 114,00% 129,00% 116,10% 119,70% 8.12% 6,75%
Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 7.1 6,99 79 -80 93,20% 96,00% 88,30% 92,50% 3,90% 421%
Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 -66 107,08% 82,96% 86,63%. 92,22% 13,00% 14,09%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 71 721 <79 -62 107,00% 87,58% 97,07% 97.21% 9,71% 9,99%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 1 30 504 711 7,16 79 -58 97,00% 97,00% 89,35% 94,45% 4,42% 4,68%
Digestion aérobie mésophile (MAD) MAD Centsifugation 0 30 7 8,16 8,08 5 96 124,00% 119,00% 125,00% 122,67% 3,21% 2/62%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225 111,60% 101,60% 74,80% 96,00% 19,03% 19,82%
Digestion acrobie mésophile (MAD) MAD Centrifugation 0 30 168 816 £,60 5 275 71,08% 72,60% 84,00% 75,89% 7.06% 8,30%
Digestion aérobie mésophile (MAD) MAD Centrifugation 4 30 336 8,16 580 s 361 92,66% 69,18% 68,80% 76,88% 13,67% 17,78%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 708 s 440 91,28% 103,80% 108,60% 101,23% 8,94% 8,83%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws Filwration 05 30 7 8,16 812 5 106 121,00% 121,00% 128,10% 124,55% 5,02% 4,03%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 120 8,16 848 5 153 91,20% 83,10% 78,24% 84,18% 6,55% 7.78%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 102,80% 87.62% 87,44% 92,62% 8,81% 9,52%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 s 333 103,36% 100,44% 88,16% 97,32% 8,07% 8,29%
Digestion aérobie mésophile (MAD) + Tween 80 IMAD + Tw80 Filtration 05 30 504 816 6,43 5 446 95,92% 79,70% 77.76% 84,46% 9.97% 11,81%
METIX-BS Centrifugation 0 30 7 7,19 3,13 -51 294 122,00% 107,00% 100,00% 109,67% 11,24% 10,25%
METIX-BS Centrifugation ] 30 120 7,19 2,71 -51 310 96,85% 80,00% 90,50% 89,12% 8,51% 9,55%
METIX-BS Centrifugation 0 30 168 7,19 2,15 -51 397 93,75% 77,50% 91,18% 87,48% 8,73% 9,98%
METIX-BS Centrifugation ] 30 336 7,19 183 -51 425 107,56% 83,.24% 82,44% 91,08% 14,28% 15,68%
[METIX-BS Centrifugation 0 30 504 719 142 =51 461 98,72% 87,89% 83,00% 89.87% 8.05% 8,95%




N o
Essais (Fraction solide) Code Déshydratation Tw80 ST Temps pH POR (mV) Recouvrement Anthracéne 010 (%) -fraction solide

L) (g/L) t) initial final initial final A B c Moyenne  Ecarttype CV. (%)

[Contréle non-dopé et nun-traité (NDC) NDC Centrifugation 1 18 0 6,40 647 270 283 90,20% 91,00% 85,30% 88,83% 3,09% 347%
[Controle dopé et non-trsité (DOC) poC Centrifugation 1 18 0 640 637 270 a7 133,00% 106,70% 100,50% 113,40% 17.25% 15,22%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 250 1 98,30% 97,10% 101,30% 98,90% 2,16% 2,19%
METIX-BS METIX-BS Centrifugation 0 18 240 £37 1,57 217 398 95,50% 98,70% 102,50% 98,90% 3,50% 3,54%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 208 345 326 104,30% 91,90% 101,40% 99,20% 6.49% 6,54%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 -4l 290 104,90% 107,20% 99,30% 103,80% 4,06% 391%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 172 m 100,30% 100,50% 99,30% 100,03% 0,64% 0,64%
| Tween 80 (essai A) Tw0 - A Filtrution 05 30 6 107,40% 102,80% 102,00% 104,07% 2,91% 280%
Tween 80 (essai A) Tws0- A Centrifugation (500 x g 05 30 6 106,20% 110,00% 109,00% 108,40% 1.97% 1,82%
[ Tween 80 (essai A) Tw80- A Centrifugation (1000 x g) 05 30 6 6,84 6,60 “120 70 104,20% 106,00% 108,00% 106,07% 1,90% 1,79%
[Tween 80 (essai A) Tws0- A | Centrifugation (2000 x g) 05 30 6 104,80% 110,40% 104,00% 106,40% 3.49% 3,28%
[Tween 80 (essai A) Tws0 - & Centrifugation (3000 x g) 05 30 6 104,40% 107.60% 108,00% 106,67% 1,97% 1,86%
Tween B0 (essai C) Twio-C Filtration 20 30 2 101,40% 103,20% 104,00% 102,87% 1,33% 1,20%
Tween 80 (essai C) Tw80 - C Centrifugation (500 x g) 20 30 2 680 662 120 © 102,00% 106,40% 112,00% 106,80% 501% 4,69%
Tween 80 {essai C) Tw8o - C Centrifugation (1600 X g) 20 30 2 ’ ) 89,20% 98,80% 96,00% 94,67% 4,94% 5.22%
[Tween 80 (essai C) Twso - C Centrifugation (2000 x g) 20 30 2 102,00% 98,80% 112,00% 104,27% 6,80% 6,60%
Tween 80 (essai B) Tws0- B Filtration 05 30 4 6,84 6,59 -120 83 109,00% 121,00% 98,00% 109,33% 11,50% 10,52%
Metix-AC + Tween 80 METIX-AC +Tw80  [Filtration 05 30 E) 753 1.8% 58 370 107,00% 115,00% 112,00% 111,33% 4.04% 3,63%
Contréle dopé et autoclavé (DAC) DAC [Cenuifugation 0 30 0 211 699 £ -80 90,20% 98,00% 87,30% 91,83% 5,53% £,03%
Contrdle dopé et autoclavé (DAC) DAC Centrifugation [ 30 168 71 701 79 66 105,20% 89,30% 85,18% 93,23% 10,57% 11,34%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 71 721 79 62 105,00% 92,96% 92,02% 96.66% 7,24% 7.49%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 7,16 -79 -58 105,60% 105,60% 96,78% 102,66% 5,09% 4,96%
Digestion uérobie mésophile (MAD) MAD Centrifugution 0 30 7 8,16 8,08 5 96 95,00% 78,00% 110,00% 94,33% 16,01% 16,97%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 816 8,56 5 225 101,40% 108,00% 96,00% 101,80% 6,01% 5.90%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 s 275 100,60% 91,06% 90,80% 94,15% 5,58% 593%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 816 5.80 5 361 102,36% 85,70% 93,04% 93,70% 8,35% 891%
Digestion aérabie mésophile (MAD) MAD Centrifigation [ 30 504 8,16 7,08 5 440 90,32% 97,10% 101,30% 96,24% 5,54% 576%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twi0 Filtration 05 30 kel 816 812 5 106 105,00% 110,00% 109,00% 109,50% 0.71% 0,65%
Diges MAD + Twso Filtration 05 30 120 8,16 8,48 5 153 98,10% 91,76% 89.60% 93,15% 4.42% 4,74%
Dige: MAD + Twsd Filtration 05 30 168 816 845 5 190 99,00% 98.44% 93,78% 97,07% 2,87% 2,95%
Dige: MAD + Tws0 Filtration 05 30 336 8,16 606 5 333 102,36% 94.46% 88,30% 95,04% 7,08% 7,42%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws¢ Filtration 05 30 504 8,16 643 5 446 102,62% 86,92% 87,62% 92,39% 8,87% 9,60%
METIX-BS METIX-BS Centrifugation 0 30 kel 7.19 313 -51 294 110,00% 95,00% 106,00% 103,67% 7.77% 7,49%
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 -51 310 85,80% 87,00% 85,64% 86,15% 0,74% 0,86%
METIX-BS Centrifugation 0 30 168 719 215 -5t 397 92,98% 83,72% 80,74% 85,81% 6,38% 7.44%

METIX-BS Centrifugation 0 30 336 719 183 -5 425 102,60% 87,80% 83,90% 91,43% 9,87% 10.79%

METIX-BS Centrifugation I 30 504 7,19 1,42 51 261 104,70% 98,84% 86,76% 96,77% 9,15% 9.45%




acouV éne-D10 (%) - ide
Essais (Fraction solide) Code Déshydratation Tw30 ST Temps pH POR (mV) Rocouvrement Pyréane-D10 (%) -fraction sol

[¢/19] (g/L) (1)) initial final initial final A B < Moyenne  Ecart-type _ C.V. (%)
[Contréle nen-dopé et non-traité (NDC) [NDC Centrifugation 0 18 ) 6,40 647 270 283 91,90% 92,50% 87,40% 90,60% 2,79% 3.08%
[Contrdle dopé et uon-traité (DOC) DOC Centrifugation 0 18 4 6,40 637 27 =277 136,00% 117.40% 111,60% 121,63% 12,79% 10,51%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 18 504 6,31 6,13 250 1 107,50% 113.80% 120,30% 113,87% 6.40% 5,62%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 157 2n 398 102,70% 112,00% 113,30% 109,33% 5,76% 5.29%
METIX-AC METIX-AC Centrifugation 9 18 4 6,69 208 -345 326 120,40% 101,80% 118,90% 113,70% 10,33% 9,09%
STABIOX STABIOX Centrifugation [ 18 1,33 678 400 41 290 124,10% 125,70% 116.40% 122,07% 4,97% 4,07%
FLECSTAB ELECSTAB Centrifugation 0 18 1 7,00 400 -in2 171 135,80% 136,70% 116,40% 129,63% 11,47% 8.85%
Tween 80 (essai A) Twso - A Filtration 05 30 6 121,80% 133,20% 136,00% 130,33% 7.52% 577%
Tween 80 (essai A) Tws0 - A Centrifugation (500 x g) 05 30 6 121,00% 120,00% 119,00% 120,00% 1,00% 0,83%
Tween B0 (essai A) Two- A Centrifugation (1000 x g) 05 30 6 6,84 660 -120 70 112,40% 127,60% 128,00% 12267% 8,89% 7.25%
Tween 80 (essai A) Tws0 - A Centrifugation (2000 x g) 0,8 30 6 121,80% 126,80% 128,00% 125,53% 3.20% 2,62%
Tween 80 (essai A) TwB0 - A Centrifugation (3000 x g) 05 30 3 116,00% 122,80% 110,00% 116,27% 6,40% 5,51%
Toween 80 (essai C) Tws0 - C Filtration 20 30 2 115,80% 124,80% 129,00% 123,20% 6,74% 547%
Toween 80 (essai C) Tws0 - C [Centrifugation (500 x g) 2,0 30 2 ™ 662 120 ™ 118,60% 121,60% 114,00% 118,07% 3,83% 3,24%
Tween 80 (essai C) Tws0-C Centrifugation (1000 5 g) 20 30 2 ) ” 116,80% 122,40% 125,00% 121,40% 4,18% 3,45%
Tyween 80 (essui C) Twso - C Centrifugation (2000 x g} 20 30 2 118,60% 126,60% 115,00% 119,73% 5,39% 4,50%
[Tween 80 (essai B) Tws0-B Filtration 05 30 4 6,34 6,59 -120 83 110,00% 113,00% 121,00% 114,67% 5,69% 4,96%
Metix-AC +Tween 80 METIX-AC+Tw80  [Filiration 05 30 4 7.53 1,88 58 370 117,00% 121,00% 121,40% 119,80% 2,43% 2,03%
Contréle dopé et sutoclavé (DAC) DAC Centrifugation 4 30 [ 711 699 78 -80 59,00% 92,50% 81,40% 90,97% 8,90% 9,78%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 4 30 168 711 701 ] -66 105,00% 89,58% 83,94% 92,84% 10,90% 1.74%
Contréle dopé et autoclavé (DAC) DAC |Centrifugation o 30 336 711 721 79 -62 105,00% 88,56% 91,40% 94,99% 8,79% 9,25%
Contrdle dopé et autoclavé (DAC) DAC Centrifugation o 30 504 711 7,16 -9 -58 104,40% 104,40% 97,62% 102,14% 3,91% 3,83%
Digestion aérobie mésophile (MAD) MAD Centrifugation 4 30 7 816 808 5 9% 105,00% 113,00% 120,00% 12,67% 7,51% 6,66%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 120 8,16 8,56 5 215 11240% 124,60% 91,32% 108,44% 15,52% 14,32%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 168 816 860 5 275 104,94% 93,50% 92,78% 97,07% 6,82% 7,03%
Digestion aérobie mésophile (MAD) MAD Centrifugation ¢ 30 336 8,16 5,80 5 361 106,28% 87,10% 96,20% 96,53% 9,50% 9,94%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 93,42% 113,80% 120,30% 109,17% 14,02% 12,85%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 7 8,16 812 5 106 118,00% 118.80% 119,40% 119,10% 0,42% 0.36%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw30 Filtration 05 30 120 8,16 848 5 153 99,80% 90,76% 85,94% 9217% 7.04% 7,63%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 104,86% 96,56% 92,78% 98,06% 6,18% 6.30%
Digestion aérobie mésophile (MAD) + Tween 80 MAD +Tw80 Filtration 05 30 336 8,16 6,06 5 333 103,62% 96,40% 90,20% 96,74% 6,72% 6,94%
Digestion aérubie mésophile (MAD) + Tween 80 MAD +Tw80 Filtration 05 30 504 8,16 643 s 446 102,90% 90,40% 92,00% 95.10% 6,80% 7.15%
METIX-BS METIX-BS Centrifugation o 30 7 7,19 3,13 -51 294 119,00% 105,00% 115,00% 113,00% 7.21% 6,38%
METIX-BS METIX-BS Centrifugation [ 30 120 719 27 -51 310 96,00% 90,00% 89,00% 9167% 3,79% 413%
METIX-BS METIX-BS Centrifugation [ 30 168 719 2,15 -51 397 98,70% 86,66% 85,56% 90.31% 7,20% 807%
METIX-BS METIX-BS Centrifugation 0 30 336 719 183 -51 425 107,80% 91,16% 84,88% 94.61% 11,84% 12,52%
METIX-BS METIX-BS |Centrifugation [ 30 504 7.19 142 51 461 105,32% 99,84% 86,26% 97.17% 9.83% 10.11%




Totale (11 HAP)

Essais (Fraction liquide} Code Déshydratation Tweo ST Temps PH POR {mv) C - fraction liquide {mg/kg) ion (%)
(gL} (git) {h) initial final initial final A B c Moyenne  Ecart-type  C.V.(%) | Moyenne Ecart-type
[Contréle non-dopé ot non-traité (NDC} NDC Centrifugation [ 18 0 640 647 270 283 0,807 0653 0,650 0,703 5,080 12.81% 1,22% 0.16%
Controle dops et non-traité (DOC) poc Centrifugation 0 18 0 640 637 270 217 2,603 3362 2,574 2,847 0,447 15,69% 4,44% 0,70%
Digestion aérobie mésophila (MAD) MAD Centrifugation 0 18 504 6,31 613 250 1 0,609 0373 0375 0,452 0,136 30,03% 0,79% 024%
METIX-8S METIX-BS Centrifugation 0 18 240 6,37 157 277 308 2,890 3,650 3711 3420 0,452 13,23% 5,34% 0,79%
METIX-AC METIX-AC Centritugation 0 18 4 6,69 2,08 345 326 1,684 2,417 1,517 1773 0310 17,46% 3,08% 0,54%
STABIOX STABIOX Centrifugation ) 18 1,33 6,78 4,00 41 200 0,837 0726 0,767 0,776 0,056 7.24% 1,35% 0,10%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 171 0,49%
Tween 80 (essal A) Two - A Filtration 05 30 i
Twean 80 {assal A) Tw80 - A Centrifugation (500 x g) 05 30
[Tween 80 (essai A} TwB0 - A Centrifugation (1000 X g) 05 30 6 684 6,60 120 70
Twaen 80 (assai A) Tw8o - A Centrifugation (2000 x g) 05 30
Twesn 80 (essai A) Tweo - A (Centrifugation (3000 x g} 05 30
Tween 80 (essal C) Twso-C Fillration 2,0 30
Tweon 80 (ssal C) Twso - C Centritugation (500 x g) 20 20
Tweon 80 (essal C) w0 - C Centrifugation (1000 X g) 20 30 2 684 662 120 B2
Tween 80 {essal C) Tw80 -C Centrifugation (2000 X g) 20 30
Twoen 80 {essai B} Tw80 - B Filtration 05 30 4 6.84 6.5 120 -83
[Motix-AC + Tween'80 METIX-AC + TwB0  |Filtration 05 30 4 7,53 1,88 58 370
(Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 7.1 6.99 79 -80
Contrale dopé et autoclavé (DAC) pAC Centrifugation 0 30 168 7.1 701 79 -66
Contrdle dopé ot autoclavé (DAC) DAC Centrifugation a 30 336 7.1 7.21 78 -62
Controle dopé ot autoclavé (DAC) DAC Centrifugation 0 30 504 7.1 7.8 78 -58
Digestion aérobie mésophile (MAD) MAD Centrifugation ° 30 72 8,16 8,08 5 96
Digestion aérobie mésophile (MAD) MAD Centifugation ° 30 120 8,16 8.56 5 225
Digestion asrobie mésophite (MAD) MAD Centrifugation 0 30 168 816 8,60 5 275
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 816 5,80 5 361
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw8o Filtration 05 30 72 8,16 812 5 106
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153
Digestion aéroble mésophile (MAD) + Twean 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190
Digestion aérobie mésophile (MAD) + Twean 80 MAD + Tw0 Filtration 05 30 336 8,16 6,06 5 333
Digestion aérobis mésophile {MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 816 643 5 446
METIX-BS METIX-8S Centifugation 0 30 72 749 313 51 204
METIX-8S METIX-BS Gentrifugation 0 30 120 719 27 -51 310
METIX-8S METIX-BS Centrifugation 0 30 168 719 215 51 307
METIX-8S METIX-BS Centrifugation 0 30 336 719 1,83 51 425
[meTix BS |mETIX BS Centrifugation o 30 504 7,19 1,42 51 461




HAP 3 3 cycles (ACN, FLU, PHE)
Essais (Fraction liquide) Code Déshydratation Twso st Temps PH POR (mV) C: - fraction liquide (mg/kg) ion (%)
(git) {(g/L) {h) initial final initial final A B c Moyenne _ Ecart-type  C.V. (%) Moyenne  Ecart-type

(Contréle non-dopé st non-traité (NDC) NDC Centrifugation o 18 0 640 647 270 283 0,065 0,059 0,060 0,061 0,003 2.65% 0,43%
Contraie dopé et non-traité (DOC) poc Centrifugation [} 18 0 640 637 270 217 0,660 0926 0,686 0,757 0,146 19,35% 451%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 -250 1 0,121 0,087 0,085 0,098 0,020 20,87% 0,69%
METiX-BS METIX-8S Centrifugation 0 18 240 637 157 277 308 0,083 0,084 0,080 0,083 0,002 2,80% 0,58%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 345 326 0,390 0,399 0,327 0372 0,038 10,59% 263%
STABIOX STABIOX Centrifugation 0 18 1,33 6,78 4,00 1 290 0,351 0,208 0,344 0,331 0,029 8,78% 234%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 172 171 0,058 0
Twesn 80 (essai A) Tw80- A Filtration 05 30 7 g// A
Tween 80 (ss: TWB0 - A Centrifugation (500 x g) 05 30 7” /;5‘; . .
[Tween 80 (essai A) Tw80 - A Centritugation (1000 x g) 05 30 6 6,84 6.60 -120 70 ’,y’/j};;j% o
Tween 80 {essai A} Tw80 - A Centrifugation (2000 x g} ‘05 30 ”%%;%}i/ .
Tween 80 {essai A} Tw8o - A Centrifugation (3000 x g) 05 30 ?’yf/?f - ﬁg .
Tween 80 (essai C) Tw0 - C Filiration 20 a0 -
Tween 80 {essai C} T80 - C Centrifugation (500 x g) 20 30 R 654 662 12 a2 .;" o
Tween 80 (essai €} Tweo - Centrifugation (1000 x g) 20 30 ’ "
Tween 80 (essai C} Twsa - ¢ Centrifugation (2000 x g) 20 30
Twaen 80 (essal B) Twso - &8 Filtration 05 30 4 684 650 120 -83
Metix-AC + Twean 80 METIX-AC + Tw80  |Fitration 05 30 4 7.53 188 58 70
Contréle dopé et autoclavé (DAC) DAC Centrifugation [} 30 0 711 699 19 -80
Contrale dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 701 79 66
Contrale dops et autoclavé (DAC) DAC Centrifugation 0 30 3% 7.1 721 79 42
Contrle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 7,6 79 58
Digestion asrobie mésophils (MAD) MAD Centrifugation [} a0 72 816 8,08 5 96
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 816 8,56 5 225
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 G
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 816 7,08 5 440 20,87% 0,58%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twg0 Filtration 05 30 72 816 8,12 5 106
Digestion aérabie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration a5 30 168 8,16 845 5 190
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw0 Filtration 05 30 36 8,16 606 5 33
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 643 5 446
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 51 204
METIX-BS METIX-BS Centrifugation ) 30 120 719 2,71 51 310
METIX-8S METIX-8S Centrifugation 0 a0 168 7,19 2,15 51 307
METIX-BS METIX-BS Contrifugation ) 30 336 7,13 1,83 51 425
|meTix-BS |METIX-BS Centrifugation 0 30 504 7.19 142 51 461




HAP & 4 cycles (FLR, PYR)
Essais (Fraction liquide) Code Déshydratation TwBo ST Temps pH POR (mV) C ion - fraction liquide {mg/kg) isation (%)
(giL) {g/L) (h} initial final initial final A B [ Moyenne  Ecart-type Moyenne  Ecart-type

Contréle non-dopé et non-traits (NDG) [NDc Centrifugation [l 8 [ 6.40 647 270 283 0,121 0,048 0,044 0,071 0,043 0.73% 044%
Contréla dops et non-traité (DOC) poc Centrifugation 0 18 0 640 637 270 277 0524 0,838 0,533 0,632 0178 5,26% 1,48%
Digestion asrobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 250 1 1,03% 047%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,57 2717 398 5,45% 0,38%
METIX-AC METIX-AC Centrifugation 0 18 4 669 2,08 345 326 2,99% 0,33%
sTABIOX STABIOX Centrifugation 0 18 1,33 6.78 4,00 -4 290 0,132 0,139 0,020 1,41% 021%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 n 0,230
Tween 80 (essai A) TwB0 - A Filtration 05 30 e ’33
Twaen 80 (essai A) TwB0 - A Centrifugation (500 x g) 05 ) .
Twaen 80 (essai A) Tws0 - A Centrifugation (1000 x g) 05 30 6 684 660 120 70
Twaen 80 (essai A) Tws0 - A Centrifugation (2000 x g) 05 30
Tween 80 (essai A) Twso - A Centrifugation (3000 x g) 05 30
[Tween 80 (essai C) Tweo - ¢ Filtration 20 30
Tween 80 (essai C) Twso - C Centrifugation {500 x g) 20 30
Tween 80 (essa C) Tw8o - C (Centrifugation {1000 x g) 20 30 2 6.4 662 120 B2 . :,%,{;&, . j/ o
Tweon 80 (assai C) Tw8o - C Centrifugation (2000 x g} 20 30 L
Twosn 80 (essal B) Tw0 - B Filtration 05 30 4 6,84 659 -120 -83 1,483 1,372
Metix-AC + Tween 80 METIX-AC+Tw80  |Filtration 05 30 4 7,53 1,88 58 370 1,347 0,840
Contraie dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 711 699 79 -80 o 0 i 7
Controie dops et autoclave (DAC) DAC Centrifugation 0 30 168 711 701 78 66 . Wég,,; . - | % . {c;f .
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 721 -79 -62 . g" . o x:’,f ,,,ﬂ///;’@ ,%f,/ 5 w?;% -
(Contréls dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 71 716 79 58 . . /% f/f%%“ .
Digestion aéroble mésophila (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96 . - gff%&% - 4’? o f’;, o
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 25 / ‘ . ”?W éf;} - -
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 816 860 5 275 ' . . . g/}"’ s
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 20 336 816 5,80 5 w Z / e
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 816 7,08 5 440 0,153 ,
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw0 Filtration 05 30 72 8,16 812 5 106 0,016 0
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153 i g
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 . }«" o
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 /é% //
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 816 643 5 448 .
METIX-BS METIX-BS Centritugation 0 30 72 719 313 -1 294
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 51 310
METIX-BS METIX-8S Centrifugation 0 30 168 7.19 215 51 397
METIX-BS METIX-BS Centrifugation 0 20 336 718 1,63 51 425
METIX-BS [meTix-BS Centrifugation a 30 504 719 142 51 461




HAP 2 5 cycles (BJK, BAP)
Essais (Fraction liquide) Code Déshydratation Tw8o ST Temps PH POR (mv) C ion - fraction liquide (mg/kg) itisation (%)
{git) {g/L) {h) initial final initial final A B [ Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

Controle non-dopé et non-tralté (NDC) NDC Centrifugation [ 8 0 6.40 647 270 283 0,414 0,306 0,323 0,348 0,058 16,62% 0.27%
Contrdle dopé et non-traité (DOC) DoC Centrifugation a 18 0 6,40 6,37 =270 =277 0,798 0,951 0.810 0,853 0,085 9,99% 0.37%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 6,31 613 -250 1 0,212 0,141 0,156 0,170 0,037 21,97% 017%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 157 217 308 1,304 1,850 1,878 1,707 0,271 15,89% 1,25%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 0,608 0,820 0,639 0,656 0,146 22,31% 0,67%
STABIOX STABIOX Centrifugation 0 18 133 678 4,00 41 290 0,477
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 -172 171
Twoen 80 {essai A} Tw80 - A Filtration 05 30
Tween 80 (essai A) Twso - A Centrifugation (500 x g) 05 30
Tween 80 (essai A) Twso - A Gentrifugation (1000 x g) 05 30 6 684 6,60 -120 70
Tween 80 (essai A) TwB0 - A Centrifugation (2000 x g) 05 30
Tween 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30
Tween 80 (essai C) Tws0 - C Filtration 2,0 30
Tween 80 (essai C) Tws0 - C Centrifugation (500 x g) 2,0 30 2 684 662 120 82
Tween 80 (essai C) Tws0 - C Gentrifugation (1000 x g) 20 30
Tween 80 (essai C) Tws0 - C Centrifugation (2000 x g) 20 0 L e o : .
[Tween 80 (essai B) Tw80 - B Filtration 05 30 4 6,84 6,58 -120 -83 B i 6,26% 1.31%
[Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 05 30 4 753 1,88 -58 370 8. 81 3,61% 0,34%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 0 711 699 78 -80 . 2 S
Contrale dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 701 79 -66
[Contréle dopé et autoclavé (DAC) DAC Centrifugation kel 30 336 711 721 -78 -62
[Contréle dopé et autoclavé (DAC) DAC Centrifugation Q 30 504 711 716 -79 -58
Digestion aérobie mésophile (MAD) MAD Centrifugation Q 30 72 8,16 808 5 96
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 o v
Digestion aérobie mésophile (MAD) MAD Cenlrifugation 0 30 336 8,16 5,80 5 361 o i o . o ;Z’é“
[Digestion aérobie mésophile (MAD) MAD Centrifugation & 30 504 8,16 7.08 5 440 7%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 72 816 8,12 5 106
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 120 8,16 848 5 153
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 168 8,16 845 5 190
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 336 8,16 6,06 5 333
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,18 643 5 446
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 .51 254
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 51 310
METIX-BS METIX-B8S [Centrifugation 0 30 168 719 2156 -51 397
METIX-BS METIX-BS [Centrifugation 0 30 336 7.19 1,83 -51 425
METIX-BS |METIX-BS Centrifugation 0 30 504 7.19 1,42 51 461




HAP 2 6 cycles (INP, BPR)
Essais (Fraction liquide) Code Déshydratation Tw8o ST Temps pH POR (mV) Conceatration - fraction liquide (mglkg) ilisation (%)
(giL) (gL} {h) initial final final A B c Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type
[Contréle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 0 6,40 647 -270 283 0,207 0235 0,222 0,223 0,016 7.07% 187% 0,13%
Contréle dopé at non-raité (DOC) DOC Centrifugation [ 18 0 640 6,37 270 277 0,621 0,648 0,605 0,053 8.77% 5,02% 0,44%
Digestion aérabia mésophile (MAD) MAD Centrifugation [ 18 504 831 6,13 -250 1 0,123 0,067 0,084 0,033 39,23% 071% 0,28%
METIX-BS METIX-BS Centrifugation 0 18 240 8,37 157 217 398 0,930 1,157 1,096 0,146 13,30% 9.21% 1,23%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 0,400 0570 0,452 0,102 22,60% 3,80% 0.86%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 -41 290 0,127 0,121 0,007 5,56% 1.01% 0,06%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7.00 4,00 72 71
Tween 80 (ossai A) Tws0 - A Filtration 05 30 :
Tween 80 (essal A} Twso - A Centrifugation (500 x g) 05 30
Twaen 80 (essai A} Twso - & Centrifugation (1000 x g) 05 30 6 6,84 6,60 120 -70
Tween 80 {assal A) Twso - A Centrifugation (2000 x g) 05 0
Tween 80 (essal A) TwW80 - A Centrifugation (3000 x g) 05 30
Tween 80 {essal C) Tw80 - C Filtration 20 30
[ Tween 80 (essai C) Tw8o - C Centrifugation (500 x g) 20 30 2 ™ 662 120 ™
Twaen 80 (essai C) Tws0 - C [Centrifugation (1000 x g) 20 30
Twaen 80 (essal C) TwB0 - C Centrifugation (2000 x g) 2,0 30 Y
Tween 80 (essal B) Tweo -B Filtration 05 30 4 6.84 6,59 -120 83 0,67%
Motix-AC + Twaen 80 METIX-AC + Tw80  [Filtration 05 30 4 753 1,88 58 7o 0,61%
Contréle dopé et autociavé (DAC) DAC Centrifugation 0 30 0 EAL 6,99 -79 -80 5 s
Contréle dopé et autociavé {DAC) DAC Centrifugation 0 30 168 711 7,01 79 -66 / - %ﬁ‘ -
! o ]

Contréls dopé et autociavé (DAC) DAC Centrifugation 0 30 336 7.1 7.2t -79 -62 / %&{?@@ﬁ - ,,;//%%
Contréle dopé et autociavé (DAC) DAC Centrifugation 0 30 504 7.11 716 -79 -58 lg/ =
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 9% o 7 ;
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 816 8,56 5 225
Digestion aérobie mésophile (MAD) MAD Centrifugation [} 30 168 816 8,60 5 275
Digestion aéroble mésophile (MAD) MAD Centrifugation [} 30 336 816 5,80 5 361
Digestion aéroble masophile (MAD) MAD Centrifugation [ 30 504 816 7,08 s 440
Digestion aérobie mésophila (MAD) + Tween 80 MAD + Tw80 Filtration 05 20 72 816 8,12 5 106
Digestion aéroble mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 120 8,16 848 5 153
Digestion aérobie mésophile (MAD) + Tween B0 MAD + Tw80 Fiitration 05 30 168 8,16 845 5 190
Digastion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 33
Digestion asrobie mésophila (MAD) + Tween 80 MAD + Twg0 Filtration 05 30 504 8,16 643 5 446
METIX-BS METIX-BS Centrifugation 0 30 72 719 3,13 51 294
METIX-BS METIX-BS Centrifugation 0 30 120 719 2,71 51 310
METIX-BS METIX-BS Centrifugation 0 30 168 7,19 2,15 -51 397
METIX-BS METIX-BS Centrifugation 0 30 336 719 183 51 425
METIX-BS ‘ﬁEYlX-BS Centrifugation 0 30 504 7.19 142 51 461




Acénaphiene (ACN)
Essais (Fraction liquide) Code Déshydratation Twso ST Temps pH POR (mv) Concentration - fraction liquide (mg/kg) Solubilisation (%)
(g/L) (g/L) th)} initial final initial final A B c Moyenne  Ecarttype  C.V. (%) Moyenne  Ecart-type
Controla non-dopé et non-traité (NDC) NDC Centrifugation 0 18 ] 6,40 647 270 283 0,021 0,019 0,023 0,021 0,002 1,10% 0.46% 0,05%
Contréle dops et non-traits (DOC) poc Centrifugation 0 18 0 640 637 270 217 0,242 0,260 0,251 0,251 0,008 3,54% 4,54% 0,16%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 18 504 6,31 613 250 1 0,027 0,027 0,027 0,027 0,000 0,00% 0,58% 0,00%
METIX-BS METIX-BS Centrifugation [} 18 240 637 1,57 217 398 0,022 0,022 0,022 0,022 0,000 0,00% 049% 0,00%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 0111 0,003 0,008 0,101 0,009 8,99% 221% 0,20%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 41 200 0,143 0126 0,146 0,138 3,02% 0,24%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 7 ) 1,53%
Tween 80 (sssai A) Tw8s - A Filtration 05 30 A //,;/;g'»//” .
Tween 80 {essai A} TwB0 - A Centrifugation (500 x g) 05 30 2 gﬁ},’;}’/ /
Twoan 80 (essai A) Twso - A Centrifugation (1000 x g) a5 30 6 684 6,60 120 ECHE o é’z/ff .
; Hugan b . /

Tween 80 (essai A) Tws0 - A Centrifugation (2000 x g) 05 30 é} . /,;;gg/x/;fj .
Twean 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 i /;%
Tween 80 (essai C) Twéo - C Filtration 20 30 . ,W 0
[Twean 80 (essai C) Tw80 - C Centrifugation (500 x g) 20 30
Tween 80 (essai C) Twad - C Centrifugation (1000 x g} 20 30 2 684 662 120 82 7 /%/s;, .
Tween 80 (essai C) Tweo - ¢ Centrifugation (2000 x g) 20 30 Gl .
Tween 80 {essai B} Twso -8 Filtration 05 30 4 684 659 120 -83 0,567 0,624 0,041 6.81% 10,75% 0,73%
[Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 0,5 30 4 7,53 1,88 -58 arn 0,103 0,120 0,103 0,109 0,010 8,84% 1,97% 0,17%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 0 1 6,99 -79 -80
[Contréle dopé et autoclavé (DAC) DAC Centrifugation Q 30 168 wm 7.01 ~79 -66
[Contréle dopé et autociavé (DAC) DAC Centrifugation 0 30 336 71 7.21 -79 -62
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 7.16 -79 -58
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 86
Digestion aérobie mésophile (MAD) MAD Centrifugation Q0 30 120 8,16 8,56 5 225
Digestion aérobie mésophila (MAD) MAD Centrifugation [\ 30 168 8,16 8,60 5 275
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361
Digestion aérobia mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440
Digestion aérobie mésophile (MAD) + Twean 80 MAD + Tw80 Filtration 05 30 72 8,16 8,12 5 106
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 8,48 5 1583
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Fiitration 05 30 168 8,16 8,45 5 190
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 0,5 30 336 8,16 6,06 5 333
Digestion aérobia mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 643 5 448
METIX-BS METIX-BS Centrifugation [ 30 72 718 3,13 51 204
METIX-BS METIX-BS Centrifugation 0 30 120 719 274 51 310
METIX-8S METIX-BS Centrifugation 0 a0 168 7,19 215 51 307
METIX-8S METIX-8S Centrifugation [} 20 336 7,19 1,83 51 425
[MET!. S METIX-BS Cen|rﬂu£\lon 0 30 504 7,19 1,42 -51 461




Fluoréne (FLU)
Essais (Fraction liquide) Code Déshydratation Twdo ST Temps PH POR (mV) C ion - fraction liquide {mg/kg) Solubilisation (%)
{giL) (/L) (h) initial final initial final [ Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

Contrdla non-dops et non-traitd (NDC) NGC Centrifugation 0 18 0 640 6,47 270 283 0,019 0.020 0,003 13,32% 0.45% 0,06%
Controle dopé et non-traité (DOC) poc Centrifugation 0 18 0 640 6,37 270 217 0,236 0,263 0,054 2045% 474% 0.97%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 250 1 0,027 0,031 0,006 18,95% 0,68% 0,13%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1,87 277 308 0,027 0030 0,003 8,66% 0,66% 0,06%
METIX-AC METIX-AC Centrifugation o 18 4 6,69 2,08 345 326 0,127 0,157 0,028 17,72% 351%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 41 290 0,130 0,123 0011 2,74%
ELECSTAB ELECSTAB Centifugation 0 18 1 7.00 4,00 72 7 0,076 1,568%
Tween 80 (essai A} TWB0 - A Filtration 05 30 : 'f'
[Tween 80 (essai A} Tw80 - A Centrifugation (500 x g) 05 30 %@/@%ﬁﬁf
Tween 80 (essai A) w80 - A Centritugation (1000 x g) 05 30 6 6,84 6,60 120 70 - %“*
[ Tween 80 (essai A) Twao - A Centritugation (2000 x g) 05 30 .
Twaen 80 (essai A) Twao - A Centrifugation (3000 x g) 05 30 .
Tween 80 (essal C) Tw8o - Filtration 20 30 7
Tweon 80 (essal C) Tw80 - C Centrifugation (500 x g) 20 30
[ Tween 80 (essal C) Tw80 - C Centrifugation (1000 x g) 20 30 2 684 662 120 82
Tween 80 (essai C) TwB0 - C (Centrifugation (2000 x g) 20 30 i
Tween 80 (essal B) Tws0 - B Filtration 05 30 4 6,84 6.59 120 83 0,74%
Metix-AC + Tween 80 METIX-AC + Tw0  [Filtration 05 30 4 7,53 1,88 -58 370 0019
Contréle dopé et autociavé (DAC) DAC Centrifugation [ 30 0 711 6,99 -79 -80 . / '
(Contrate dopé at autociavé (DAC) DAC Centrifugation ° 30 168 71 701 79 66 - /
(Contréte dops et autoclavé (DAC) DpAC Centrifugation 0 a0 336 7.11 7.21 79 -62 L ;f i J,,ga;,/;fé;‘
Contréle dopé et autoclavé (DAC) DAC Gentrifugation 0 30 504 711 716 79 58 i e gf%f///// gf -
Digastion aéroble mésophlle (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96 . . @&“) i o . f}://ﬁgxﬂ
Digastion aéroble iésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 25 | /g’% . . .
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 W %%xgg’ . %“f
Digestion aérobie mésophile (MAD) MAD Centrifugation [\ 30 336 8,16 5,80 5 361 %, o b
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 0,006
Digestion aérobie mésophils (WAD) + Tween 80 MAD + Tw80 Filtration 05 30 72 8,16 8,12 5 106 0,000 000% |
Digestion aérobia mésophile (WAD) + Twaen 80 MAD + Tw80 Filtration 05 30 120 816 848 5 153 i i , %7; 7 a’/jf,;?rgféfg o o
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 . . . /ﬁégf/}p‘j /f/’%w
Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 05 30 336 816 6.06 5 333 . »‘;‘g{@% . é}z,j%%%y?f% o
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filration 05 ) 504 8,16 643 5 446 . gc.‘;‘}"A %jﬁ/{ . = /;}'m - r‘“x'///% %
METIX-BS METIX-BS Centrifugation 0 30 72 7,19 313 51 284 - ’(,{6/;,/ - L . i
METIX-BS METIX-BS Centrifugation 0 30 120 719 271 51 310 o /;/ - i ’f’,«’é% . i
METIX-BS METIX-BS Centrifugation 0 30 168 748 215 -51 3s7 - o /'é%;ﬁ . o
METIX-BS METIX-BS Centrifugation 0 30 336 719 183 51 425 . ﬁ;ﬁf . ﬁ’;/%
ImeTix-Bs ImeTixBS Centrifugation 0 30 504 7,19 142 51 461 i -




Phénanthréne (PHE)
Essais (Fraction liquide) Code Déshydratation Twgo st Temps PH POR (mV) c i - fraction fiquide (mg/kg] fisation (%)
{g/L) {g/L) {h) initial final final [ Moyenne  Ecart-type C.V. (%) Moyenne _ Ecart-type

Contrle non-dopé et non-traité (NDC) INDC Centrifugation Q9 18 0 6,40 8,47 -270 -283 0,019 0,020 0,002 9,09% 0.40% 0.04%
[Contréle dopé et non-traité (DOC) DOC Centrifugation 0 18 0 6,40 6,37 -270 -277 0,199 0,243 0,085 34,85% 4,26% 1,49%
Digestion aérobie mésophile (WAD) MAD Centrifugation 0 18 504 €31 6,13 -260 1 0,032 0.040 0,015 36,16% 0,79% 0,29%
METIX-BS METIX-BS Centrifugation 0 18 240 637 157 -277 398 4,031 0,031 0,001 2,09% 0,60% 0,01%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 0181 0,113 0,012 10,33% 2,22% 0.23%
STABIOX STABIOX Cantrifugation 0 18 1,33 8,78 4,00 -41 280 0,069 0,070 0,008 12,76% 1,38% 0,18%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7.00 4,00 -172 m 1,35%
Tween 80 (essal A) Tws0 - A Filtration 05 30 o
[ Tween 80 (essai A) Tw80 - A (Centrifugation (500 x g) 0.5 30
Twaen 80 (essai A) Tws0 - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 70
Tween 80 {essai A} TWB0 - A Centrifugation (2000 x g) 05 30
Tween 80 (sssai A) TWB0 - A Centrifugation (3000 x g) 05 30
Tween 80 (essai C) Tws0 -C Fitration 2,0 30
Tweon 80 (assai C) Twsg - C Centrifugation {500 x g) 2,0 30
Tween 80 (essai C) Tw80 - C Centrifugation (1000 x g) 2,0 30 2 684 662 2 b2
[Tween 80 (essai C) Tw80 - C Centrifugation (2000 x g) 2,0 30 %
[Tween 80 (essai B) Tw80 - B Filtration 0.5 30 4 684 659 -120 -83 12,26%
Metix-AC + Tween 80 METIX-AC + Tw80 Fiitration 05 30 4 7,53 1.88 -58 370 1,48,%
[Contrdle dopé et autoclavé (DAC) DAC Centrifugation Q0 30 0 EAL 6,89 -79 -80
[Contréle dopé et autociave (DAC) DAC Centrifugation 0 30 168 M 7.01 -79 -66
[Contréle dopé et autociave (DAC) DAC Centrifugation 0 30 336 7.1 7.21 -79 -62
[Contréle dopé et autoclavé (DAC} DAC Centrifugation 0 30 504 711 7.16 -79 -58
Digestion aérobie mésophila (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 o ﬂ
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 o
Digestion aérobie mésophile (MAD} MAD Centrifugation 0 30 504 8,16 7.08 5 440
Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Fiitration 05 30 72 8,16 8,12 5 106
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 8,48 5 153 : ,y}/,())é/ .
Digestion aérobie mésophils {(MAD) + Tween 80 MAD + Tws0 Filtration 05 30 168 8,16 8,45 5 190 - ’/fzz;'f;’/
Digestion aérobie mésophils (MAD) + Tween 80 MAD + Two Filtration 05 30 336 8,16 6,06 5 333 «
[Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 0.5 30 504 8,16 6,43 5 446 '“; 7 ?
METIX-BS METIX-BS Centrifugation o 30 72 7.19 313 -51 294 ’f
METIX-BS METIX-BS Centrifugation 0 30 120 719 27 -51 310
METIX-8S METIX-8S Centrifugation o 30 168 719 215 51 397
METIX-BS METIX-BS Centrifugation o 30 336 7,19 1,83 51 425
[METIX-BS L'E'"X-BS Centrifugation 0 30 504 7,19 1,42 -51 461




Fluoranthéne (FLR)
Essais (Fraction liquide) Code Déshydratation Tw8o ST Temps pH POR (mV) [ ion - fraction liquide (mg/kg) Solubilisation (%)
{giL) (g/L} (h) initial final initial final A B [ Moyenne _ Ecart-type  C.V. (%) Moyenne _ Ecart-type
Contréle non-dopé et non-traité (NDC) NDC Centrifugation ) 18 ° 6,40 647 270 283 0,063 5,022 0,036 0,024 65,70% 0,73% 0,48%
Contréle dopé st non-traité (DOC) poc Centrifugation 0 18 0 640 637 -270 277 0,262 0,268 0317 0,090 28,44% 5,20% 1,50%
Digestlon aérobie mésophile (MAD) MAD Centrifugation 0 18 504 6,31 6,13 -250 1 0,073 0,032 0,048 0,022 47,28% 0,97% 0,46%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 1,57 =277 398 0,192 0,217 0,210 0,015 7.24% 4,26% 0.31%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 0,142 0,133 0,147 0,016 10,93% 2,98% 0,33%
STABIOX STABIOX Centrifugation 0 18 1,33 6,78 4,00 41 290 0,067 0,069 0,010 14,78% _1,40% 0.21%
ELECSTAE ELECSTAB Centrifugation Q 18 1 7.00 4,00 -172 171
Tween 80 (essai A) Tw80 - A Filtration 05 30
I Tween 80 (essai A) Tw80 - A Centrifugation (500 x g) 05 30
Tween 80 (essai A) Tw80 - A Centrifugation (1000 x g) 05 30 3 6,84 6.60 -120 -70 . . o
Tween 80 (essai A) Tw80 - A [Centrifugation (2000 x g) 05 30 // .
Tween 80 (essai A} TW0 -A [Centrifugation (3000 x g) 05 30 . ’:?";! 7
[Twean 80 (assai C) Tw80 - C Filtration 20 30 / . ’% . .
Twean 80 (essai C) Tw80 - C Centrifugation (500 x g) 20 30 2 6,84 662 120 2 v /f,;f: . ”W%W;&
" : L ' , . e

Tween 80 (essai C) Twso - C Centrifugation (1000 x g) 2,0 30 - /} : i ,/ﬁ/%:},
[ Tween 80 (assal C) Tw80 - C Centrifugation (2000 x g) 20 30 o , i sty
Tween 80 (assai B) Tw80 -B Filtration 05 30 4 6,84 659 120 -83 o
Matix-AC + Tween 80 METIX-AC + Twg0 Filtration 0.5 30 4 7.53 1,88 -58 370 "/n
Contrale dopé et autoclavé (DAG) DAC Centrifugation 0 30 0 741 6,99 79 -80 i
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7.01 -79 -66
iContrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 1 721 -79 -62 .
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 711 718 -79 -58 %’f«" o
Digestion aérobie mésophile (MAD) MAD Centifugation [ a0 72 8,16 8,08 5 9% |
Digastion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 856 5 225 i
Digastion aéroble mésophile (MAD) MAD Centrifugation o 30 168 816 8,60 5 275
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361
Digestion aérobie mésophile (MAD} MAD [Centrifugation 0 30 504 816 7.08 5 440 47.28%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tws0 Filtration o5 30 72 8,16 812 5 106 11,36%
Digestion aérobie mésophile (MAD) + Tween B0 MAD + Tws0 Filtration 05 30 120 8,16 848 5 153 Viae
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 L o
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 . %@?‘;
|Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 6,43 5 446 / . f/ﬁgﬁej
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 51 294 . :
METiX-BS METIX-BS Centrifugation 0 30 120 719 27 51 310 . fgg% o
METIX-BS METIX-BS Centifugation a 30 168 719 2,15 51 g7 . %j@%
METIX-BS METIX-BS Centrifugation o 30 336 719 1,83 51 425 «;;;‘ ’//j/%
|mETiX-BS METIX-8S Centrifugation 0 30 504 7,19 1,42 51 461 Zf i ,,g«,/ -




Pyréne (PYR)
Essais (Fraction liquide) Code Déshydratation Twgo st Temps PH POR (mV) Cong ion - fraction liquide (ma/kg) ilisation (%)
{g/L) _(g/) {h) initial final initial final A B [4 Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

Contréle non-dopd et non-traité (NDC) NDC Cenirifugation o 18 0 .40 647 270 283 0,058 0,026 0,022 0,035 0,020 55,97% 0.73% 0,41%
Contrdle dopé et non-traité (DOC) DoC Centrifugation [ 18 [ 640 637 270 217 0,262 0417 0,266 0,315 0,088 28,02% 523% 1,46%
Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 18 504 6,31 613 -250 1 0,080 0,041 0,037 0,053 0,024 44,55% 1,09% 0.48%
METIX-BS METIX-BS Centrifugation [} 18 240 6,37 157 277 398 0.022 6,77% 6,65% 0.45%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 345 226 0,016 11,15% 3,00%
sTABIOX STABIOX Centrifugation 0 18 133 6.78 400 -4 290 1448% 1,43%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7.00 4,00 72 71 -0, 128 10,58%
Tween 80 (essai A) Twa0 - A Filtration 05 30 e s . - o
Tween 80 (essai A) Tw80 - A Centrifugation (500 x g) a5 30
[Tween 80 (essai A) Tw80 - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 -70
[Tween 80 (essai A) Tw80 - A Centrifugation (2080 x g) 05 30
Tween 80 (essai A) TwsD - A [Centrifugation (3000 x g) 05 30
Tween 80 (sssai C) Twso - ¢ Filtration 20 30
Tween 80 (essai C) Tws0 - C Centrifugation (500 x g) 2,0 30
Tween 80 (essai C) Twgo - (Centrifugation (1000 x g) 2,0 30 2 684 662 120 2
Tween 80 {sssai C) Tw80 - C Centrifugation (2000 x g) 2,0 30 i
Tween 80 (essal B} Tw80 - B Fiitration 05 30 4 6,84 6,59 -120 -83 0,022
[Metix-AC + Tween 80 METIX-AC + Tw80 Fiitration 0.5 30 4 753 188 -58 370 43 3,006 6,10%
Contréle dopé et autoclavé (DAC) DAC Centritugation 0 30 0 711 6,99 79 -80 i i i
Controle dopé et autoclavé (DAC) DAC Gentrifugation 0 30 168 [AT 7.01 78 -66
Contréte dops et autoclavé (DAC) DAC Centrifugation 0 30 336 (AT 721 79 -62
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.1 7.16 -79 -58
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225
[Digestion aérobie mésophile (MAD) MAD Centrifugation o 30 168 8,16 8,60 5 275
[Digestion aérobie mésophile (MAD) MAD Centrifugation .0 30 336 8,16 5,80 5 361
[Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 55%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Fittration 05 30 72 8,16 8,12 5 106 06%
Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw0 Filtration 05 30 120 8,16 8,48 5 163
Digestion aérobie mésophite (MAD) + Twaen 80 MAD + TwB0 Filtration 05 30 168 8,16 8,45 5 190
Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twé0 Filtration 0,5 30 504 8,16 643 5 446
METIX-BS METIX-BS Centrifugation 0 30 72 7.19 3,13 -51 294
METIX-BS METIX-BS Cenrifugation [ 30 120 7.19 2,71 51 310
METIX-BS METIX-BS Centrifugation 0 30 168 7.19 215 -51 397
METIX-BS METIX-BS Centrifugation ¢ 30 336 719 1,83 -51 425
METIX-BS METIX-BS Centrifugation [ 30 504 7.19 1,42 51 461




Benzobjk]fluoranthenes (BJK)
Essais (Fraction liquide) Code Déshydratation Tw8o ST Temps pH POR (mV) C ion - fraction liquide (mg/kg) ilisation (%)
{g/L) (g/t) (h} initial final initial final C Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type
[Contrale non-dops et non-traité (NDC) NDC Centrifugation ) 18 ] 640 647 270 263 0,298 0,312 0,038 12.21% 7,86% 0.23%
Contréle dopé et non-traité (DOC) poc Centrifugation 0 18 0 640 637 270 217 0,518 0,558 0,087 15,55% 321% 0,50%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 -250 1 0,121 0,126 0,020 15,68% 0,75% 0,12%
METIX-83 METIX-BS Centrifugation 0 18 240 637 157 217 398 1,360 1,243 0,193 15.49% 7.39%
METIX-AC METIX-AC Centrifugation 0 18 4 669 2,08 -345 26 0,402 0,491 0,111 22,61% 2,92%
STABIOX STABIOX Contrifugation 0 18 1,33 678 4,00 41 290 0,130 6,08% 0.77%
ELECSTAB ELECSTAB Centrifugation 0 8 1 7.00 4,00 172 7 14,72% 389%
Twoen 80 {essal A} Tw8o - A Fitration 05 30 i ;
Tween 80 {essai A) Twao - A Centrifugation (500 x g) 05 30 .
[Tween 80 (essai A) Twa0 - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 120 70 .
[Tween 80 (essai A) Tw80 - A (Centrifugation (2000 x g) 05 30
Tween 80 (essai A) Tw0 - A Centrifugation (3000 x g) 05 30 -
Tween 80 (essai C) Tw80 - C Filtration 20 30 - .
Twean 80 (essal C) Tweo - C Contrifugation (500 x g} 20 30 . .
Tween 80 (essai C) Twso - ¢ Centrifugation (1000 x g) 20 30 2 684 662 120 82 7 /%% . ‘%{ff:};
Tween 80 (essai C) Twao -C Centrifugation (2000 x g) 20 30 %%;f%{ff G -
[Tween 80 (essai B) Tw8o - B Filtration 05 £ 4 6,84 659 -120 83 1077 0,227
Metix-AC + Tween 80 METIX-AC + Tw8d  [Filtration 05 30 4 753 1,88 58 70 )
Controle dopé ot autoclavé (DAC) DAC (Centrfugation 0 30 0 7.1 6,99 79 -80 ;5.,%%2;
Controte dopé et autoclavé (DAC) DAC Centrifugation 0 0 168 711 701 79 66 o
Controle dopé et autoclavé (DAC) DAC Centrifugation Q 30 336 711 7.21 -79 -62 .
Controle dopé et autoclavé (DAC) DAC Centrifugation 0 0 504 711 716 79 58
Digestion aérobis mésophile (MAD) MAD Centrifugation [} 30 72 816 8,08 5 96
Digestion aérobie mésophile (MAD) MAD Centrifugation ° 30 120 8,16 8,56 5 225
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 72 8,16 8,12 5 106
Digestion aéroble mésophile (MAD) + Tween §0 MAD + TwB0 Filtration 05 30 120 8,16 8,48 5 153
Digestion aéroble mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190
Digestion aérobie mésophlle (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 816 6,06 5 333
Digestion aérobls mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 504 816 643 5 448 .
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 51 204 g .
METIX-BS METIX-8S Centrifugation 0 30 120 719 271 51 310 - ?,,;f/ :
METIX-BS METIX-BS Centrifugation 0 30 168 718 215 51 3s7 . /f,%} .
METIX-BS METIX-BS Centrifugation ° 30 336 7.49 1,83 51 425 f// -
) S ) i &¢xg¢%
METIX-BS |meTixas Centrifugation 0 30 504 7.18 1,42 51 461 -




Tava) sussAdlejozusg

15% 15 24 [ #05 o€ G CoREBTjUe0) SEXILIN] SEXILIN]
sz 73 €8't sL'L 9€ee o€ [ uonebnjinuas) Sa-XILINW SE-X1L3N|
568 [E:3 sz s1'L 891 o€ [ uopebnjnues) sa-xXuaw, $8-X113N|
oLe 13 754 6L°L 0z1 [\ [ uogeBnjuiuey SE-XILINW SE-XILIN|
67 23 sl'e 6L z [\ [ uogenyuueg SE-XIINW SE-XIL3W
orb [ ev'9 a'e 05 [\ 50 uogend| 08ML + AYW 0g usem + {avw) snudossw s1qo.ee uonsebiq|
£6¢ s 90'9 9'g 9€ee 0e 50 08%L + OVH 08 uesm] + (VW) enudossw sigo.ge uonseig
061 g sh'g 9L'e 891 oe s'0 1 08ML + OVM| 0g usemy + (avI) eliudosow siqosge uopsebig
5t .S 8v's 9's 0zl oe 50 uonens 0BML + OV 08 uesm + (avW) eudosew ajqosee uonseiql
901 g (4%} e 2 [ g0 uonen|4 09ML + Vi 03 usemy + {avi) eydosow eigosge uonssBig
oy [ 80°L aL'g 08 0 0 uonebnpusg avivy {avw) enydossw eiqose uopsabig
L9e S 08's aL'e 9ee 0 4 uoneBnjuued avi| {avw) enudossw sigosse uopsebiq|
sz [ 09’8 aL'e 891 o 0 uonebnjus) avi {avw) snudosguw sjqo.ge uonsehiq)
g2z g 95’8 al'g 0z 0g 4 uopeBnpaus) avi| {avi) shudossw sjgosse uonsebiq|
96 ] 808 9L'g 2L [0 o uoneBnjuusg avi {avw) enydosew eigo.se uopsafiq)
95~ (73 9L 1Y 905 ot o uopebrynueo) ova (2vQ) gaepoine 19 sdop ejosue))
(4 62 \z'L 1Y) 9EE 0 [ uonebnjuuag ova {ava) ereoine 36 gdop ejoiuoy)
99- 6L 13 (%3 891 0 [ uonebnjuiued ava {ova) saeoine 16 adop sjonue)
08~ 6L 66'9 193 [ (3 [ uopeBryueg) ova {avQ) gAerocine 10 9dop ejosued)
o 85~ 88'L £g'L 4 0e 50 uogen)4| 08M1 + OV-XILIW 08 UBBML + DY-X11OW|
€8~ ozL- 65'9 ¥8'9 4 0e 50 uopentty| - 08ML, (9 1esse) pg usem|
0e 0z (6 x 0002) uonebnjued 2-08mL (9 1esse) og usem
§ . [ 0z (B x 0001 voneBnjiguad; 9-08my {2 1esse) 0g usem |
2 0z e veo ¢ o¢ 0z (6% 00g) oD 9- oamL| (2 tesss) og uoom|
0e 0z uopedld - 0gMmL| {2 ess3) pg usem |
3 §0 (6 x 000€} uonebnyaueg V- o0amL {v 1esse) 0g usem |
[ s'0 {6 x 000z} UoneBniLaLaD) V- 08MmL {v iesss) 0g Lesm |
0z- 0z1- 09'9 v8'9 9 0 §'0 {6 x 000L) uotebnyinue) V- 08mL| {v 1esse} 0g Ueem)
3 ] (6x 00g) uonebyuaD)| V- 0gmL (v resse} og usem
. of 0 uogeni4| V- 08ML (v 1esse) 0g ueemy
Lzl zuy- 00t 00°2 3 8L [ uoebnjuiuag avisodna av153313
062 W o't 82'9 €€t 8L [ uogeBnjuueg Xolav1s X0IgvLs|
9ze Sve- 80°7 69'9 14 gl [ uonebrynueo) OV-XILIN| OV-X113W|
96¢ 112" 5 169 oz 8l 0 uopebnynued SEXUIN SE-XUIAN
L 082~ €19 1e'9 $0S 8l 0 uopebrynus)) avin {av) eiydosew s1qoige uopseBiq
Uz 0z 1E'8 or'9 o 8L 0 uopeBnyauad) 200 {200) s1en-uou 38 gdop slonuUoD
%0¥'e %eL'0 %854'65 0200 S£0°0 szo'o £20'0 850'0 €82 sz '9 or's 0 8l [ uoneBnyiueg) 90N {DGN) eten-uou 38 gdop-usu 9|e41u0D)|
5aki-e03 euuskoW | (%) 'A'D  adA-pes3  suushow 2 a v feuy Tenuy jeuy (eniul (] /By /)
%) _{Bw/6l] epinby) uooEl) - UONEAURIUOD (AW) ¥od nd sdwey 18 oamL uopejeIpAysaq apod (epinby uoyoe.y) siess3




- Indénol1.2,3-calpyréne (INP)
Essais (Fraction liquide) Code Déshydratation |  1W0 st Temps pH POR (mv} Concentration - ractian hquide (mg/kg) iisation (%]
[{:1[9)] (g/L) (h) initial final final A 8 [ Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

Contrale non—dops et nor-traitd (NDC} NDC Centrfugation a 18 0 5,40 oy 270 283 0,105 018 0,102 2,308 0,008 B.71% T92% 0,17%
Contréle dopé et non-traité (DOC) DOC Centrifugation a 18 Q 6,40 6,37 =270 =277 0,327 0,336 0,282 0,318 0,029 9,08% 6,22% 0,47%
Digastion aérobie mésophile (MAD} MAD Centrifugation o 18 504 8,31 6,13 -250 1 0,058 0,033 0,033 0,042 0,015 35.01% 0.74% 0,26%
METIX-BS ‘|METIX-BS Centrifugation 0 18 240 6,37 1,57 =277 308 0,443 0,559 0,592 0,531 0,078 14,70% 9,41% 1,38%
[METIX-AC METIX-AC Centrifugation 0 18 4 6,69 208 -346 326 0,199 0,271 0,174 0,215 0,050 23,40% 3,80% 0.89%
[STABIOX STABIOX Centrifugation 0 18 1,33 678 460 41 290 0,058

ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 174

Tween 80 (essai A) Tw80 - A Filtration 05 30

[Tween 80 (ssai A) Tws0 - A Centrifugation (500 x g) 05 30

Tween 80 (sssai A) Twio - A Centrifugation {1000 x g) 05 30 6 6.84 6,60 120 70

[Tween 80 (essai A) Tw80 - A Centrifugation {2000 x g) 05 30

i Tween 80 (sssai A) Tw80 - A Centrifugation {3000 x g) 05 30

Twean 80 {essal C) Twso - ¢ Filtration 20 30

Tween 80 {essal C} Twa0 - C Centrifugation (500 x g 20 30

Tween 80 (essai €} Twa0 - C Centrifugation (1000 x g) 20 30 2 o84 662 120 82

Tween 80 (ssai €} Twao - C Centrifugation (2000 x g) 20 30

[Tween 80 (essai B) | Tw80 - B Filtration 0,5 30 4 6,84 6,59 -120 -83

Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 05 30 4 753 1,88 -58 370

Contréle dops et autoclavé (DAC) DAC Centrifugation 0 C % 0 711 6,99 79 -80 ; R ' 25 o

Controle dopé et autaclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 66 F . . i /

pé Hugat : ! . o

Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 7,11 721 79 62 i o . o J/ﬁy o

Controle dopé et autoclavé (DAC) [ Centrifugation o ) 504 7.11 716 78 58 - / ‘ o

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 5,08 5 96

Digestion aérabie mésaphile (MAD) MAD Centrifugation 0 30 120 8,16 8.56 5 225

Digestion aéroble mésophile (MAD) maD Centrifugation 0 30 168 8,16 8,60 5 275

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361

Digastion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440

Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 05 30 72 8,16 8,12 5 106

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 a0 120 8,16 8,48 5 153

Digestion aérobie mésophile (WAD) + Tween 80 MAD + Tw80 Filtration 05 30 X 168 8,16 845 5 190

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,18 6,06 5 333 5

Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 816 643 5 446 /f; i

METIX-BS METIX-BS Centrifugation [} 30 72 718 3,13 51 204 . .

METIX-BS METIX-BS Centrifugation o 30 120 719 271 51 310 - - - ;{éfé%/

METIX-BS METIX-BS Centrifugation 0 30 168 7,19 2,15 51 ag7 - // féﬁ’ . }%;//;@%/ 'ff’// /

METIX-BS METIX-BS Centrifugation 0 30 336 719 183 51 425 .
|mETX-BS [METX 8BS Centrifugation 0 30 504 749 1.42 51 461 %W%KW ///’,é%f




Benzo[ghi]péryléne (BAP)
Essais (Fraction liquide) Code Déshydratation Twao ST Temps pH POR (mV) C: - fraction liquide (mg/kg) ion (%)
(g/L) {g/L) (h) initial final initial final A 8 [ Moyenne  Ecarttype C.V.(%) | Moyenne Ecart-type
[Contrdle non-dopé et non-traité (NDC) INDC Centrifugation 0 18 0 6,40 647 =270 -283 0,103 0,119 0,120 0,114 0,010 8,67% 1,83% 0,16%
Contréle dops et non-traité (DOC) poc Centrifugation [ 18 0 640 837 270 277 0,294 0312 0,263 0,200 0,025 853% 4,83%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 -250 1 0,064 0,033 0,031 0,043 0,019 43,41% 0.68%
METIX-BS METIX-BS Centrifugation Q 18 240 637 157 =277 398 0,487 0,598 0,610 0,565 0,068 12,03% 9.03%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 26 0,201 0,209 0212 0,237 0,054 22,55% 380%
STABIOX STABIOX Centrifugation 0 18 1,33 6,78 4,00 -41 290 0,066 0,063 0,058 0,062 0,004 6,44% 1,00%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 ar2 71 0,187 0,122 0,124 0,144 2,40%
Tween 80 (essai A} TwB0 - A Filtration 05 30 7 L 2
Tween 80 {essal A) Tws0 - A Centrifugation (500 x g) 05 30 . .
Tween 80 (essai A) TwS0 - A Centrifugation (1000 x g 05 30 6 6,84 6,60 -120 70 .
Tween 80 (essai A) TWB0 - A Centrifugation (2000 x g) 05 30
Tween 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 -
Tween 80 (essai C) Tw8o - C Filtration 2.0 30 i {j, .
Twsen 80 (assai C) Tw80 - C Centrifugation (500 x g) 20 30
Tween 80 (essai C) Twso - C Centrifugation (1000 x g) 20 30 2 6.4 662 20 82 o
Twaen 80 (essai C) Twao - ¢ Centrifugation (2000 x g) 2,0 30 o
Tween 80 (essai B) Twé0 - B Filtration 0,6 30 4 6,84 6,59 -120 -83 ,36%
Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 05 30 4 753 1,88 -58 370 0,040 2377%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 711 6,99 79 -80 - v . 7
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 71 701 79 86 . e -
Contrale dopé et autaclavé (DAC) DAC Centrifugation 0 30 336 711 7,21 79 -62 % zf/ / - . . ////;;;%v
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.11 7,16 79 -58 i ;é' . / 0 ,/,/ - ,;37},,, ,:ff .
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 9% . . . *éc/é/f; -
Digestion aérobie mésophile (MAD) MAD Centrifugation o 30 120 8,16 8,56 5 225 .
Digaestion aérobie mésophile (MAD) MAD Centrifugation [ 30 168 816 8,60 5 275 i . /f
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 o ’{,;x"» ,z;,xf/ff,f;”j’ .
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440 0,031 0,043
Digastion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 72 8,16 8,12 5 106
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0.5 30 120 8,16 8,48 5 153
Digestion aérobie mésophile (MAD) + Twaeen 80 MAD + TwB0 Filtration 05 30 168 8,16 846 5 190
Digestion aérobie mésophite (MAD) + Twaen 80 MAD + Tw80 Filtration 05 a0 336 8,16 6,06 5 333
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twé0 Filtration 05 30 504 8,16 643 5 446
METIX-BS METIX-BS Centrifugation [ 30 72 7,18 313 51 294
METIX-BS MET(X-BS Centrifugation 0 30 120 7,18 2n -5 310
METIX-BS METIX-8S Centrifugation 0 30 168 718 2,15 59 g7
METIX-BS METIX-8S Centrifugation [ 30 3% 719 1,83 59 425
EIX-BS METIX-BS Centrifugation 0 30 504 7,18 1,42 -51 461




- 10 (o1 tractiom 10
Essais (Fraction liquide) Code Déshydratation Tw8o ST Temps pH POR (mV) Recouvrement Acénaphténe-D10 (%) - fraction liquide
_(giL) (g/L) (h) initial final initial final A B c Moyenne _ Ecarttype  C.V. (%

Controle non-dopa of non-traits (NDC) NDC Centrifugation a 18 [ .40 647 270 283 78,00% 41,80% 82,30% 67.70% 22,49% 33,22%
Contréle dopé st non-traité (DOC} boc Centrifugation 0 18 0 6,40 637 270 277 88,00% 81,00% 86,00% 85,00% 3,61% 4,24%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 250 1 79,50% 80,80% 82,00% 80.77% 1,25% 1,55%
METIX-8S METIX-BS Centrifugation 0 18 240 6,37 1,67 217 398 69,00% 75,20% 82,30% 75,50% 6,66% 881%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 68,00% 104,40% 87,60% 86,67% 18,22% 21,02%
STABIOX STABIOX Cantrifugation 0 18 133 678 4,00 41 200 96,80% 88,50% 104,70% 96,67% 810% 8,38%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 71 88,60% 71,00% 75,20% 7827% 9,19% 11,74%
Twoen 80 (essai A} TwB0 - A Filtration 05 30 -

Tween 80 {essai A} Tw0 - A Centrifugation (500 x g) 05 30 -

Twaen 80 {essai A) w0 - A Centrifugation (1000 x g) 05 30 6 684 6,60 120 -70

[ Twaen 80 {essai A) Twso - A Centrifugation (2000 x g) 05 30 .
Twaen B0 {essai A) Twso - A Centrifugation (3000 x g) 05 30 .
Tween 80 (essai C) Tw8o - ¢ Filtration 2,0 30 . é’%%g?:@
Tween 80 (essai C} Tw8o - C Centrifugation (500 x g) 20 30 2 84 662 420 - o

Tween 80 (essai C} Twso - € Centrifugation (1000 x g) 20 30 ’ ’

Twesn 80 (essai C} Twso - C Centrifugation (2000 x g) 20 30

[Twaen 80 (essai B) Tw80 - B Filtration 05 30 4 6,84 659 120 83

Metix-AC + Twaen 80 METIX-AC + Twsd  [Filtration 05 30 4 7,53 1,88 58 370

Controle dopé st autoclavé (DAC) DAc Centrifugation 0 30 0 71 699 79 -80 , o

Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 -66 %@W /

Contréle dops et autoclavé (DAC) pac Centrifugation o 30 336 1 7.21 79 62 gfé,««?f’}; .

Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.1 716 -79 -58 gg,%ﬁf

Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 72 8,16 8,08 5 % b ,ﬁ%}#

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 856 5 2 b - -

Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 B ‘/’”/i@?;{@ o

Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 336 816 5,80 5 EJ /Né/ o o o

Digestion aérobie mésophils (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 79,50% 80,80% 82,00% 80,77% 1,25% 1,55%
Digestion aérabie mésophile (MAD) + Tween 80 MAD + Twso Filtration 05 30 72 8,16 8,12 5 106 T500% S 81,00% 8267% _8.62%

Digestion aérobie mésophil (MAD) + Tween 80 MAD + Twso Filtration 05 30 120 8,16 848 5 153 2 i - ik

Digestion aérabie mésophila (MAD) + Tween 80 MAD + Twso Filtration 05 30 168 816 845 5 190 0

Digestion aéroble mésophile (MAD) + Tween 80 MAD + Twgo Filtration 05 30 336 816 6,06 5 333

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tweo Filtration 05 30 504 816 643 5 446

METIX-8S METIX-BS Centrifugation 0 30 72 719 313 51 294

METIX-8S METIX-BS Centrifugation o 30 120 7,19 271 51 310

METIX-BS METIX-8S Centrifugation o 30 166 7,19 215 51 307

METIX-8S METiX-BS Centrifugation 0 30 336 7.19 1,83 51 425 : e
|meTixas METIX-BS Centrifugation 0 30 504 7.19 1,42 51 461 85,00% 50,00% 81,00% 85,33%




R o0 - fraction liadi
Essais (Fraction liquide) Code Déshydratation Tw8o ST Temps pH POR (mV) Recouvrement Chryséne D12 (%) - fraction liquide
(g/L) (g/L} {h) initial final initial final A B c Moyenna _ Ecart-type V. (%)
Contrale non-dopé ot non-traité (NDC) [NDC Cenirifugation 0 18 ) 6,40 6.47 270 283 126,20% 97.80% 105,70% 109,90% 14,66%
Contréle dopé et non-traité (DOC) poc Centrifugation 0 18 0 6,40 6,37 270 217 120,20% 121,87% 112,10% 118,06% 523%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 -250 1 89,20% 84,70% 95,70% 89,87% 5.53%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 1.57 277 398 80,40% 108,30% 106,70% 98,13% 15,41%
METIX-AC METIX-AC Centrifugation . 0 18 4 6,69 2,08 -345 326 115,00% 126,20% 99,40% 11353% 13,46%
STABIOX STABIOX Centrifugation 0 18 1,33 6,78 4,00 41 200 93,60% 87,50% 103,50% 94,67% 8,07%
ELECSTAB ELECSTAB Centrifugation o 18 1 7,00 4,00 72 171 98,00% 77,10% 86,50% 87,20% 10,47%
Tween 80 (essal A} Twso - A Filtration 05 a0 B 2
Tween 80 {assai A) Twao - A Centrifugation (500 x g) 05 30 f,’
Twaeen 80 (essal A) Tws0 - A Centrifugation (1000 x 9) 05 30 6 6,84 6,60 -120 70 .
Twaan 80 (essal A) Twso - A Centrifugation (2000 x g) 05 30
Twaan 30 (essal A) Twso - A Centrifugation (3000 x g) 05 30
Tween 80 (essai C) Twso - C Filtration 20 30 /,
Tween 80 (essal C) Twso -C Centrifugation {500 X g) 20 30 2 684 662 120 2
Twaen 80 (assal C) Twso . C Centrifugation (1000 x g) 20 20 " " .
Tween 80 (assal C) Twsd - C Centrifugation {2000 x g) 20 20 b i
Tween 80 (assai B) Tws0 - B Filtration 05 30 4 6,84 6,59 120 -83 95,60% 97,60% 1,46%
[Metix-AC + Tween 80 METIX-AC + Tw80  |Filtration 05 30 4 753 1,88 -58 370 112,00% 101,40% _5,74%
Contréle dopé et autoclavé (DAC) bac Centrifugation 0 30 0 7.1 6,99 79 -80 g f‘ i ,/,f,/’r//;’;” 7
Contrale dopé st autoclavé (DAC) DAC Gentrifugation 0 30 168 711 7.01 79 66 //;// /f,{,;f .
Contréle dopé et autoclavé (DAC) pac Gentrifugation 0 30 336 711 721 79 -2 ..
Contréle dopé et autoclavé (DAC) DAC Gentrifugation 0 30 504 711 7.16 79 58 -
Digestion aérobie mésophile (MAD) map Gentrifugation 0 30 72 8,16 8,08 5 96 .
Digestion aérobie mésophile (MAD) MAD Gentrifugation 0 30 120 8,16 8,56 5 225
Digestion aérobie mésophile (MAD) map Gentrifugation 0 30 168 8,16 8,60 5 275
Digestion aérobie mésophila (MAD) MAD Centrifugation 0 30 336 816 5,80 5 361
ion aérobie mésophile (MAD} MAD Gentrifugation 0 30 504 8,16 7,08 5 440 89,20% 5,53%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twso Filtration 05 30 72 8,16 812 5 106 06,00% 3,06%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153 1
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Fitration 05 30 168 8,16 845 5 190
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Fiitration 05 30 336 8,16 6,06 5 333
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 643 5 446
METIX-BS METIX-BS Centrifugation 0 30 72 7.19 313 51 204
METIX-BS METIX-8S Centrifugation [ 30 120 7.19 271 51 310
METIX-BS METIX-BS Centrifugation [ a0 168 7,19 2,15 51 397
METIX-BS METIX-BS Centrifugation 0 30 336 7,19 1,83 51 425
|METIX-BS |MeTIX-BS Centrifugation ) 30 504 7.19 142 51 461




D10 (%)
Essais (Fraction liquide) Code Déshydratation Tw8o st Temps PH POR (mv} Recouvrement Anthracing D10 () - frastion lauide
(g/L) (giL) {h) initial final initial final A ] [ Moyenne __ Ecarttype  C.V. (%

Contrdle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 0 6,40 647 -270 -283 109,90% 115,40% 104,30% 109,87% 5,55% 5,05%
Contrala dopé ot non-traité (DOC) DoG Centrifugation 0 18 [ 6,40 6,37 270 277 113,30% 110,40% 102,90% 108,87% 537% 4,83%
Digestion aérobie mésophiie (MAD) MAD Centrifugation a 18 504 6,31 6,13 -250 4 93,20% 87,20% 89,90% 90,10% 3,00% 3,34%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 1,57 277 398 132,10% 125,80% 104,30% 120,73% 14,58% 1207%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 120,40% 121,50% 123,90% 121,93% 1,79% 1.47%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 41 290 96,20% 95,53%

ELECSTAB [ELECSTAB Centrifugation 0 18 1 7.00 4,00 -172 171

[Tween 80 (essai A) Tw80 - A Filtration 05 30

Tween 80 (essai A) Twso - A Centrifugation (500 x g} 05 30

Tween 80 (essai A) Tw80 - A Centrifugation (1000 x g) 05 30 8 6,84 6,60 120 70

Tween 80 (essai A} Tw8o - A Centrifugation (2000 x g) 0,5 30

Tween 80 (essai A} Tw80 - A Cantrifugation (3000 x g) 05 30

Twesn 80 (essai C) Tw80 -C Filtration 2,0 30

Tween 80 (ssai C) w80 -C Centrifugation (500 x g) 2,0 30

[ Tween 80 (essai C) Tw8o -C Centrifugation (1000 x g} 20 30 2 6.84 662 120 82

[ Tween 80 (ssai C) Twso -C Centrifugation (2000 x g) 20 30

Tween 80 (essai B) [Tw80 - B Filtration 0,5 30 4 6,84 6,59 -120 -83

Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 0,5 30 4 7,83 188 -58 370 9 .

Contréle dopé et autoclavé (DAC) DAC Centrifugation 4 30 0 7,11 6,99 79 -80 i /}55 M ; 2 %;;z;;j{?
Controle dopé et autociavé (DAC) DAC Centrifugation 0 30 168 7.1 7,01 79 66 - »ﬁf"‘ 0 . . /Z;a Qg,fl

Sle dopé et (DAC) DAC Centrifugation 0 30 336 7,11 7,21 79 62 . o v | f?’iﬁ‘o/,.

Contréle dopé et autoclavé (DAC) pac Centrifugation 0 30 504 7.11 7.16 79 58 % %’g, f//;‘%ﬁf /’%‘;‘/ o %ﬂ/ﬁfﬂ f’% ,4;’/%
Digestion aérabie mésophila (MAD) MAD Centrifugation 0 30 72 816 808 5 9 . . .%i‘gg - /» 2 /%/%%/ /,/»éf
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 226 , ﬁ%’ . %/’*&")%% . % /Q&/‘%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 o ,}9@@@” .
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 816 5,80 5 361 pi Z . /’/%z?‘%;f
Digestion aéroble mésophiie (MAD} MAD Centrifugation 0 30 504 8,16 7.08 5 440 93,20% 7,2 89,80% 90,10%

Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 72 8,16 812 5 106 93,00% 100,00% 96,00%

Digestion aérobie mésophile (MAD) + Twesn 80 MAD + Tw80 Filtration 0,5 30 120 8,16 848 5 163 f,';,’/ i *' v 7

Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 . ﬁ%ﬂgf/%ﬂi

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration a5 30 336 8,16 6,06 5 333 . ’ ,?f%/é .

Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 504 8,16 643 5 446 ook JBO0% 99, .

METIX-BS METIX-BS Centrifugation 0 30 72 7.18 313 -51 204 b /’,,ﬁq, o

METIX-8S METIX-BS Centrifugation ° 30 120 719 2,71 51 310 . gj’%%% % o

METIX-BS METiX-BS Centrifugation 0 30 168 718 215 51 397 0 /g;?' ’”’l”%ﬁfﬁ% . o

METIX-BS METIX-BS Centrifugation 0 30 336 719 1,83 51 425 i L // //
&ETIX-&S METIX-BS Csntnfugiﬁoﬂ 0 30 504 7,19 1,42 -51 461 89.50% 83,00% 98,00%




Essais (Fraction liquide) Code Déshydratation Tw8o st Temps PH POR (mV) Recouvrement Pyréne D10 () - raction Nquide
. (g/l) {g/L) (h) initial final initial final A B c Moyenne  Ecart-type . C.V. (%

[Contrale non-dopé et non-traité (NDC} NDC Centrifugation 0 18 0 6,40 6.47 270 283 101,20% 105,60% 94.40% 100,40% 5,64% 5.62%
Contrale dopé et non-traité (DOC) DoC Centrifugation 0 18 0 6,40 6,37 270 277 102,60% 103,40% 94,90% 100,30% 4,69% 4,68%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 250 1 95,60% 91,30% 90,70% 92,53% 2,67% 2,89%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 167 277 398 132,20% 132,70% 94,40% 119,77% 21,97%

METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 345 326 112,40% 121,10% 126,40% 119.97% 7.07%

STABIOX STABIOX Centrifugation 0 18 133 678 4,00 41 290 97,40% 100,70% 99,80% 99,30% 1.71%

ELECSTAB ELECSTAB Gentrifugation 0 18 1 7,00 4,00 72 171 137,70% 109,80% 117,90% 121,80% 14,35%

Tween 80 (essai A) Tw8o - A Filtration 05 30 i P i

Tween 80 (essal A) Tw80 - A Centrifugation (500 x g) 05 20 ‘ "

Tween 80 (essai A) Tw80 - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 70 .

Tween 80 (essai A) Tw8o - A Centrifugation (2000 x g) 05 30 ‘

Tween 80 (essal A} Tw80 - A Centrifugation (3000 x g) 0,5 30

Tween 80 (essai C) Twso - ¢ Filtration 20 30 ‘

Tween 80 (essai C) Twso - C Centrifugation (500 x g) 20 a0 .

Tween 80 (essai C) Twso - C Centrifugation (1000 x g) 20 30 2 6.84 662 120 82 o

Tween 80 (essai C) Twso - ¢ Centrifugation (2000 x g) 2,0 30 o

[Tween 80 (essal B) Tw80 -B Filtration 0.5 30 4 6,84 6,59 -120 -83 98,60% 102,60% 2,40%

Metix-AC + Tween 80 METIX-AC + Tw80 Fiitration 0.5 30 4 7.83 1.88 -58 370 110,00% 110,00% 0,00%

Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 711 6,99 79 -80 L i z 2

Contrla dopé et autoclavé (DAC) pac Centrifugation 0 30 168 711 7,01 79 66 7 :

Contrdla dopé ot autoclavé (DAC) pac Centrifugation 0 30 336 [T 7.21 79 52 ! . '

Contrale dopé st autoclavé (DAC) pac Centrifugation 0 30 504 711 7.16 79 58 -

Digestion aérobie mésophiie (MAD) MAD Centrifugation a 30 72 8,16 8,08 5 96 ,/’/

Digestion aérobie mésophite (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225 . . . : /

Digestion aérobie mésophlie (MAD) MAD Centrifugation Q 30 168 8,16 8,60 5 275 / / . o 0

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 / . 7 o o

Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 504 8,16 7.08 5 440 95,60% 91,30% 90,70% 92,53%

Digestlon aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 0,5 30 72 8,16 8,12 5 106 107,0@% N 0

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 120 8,16 848 5 153 e v

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 8,45 5 160 /

Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twso Filtration 05 0 336 8,16 6,06 5 333 .

Digestion aérobie mésophlie (MAD) + Tween 80 MAD + Tw80 Filtration 0.5 30 504 816 6,43 5 446 . 109¢ » 84,30

METIX-BS METIX-BS Centrifugation 0 30 72 719 3,13 51 204 s g

METIX-BS METIX-BS Centrifugation 0 30 120 7,19 271 51 310 / "’// //

METIX-BS METIX-BS Centrifugation 0 30 168 7.19 215 -51 387 / . .

METIX-BS [METIX-BS Centrifugation o 30 336 7.19 1,83 -51 425 7
|meTixes METIX-BS Centrifugation 0 30 504 7.19 142 51 461 97,00% 86,00%




Totale (11 HAP)
Essais (Boue totale) Code Déshydratation Tw8o ST Temps PH POR (mV) totale (mglkg) Enlovement (%)
(aiL) (g/t) {h) initial final initial final A 8 c Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type
Controle non-dopé et hon-raid (NDC) NDC Centrifugation o % o 640 547 270 283 7573 3283 3536 2.264 0319 7a8% [ T
Contréle dopé et non-traité (DOC) poc Centrifugation 0 18 0 640 6.7 270 217 57543 61360 53942 57,615 370 644% 0.00% 0.00%
i aéroble mé ile (MAD) MAD Centrifugation Q 18 504 6,31 6,13 -250 1 34,128 33,832 33,970 34,010 0,104 0.31% 40,97% 0,18%
METIX-B8S METIX-BS Centrifugation 4] 18 240 6,37 157 =277 398 36,604 39,277 40,185 38,689 1,861 481% 32,85% 3.23%
METIX-AC METIX-AC Centrifugation o 18 4 6,69 2,08 -345 326 48,154 45,768 48,428 47,784 1,858 3,89% 17,06% 322%
STABIOX STABIOX Centrifugation 0 18 1,33 8,78 4,00 -41 290 51,449 50,128 50,419 50,666 0,694 137% 12,06% 1,20%
[ELECSTAB ELECSTAB Centrifugation 0 18 1 7.00 4,00 -172 171 53,200 51,029 52,338 52,189 1,093 2,09% 9,42% 1,90%
[Tween 80 (essai A) TwB0 - A Filtration 05 30 44,768 43,704 46,163 44,879 1,233 2,75% 30,03% 1,92%
Tween 80 (essai A) TwB0 - A Centrifugation (500 x g) 05 30 49773 54,932 53,738 52,814 2,701 511% 17.66% 421%
[Tween B0 (essai A} Tw80 - A Centrifugation (1000 x g) 05 30 & 6,84 6,60 -120 -70 50483 49,500 51,946 50,643 1,23% 2,43% 21,04% 1,92%
Tween 80 (essai A) Tws0 - A Centrifugation (2000 x g) 05 30 55022 56,504 57706 56.707 0,047 1.67% 11,50% 1.48%
Twean BO (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 52,939 52,251 57,218 54,136 2,692 4.97% 15,60% 4,20%
[Tween 80 (essai C) Tw80 - C Filtration 20 30 42417 47,617 50,835 46,956 4,248 9,05% 26,79% 6,62%
[Tween 80 (essai C) Twal - C Centrifugation (500 x g) 20 30 2 6,34 6.62 120 82 47,875 52,161 54,236 51,424 3,244 6,31% 19,83% 5,06%
Tween 80 (essai C) Tw8o - C Centrtugation (1000 x ) 20 30 ; : 51425 54297 55839 53854 2,240 4.16% 16,04% 349%
Tween 80 (essai C) Twao - Gentrifugation (2000 x g) 20 30 52775 59.789 56,795 56453 3520 6.23% 11.99% 5.49%
Tweon 80 (essai B) Twso- B Fitration s 30 4 684 659 20 83 57887 61607 54.049 57,848 3779 653% 881% 589%
Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 0.5 30 4 753 1,88 -58 370 58,852 57,405 56,776 57,678 1,064 1,85% 10,08% 1,66%
Contréle dopé ot autoclavé (DAC) pAc Centrfugation o 30 0 7 6.99 79 80 64295 63607 64519 64140 0476 0.74% 0,00% 0.74%
Cantrole dopé st autoclavé (DAC) bac Centrfugation o 30 168 ™ 7.01 79 66 62540 63.898 64332 63590 0,935 147% 0.86% 1,46%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 7 7.21 -79 -62 55,120 57,099 59,847 57,356 2374 4,14% 10,58% 3,70%
[Controle dopé et autoclavé {DAC) DAC |Cenuifugation 0 30 504 71 7.16 -79 -58 56,627 54,811 53,866 55,101 1,404 2,55% 14,09% 2.19%
Digestion asrobie mésophile (AD) MAD Centrfugation 0 30 72 816 808 5 96 53269 50,389 52609 52,096 157 291% 18.78% 2.36%
Digestion aérobie mésophile (MAD) MAD Centrfugation 0 a0 120 816 856 5 25 46417 45,107 10,767 44,007 2957 671% 3125% 461%
jon aérobie mé (MAD) MAD Centrifugation 0 30 168 816 8560 5 275 40683 77 35233 37944 2725 7.18% 40584% 4.25%
igestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 816 580 5 361 34683 32,008 32235 33282 1262 379% 45.11% 1.97%
Digestion aérobie mésophile (MAD) MAD Cantrifugation Q 30 504 8,16 7.08 5 440 34,696 33,945 34,662 34,431 0,421 1.22% 46,32% 0,66%
Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw80 Fifration 05 30 72 816 812 5 106 45,866 46.153 1443 45,484 0922 2,03% 29.00% 1,44%
Digestion aérobie mésophlle (MAD) + Twaeen 80 MAD + Tw80 Filtration 05 30 120 8,16 8,48 5 153 41417 38,300 37,800 39,172 1,960 5.00% 38,93% 3,06%
Digestion aérabie mésophile (MAD) + Tween 80 MAD + Tws0 Fitration 05 s 168 816 845 5 190 30233 33,754 34643 35877 2841 8.20% 44.07% 4,59%
Digestion aéroble mésophile {MAD) + Tween 80 MAD + Tw80 Filtration 0.5 30 336 8,16 6,06 5 333 33,984 31,317 30,589 31,863 1,787 5,59% 5017% 2,79%
Digestion aérobie mésophils {MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 6,43 5 446 31,205 31,362 29,214 30,504 1,198 3.91% 52,30% 1,87%
METIX-BS METIX8S Centrfugation 0 30 72 718 313 51 204 57235 56904 58.924 57688 1083 +.88% 10.06% 1,69%
METICBS METIX-85 Centrifugation 0 30 120 719 271 51 310 51417 19144 48752 49,771 1439 289% 22.40% 2.24%
METIXBS METIX8S Centrifugation 0 30 168 719 215 51 307 47816 43444 45038 45,433 2213 487% 20,47% 345%
METIX-BS METIX-BS Centrfugation 0 30 336 719 183 51 425 36.230 33,198 35.050 34826 1528 439% 145.70% 2.38%
ETIX-BS IET|X-BS Centrifugation 0 30 504 7,19 142 -51 461 35,557 33,532 31,320 33,469 2,119 6,33% 47,82% 3,30%




HAP & 3 cycles (ACN, FLU, PHE)
Essais (Boue totale) Code Déshydratation Twso st Temps pH POR (mV) Concentration totale (mglkg) [ Enievoment (%)
(g/L) (g/L) (h) initial final initial final A B [ Moyenne _ Ecart-type  C.V. (%) Moyenne

Contréle non-dopé et noi NDC |Centrifugation 0 18 0 6,40 847 =270 -283 0,373 0,345 0,336 0,362 0,019 5,38%
Contrsle dopé at non-traité boc Centrifugation 0 18 0 640 637 270 277 14147 14.796 13,547 14,163 0625 441% 0,00% 0,00%
(Digestion aérobie mésophile (MAD} MAD |Centrifugation 0 18 504 6,31 6,13 -250 1 0,524 0,491 0,516 0,510 0,017 3,37% 96,40% 0.12%
METIXCBS METIX-BS Centritugation 0 18 20 637 157 277 a08 0637 0732 0.749 0706 0.060 8.52% 95.01% 0.42%
METIX-AC METIX-AC Centifugation 0 18 4 6569 208 45 3% 8,552 8533 8783 8623 0.138 1,62% 3912% 0.98%
STABIOX STABIOX Centrifugation 0 18 13 678 400 41 200 11643 11,330 1478 1,384 0267 2.08% 19.63% 167%
ELECSTAB ELECSTAB Centifugation o 18 3 700 400 72 7 6712 5944 6375 6344 0.385 6.07% 85.21% 2.72%
[ Tween 80 (essai A) Tw80 - A Filtration 05 30 4,566 4,400 4,542 4,503 0,090 1,99% 7317% 0,53%
[Tween 80 (essai A) Tw80 - A Centrifugation (500 x g) 05 30 9,933 10,550 10,125 10,203 0316 3.09% 3921% 1,88%
Tween 80 (essai A} TwB0 - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 -70 10,808 11,183 11,126 11,072 0,145 1,31% 34,03% 0,86%
Tween 80 (essai A} Tw80 - A Centrifugation {2000 x g) 05 30 10,500 10,783 10,000 10,428 0,387 3.80% 37.87% 2,36%
Tween 80 (essal A) Twi - A Contrugation (3000 x ) 05 30 9,067 8833 9,042 8,981 0128 143% 14650% 0.76%
Tween 80 (essai C) Twso - Filtration 20 3 2108 2150 2202 2183 0,096 4.40% 86.99% 0557%
Tween 80 (essai C) Twsa - C Centrifugation (500 x g) 20 30 2 84 662 120 & 6,850 6517 6,583 6650 0176 2,65% §0,38% 1,05%
Tween 80 (essal €) Twgo - C Centritugation (1000 x g) 20 3 : i 9817 10,250 10,202 10,119 0263 260% 30.71% 1.657%
Tween 80 (essal ) Tw80 - C Centrfugation (2000 g) 20 30 10,508 10,416 10,500 10475 0,081 049% 37.59% 0.30%
[Tween 30 (essai B) Tw80 -B Filtration 05 30 4 6,84 6,69 -120 -83 14,241 13,501 10,786 12,832 1,608 14,08% 23,55% 10,77%
Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 95 30 4 753 1,88 -58 370 13,112 13,136 12,648 12,965 0,275 2.12% 22,76% 1,64%
[Contrdle dopé et autoclavé (DAC) DAC [Centrifugation 0 30 0 71 6,99 -79 -80 16,831 16,745 16,778 16,785 0,043 0.26% 0,00% 0,26%
[Contrdle dopé st autociavé (DAC) DAC Centrifugation 0 30 168 711 7.01 -79 -66 16,857 16,033 16,438 16,443 0,412 2.51% 2,04% 2,46%
[Contrale dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 n 7.21 -79 -62 12,963 13,354 13,458 13,268 0,261 1,97% 21,01% 1,66%
(Contrsle dapé ot autoslavs (DAC) pAC Centrifugation 0 30 504 711 716 7 58 12,651 12,042 11,444 12,046 0603 501% 28.23% 359%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 816 808 5 96 6567 6.826 7184 6859 0310 452% 50.14% 1.85%
Digestion aérobis mésophila (MAD) MAD Centrifugation 0 30 120 816 856 5 225 4,000 3933 3600 844 0214 557% 7710% 1,28%
Digestion aéroble mésophils (MAD) MAD - (Centifugation 0 30 168 816 50 5 275 2517 2417 2400 2444 0.063 258% 8544% 0.38%
Digestion aérobie mésophile (MAD} MAD [Centrifugation 0 30 338 8,16 5,80 5 361 0,983 1417 1,367 1,256 0,237 18,88% 82,52% 1,41%
Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 30 504 8,16 7.08 5 440 0,541 2,491 0,516 8,516 0,025 4,87% 96,93% 0,15%
Digestion aérobie mésophile (MAD) + Twaen 80 MAD + Tw8o Filtration 05 3 72 816 812 5 106 3004 2728 2588 2773 0212 7.63% 83.48% 1.26%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 120 8,16 8,48 5 153 4,750 1,467 1,633 1,617 0,142 8,81% 80,37% 0,85%
Digestion aérabie mésophils (MAD) + Twoen 80 MAD + Tw80 Fitation 05 30 168 816 845 5 190 1400 1,350 1,333 1,361 0,035 255% 91,89% 0:21%
[Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 1,150 1,168 1,125 1,144 0,017 1,50% 93,18% 0,10%
[Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 816 643 5 448 1,050 1,091 0,929 1,023 0,084 8,25% 93,90% 0,50%
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 -51 294 11675 11,033 12,126 1,611 0,549 4,73% 30,82% 3.27%
METIX.BS METIX-8S Centifugation 0 30 120 719 27 51 310 9,667 9,000 8667 0111 0509 5.50% 45.72% 3.03%
METIX-BS METIX-BS Contifugation 0 a0 168 719 215 51 307 9.286 8167 8504 8,662 0565 6.50% 4827% 336%
[METIX-BS METIX-BS Cenfrifugation 0 30 336 7.19 1,83 -51 425 0,778 0,688 0.797 0,731 0,042 5,60% 95,65% 0.26%
meTICES METIX-BS Contrfugation 0 30 504 749 142 51 461 0723 o672 0653 0,683 0.036 5.:32% 95.93% 0.22%




HAP a 4 cycles (FLR, PYR)
Essais (Boue totale) Code Déshydratation Twso sT Temps pH POR (mV) totale (mgikg) [ Entevement (%)
(g/L) {g/L} {h) initial final initial final A B c Moyenne  Ecarttype  CV.(%) | Moyenne E
[Contréle non-dopé et non-traité (NDC) NDC Centrifugation Q 18 0 6,40 647 =270 -283 1,166 1,089 1,031 1,085 0,068 6,19% % 7
Controte dopé et non-traité (DOC) poc Centrfugation 0 18 0 640 637 270 217 9550 10,852 o7 9791 0.963 9.84%
Digestion aérobie mésaphile (MAD) MAD Cenfrifugation 8 18 504 6,31 6,13 -250 4 5177 5,393 5,184 5,251 0,122 2,33% 46,37%
METIX-BS METIX-8S Centrifugation o 18 240 637 157 277 208 8130 8032 8.738 8300 0383 451% 15.23% 391%
METIX-AC METIX-AC Centrifugation 0 18 4 669 208 245 a6 7an 7059 9013 7814 1050 1844% | 2019% 10.72%
STABIOX STABIOX Centrifugation 0 18 1,33 6,78 4,00 41 290 9,137 9,003 9,165 9,102 0,087 0,95% 7.04% 0.89%
ELecsTAR ELECSTAB Centrfugation 0 18 1 700 4,00 72 71 12,267 10,856 1,733 1618 0713 6.13% 18.66% 728%
Tween 80 (essai A) Tw80- A Fitation 05 0 9550 10117 10167 9944 0343 3.44% 17.23% 285%
[Tween B0 (essai A) Tws0 - A Centrifugation {500 x g) 05 30 9,817 11,250 11,626 10,931 0,898 8,21% 8,02% 7,47%
Tween 80 (essai A) Tws0 - A Centrifugation (1000 x ) 05 30 6 684 660 420 70 10883 10,47 9545 10459 0792 757% 12.95% 6.59%
[Tween 80 (essai A} (Tw80 - A Centrifugation (2000 x g) 05 30 11,050 12,300 12,333 11,894 0,732 6,15% 1,00% 6,09%
[Tween 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 10,258 11,533 12,083 11,292 0,936 8,29% 6,02% 7.79%
[Tween 80 (essai C} Tw80 - C Filtration 20 30 9,667 10,250 10,583 10,167 0464 4,66% 15,38% 3.86%
Tween 80 (essai C) Tw80 - C [Centrifugation (600 x g) 20 30 2 6,84 662 120 82 10,226 10,983 11,500 10,903 0,641 5,88% 9,26% 5,34%
[Tween B0 (essai C) Twd0 - C Centrifugation (1000 x g} 20 30 * ’ 10,175 11,283 11,458 10,972 0,696 6,34% B8.68% 5,79%
[Tween 80 (essai C) Tws0 - C Centrifugation (2000 x g} 2,0 30 10,633 11,183 9,817 10,578 0,635 6,00% 11,96% 5,28%
[Tween 80 (essai B) Twe0 - B Filtration 05 30 4 6,84 6,59 -120 -83 12,340 12,494 10,821 11,885 0,825 7.78% 1,08% 7,70%
[Motix-AC + Tween 80 METIXAC + Twe0 | [Filtration 05 30 4 753 1,88 58 a7 13,631 11,376 12418 12,375 1150 9.29% 3.00% 957%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 M 6,99 -79 -80 12,138 12,029 11,877 12,015 0,131 1,09% 0,00% 1,09%
Contréle dopé st autoclavé (DAC) DAC Centrifugation 0 30 168 n 7.0 -79 -66 12,286 13,043 13,356 12,895 0,550 4,27% -7.33% 4,58%
[Contrdle dopé et autoclavé {DAC) DAC [Centrifugation 0 30 336 7.1 721 -79 -62 11,420 11,801 13,333 12,185 1,013 8,31% -1.41% 8,43%
[Contréle dopé et autociavé (DAC) DAC [Centrifugation 0 30 504 711 7,16 79 -58 11,145 10,733 10,741 10,873 0,235 2,17% 9,51% 1,96%
Digestion aérobie mésophils (MAD} MAD Centrifugation 0 30 72 8,16 808 5 86 11,331 11,164 11,047 11,171 0,157 1,41% 7.03% 131%
Digestion aérobie mésaphile (MAD) MAD Centrtugation 0 30 120 816 856 5 226 10700 11,200 9.667 10522 0782 743% 1242% 651%
Digestion aérobie mésophile (MAD) MAD Centrifugation o 30 168 816 8560 5 275 867 10,500 75500 8722 1576 1806% | 27.40% 13.11%
Dlgbstion‘aérobla mésophite (MAD) MAD Cantrifugation 0 30 336 8,16 5,80 5 361 6,200 4,833 5,000 5,344 0,746 13,95% 55,52% 6,21%
Digestion aérabie mésophile (MAD) MAD Centrifugation 0 30 504 816 708 5 40 5953 5393 5184 5310 0111 2,08% 55.80% 0.92%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 9.5 30 72 8,16 8,12 5 106 12,084 11,549 19,047 11,560 0,519 4,49% 3,78% 4,32%
Digestion aéroble mésophile (MAD) + Twaen 80 MAD + Tw80 Filration 05 30 120 816 848 5 153 9,833 8833 9,000 9222 053 - 581% 23.24% 4.46%
Digestion aérobie mésophile {MAD) + Twean 80 MAD + T80 Filration 05 30 168 816 845 5 1%0 8667 7500 7500 7880 0674 854% 34.34% 561%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Fitration 05 30 336 816 606 5 333 4833 4737 4464 4678 0,191 4.09% 61.06% 1.59%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tws0 Fitration 05 0 504 816 643 5 446 3183 2908 3143 3078 0.148 481% 7438% 1,23%
METIX-85 METICBS Centrfugation 0 30 72 719 313 1 294 11725 11854 11823 11,801 0.067 057% 1.78% 0,56%
METIX-BS METIXCES Centrifugation 0 0 120 719 27 51 310 11333 11,167 10,667 11,056 0347 314% 7.98% 289%
METIX-BS METIXBS Contrifugation 0 30 168 718 215 51 397 10714 10,500 9688 10,301 0.542 5.26% 14,27% 451%
[METIX-BS METIX-BS Centrifugation a 30 336 719 1,83 -51 425 7,937 8,000 9,500 8,812 0,798 9,06% 26,66% 6,65%
lMETlXVBS METIX-B8S Centrifugation 0 30 504 7,19 1,42 -51 481 8,167 8,167 7,667 8,000 0,289 3,61% 33,42% 2,40%




HAP 2 5 cycles (BJK, BAP)
Essais (Boue totale) Code Déshydratation Tw8o ST Temps PH POR (mv) c ion totale (ma/ka) [ Enievement (%)
(g/L) {g/L} {h) initial final initial final A B c Moyenne  Ecarttype  C.V. (%) Moyenne  Ecart-type
Contréle non-dopé et non-traité (NDC) NDC Centrifugation 0 8 0 6.40 647 270 283 1,836 1681 1,485 1,668 0,176 0% i
Contréle dopé et non-traité (DOC) DOC [Centrifugation 0 18 0 6,40 6,37 =270 =277 21,633 23,091 20,560 21,761 . 1,270 5,84% 0,00% 0,00%
Digestion aérobie mésophile (MAD} MAD Centrifugation 0 18 504 6,31 6,13 -250 1 19,071 17,984 18,843 18,633 0,574 3.08% 14,38% 2,64%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 1,57 =277 398 16,275 18,475 19,182 17,977 1,516 8,43% 17.39% 6,97%
[METIX-AC METIX-AC Centrifugation s 18 4 6,69 2,08 -345 326 19,457 19,630 20,273 19,753 0,451 2,28% 8,23% 2,07%
[STABIOX STABIOX Centrifugation o 18 1,33 6,78 4,00 41 280 19,848 18,685 18,738 19,090 0,657 3.44% 12,27% 3,02%
[ELECSTAB ELECSTAB Centrifugation Q0 18 1 7.00 4,00 -172 171 22,686 23,503 23,446 23,212 0,456 1.97% -6,66% 2,10%
[Tween 80 (essal A} Tws0 - A Filtration 0,5 30 22,056 18,368 20,014 20,146 1,847 9.17% 13,53% 7.93%
 Tween 80 (essai A} TwB0 - A Centrifugation (500 x ¢) 0,5 30 18,852 20,644 21,784 20,426 1478 7,24% 12,33% 6,34%
[ Tween B0 (essal A} Twd0 - A Centrifugation (1000 x g} 05 30 6 6,84 6,60 -120 -70 17,958 18,453 20,688 19,032 1,453 7.63% 18,31% 6,24%
[Tween 30 {essal A) Tw80 - A Centrifugation (2000 x g} 05 30 23,524 21,206 23,796 22,842 1,423 6,23% 1,96% 6,11%
[Tween B0 (essai A) TwB0 - A [Centrifugation (3000 x g} 05 30 22,324 20,409 23,766 22,166 1,684 7.60% 4,86% 7.23%
[Tween 80 {essai C) Tw80 -C Filtration 20 30 20,117 23,233 26,500 23,283 3,192 13,71% 0,06% 13,70%
[Tween 80 {essai C) Tw80 - C [Centrifugation (500 x g) 20 30 2 6.84 6,62 120 82 20,317 23,450 24,963 22,910 2,370 10,34% 1,67% 10,17%
[Tween 80 (essai C) Tw80 - C [Centrifugation (1000 x g} 20 30 * ’ 20,450 21,250 22,200 21,300 0,876 4,11% 8,58% 3,76%
[Tween 80 (essai C) Twd0 - C Centrifugation (2000 x g) 20 30 20,817 24 957 24151 23,308 2,195 5,42% -0,04% 9.42%
[Tween 80 (essai B) [Tw80 -B Filtration 0,5 30 4 6,84 6,59 -120 -B3 20,385 23,387 21,439 24,737 1,623 7.01% 6,70% 6,54%
[Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 0,5 30 4 7,53 1,88 -58 370 21,820 21,118 21,083 21,274 0,300 1.41% 8,69% 1,28%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 o YA 6,99 -79 -80 23,370 23,395 23130 23,298 0,146 0,63% 0,00% 0,63%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7.01 -79 -66 22,286 23,641 23,288 23,072 0,703 3,05% 0,97% 3,02%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 721 -78 -62 20,679 21429 22,083 21,397 0,703 3.28% 8,16% 3,02%
[Controle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.11 7.16 -79 -58 21,386 20,681 20,741 20,936 0,391 1.87% 10,14% 1,68%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 . 30 72 8,16 8,08 5 96 23,675 21,584 23,767 23,008 1,235 5,37% 1.24% 5,30%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225 21,567 20,273 18,833 20,224 1,367 6,76% 13,19% 587%
Digestion aérobie mésophile (MAD)} MAD Centrifugation 0 30 168 8,16 8,60 5 278 20,000 16,500 16,833 17,778 1,832 10,87% 23,69% 8,29%
[Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 5,80 5 361 18,000 17,500 17,000 17,500 0,500 2,86% 2489% 215%
Digastion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 18,012 17 684 18,643 18,113 0,488 2,69% 22,26% 2,09%
{Digestion aérobie mésophile (MAD) + Twaeen 80 MAD + Tw80 Filtration 05 30 72 8,16 8,12 5 106 20,541 20,512 20225 20,426 0,175 0,85% 12,33% 0,75%
Digestion aérobie mésophiie (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153 19,167 18,667 18,167 18,667 9,500 2,68% 19,88% 2,15%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw30 Filtration 05 30 168 8,16 8,45 5 & 190 19,333 16,167 16,833 17,444 1,669 9,57% 2513% 7.17%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0.5 30 336 8,16 6,06 5 333 18,000 16,316 15,714 16,677 1,185 7.10% 2842% 5,09%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 6,43 5 446 15,667 ) 16,061 14,464 15,397 4,832 5,40% 33,91% 3,57%
[METIX-BS METIX-BS Centrifugation 0 30 72 719 3,13 -51 294 21,733 22,767 23,342 22,814 0,815 3,61% 2.94% 3,50%
[METIX-BS METIX-BS Centrifugation 0 30 120 7,19 27 -51 310 20,333 19,167 18,167 19,656 0674 3.44% 16,06% 2,89%
[METIX-BS METIX-BS [Centrifugation 0 30 168 7,19 . 215 -81 397 18,143 16,000 17,031 17,058 1,072 6,28% 26,78% 4,60%
[METIX-BS METIX-BS [Centrifugation 0 30 336 719 1,83 -51 425 18,085 15,333 16,500 16,643 1,386 8,33% 28,57% 5,85%
[METIX-BS LIETIX-BS |Centrifugation 0 30 504 7,19 142 -51 461 17,667 16,000 15,167 16,278 1,273 7.82% 30,13% 5,46%




HAP 2 6 cycles (INP, BPR)
Essais (Boue totale) Code Déshydratation Tw8o ST Temps pH POR (mV) Concentration totale (mglkg) Enlovement (%)
(g/L) (g/L) {h) initial final initial final A B [ Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

Contréle non-dopé et non-traité (NDC) NDC [Centrifugation 0 18 0 6,40 647 -270 -283 1,187 1,167 1,083 1148 0,059 5,16% 7 7
Contréle dopé et non-traité (DOC) DOC Centrifugation 0 18 0 6,40 6,37 -270 =277 12,214 12,620 10,865 11,899 0919 7.72%

ion aérobie mé (MAD) MAD Centrifugation [ 18 504 6,31 6,13 -250 1 9,356 10,085 9,427 9,616 0,381 4,06% 19,18% 3,28%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 1,57 217 398 11,562 12,037 11,516 11,7058 0,289 2,47% 1,63% 2,43%
METIX-AC METIX-AC Centrifugation [ 18 4 6,69 2,08 -345 326 12,774 10,646 11,360 11,593 1,083 9,34% 2,57% 9,10%
sTABIOX STABIOX Centrifugation o 18 1,33 678 4,00 41 200 10821 1,110 11,338 11,090 0,259 2,34% 6.80% 2,18%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 171 11,535 10,726 10,785 11,015 0,454 4,09% 7.43% 3,79%
[Tween 80 (essal A} Tw80 - A Filtration 05 a0 8597 10,819 11,440 10,285 1,495 14,54% 14,59% 1241%
Twoan 80 (essai A} TwB0 - A Centrifugation (500 x g) 05 a0 11071 12,489 10,204 11,255 1,153 10,25% 654% 9,56%
Tween 80 (essai A) TwBo - A Centrifugation (1000 x g)~ 05 30 6 6,84 6,60 120 70 10,733 8917 10,591 10,080 1,010 10,02% 16,30% 8.39%
Tween 80 (essal A) Tw0 - A Centrifugation (2000 x g) 05 30 10,742 12,308 11,577 11,543 0779 6.75% 4,15% 6,47%
Twaen 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 11,290 11,475 12,328 11,698 0,554 4,73% 2.86% 4,60%
Tween 80 (essai C) Twso - ¢ Filtration 20 30 10,525 11,083 11,460 11,323 0,739 6,52% 5,98% 6,13%
[tween 80 (essai C) Tws0 - C Centrifugation (500 X g) 20 30 2 654 662 120 82 10,483 1,211 11,189 10,961 0414 3,78% 8.98% 3,44%
Twoen 80 (essai C) Tw8d - C Centrifugation (1000 x g} 20 30 ” ’ 10,983 11,513 11,890 11,462 0,455 3.97% 4,82% 3,78%
[Tween 80 (essai C} Twso -C Centrifugation (2000 x g) 20 30 10816 13,232 12,227 12,002 1,214 10,04% 0,41% 10,08%
[Twsen 80 (essai 8) Two - B Filtration 05 20 4 684 659 120 -83 10,951 12,228 11,003 11,303 0,721 6,33% 539% 5,99%
Metix-AC + Tween 80 METIX-AC + Tw80  [Filtration 05 30 4 7,53 1,88 -58 370 10,489 11,776 10,928 11,084 0,654 591% 8,13% 543%
Contréle dopé at autoclavé (DAC) DAC Centrifugation 0 30 0 EAN 6,99 -79 -80 11,856 11,438 12,734 12,043 0,652 5,42% 0,00% 5,42%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 AN 7.01 -79 -66 11,11 11,180 11,250 11,180 0,069 0,62% 7.16% 0.58%
[Contrale dopé et autoclavé (DAC) DAC Centrifugation i 30 336 mm 7.21 -79 -62 10,059 10,515 10,972 10,615 0457 4,34% 12,68% 3,79%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 3 504 M 7.16 -79 -58 11,447 11,358 10,940 11,247 0,270 2,40% 6,60% 2,24%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 % 1,747 10,816 10,641 11,068 0,577 5,22% 8,18% 4,79%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 856 5 226 10,150 9,700 8,667 9,506 0,761 8,00% 21,07% 6,32%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 816 860 5 275 10,000 8,500 8500 9,000 0,866 9.62% 25,27% 7,19%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 336 8,16 580 5 361 9,500 9,178 8,868 9,182 0,316 3,44% 23,75% 2,62%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 0 504 8,16 7.08 5 440 10,790 10,378 10,308 10,492 0,260 2,48% 12,87% 2,16%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 72 8,16 8,12 5 106 10,238 11,363 10,572 10,724 0,579 5,40% 10,95% 4,81%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 120 816 848 5 153 10,667 9,333 9,000 9,667 0,882 9,12% 19,73% 7,32%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 9,833 8737 8,976 9,182 0,577 6,28% 23,75% 4,79%
Digestion aéroble mésophile (MAD) + Twaen 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 10,000 9,107 9,286 9,464 0,473 5,00% 21,41% 3,93%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0.5 30 504 8,16 6,43 5 446 11,306 11,301 10,678 11,095 0,381 3,25% 7.87% 3,00%
METIX-BS METIX-8S Cantrifugation 0 30 72 719 3,13 51 204 12,102 11,250 11,633 11,662 0,427 3,66% 3,16% 354%
METIX-BS METIX-ES Centrifugation ¢ 30 120 719 2,71 -51 310 10,083 4,810 10,252 10,048 0,223 2,22% 16,56% 1,85%
METIX-BS METIX-BS Centrifugation 0 30 168 7.9 215 -51 397 9,673 8,778 9,725 9,392 0,533 5,67% 2201% 4,42%
[METIX-BS METIX-8S Centrifugation 0 30 336 719 1,83 -51 425 9,421 8,167 8,333 8,640 0,681 7.88% 28.25% 5,66%
ImeTix-BS METIX-BS Centrifugation 0 30 504 7,19 142 51 461 9,000 8,693 7,833 8,509 0,605 7.11% 29,34% 5,02%




é (ACN)
Essais {Boue totale) Code Déshydratation Twso ST Temps pH POR (mV) Concentration totale (mg/kg) [ Enlévement (%)
(g/L) {g/L} {h) initial final final A B [ Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type
[Contréle non-dopé et non-traité (NDC} NDC Centrifugation 0 18 0 640 647 283 0,057 0,055 0,059 0,057 0,002 39% Vi i
Contréle dopé et non-traité {DOC) poc Centrifugation 0 18 0 6,40 6,37 277 4,507 4521 4,701 4,576 0,108 2,37% 0,00% 0,00%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 1 0,102 0117 0,107 0,108 0,008 7.15% 97,63% 0,17%
METIX-BS METIX-BS Centrifugation [ 18 240 6,37 1.57 398 0,115 0,125 0,130 0,123 0,008 6.37% 97,30% 017%
METIX-AC METIX-AC Gentrifugation 0 18 4 6,60 2,08 326 2,678 1,908 2,409 2,332 0,390 16,74% 49,05% 8,53%
STABIOX STABIOX Gentrifugation 0 18 1,33 678 4,00 260 3,832 3,732 3,678 3,747 0,078 2,08% 18,11% 171%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 171 1,827 1717 1,603 1,782 0,058 3,25% 61,05% 1.27%
Tween 80 (ossai A} Twsd - A Filtration 05 30 1,233 1217 1,208 1,219 0,013 1,04% 77.97% 0,23%
Tween 80 (essai A) Tw80 - A Centrifugation (500 x g) 05 30 3,375 3417 3,375 3,389 0,024 0.71% 38,78% 0,43%
Tween 80 (essai A} Tw80 - A Centrifugation (1000 x gy - 05 30 6 6,84 6,60 120 70 3,667 3,667 3,667 3,667 0,000 0,00% 33,77% 0,00%
Tween 80 (essai A) Twg0 - A Centrifugation (2000 x g} 05 30 3,392 3.450 3,208 3,350 0,126 3,77% 39.49% 2,28%
Tween 80 (essai A) Tw80 - A Centrifugation (3000 x g) 05 30 2,883 2,783 2,917 2,861 0,069 2,43% 48,32% 1,25%
Tween 80 (essai C) Tws0 - C Filtration 20 30 0,458 0,483 0,542 0494 0,043 8,66% 91,07% 0.77%
Tween 80 (essai C) Tweo - C Centrifugation (500 x g) 20 30 5 .84 6562 20 ™ 2,075 1,500 1,917 1,964 0,007 4,92% 64,52% 1,74%
Tween 80 (essai C) Tws0 - C Centrifugation (1000 x g) 20 30 ' ’ 2,900 3,000 3,125 3,008 0,113 3,75% 45,66% 2,04%
I Tween 80 (essai C) Twso - C [Centrifugation (2000 x g) 20 30 3,342 3,333 3,958 3,544 0,359 10,12% 35,98% 6,48%
[Tween 80 (essai B) Tws0 - B Filtration 05 30 4 684 6,59 -120 83 4,281 4,124 3,321 3,909 0515 13,17% 29,40% 9,30%
Metix-AC + Twesn 80 METIX-AC + TwB0  [Filtration 05 30 4 753 1,88 58 370 3,945 4012 3,636 3,864 0,201 5,20% 30,20% 3,63%
Contréle dopé at autoclavé (DAC) DAC Centrifugation 0 30 0 711 6,99 79 -80 5,535 5,531 5,542 5,536 0,006 0.10% 0,00% 0,10%
Controle dopé at autoclavé (DAC) DAC Centifugation [ 30 168 7.1 7.01 79 66 5429 5,163 5,137 5243 0,161 3,08% 530% 291%
Controle dopé et autoclavé (DAC) DAC Gentrifugation 0 30 336 71 7.21 79 62 3,704 4,037 3,667 3,803 0,204 537% 3131% 3,69%
Contrle dopé et autoclavé (DAC) DAC Genrifugation [ 30 504 71 7,16 79 58 3,916 3,665 3,370 3,650 0273 7,48% 34,06% 4,93%
Digestion aérobie mésophile (MAD) MAD Cenmifugation [ 30 72 816 8,08 5 9% 1,633 1,767 1,917 1,772 0,142 8,02% 67,99% 2,57%
Digestion aérobie mésophile (MAD) MAD Centifugation [ a0 120 8,16 8,56 5 225 0,950 0,900 0,817 0,889 0,067 7,58% 83,94% 1,22%
Digestion aérobie mésophile (MAD) MAD Centifugation [ a0 168 816 8,60 5 275 0517 0,467 0,483 0,489 0,025 521% 91.17% 0,46%
Digestion aérobie mésophile (MAD) MAD Gentrifugation [ 30 336 816 5,80 5 361 0,217 0,333 0,300 0,263 0,060 21.21% 94,88% 1,09%
Digastion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 816 7,08 5 440 0,127 0117 0,107 0117 0,010 8,57% 97,89% 0,18%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TwB0 Filtration 05 30 72 816 8,12 5 106 0,410 0,359 0,344 0371 0,034 9,30% 93,30% 0,62%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + T80 Filtration 05 30 120 816 8,48 5 153 0,267 0,250 0,300 0.272 0,025 9,35% 95,08% 0,46%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw0 Fitration 05 a0 168 8,16 845 5 190 0217 0,200 0,200 0,206 0,010 4,68% 96,29% 0,17%
Digastion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 0,200 0,193 0,214 0,202 0,011 5,36% 96,34% 0,20%
Digestion asroble mésophile (MAD) + Twean 80 MAD + Tws0 Filtration 05 30 504 8,16 643 5 446 0,167 0,167 0,161 0,165 0,003 2,09% 97,03% 0,06%
METIX-BS METIX-BS Gentrifugation 0 30 72 719 313 -51 204 3,275 3483 3,217 3,325 0,140 4.21% 39,94% 2,53%
METIX-BS METIX-BS Centrifugation 0 30 120 719 2,71 51 310 2,833 2,833 2,667 2,778 0,096 3,46% 49,82% 1,74%
METIX-BS METIX-BS Centrifugation 0 a0 168 7.19 2,15 51 397 2,571 2,333 2,500 2,468 0,122 4,95% 55.41% 2,21%
METIX-BS METIX-BS Centrifugation 0 30 336 719 1,83 51 425 0,190 0,165 0,167 0,174 0,014 8,19% 96,86% 0,26%
METIX-BS |METIX-BS Centrifugation 0 30 504 7.19 142 51 461 0,157 0,138 0,137 0,144 0,011 7.71% 97.40% 9,20%




Fluoréne (FLU)

Essais (Boue totale) Code Déshydratation Tw80 sT Temps pH POR (mV) totale (mg/kg) | Enlévement (%)
(g/L) {g/L) (h) initial final initial final A -] [ Moyenne  Ecart-type  C.V. (%) Moyenne  E

Controle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 0 640 647 270 283 0,079 0,060 0,063 0,067 0,010 15,42% 7
Contrdle dopé et non-traité (DOC) DOC Centrifugation 0 18 0 6,40 637 =270 -277 4,676 4,447 4,320 4,481 0,181 4,03% 0.00%
Digestion aérobie mésophile (MAD} MAD Centrifugation 0 18 504 631 613 -250 1 0,124 0,120 0,118 0,121 0,003 2,25% 97,31% 0,06%
METIX-BS METIX-BS Centrifugation 0 18 240 637 1.57 277 308 0,198 0,222 0,207 0,208 0,013 6.24% 95,35% 0,29%
METIX-AC METIX-AC Centrifugation 0 18 4 669 2,08 345 326 3,013 2,536 3,274 2,941 0,374 12,73% 34,36% 8,35%
STABIOX STABIOX | Centrifugation o 18 1,33 8,78 4,00 41 290 4,426 4,430 4,259 4,372 0,097 2,23% 243% 2.18%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 -172 171 2,344 2,225 2,321 2,297 0,063 2,76% 48,75% 1,42%
 Tween 80 (essai A} Tw80 - A Filtration 05 30 1,558 1,500 1,542 1,533 0,030 1,95% 72,33% 0,54%
[Tween 80 {essai A} Tw8d - A Centrifugation {500 x g) 05 30 3,200 3,567 3,292 3,363 0,191 5,69% 39,50% 3.44%
[Tween 80 (essai A) Twed - A Centrifugation {1000 x g} 0.5 30 6 6,84 6,60 -120 -70 3,633 3,850 3,833 3,772 0121 3,20% 31.94% 2,18%
Twoen 80 (essai A) Tw8D - A Centifugation (2000 x g) 05 30 3,442 3717 3,202 3,483 0,216 6,19% 37,15% 3,89%
[Tween 80 (essai A) TwB0 - A Centrifugation (3000 x g) 05 30 3,208 3,083 3,083 3125 0,072 2,31% 43,61% 1,30%
[Tween 80 (essai C) Tw8d - C Fiitration 20 30 1,125 1,167 1,167 1,153 0,024 2,09% 79,20% 0,43%
Tween 80 (essai C) Twgo - C Centrifugation (500 x g) 20 30 2 688 662 12 &2 2,467 2433 2,375 2425 0,046 1.91% 56,24% 0,84%
Tween 80 (essal C) Tw0 - C Centrifugation (1000 x g) 2,0 30 ’ " 3,200 3,500 3458 3,386 0,163 4,80% 38,90% 2,93%
Twaon B0 (essai C) Tws0 - C Centifugation (2000 x g) 2,0 30 3417 3,383 3,000 3,267 0,232 7,09% 41,08% 4,18%
Tween 80 {essai B) Tws0 - B Filteation 05 0 4 6,84 6,59 -120 83 4,499 4,160 3,342 4,000 0,595 14,87% 27,82% 10,73%
Meatix-AC + Tween 80 METIX-AC + Tw80 Filtration 05 30 4 753 1,88 -58 370 4,508 4,762 4,321 4,530 0,222 4,89% 18,25% 4,00%
Contréle dopé et autociavé (DAC) DAC Centrifugation 0 30 0 71 6,99 79 -80 5,551 5,536 5,640 5,542 0,008 9,14% 0,00% 0,14%
Contréte dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 701 79 -66 5429 5,163 5479 5,357 0,170 317% 334% 3,07%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 7 721 -79 -62 4,012 4,037 3,858 4,003 0,040 1,01% 27,78% 0,73%
[Contrdle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 7.1 718 -79 -58 3,916 3,665 3,630 3,737 0,156 4,17% 32,57% 2,81%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 808 5 96 2,767 2,767 2,975 2,836 0,120 4,23% 48,82% 217%
Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 30 120 816 8,56 5 225 1,667 1,600 1,267 151 0,214 14,18% 72,73% 3,87%
Digestion aérobie mésophile {(MAD) MAD Centrifugation 0 30 168 8,16 8,60 5 275 0,883 0,800 0,817 0,833 0,044 5,29% 84,96% 0,80%
Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 30 336 8,16 5,80 5 361 0,333 0,517 0,500 0,450 0,101 22,53% 91,88% 1,83%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7.08 5 440 0,157 0,120 4,118 0,132 0,022 16,66% 97,62% 0,40%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration a5 30 72 8,16 8,12 5 ~ 106 1,651 1,351 1,368 1,457 0,169 11.57% 73.71% 3,04%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 8,48 5 153 0,650 0,633 0,700 0,661 0,035 526% 88,07% 0,63%
Digestion aérobie mésophile (MAD} + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 180 0,817 0,500 0,450 0,489 0,035 7.10% 91.18% 0,63%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 0,433 0,456 0,446 0445 0,011 2,57% 91,97% 0.21%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 08 30 504 8,16 6,43 5 446 0,383 0424 0,357 0,388 0,034 8.71% 92,99% 0.61%
METIX-BS METIX-BS Centrifugation 0 30 72 719 3,13 51 294 4,058 4,088 4,417 4,178 0,207 4,96% 24,62% 3,74%
METIX-BS METIX-BS Cantrifugation 0 30 120 7.19 271 51 310 3,333 3,167 3,000 3,167 0,167 5,26% 42,86% 3,01%
METIX-BS METIX-BS Centrifugation 0 30 168 7,18 2,18 51 387 3,000 2,833 2,969 2,934 0,088 3,02% 47.06% 1,60%
METIX-BS METIX-BS Centrifugation Q 30 336 7,19 1,83 -51 425 0,270 0,250 0,250 0,257 0011 4,46% 95,37% 0.21%
|MEYIX-BS METIX-BS Centriluga()on 0 30 504 719 142 -51 461 0,250 0,233 0,233 0,239 0,010 4,03% 95,69% 0,17%




Phénanthréne (PHE)}

Essais (Boue totale) Code Déshydratation Twao ST Temps PH POR (mV) totale (mglkg) [ Enlevement (%)
(g/L) (g/L) {h) initial final initial final A B c Moyenne  Ecarttype  C.V. (%) Moyenne

Controls non-dopé et non-traits (NDC) NoC Contrifugation 0 18 o 540 647 270 263 5237 0231 3215 0228 0,012 5.13%

Controle dopé st non-traité (DOC) poc Centrifugation o 18 0 640 637 270 an 4,964 5829 4526 5106 0.663 12,99% 0.00% 0.00%
IDigestion aérobie mésophile (MAD) MAD Centrifugation [ 18 504 8,31 6,13 -250 1 0,289 0,254 0,291 0,281 0,024 8,55% 94,49% 0,47%
METIX-BS METIX-BS Centrifugation 0 18 240 8,37 1,57 =277 358 0,326 0,385 0,412 0,374 0,044 11,65% 92,67% 0,85%
METIX-AC METIX-AC Centrifugation ¢ 18 4 6,89 2,08 -345 326 2,862 4,088 3,100 3,350 0,650 19,41% 34,40% 12,73%
STABIOX STABIOX Centrifugation ] 18 1,33 8,78 4,00 -41 290 3,385 3,168 3,240 3,264 0,110 3,38% 36,07% 2,16%
ELECSTAB ELECSTAB Cenirifugation ] 18 1 7.00 4,00 -172 171 2,541 2,002 2,251 2,265 0,270 11,90% 55,65% 5,28%
[Tween 80 {essai A} [Tws0 - A Filtration 05 30 1775 1,683 1,792 1,750 0,058 3.34% 69,33% 1,02%
Tween 80 (essai A) w0 - A Centrifugation (500 x g) 05 30 3,358 3,567 3,456 3461 0,104 3.01% 39,35% 1,83%
[Tween 80 (essai A) Tw80 - A Centrifugation {1000 x g} 05 30 6 6,84 8,60 -120 -70 3,608 3,667 3,625 3,633 0,030 0.83% 36,33% 0.53%
Tween 80 (essai A) Tw80 - A Centrifugation (2000 x g) 05 30 3,667 3617 3,500 3594 0,086 2,38% 37,01% 1,50%
Tween 80 (essai A) TwB0 - A [Centrifugation (3000 x g} 0.5 30 2,875 2,967 3.042 2,894 0,041 1,37% 47,53% 0.72%
Tween 80 (assai C) Tw80 - C Fitration 20 30 05525 0500 0,583 0536 0,043 7.97% 90.61% 0.75%
[Twean 80 (essai C) Tw80 - C Centrifugation (500 x g) 20 30 2 6,84 6,62 120 82 2,308 2183 2,282 2,261 0,068 3,00% 60,38% 1.18%
Tween 80 (essal €) Tw80 - C Centrifugation (1000 x g) 20 30 i i a7 3750 3708 3725 0.022 0.59% 34.73% 0.39%
[Tween 80 (essai C) Tw80 - C Centrifugation (2000 x g) 20 30 3,750 3,700 3,542 3,664 0,108 2,96% 35,79% 1,90%
Tween 80 (essal B) Tws0 - B Filration 05 30 4 684 659 120 83 5431 5217 4123 4924 0702 1425% | 1a72%  12.20%
Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 9.5 30 4 7.53 1.88 -58 370 4,658 4,362 4,691 4570 0,182 3,97% 19,91% 3,18%
Controle dopé st autaciavé (DAC)- bac Centrifugation 0 30 0 714 699 79 80 5745 5679 5696 5707 0034 0/60% 0,00% 0.60%
Cantrele dops st autoclavé (DAC) bac Centritugation 0 30 168 711 70 79 6 6000 5707 5822 5843 0.148 253% 2.39% 259%
Contréle dopé ot autoclavé (DAC) pac Centrifugation 0 30 236 711 721 9 62 5247 5280 5833 5453 0330 6.04% 4.44% 5.78%
Controle dop et autoclavé (DAC) pAc Centrifugation 0 30 504 711 716 79 58 4819 4712 4444 1659 0193 414% 18,37% 3.38%
[Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 30 72 8,16 8,08 5 96 2,167 2,292 2,282 2,250 0,072 3.21% 80,57% 1,26%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 816 856 5 225 1383 1433 1517 1444 0,067 4.66% 74.69% 118%
Digestion aérobie mésophile (MAD)} MAD [Centrifugation 0 30 168 8,16 8,60 5 275 1117 1150 1,100 1,122 0,025 2.27% 80,33% 0,45%
Digestion aérobie mésophile (MAD)} MAD Centrifugation 0 30 336 8,16 5,80 5 361 0,433 0,567 0,567 0,522 0,077 14,74% 90,85% 1,35%
Digestion aérobie mésophile (MAD) MAD [Centrifugation 0 30 504 8,16 708 5 440 0,257 0,254 0,281 0,267 0,021 7.69% 85,32% 0,36%
Digestion aérabie mésophile (MAD) + Tween 80 MAD + Twgo Fitcation 05 30 72 816 812 5 106 0943 1018 0876 0946 0071 7.50% 8343% 1.24%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Twa0 Filtration 05 30 120 8,16 848 5 153 0,833 0,583 0,633 0,683 0,132 19,36% 88,03% 2,32%
Digestion aérabie mésophile (MAD) + Tween 50 MAD + Twa0 Filtration 05 30 168 816 845 5 190 0667 0650 0683 0667 0017 250% 98.32% 0.29%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 0,517 0,509 0,464 0497 0,028 5,68% 91.30% 0,49%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 0,5 30 504 816 6,43 5 446 0,500 0,500 0,411 0470 0,052 10,96% 91,76% 0,90%
METIX-BS METIX-BS Centrifugation Q0 30 72 719 313 51 294 4,342 3,492 4,492 4,109 0,539 13,12% 28,00% 9,45%
METICBS METIX8S Centrifugation 0 0 120 719 271 51 310 3500 3000 3000 3167 0289 9.12% 4451% 5.06%
METOCBS METIX8S Centrifugation 0 3 168 719 215 51 397 ara 3000 3125 3280 0381 1Mea% | 4250% 6.68%
METICBS METIX-BS Centifugation 0 a0 336 719 183 51 425 0317 0'283 0.200 0300 0017 568% 94.74% 0.30%
[METiX-BS METIX-8S Cenlrﬂugtion 0 30 504 7,19 1,42 -51 461 0,317 0,300 0,283 0,300 8,017 5,56% 94,74% 0,29%




Fluoranthéne (FLR)
Essais (Boue totale) Code Déshydratation Tw8o ST Temps pH POR (mV) Concentration totale (mg/kg) [ Enlévement (%)
(g/L) {g/L) (h) initial final initial final A B [q Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type

Contréle non-dopé et non-tralté (NDC) NDC [Centrifugation 0 18 0 8,40 6,47 -270 -283 0,568 0,527 0,504 0,533 0,032 605% Vi ey
Contrale dopé et non-tralté (DOC) Doc Centrifugation 0 18 0 640 6,37 -270 217 4,754 5,635 4,468 4,919 0,553 11,23% 0,00%

Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 613 -250 1 2,259 2,299 2,209 2,286 0,023 1,00% 53,53% 047%
METIX-BS METIX-BS Centrifugation [ 18 240 6,37 1.57 2717 398 3,841 3,828 3,989 3,886 0,089 2,30% 21,00% 1,81%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 345 26 3,763 3,639 4,630 4,011 0,540 13.46% 18,46% 10,97%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 41 290 4,212 4,719 4,841 4611 0,299 6,49% 6,26% 6,09%
ELECSTAB ELECSTAB Centrifugation [ 18 1 7.00 4,00 72 171 6,274 5,384 5783 5814 0,445 7,66% -18,19% 9,06%
Tween 80 (essai A) Tw80 - A Filtration 05 30 4,367 4,550 4,542 4486 0,104 2.31% 2513% 1.73%
Tween 80 (essai A) T8 - A Centrifugation (500 x g) 05 30 5117 5,833 5,958 5,636 0,454 8,06% 5.94% 7,58%
[Tween 80 {essai A) Tws0 - A Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 -70 5,542 4,964 4,905 5137 0,352 6.85% 14,27% 5,87%
Twaen 80 (essal A) Tw80 - A Centrifugation (2000 x g} 95 30 5,650 6,300 6,202 6,081 0,373 6,13% 1,48% 6,22%
Tween 80 (essai A} Tw8o - A Centrifugation (3000 x g} 05 30 5,200 5,800 6,083 5,694 0,451 7,92% 4,97% 7,53%
Twaen 80 (essai C) Twso - C Filtration 20 30 4,775 5,083 5,250 5,036 0,241 4,79% 15,95% 4,02%
Tween 80 (assai C) Tws0 - C Centrifugation (500 x g) 20 30 2 684 662 120 a2 5,092 5,533 5.875 5,500 0,393 7,14% 821% 6,55%
Twoen 80 (essai C) Tw8 - C Centrifugation (1000 x g) 20 30 " ’ 5,308 5783 5,875 5,656 0,304 5,38% 5,62% 5,08%
Twaan 80 (essai C) Tws0 - C Centrifugation (2000 x g) 20 30 5,500 5,667 4,792 5,320 0,464 8,73% 11,22% 7.75%
Tween 80 (essai B) Tws0 - B Filtration 05 30 4 6,84 8,59 -120 -83 6,338 6,154 5,389 5,961 0,503 8.45% 0,53% 8,40%
[Motix-AC + Twaen 80 METIX-AC + Tw80 [Filtration 05 30 4 753 188 58 370 6,717 5744 6,550 6,337 0,520 8,21% 5.76% 8,66%
Contréle dopé at autoclavé (DAC) DAC Centrifugation [ 30 0 711 6,99 79 -80 6,062 5,993 5,921 5,992 0,071 1.18% 0,00% 1,18%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 66 6,000 6,793 6,507 6,433 0,402 6,25% 7.37% 6,71%
Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 336 711 721 79 62 5,864 6211 6,667 6,247 0,402 £,44% -4,26% 6,72%
Controta dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 71 7,16 79 58 5723 5497 5,556 5592 0,117 2,09% £,68% 1,95%
Digestion aérobie mésophile (MAD} MAD Centrifugation [\ 30 72 8,16 8,08 5 9% 5714 5,589 5,650 5618 0,086 1,53% 6,25% 1,43%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225 5,533 5833 5,000 5456 0,422 7.74% 8,95% 7,04%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 8,16 860 5 275 4,167 5,667 3,833 4,556 0,977 21,44% 23,97% 16,30%
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 336 8,16 580 5 361 3,150 2,000 2,167 2,439 0,621 2548% 59,30% 10,37%
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 504 816 7.08 5 440 2,273 2,209 2,299 2,290 0,015 0,65% 61,77% 0,25%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 72 816 8,12 5 106 6,044 . 5,740 5456 5747 0,204 512% 4,09% 4,91%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 816 848 5 153 5,000 4,500 4,500 4,667 0,289 6,19% 22,12% 4,82%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 4,333 3,833 3,833 4,000 0,289 7.22% 33,24% 4,82%
Digestion aérobie mésophile (MAD) + Twesn 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 2,500 2,456 2,321 2,426 0,003 3,84% 59,52% 1,55%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 643 s 446 1,667 1515 1,643 1,608 0,081 5,07% 73,16% 1,36%
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 51 294 5,900 5,979 5998 5950 0,052 0,87% 0,55% 0,87%
METIX-BS METIX-BS Centrifugation [\ 30 120 7.19 27 -51 310 5,833 5,833 5,500 5722 0,192 3,36% 450% 3.21%
METIX-BS METIX-BS Centrifugation [ 30 168 7.19 215 -51 397 5,571 5,500 5,000 5,357 0,311 581% 10,60% 5,20%
METIX-BS METIX-BS Centrifugation 0 30 336 7.19 183 51 425 3,651 4,667 5,000 4,439 0,703 15,83% 25,92% 11,73%
{METIX-BS [METIX-BS Centrifugation [ 30 504 7.19 142 51 461 3,667 3,500 3333 3,500 0,167 4.76% 41,59% 2,78%




Pyréne (PYR)

Essais (Boue totale) Code Déshydratation Tw80 ST Temps PH POR (mV) Concentration totale (mg/kg) I Enlévement (%)
(g/L) {g/L) {h) initial final initial final A B8 c Moyenne _ Ecart-type _ C.V.(%) | Moyenne Ecart-dype

[Contréle non-dopé at non-traité (NDC) NDC Cenirifugation 0 18 0 640 647 270 283 0,598 0,562 0,527 0,862 0,036 6,36% B

Contrdle dopé at non-traité (DOC) poc Centrifugation 0 18 0 6,40 6,37 270 277 4,797 5317 4,504 4,872 0412 8,45% 0,00%

Digestion aérobie mésophile (MAD} MAD Centrifugation 0 18 504 631 6,13 -250 1 2,918 3,003 2,885 2,966 0,112 3,77% 39,13%

METIX-BS METIX-BS Centrifugation 0 18 240 6,37 157 277 398 4,288 4,204 4,750 4,414 0,294 6,65% 9.41%

METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 -345 326 3,608 3420 4,383 3,804 0,511 13,43% 21,93%

STABIOX STABIOX Centrifugation 0 18 133 678 4,00 -4 290 4,865 4,284 4,324 4491 0,324 7.22% 7,83%

ELECSTAB ELECSTAB Centrifugation 0 18 1 7.00 4,00 172 171 5,994 5471 5,950 5,805 0,200 4,99% -19,14%

Tween 80 {essai A} TW80 - A Filtration 05 30 5183 5,567 5,625 5,458 0,240 4,40% 937%

Twean 80 (essai A} Tws0 - A Centrifugation (500 x g) 05 30 4,800 5417 5,667 5294 0,446 8,43% 12,09%

Tween 80 (essai A} Twao - A Centrifugation (1000 x g) 05 30 6 6.84 6,60 -120 70 5342 5,983 4,640 5322 0,672 12,63% 1184%

Tween 80 (essai A) Tw8d - A Centrifugation (2000 x g) 05 30 5,400 6,000 6,042 5814 0,359 6,18% 347%

Tween 80 (assai A} Tws0 - A Centrifugation (3000 x g) 05 30 5,058 5733 6,000 5,507 0,485 8,67% 7.07%

Tween 80 (assai C) Twso - C Filtration 20 30 4,892 5,167 5,333 5,131 0,223 4,35% 14,81%

Twaen 80 (essai C) Tw80 - C Gentrifugation {500 x g) 2,0 30 2 6584 662 120 a2 5133 5,450 5625 5403 0,249 4.61% 10,29%

Tween 80 (essai C) Tw80 - C Centrifugation (1000 x g) 20 30 ’ ! 4,867 5,500 5,583 5317 0,392 7,37% 1172%

Tween 80 (essai C) Twso - C Centrifugation (2000 x g) 2,0 30 5,133 5517 5125 5,258 0.224 4,26% 12,69%

Tween 80 (assai B) Tw80 - B Fiitration 05 30 4 684 6,59 120 -83 6,002 6,340 5432 5925 0,459 7.74% 1,63%

[Metix-AC + Twesn 80 METIX-AC + Tw80  |Fittration 05 30 4 753 188 58 7o 6,014 5,631 5,567 6,038 0,760 12,59% 0,25%

[Cantrale dops et autoclavé (DAC) DAC Gentrifugation 0 30 0 711 6,99 79 -80 6.076 6,036 5,957 6,023 0,060 1,00% 0,00%

[Contrale dopé et autoclavé (DAC) DAC Centrifugation 0 30 168 711 7,01 79 66 6,286 6,250 6,849 6,462 0,336 5,20% -7,29%

[Contrsle dopé et autoclavé (DAC) DAC Centrifugation [ 30 336 7.1 721 79 62 5,556 5,590 6,667 5937 0,632 10,64% 142% 10,49%
Contrdle dopé at autoclavé (DAC) DAC Centrifugation 0 30 504 711 7,16 79 58 5,422 5236 5,185 5281 0,125 2,36% 12,32% 2,07%
Digestion aérobie mésophile (MAD) MAD Gentrifugation [ 30 72 8,16 808 5 96 5617 5575 5,467 5,553 0,077 139% 7,80% 1,28%
Digestion aérobie mésophile (MAD) MAD Centrifugation [ 30 120 8,16 856 5 225 5,167 5,367 4,667 5,067 0,361 7.12% 15,88% 5,99%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 816 8,60 5 275 4,000 4,833 3,667 4,167 0,601 14,42% 30,82% 9,98%
Digestion aérobie mésaphile (WAD) MAD Centrifugation 0 30 336 816 5,80 5 361 3,00 2,833 2,833 2,906 0,125 4,31% 51,76% 2,08%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 816 7,08 5 440 3,080 3,003 2,885 3,020 0,116 3,86% 49,86% 1,93%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + TWB0 Filtration 05 30 72 816 8,12 5 106 6.040 5809 5,591 5813 0,225 3.87% 348% 3,73%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 848 5 153 4,833 4,333 4,500 4,556 0,255 5,50% 24,36% 4,23%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 8,16 845 5 190 4,333 3,667 3,667 3,880 0,385 9,90% 35,43% 6,39%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 2,333 2281 2,143 2,252 0,098 4,37% 62,60% 1.63%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 8,16 643 5 446 1,517 1,304 1,500 1470 0,067 4,53% 75.59% 111%
METIX-BS METIX-BS Centrifugation 0 30 72 719 313 51 204 5,825 5875 5,825 5,842 0,029 0,49% 3,01% 0,48%
METIX-BS METIX-BS Centrifugation 0 30 120 719 27 51 an 5,500 5,333 5167 5333 0,167 3,13% 11,45% 2,77%
METIX-BS METIX-BS Centrifugation 0 30 168 719 2,15 51 g7 5143 5,000 4,688 4,943 0,233 4.71% 17,92% 387%
METIX-BS METIX-BS Centrifugation 0 30 336 719 183 51 425 4,286 4,333 4,500 4,373 0,113 2,57% 27,39% 1.87%
|meTIX-BS IMETIX BS Centrifugation 0 30 504 7,19 142 51 461 4,500 4,667 4,333 4,500 0,167 3.70% 25.28% 277%




Benzo[bjkifluoranthénes (BJK)

Essais (Boue totale) Code Déshydratation Twgo ST Temps pH POR {mV) totale (ma/kg) Enlévement (%)
(g/L) (g/l) (h) initial final initial final A B [ Moyenne Ecarttype  C.V.(%) | Moyenne Ecart-ty
[Contréle non-dop et non-traité (NDC) NDC Cenirifugation 0 18 0 €40 647 -270 283 1,362 1,246 11 1,240 0,126 10,14% i
Contréle dopé et non-trai poc Centrifugation 0 18 0 840 6,37 -270 217 16,567 18,025 15,861 16,817 1,104 6,56%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 631 6,13 -250 1 14,839 13,218 14,079 14,046 0,811 577%
METIX-BS METIX-BS Centrifugation 0 18 240 637 157 277 398 11,984 13,725 13,988 13,232 1,089 8,23% 2132% 6,48%
METIX-AC METIX-AC Centrifugation 0 18 4 6,69 2,08 345 326 15,165 15,200 15,718 15,361 0,310 2,02% 8,66% 1,84%
sTABIOX STABIOX Centrifugation [} 18 1,33 678 4,00 41 290 14,686 13,697 13,741 14,041 0,559 3,98% 16,51% 3,32%
ELECSTAB ELECSTAB Centifugation [} 18 1 7,00 4,00 472 171 16,775 18,073 17,801 17,550 0685 © 3,90% -4,35% 4,07%
Twoan 80 (essai A) Tw80 - A Filtration 05 30 17,117 13,057 14,330 14,835 2,076 14,00% 14.77% 11,93%
Twoen 80 (essai A) T80 - A Centrifugation (500 x g) 05 30 13,529 14,801 16,033 14,788 1,252 847% 15,04% 7.19%
Twoesn 80 (essai A) Tw8o - A Centrifugation (1000 x g) 05 30 6 684 650 120 -70 12,342 13,900 14,126 13,456 0,971 7.22% 22.70% 5,58%
Twoen 80 (essai A) Twso - A Centrifugation (2000 x g) 05 30 17,502 15,406 18,176 17,058 1,460 8,56% 2,00% 8,39%
Tween 80 {assai A) Twgo - A Gentrifugation (3000 x g) 05 30 16,625 15,118 18,139 16,627 1511 9,09% 447% 8,68%
Tween 80 {assai C} Twao-c Filtration 20 30 15,000 17,300 19,792 17,364 2,396 13,80% 0.24% 13,77%
Tween 80 (assal C} Twao - C Gentrifugation (500 x g) 20 30 5 684 662 120 82 15,175 18,283 18,750 17,403 1,943 1,7% 0,02% 11,16%
Twoen 80 (essal C) Tws0 - C Centrifugation (1000 x g) 20 30 ’ ’ 15,202 15,083 17,083 15,819 1,099 6,95% 9,12% 6,32%
Twean 80 (essai C) Tws0 - C Centrifugation (2000 x g) 20 30 15,475 18,263 18,958 17,472 2,018 11,56% 0,38% 11,59%
Tween 80 (essai B) Tws0 - B Filtration 05 30 4 6,84 6,59 -120 83 15,202 17.477 15,876 16,185 1,768 5,50% 7.01% 6.71%
Motix-AC + Tween 80 METIX-AC +Tw80  |Filtration 05 30 4 753 188 58 370 15,449 15,368 15,630 15,485 0.138 0,90% 11,04% 0,80%
Contréta dopé et autoclavé (DAC) DAC Centrifugation [ 30 0 71 6,99 79 -80 17,455 17,483 17,281 17,406 0,109 0,63% 0,00% 0,63%
Contrdle dopé et autoclavé (DAC) DAC Centrifugation ° 20 168 711 7,01 79 -66 16,571 17,391 17,123 17,029 0,418 2,45% 2,17% 2,40%
Contrdle dops et autoclavé (DAC) DAC Centrifugation 0 30 336 7.1 721 79 62 15432 15,839 16,250 15,840 0,409 2,58% 9,00% 2,35%
Contréle dopé et autociavé (DAC) DAC Gentrifugation 0 30 504 71 716 79 -58 15,964 15,183 15,556 15,568 0,390 2,51% 10,56% 2.24%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96 17,458 15,302 17,667 16,839 1,257 747% 3.26% 7,22%
Digestion aéroble mésophile (MAD) MAD Centrifugation 0 30 120 8,16 8,56 5 225 16,517 15,273 14,167 15,319 1,176 7.67% 11,99% 6,75%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 a0 168 8,16 8,60 5 275 15,167 12,333 12,833 13,444 1,512 11,25% 22,76% 8,69%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 a0 336 8,16 5,80 5 361 13,333 12,833 13,000 13,056 0,255 1,95% 24.99% 1,46%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 13,548 13,218 14,079 13615 0,434 3,19% 21,78% 2,50%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 72 816 8,12 5 106 14,782 15,902 14,449 15,044 0,761 5,06% 13,57% 4,37%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filteation 05 30 120 8,16 848 5 153 14,333 14,000 13,500 13,844 0,419 3,01% 19,89% 2,41%
Digestion aérobie mésophile (MAD} + Twean 80 MAD + Tws0 Filtration 05 30 168 8,16 845 5 190 14,500 12,167 12,500 13,056 1,262 9,67% 24,99% 7,25%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 8.16 6,06 5 333 13,667 12,284 11,786 12,578 0,075 7.75% 27.74% 5.60%
Digestion aérobie mésophile (MAD) + Twesn 80 MAD + Tw80 Filtration 05 30 504 8,16 643 5 446 11,833 12,424 10,893 M717 0772 6,59% 32,69% 4,44%
METIX-BS METIX-BS Contrifugation [} a0 72 718 313 51 294 15,975 17,492 17,567 17,011 0,898 5,28% 227% 5,16%
METIX-BS METIX-BS Centrifugation [ 30 120 718 271 51 310 15,167 14,333 14,333 14,611 0,481 3,20% 16,06% 2,76%
METIX-BS METIX-BS Centifugation [} 30 168 719 215 51 397 13,571 12,000 12,813 12,795 0,786 6,14% 26,49% 4,51%
METIX-BS METIX-BS Centifugation [} 30 336 7.19 183 51 425 13,968 11,833 12,833 12,878 1,068 8,20% 26,01% 6,14%
|mMeTx-Bs METIX-BS Centrifugation 0 30 504 7.9 142 51 461 13,667 12,333 11,833 12611 0,948 751% 27.55% 5.44%




Benzo[alpyréne (BAP)

Essais (Boue totale) Code Déshydratation Tweo st Temps pH POR (mv) Concentration totale {mg/kg) [ Enlévement (%)
(g/L) {g/L) {h) initial final itial final A 8 [ Moyenne  Ecart-type  C.V. (%) Moyenne

Controle non-dopé et non-traits (NDC) NDC Ceontrifugation 0 18 0 540 647 270 283 0474 0435 0,374 0428 0,050 11.79% T
Contréle dopé et non-traité (DOC} DOC Centrifugation 0 18 0 6,40 6,37 -270 =277 5,086 5,066 4,699 4,944 0,212 4,29%

Digestion aérobie mésophile (MAD} MAD Centrifugation 0 18 504 631 6,13 -250 1 4,232 4,765 4,764 4,587 0,307 6,70%

METIX BS METIX 85 (Centrfugation 0 18 20 637 157 277 308 4201 4750 5193 4745 0451 9.50%

METIX-AC METIX-AC | Centrifugation 0 18 4 6,69 2,08 -345 326 4,262 4,330 4,554 4,392 0,142 3,22%

sTABIOX STABIOX Centrfugation 0 18 135 678 400 1 260 5162 4988 4007 5049 0,088 1.94%

ELECSTAB ELECSTAB Centrfugation 0 18 1 7.00 400 72 7 5011 5430 5645 5,662 0241 4.26%

[ Tween 80 (essai A} Twé0 - A Filtration 05 30 4,939 6312 5,684 5,312 0,372 7.01%

Tween B0 (essai A} Twel - A Centrifugation (500 x g) 05 30 6,323 5842 5,751 5,639 0,277 4,92%

Tween 80 (essai A} Twé0 - A Centrifugation {1000 x g) 05 30 8 6,84 6,60 -120 -70 5,617 4,553 6,560 5577 1,005 18,01%

Twaen 80 (assai A) Tws0 - A Centrfugation (2000 x g) 05 a0 5.932 5800 5620 5784 0157 2.71%

Tween 80 (essal A) Tw80 - A Centrifugation (3000 x g) 05 30 5,69¢ 5,202 5,627 5,539 0,217 3,92%

[Tween 80 {essai C) Tw80-C Filtration 20 30 5,117 5,933 8,708 5,919 0,796 13,45%

[Tween 80 {essai C) Tw80-C Centrifugation (500 x g) 20 30 2 684 662 120 .82 5,142 5,187 6,213 5,607 0.611 11,10%

Twaon 80 (essai ) T80 - C Gentrifugation (1000 x g} 20 30 i ‘ 5158 6167 5116 5480 0585 10,85%

Tween 80 {essal C) Tws0 - C Centrifugation (2000 x g) 20 0 5,642 6674 5193 5,836 0,759 13.01%

Tween 80 (essai B) [Tw80 - B Filtration 0.5 30 4 6,84 6,59 -120 -83 5,182 5,910 6,563 5,652 0,364 6,56%

Metix-AC + Tween 80 METIX-AC + Tw80 Filtration 0.5 30 4 763 1,88 -58 370 6,170 5,750 5,444 5,788 0,365 8,30%

Contrdle dopé ot autoclavé (DAC) pAC Centrifugation 0 30 0 711 699 79 80 5816 5912 5849 5802 0,037 0.63%

Contrale dopé et autociavé (DAC) pAC Contrifugation 0 3 168 ™ 701 7 66 5714 6250 6164 6043 0288 4.76%

Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 7.21 -79 -62 5,247 5,590 5,833 5,557 0,295 5,30%

Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 504 kAL 7.16 -79 -58 5,422 5497 5,185 5,368 0,163 3,03%

Digestion aérobie mésophile {(MAD) MAD Centrifugation 0 30 72 8,16 8,08 5 96 6,217 6,192 6,100 6,169 £.061 1,00%

Digestion aérobie mésophile (MAD} MAD Centrifugation 0 30 120 8,16 8,56 5 225 5,050 5,000 4,667 4,906 0,208 4,25%

Digestion aérobie mésophile (MAD) MAD Contifugation 0 30 168 816 860 5 275 4833 4167 4,000 4333 0441 10,18%

Digestion aéroble mésophile (MAD) MAD Centifugation 0 30 336 816 5,80 5 361 4667 4667 4,000 4444 0,385 8.66%

Digestion aérobie mésophile {MAD) MAD Centrifugation a 30 504 8,16 7,08 5 440 4,464 4,465 4,564 4,498 0,057 1.27%

Digestion aéroble mésophile (MAD) + Tween 80 MAD + Twad Filtration 05 30 72 8,16 8,12 5 106 5,760 4610 5,777 5,382 0,668 12,43%

Digestion aérobls mésophile (MAD) + Twesn 80 MAD + Tw3 Fillration 05 a 120 816 848 5 153 4833 4667 467 4722 0.096 2,04%

Digestion asrable mésophils (MAD) + Twoen 80 MAD + Tw0 Fillration 05 3 168 816 845 5 160 483 4000 4333 4389 0419 a56%

Digestion aérobia mésophila (MAD) + Twaan 80 MAD + Tw80 Filtration 05 3 336 816 606 5 33 4333 4035 3020 4099 0210 512%

Digestion aérobis mésophile (MAD) + Twosn 80 MAD + Tw80 Fillcaion 05 3 504 816 643 5 446 3,833 3,636 357 3680 0136 3.71%

MET-BS METIX-BS Centrifugation 3 3 72 719 313 51 264 5758 5275 5775 5603 0.284 5.07%

METIX-BS METIX-BS Centrifugation 0 30 120 719 271 -51 310 5,167 4,833 4,833 4,844 0.192 3,80%

METIX-BS METIX-BS Centrfugation 0 30 168 7140 215 5 307 4571 4000 4219 4263 0.288 6.76%

METIX.B5 METIX.BS Centrfugation 0 3 336 749 183 51 a2 4127 3500 3667 3765 0325 8.63%

ll_ﬂ_E_IIX—BS IETIX-BS Cen(rﬁugation 0 30 504 7,19 1,42 -51 461 4,000 3,667 3,333 3,667 0,333 9,09% 37,77% 5,66%




Indéno[1,2,3-cd]pyréne (INP)
Essais (Boue totale) Code Déshydratation Tw8o ST Temps PH POR (mV) Concentration totale (mg/kg) j Enlévement (%)
(g/L) {g/L) {h) initial final initial final A B c Moyenne  Ecarttype  C.V.{%) | Moyenne Ecart-type

Contrdle non-dopé et non-tralté (NDC) NDC [Centrifugation [ 18 0 6,40 6,47 -270 -283 0,638 0,623 0,563 0,608 0,040 6,54% v 7

Contréle dopé at non-traité (DOC) pDoc Centrifugation 0 18 0 540 6,37 270 277 5,568 6,343 5,012 5648 0,667 11,82% 0,00% 0,00%
Digastion aérobie mésophile (MAD) MAD Centrifugation [ 18 504 631 613 -250 1 4,357 4,667 4,861 4,635 0,256 5.52% 17,93% 4,53%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 157 277 398 5,569 5813 5775 5719 0,131 2,30% -1,26% 2,33%
METIX-AC METIX-AC Centrifugation [ 18 4 6,69 2,08 345 326 6,513 5,305 6,256 6,025 0,636 10,56% 6,67% 11,27%
STABIOX STABIOX Centrifugation o 18 133 678 400 41 290 5,111 5,667 5548 5442 0,203 5,38% 364% 518%
ELECSTAB ELECSTAB Centrifugation [ 18 1 7,00 4,00 172 171 5,706 5,329 5,626 5,553 0,199 3,58% 167% 3,52%
Twoen 80 {ossal A) Twao - A Filtration 05 30 4,483 5,631 5,491 5,202 0,627 12,05% 13,79% 10,38%
Twaen 80 {ossal A} Twao - A Centrifugation (500 x g) 05 30 6,034 6,244 5,380 5,886 0,451 7,66% 2,45% 747%
Tween 80 {essai A} Tw80 - A [Centrifugation (1000 x g) 05 30 6 6,84 6,60 -120 -70 4,125 4,683 5,167 4,658 0,521 1,19% 22.80% 8,64%
Tween 80 (essal A} Tw80 - A Centrifugation (2000 x g) 05 30 5,487 6,267 5314 5,669 0,508 8,93% 571% 8,42%
Tween 80 (essai A) T80 - A Centrifugation (3000 x g) 05 30 5,165 5375 5756 5432 0,300 5,52% 9,98% 4,97%
 Tween 80 (0s5ai C) Tws0 - C Filtration 2,0 30 5,542 6,300 5,168 5,670 0,577 10,17% 6.04% 9,56%
Twoen 80 (os5ai C) Tws0 - C Centrifugation (500 x g) 20 30 2 654 6,62 120 82 5,375 5,144 5,348 5,289 0,126 2,39% 12,35% 2,09%
Twean 80 (essai C) Tw80 - C Centrifugation (1000 x g) 20 30 " i 5,375 5447 5,348 5,390 0,051 0,95% 10,68% 0.84%
Tween 80 (essai C) Tw80 - € Centrifugation (2000 x g) 2,0 30 5458 6,667 5,685 5,937 0,642 10,82% 162% 10,65%
Twaen 80 (essai B) Tw80 - B Filtration 05 30 4 684 6,59 -120 83 5,358 6.208 5,876 5814 0,428 7,36% 3.65% 7.09%
[Metlx-AC + Tween 80 METIX-AC + Tw80 Filtration 05 30 4 753 168 -58 370 5,328 6,256 5,896 5827 0,468 8,03% 3,44% 7.75%
Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 0 M 6,99 -79 -80 6,086 6,003 6,013 6,034 0,045 0,75% 0,00% 0,75%
Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 168 7.1 7,01 -79 -66 5,556 5,280 5417 5417 0,138 2,55% 10,22% 2,20%
Contréle dopé et autociavé {DAC) DAC Centrifugation [ 30 336 7.1 721 79 62 4,938 5,280 5417 5211 0,246 4,73% 13,63% 4,08%
Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 504 711 716 79 -58 5,422 5497 4,815 5245 0,374 7.13% 13,08% £,20%
Digestion aérobie mésophile (MAD) MAD Centrifugation [} 30 72 8,16 8,08 5 % 6,250 5925 5,808 5994 0,229 3,82% 0,66% 3,80%
Digestion aérohis mésophile (MAD) MAD Centrifugation 0 30 120 816 8,56 5 225 5,150 5,367 4,333 4,950 0,545 11,01% 17,97% 9,03%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 816 8,60 5 275 5,167 4,000 4,000 4,389 0,674 15,35% 27.27% 11,16%
Digestion aérobie mésophile (MAD) MAD Centrifugation [} 30 336 816 580 5 361 4,500 4,333 4,333 4,389 0,096 2,19% 27.27% 1,59%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 8,16 7,08 5 440 4,859 4,687 4,861 4,802 0,100 2,08% 2042% 1,66%
Digesticn aérobie mésophile (MAD} + Twaen 80 MAD + Tw80 Flitration 05 30 72 816 812 5 106 5,003 6,311 5,636 5,650 0,654 11,58% 6.37% 10,84%
Digestion aérobie mésophile (MAD)} + Tween 80 MAD + Tw80 Filtration 05 30 120 816 848 5 153 5,667 4,667 4,500 4,944 0,631 12,76% 18,06% 10,46%
Digestion aéroble mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 168 816 845 5 190 5,000 4,000 4,333 4,444 0,508 11,46% 26,34% 8,44%
Digestion aérobia mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 336 816 6,06 5 333 5,167 4,561 4,464 4731 0,381 8,05% 21,60% 6,31%
Digestion aérobia mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 504 816 643 5 446 5,000 4,848 4,464 477 0,276 579% 20,93% 4,58%
METIX-BS METIX-BS Centrifugation 0 30 72 7.19 313 51 294 5,936 6417 6,633 6,329 0,357 5,64% 4,88% 5,92%
METIX-BS METIX-BS Centrifugation 0 30 120 719 27 51 310 5,167 4,833 4,833 4,944 0,192 3,89% 18,06% 3,19%
METIX-BS METIX-BS Centrifugation 0 30 168 719 215 51 397 5,070 4778 5,225 5,024 0,227 4,52% 16,73% 3.76%
METIX-BS METIX-BS Centrifugation 0 30 336 749 183 -51 425 4,921 3,833 4,500 4418 0,548 12,41% 26,78% 9,09%
METIX-BS [METIX-BS Centrifugation 0 30 504 7.19 142 51 461 4,333 4,167 3,833 4,111 0,255 6,19% 31,87% 4,22%




Benzo[ghi]péryléne (BPR)

Essais (Boue totale) Code Déshydratation Twso ST Temps PH POR (mV) Concentration totale (mg/kg) Enlévement (%)
(g/L) {g/L} {h) initial final initial final A B c Moyenne  Ecart-type  C.V. (%) Moyenne  Ecart-type
Contréle non-dopé et non-traité (NDC) NDC Centrifugation 0 18 0 6,40 6,47 270 263 0,659 0,645 0,520 0,541 0,020 366% ;
Contréle dopé et non-traité (DOC) DOC [Centrifugation 0 18 0 6,40 6,37 -270 -277 6,625 6,278 5,852 6.252 0,387 6,19% 0,00% 0,00%
Digastion aérobie mésophile (MAD) MAD Centrifugation 0 18 504 8,31 6,13 -260 1 4,998 5378 4,566 4,881 0,407 8,16% 20,33% 6,50%
METIX-BS METIX-BS Centrifugation 0 18 240 6,37 1,57 217 398 5,993 6,224 5,741 5,986 0,242 4,04% 4,25% 3,87%
METIX-AC METIX-AC Centrifugation 0 18 4 6,60 2,08 -345 326 6,262 5341 5,103 5,669 0,612 10,99% 10,92% 9,79%
STABIOX STABIOX Centrifugation 0 18 1,33 678 4,00 41 290 5,710 5443 5,790 5,648 0,182 3,22% 9,66% 2,90%
ELECSTAB ELECSTAB Centrifugation 0 18 1 7,00 4,00 72 171 5,829 5,397 5,159 5,462 0,340 6,22% 12,64% 543%
Twaen 80 (essal A) Tw80 - A Filtration 05 30 4,114 5,188 5,949 5,084 0,922 18,13% 15,40% 15,34%
Tween 80 essal A) TwB0 - A Gentrifugation (500 x g) 05 30 5,037 6,244 4,824 5,368 0,766 14,27% 10,65% 12,75%
Tween 80 (essal A) Tw80 - A Gentrifugation (1000 x g) 05 30 6 6,84 6,60 -120 -70 6,608 4,233 5424 5422 1,188 21,90% 9,76% 19,76%
Tween 80 (essal A) TwB0 - A Gentrifugation (2000 x g) 05 30 5,261 6,038 6,263 5,854 0,525 8,98% 2,57% 8,74%
[Twean 80 (essai A} Twél - A Centrifugation (3000 x g) 05 30 6,125 6,100 6,572 6,266 0,266 4,24% -4,28% 4,42%
Tween 80 {essai C) Tws0 - C Filtration 20 30 4,983 5,683 6,292 5,653 0,655 11,58% 5.92% 10,90%
Tween 80 (essai C) Tws0 - C Gentrifugation (500 x g) 20 30 A 684 662 120 &2 5,108 6,067 5,841 5,672 0,501 8,83% 5,60% 8,34%
[Twean 80 (essai C} Twéd - C Centrifugation (1000 x g) 2,0 30 " " 5,608 6,067 6,542 6,072 0,467 7.69% -1,06% 7.77%
Tween 80 (assai C) w80 - C Centrifugation (2000 x g) 20 30 5358 6,566 6542 6,155 0690 1,22% 2.48% 11,49%
Twean 80 (essai B} Tws0 - B Fitiration 05 30 4 6,84 6,59 -120 -83 5,593 6,017 5127 5579 0,445 7,98% 7,15% 7.41%
Metix-AG + Tween 80 METIX-AC + Tw80  |Filtration 05 30 4 753 188 58 370 5,161 5,520 5,031 5,237 0,253 4,83% 12,83% 4,21%
Contréle dopé et autoclavé (DAC) DAC Gentrifugation [ 30 0 71 6,99 79 -80 5,870 5,435 6,721 6,009 - 0,654 10,89% 0,00% 10,89%
Contréle dopé et autoclavé (DAC) DAC Gentrifugation ] 30 168 711 7,01 79 66 5,556 5901 5,833 5763 0,183 317% 4.08% 3,04%
[Contréle dopé et autoclavé (DAC) DAC Centrifugation 0 30 336 711 7.21 -79 -62 5,120 5,236 5,556 5304 0,225 4,25% 11,73% 3,75%
Contréle dopé et autoclavé (DAC) DAC Centrifugation [ 30 504 71 7,16 79 58 6,025 5,858 6,125 6,003 0,135 2,25% 0,10% 2,25%
Digestion aérobie mésophile (MAD) MAD Gentrifugation 0 30 72 8,16 8,08 5 9 5,467 4891 4,833 5,064 0,350 6,92% 15,73% 5,83%
Digestion aérobie mésophile (MAD) MAD Gentrifugation 0 30 120 8,16 8,56 5 226 5,000 4333 4,333 45856 0,385 8,45% 24,18% 641%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 168 816 8,60 5 275 4,833 4,500 4,500 4611 0,192 4.17% 23,26% 3,20%
Digestion aérobie mésophite (MAD) MAD Centrifugation 0 30 336 816 5,80 5 361 5,000 4,845 4,535 4793 0,237 4,94% 20,23% 3,94%
Digestion aérobie mésophile (MAD) MAD Centrifugation 0 30 504 816 7,08 5 440 5,931 5,691 5,448 5,690 0,242 4,25% 5,30% 4,02%
Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 72 816 8,12 5 106 5,233 5,063 4,937 4,995 0,082 1.64% 16,87% 1.37%
IDigestion aérobie mésophile (MAD) + Tween 80 MAD + Tw80 Filtration 05 30 120 8,16 8,48 5 153 5,000 4,667 4,500 4,722 0,255 5,39% 2141% 4,24%
|Digestion aérobie mésophile (MAD) + Tween 80 MAD + Tws0 Filtration 05 30 168 8,16 845 5 190 4,833 4,737 4,643 4,738 0,085 2,01% 21,15% 1,59%
Digestion aérobie mésophile (MAD} + Tween 80 MAD + Tw80 Filtration 05 30 336 8,16 6,06 5 333 4,833 4,545 4,821 4733 0,163 3,44% 21,22% 271%
Digestion aérobie mésophile (MAD) + Twean 80 MAD + Tw80 Filtration 05 30 504 8,16 643 5 446 6,305 6452 6,214 6,324 0,120 1,90% -5.25% 2,00%
METIX-BS METIX-BS Centrifugation 0 30 72 7,19 313 -51 294 6,167 4,833 5,000 5,333 0,726 13,62% 11,24% 12,09%
METIX-BS Centrifugation 9 30 120 718 2m -51 310 4,917 4,977 5,419 5,104 0,274 5,37% 15,05% 4,56%
METIX-BS Centrifugation 0 30 168 718 2,15 -51 397 4,603 4,000 4,500 4,368 0,323 7.39% 27.31% 5,37%
METIX-BS Centrifugation 0 a0 236 718 183 51 425 4,500 4,333 3,833 4222 0,347 8,22% 29,73% 577%
METIX-BS Centrifugation 0 30 504 719 1,42 51 461 4,667 4527 4,000 4,398 0,352 7.99% 26.81% 5,85%




